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SUMMARY

Serum levels of IgG, IgA, IgM, IgD, IgE, and IgG subc;asses were
determined in 60 sera from pregnant mothers and their newborns, 50 sera
from HIV-1 seronegative blood donors and 50 sera from HIV-1
seropositive individuals from Dar es Salaam. The mean levels of
immuqoglobulin isotypes in maternal sera were 19.9g/l1, 2.79g/1,
3.08g/1, 68.33IU/ml, and 2689.33IU/ml for IgG, IgA, IgM, IgD, and IgE
respectively. The mean IgG subclass levels in maternal sera were
11.99g/1, 3.74g/1, 2.38g/1, and 1.11g/l for IgGl, IgG2, IgG3, and IgG4
respectively. Placental transfer of all IgG subclasses was
demonstrated. In the corresponding cord sera, the mean levels for total
IgG and IgG subclasses were 16.82g/l, 12.77g/l, 0.86g/l, 2.11g/l, and
0.68g/1 for total IgG, IgGl, IgG2, IgG3, and IgG4 respectively. The
order of magnitude for the fetal/maternal IgG subclass ratios was
I1gG1>IgG3>IgG4>IgG2, which resembles the documented order of binding
affinity of the human IgG subclasses to placental Fc receptors.

The mean serum levels of all immunoglobulin classes except for
IgE were significantly higher (P=0.0001) in HIV-1 seropositive
individuals than in HIV seronegative controls. Mean levels in controls
were 17.97g/1, 2.07g/1, 1.8g/1l, 52.26IU/ml, and 2965IU/ml for IgG, IgA,
IgM, IgD, and IgE respectively. All classes, except IgG, showed an
increasing trend with evolution of the disease from asymptomatic phase
to AIDS phase. The mean IgG subclass levels in controls were 12.76g/1,
1.76g/1, 1.5g/1, and 0.48g/1 for IgGl, IgG2, IgG3, and IgG4
respectively. The mean levels of IgGl and IgG3 were significantly

higher in HIV-1 seropositive subjects than in HIV-1 seronegative
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controls (p=0.0001 for IgGl and p<0.0001 for IgG3). With evolution from
asymptomatic to AIDS phase, mean IgGl and IgG2 levels remained
constant, while mean IgG3 level doubled. IgG4 concentration decreased
with progression to AIDS phase.

Investigation of anti-HIV-1 IgG subclass response to gp4l and p24
revealed responses in all four subclasses. In the asymptomatic phase,
response to gp4l was IgGl and IgG4 restricted, while response to p24
was mainly IgGl and IgG3. In the AIDS phase, the IgG subclass response
to HIV-1 antigens was IgGl and IgG2 to gp4l, and IgGl and IgG4 to p24.

Findings obtained in the present study, support the theory of Fc
receptor-mediated placental transfer of IgG subclasses, and that
perhaps this mechanism is independent of racial and geographical
factors. Polyisotypic hypergammaglobulinemia and serum IgG subclass
dysbalances were demonstrated in HIV-1 seropositive subjects from an
area with mainly heterosexual HIV-1 transmission pattern. The mode of
HIV-1 transmission therefore does not appear to influence these
phenomena. Isotypic response to gp4l and p24 was demonstrated in all
four IgG subclasses. The finding of an IgG3 response to gp4l is of

interest in view of the role of IgG3 subclass in the neutralization of

viral antigens.




1L518] INTRODUCTION AND REVIEW OF LITERATURE

1L INTRODUCTION

Immunoglobulins are the most important molecules produced during
the central phase of the humoral immune response (l). They provide the
body with a very potent mechanism for dealing with foreign antigens,
either by preventing their entry into the body or neutralizing their
effect and rendering them less harmful. In so doing, an individual is
protected against the deleterious effects of many infectious agents.
Apart from their role in the overall immune protection of the host, in
the event of an inappropriate humoral immune response, antibodies may
cause various immunopathological conditions.

Due to their important role in the immune system, immunoglobulins
have been widely studied. Some of these studies have mainly dealt with
determination of serum levels in normal as well as in diseased
individuals, placental transfer of human antibodies, and antigen-
specific antibody responses. Due to variations in normal immunoglobulin
concentrations between different races and geographical locations, it
is important for each locality to determine its own normal
immunoglobulin profiles. Knowing normal levels is a necessary
prerequisite for diagnosis of hypo-and hyperimmunoglobulinaemic states.
Placental immunoglobulin transfer studies are important in elucidating

‘maternal—fetal humoral immune relationship.

Studies on immunoglobulin profiles in relation to disease states

are very important in the understanding of disease-specific immune

responses. This is especially important for diseases which profoundly

affect the immune system, such as infection with +the human




immunodeficiency virus type-1 (HIV-1), first described in 1981 (2).
HIV-1 infection being a global public health crisis (3), it deserves
a detailed study with regard to its immunological aspects. Knowledge
obtained from such studies 1is of applied wuse diagnostically,

therapeutically and in disease prevention.

dic 2 IMMUNOGLOBULINS

The human immunoglobulins are a group of closely related
multichain glycoproteins composed of 82-96% protein and 4-18%
carbohydrate (4). According to a definition by a special committee of
the World Health Organization (5), immunoglobulins refer to proteins
of animal origin which have a definite antibody activity, or proteins
with similar chemical structure and antigenic specificity. In humans
in particular, this group includes proteins exhibiting no antibody
activity, for example Bence-Jones proteins.

Immunoglobulins are present throughout the vertebrate kingdom but
have not been identified in invertebra£es (6) although an IgM-like
molecule has been reported in the latter (6,7). All human antibodies
are immunoglobulins (7), and these two terms are commonly used
synonymously. Immunoglobulins are found in plasma and in other body

fluids and tissues, for example in urine, spinal fluid, lymph nodes and

_the spleen (1,6).

1.2.1 Structure

Porter (8) was the first person to postulate the four-chain

structure of immunoglobulins. More detailed examination by Cohen et al
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(9) supported this structure, which has further been confirmed by

immune electron microscopy and x-ray crystallography studies (1,5,6).
The basic architecture of all immunoglobulins is now accepted to be the

Y-shaped tetrapolypeptide structure elucidated by Porter (8). This is

schematically shown in Figure 1.
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An individual immunoglobulin molecule is composed of four
polypeptide chains, two identical heavy chains (H) and two identical
light chains (L), held together by disulphide bonds as well as non-
covalent associations(1l,4). The H and L chains are folded into domains
(homology units), held together by intrachain disulphide bridges. The
L chain consists of two domains, one variable and one constant,'whereas
the heavy chain consists of one variable domain and three to five
constant domains depending on the isotype. Studies of the light chains
have revealed that they are of two types, called kappa and lambda.
Whereas each immunoglobulin class is associated with a particular type
of H chain, each immunoglobulin molecule, whatever its class, has light
chains of either kappa or lambda specificity (6). Enzymatic cleavage
of immunoglobulin molecules has been of particular value in
investigations of the different biological properties of the molecule.
Following earlier work on the action of several proteolytic enzymes,
it was found that papain splits rabbit IgG into two identical fragments
each Qith a single combining site for antigen (Fab; fragment antigen
binding), and a third fragment termed Fc (fragment crystallizable), so
called because it was found to crystallize upon purification (8,10,11).
Nisonoff et al (10) showed that pepsin digestion of rabbit IgG gives

rise to a divalent F(ab')- fragment and a small C terminal fragment

1251
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i%2.2 Production
The mechanism by which antibodies are formed has been debated for

years. For some time, people pelieved in the instructive theory which
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proposed that the specificity of an antibody molecule was determined
not by its amino acid sequence but by the molding of the peptide chain
around the antigenic determinant. The presence of antigen was required
to serve as a template. This theory lost favour when it became apparent
that antibody specificity was a function of amino acid sequence and
that antibody-forming cells were devoid of antigen.

At present, the clonal selection theory is widely accepted.
According to this theory, each individual is endowed with a large pool
of B lymphocytes, which display immunoglobulin molecules on their
surface. These immunoglobulins serve as receptors for a specific
antigen, so that each B cell can respond to only one antigen or a
closely related group of antigens. When an antigen enters the body, it
is phagocytosed, usually by macrophages that process and present the
antigen to a B cell that shows the best ~“fit' by virtue of its
immunoglobulin surface receptor. The antigen binds to this receptor,
and the B cell is stimulated to divide and form a clone. Some B cells
from such clones differentiate into plasma cells and produce antibody
which is specific for the antigen which served as the original
selecting agent. With most antigens, the induction of an antibody
response requires the cooperation of T-helper cells.

Special genetic mechanisms have evolved to produce the very large
. number of immunoglobulin molecules that develop in the host in response
to antigen stimulation, without requiring excessive numbers of genes.
In a series of elegant experiments which opened the field of molecular
immunology, Tonegawa and coworkers (12) proved that the variable (V)

and constant (C) portions of immunoglcbulin were not contiguously




encoded in the germline, but their genes were brought together during
the differentiation of the B cell. The V region of each H chain is
encoded by 3 gene segments, V, diversity (D), and joining (J) (1, 13).
The segments are wunited into one functional V gene by DNA
rearrangement. The V,D,J rearrangement occurs early in ontogeny, is
antigen-independent, and is the molecular event that gives rige to the
specificity of the immunoglobulin molecule. Each assembled V gene is
then transcribed with the appropriate constant (C) gene to produce a
messenger RNA (mRNA) that codes for the complete peptide chain. L and
H ch&ins are synthesised separately on polysomes and finally assembled
in the cytoplasm to form H- L» units by means of disulphide bonds. The
carbohydrate moiety is then added, and the immunoglobulin molecule is
released from the cell. Antibody diversity depends on multiple gene
segments, their rearrangement into different sequences, the combination
of different L and H chains in immunoglobulin assembly, and somatic

mutations (1,4).

1;2.3 Electrophoretic pattern

Early studies of antibodies in hyperimmune horse and rabbit sera
by Heidelberger et al (13) showed that these proteins move to the gamma
region on electrophoresis, and were therefore called gammaglobulins.
Essentially all proteins in the gamma region are immunoglobulins and
?his region contains approximately 90% of the circulating
immunoglobulins (6). This property of electrophoretic mobility is
widely used in various immunoglobulin studies. Figure 2 shows the

electrophoretic pattern of serum proteins.
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Figure 2 Schematic representation of a densitometric tracing of

serum protelns separated by electrophoresis.



1.2.4 Functions

An immunoglobulin molecule has a dual function, namely antigen
binding and effector functions. The variable regions of the molecule
are involved in antigen binding (6,10). Three hypervariable regions
within the variable part of the molecule confer specificity to the
antigen binding site (14). The Fc part of the H chain determ;nes the
effector function of the immunoglobulin molecule, such as complement
binding (15), placental transfer (16,17), and receptor-binding on
various cell membranes (6,7). Hinge-dependent flexibility may be
important in triggering effector functions (18,19).Through antigen-
binding and effector mechanisms, an antibody is capable of neutralizing
toxic substances, facilitating phagocytosis and killing microorganisms,
and combining with antigens on cell surfaces, which could 1lead to
cellular destruction (1). The net effect is that of host protection

against the harmful effects of foreign antigens.

2.5 Classes

While all immunoglobulins bear the same basic structure, there
are variations of molecular composition and biological function
superimposed on their apparent homogeneity (6,7). These variations
account for the specificity and biological functions of
immunoglobulins, the two properties that characterize them (1,4,6).
3ased on structural, biological and antigenic differences on the heavy
chains, five immunoglobulin classes (isotypes) can be distinguished in
man: IgG, IgA, igM, IgD and IgE (1).

IgG is the most widely studied and best understood of the
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immunoglobulins (7). Structurally it is the prototype of all
immunoglobulins. It is the major human immunoglobulin, accounting for
12-18% of the serum proteins and approximately 80% of the total serum
immunoglobulins (4,6,7). IgG antibodies are mostly, but not
exclusively, formed in the secondary or anamnestic response to
antigenic stimulus (20,21). IgG plays an important role in thg defence
against microbial invasions. Owing to its unique ability to cross the
placenta (16,17,22), IgG is the most important class that provides
immune protection to the newborn in the first months of life.

IgA is the major isotype found in seromucous secretions (1,4,6).
In seromucous fluids IgA is present as a dimer, in which two 78
molecules are joined together by a cysteine-rich polypeptide called J-
chain. It is stabilized against enzymatic proteolysis by combination
with another protein-the secretory component. IgA antibodies prevent
entry of microorganisms into the body tissues by inhibiting their
adherence to the surface of mucosal cells. Human plasma contains
relatively high concentrations of monomeric IgA, whose role remains
unclear.

IgM is the first antibody class to appear during the humoral
response to an antigen (20), the first to appear in phylogeny (1), and
probably the last to leave in senescence (6). IgM molecules are
ﬂfpolymers of five four-peptide subunits and is the largest of the
: }mmunoglobulins. This class of immunoglobulins is thus referred to as
macroglobulin. It is the most efficient isotype for complement
activation (1,4). IgM is also found as a membrane receptor on mature

B cells (1,4).
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IgD is found as a membrane receptor on mature B cells and is
present in trace amounts in a normal human serum (1). Very little is
known about its biological or structural properties. It has not yet
been shown to posses antibody activity, and its function is largely
unknown (1,7). However nearly all the IgD is present, together with
IgM, on the surface of a portion of blood lymphocytes, where ;t seems
likely that they may operate as mutually interacting antigen receptors
for the control of lymphocyte activation and suppression (4).

IgE was first described by Ishizaka et al (23) in connection to
its role in mediating immediate allergic reactions. This class of
immunoglobulins has been shown to posses antibody activity and to fix
strongly to tissues; antibodies of the IgE class represent the reagins
characteristic of atopic states. Consequently, allergic individuals
produce much larger amounts of IgE than do non-atopic persons (23).
Furthermore, IgE obtained from the serum of allergic patients 1is
capable of sensitizing the skin of normal recipients to challenge with
specific allergens (24). Thus IgE represents a peculiar category of
immunoglobulins, which may confer a disadvantage in the form of
allergic diatheses of several types. However, it also subserves a
beneficial function, for it is known to be involved in the defence
against helminthic parasites (1).

The main physicochemical and biological properties of the five

immunoglobulin classes are summarised in Tables 1 and 2.
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Table 1. Physical properties of major human immunoglobulin classes

Property IgG IgA' IgM Igb IgE Ref
Molecular

weight 150,000 160,000 9OQ,OOO 185,000 - 200,000 1
Sedimentation

coefficient 78 78,98,11s 19s 7S 8S 1

Serum levels
(Caucasians)** 8-16 1.4-4 0.5-2 0-0.04 0-0.0003 4

Serum levels

(Africans) ** 14.6-22.5 1.5-3.6 2.1-4.6 * * 33
Valency 2 . 2,4 5(10) 2 2 1
% carbohydrate 3 : 8 12 13 12 1
% Total

immunoglobulin 80 13 6 0-1 0.002 1

* Figures not available.

**x Levels for adults in g/l.
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Table 2. Biological properties of major human immunoglobulin classes

Property IgG Igh IgM IgD IgE Ref

Complement fixation

Classical' ++ - +++ - 1
Alternative - +or- -, = 1
Placental

transfer + - - - — 4
Binding to

macrophages + +or- - - - 1

Fix to homologous
*
mast cells and

basophils - - = - + 2

t=present, -=absent

1.2.6 Serum levels

The concentration of each immunoglobulin in serum‘of healthy
individuals depends in part on the number of plasma cells that produce
that particular immunoglobulin, the rate of synthesis, catabolism and
the exchange between intra- and extravascular spaces. Serum
immunoglobulin levels have been surveyed in several studies and well
documented changes in immunoglobulin concentrations occur during human
fdevelopment (25). It has generally been assumed that changes beyond
early adult life are small and of trivial consequence in comparison to
those observed during the developmental years. Differences related to

race (25,26,27,28,29), sex (25,30) and geographical location (28,29,30)
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have been described.

Generally the normal ranges for Caucasians are 8-16 g/l for IgG,
1.4-4 g/1 for IgA, 0.5-2 g/l for IgM, 0-0.04 g/l for IgD and 0-0.0003
g/l for IgE (1). In contrast, studies on immunoglobulin profiles in
people 1living in the tropics ha?e shown higher levels of all
immunoglobulin classes compared to those of people living in tgmperate
regions (26,27,28,29). In some of those studies, sera from African
adults have been shown to have mean levels of the immunoglobulins G,
A, and M which are two to three times higher than those in Caucasian
control groups (26,29,31). The same magnitude of difference was found
in other series comparing Ethiopian and Swedish children of the same
age (32). It has been argued that the difference in immunoglobulin
pattern between tropical and temperate series is contributed to by a
higher prevalence, earlier exposure, and greater severity of various
infections in the tropics (26,27,28,29). Nutritional status has also
been suggested to explain the racial difference in IgD levels (31) but
this claim has not been substantiated.

Studies done in Tanzania (33,34,35) have revealed immunoglobulin
values comparable to those found elsewhere in Africa (28,29,30,31). One
of these studies (34) also demonstrated the influence of altitude and
malaria parasitaemia on the immunoglobulin pattern. In all these
studies, quantitations of IgD and IgE isotypes were not reported, and

" their distribution in the Tanzanian population is unknown.

i 3 SUBCLASSES

Additional antigenic determinants and structural differences
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define subclasses. Thus in humans there are four IgG subclasses
(IgGl,IgG2,IgG3, and IgG4), (36,37,38); and two for IgA (IgAl and

‘IgA2), (39,40).

1.3.1 IgG Subclasses

1.3.1.1 Historical perspective

Of the human immunoglobulin subclasses, IgG subclasses are the
most widely studied and well characterized. The existence of
immunoglobulin subclasses was first noted by Dray in 1960 (36) while
. conducting studies that defined antigenicity and idiotypes of IgG. This
observation was later confirmed by Grey and Kunkel (37), and also by
Terry and Fahey (38), who showed that there were four subclasses of IgG
namely, IgGl, IgG2, IgG3 and IgG4, representing approximately 65, 25,
6 and 4 percent respectively of the total serum IgG in Caucasian adults
(38,41). Since their initial differentiation in 1964, knowledge of the
physical, chemical and biological properties of human IgG subclasses
has been growing rapidly. The structure of each human IgG subclass
protein has been studied extensively, initially with polyclonal
antisera rendered monospecific by immunoabsorption, and more recently

with monoclonal antibodies.

1.3.1.2 Physicochemical properties

The four human IgG subclasses have more than 95% amino acid
homology in their primary sequence (42). Major differences are found
in the hinge region in terms of the number of amino acid residues

involved and the number of inter-chain disulphide bridges (41,42). The
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length and flexibility of the hinge varies with the IgG subclass, and
these characteristics influence the biological activities of the
subclasses (43)- The point of light chain attachement to the heavy
chain also differs among the subclasses. IgGl 1light chains are bound
near the midpoint of the heavy chain, while those of I1gG2, IgG3 and
IgG4 are joined one quarter the distance from the heavy chain amino
termini (41)- Both the heavy and light chains contain intrachain
disulphide bonds that compactly fold the molecule into domains, which
participate in the biological functions of the immunoglobulin. The
structural differences petween the subclasses are further reflected in
their isoelectric points, IgGl and IgG3 having the highest and IgG4 the
jowest. Differences in sensitivity of the IgG subclasses to various
proteolytic enzymes has also been reported (41,42,44). Table 3

summarizes the various physicochemical properties of IgG subclasses.
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Table 3. Human IgG subclasses: Physicochemical properties

- Property IgGl IgG2 IgG3 IgG4 Ref
Serum levels:*

mean g/l 7.1(1.7) 3.0(0.54) 0.65(0.31) 0.6(0.39) 54
proportion % 58.4-71.5 19.4-31.0 4.2-8.4 0. 7-6.5 54
Molecular weight 146,000 146,000 170,000 146,000 ' 42
Hinge amino acid no. 15 12 62 12 41
Interchain S-S bonds 2 4 13 2 52

Kappa:lambda ratio 2.4 1.1 1.4 8.0 42

a Papain digestion + - ++ + 41

pPepsin digestion + - ++ = 41
Plasmin digestion + - ++ + 41
Trypsin digestion + - + + 41
Electrophoretic

mobility slow medium slow fast 52

+=susceptible, ++=very susceptible, -=resistant * Adult Caucasians

1.3.1.3 Biological properties

Besides differing in their physicochemical characteristics, the
human IgG subclasses manifest a wide variety of different biological
properties (41,42,44). Differences in antigen recognition as well as
 in effector functions have been established. Genetic factors are
‘&:postulated to explain the differences in response to various antigens
as well as the differences in serum levels (44). The differences in
effector function such as complement fixation and receptor binding are

explained by the differences in primary, secondary and tertiary
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structure of the hinge and the constant regions of the heavy chain

- (41,42).

33 Placental transfer is one of the important biological properties

}4@f IgG subclasses, and has been a subject of several studies

(45,46,47). Transfer of IgGl and IgG3 was first reported by Bernier in

1967 (45). These findings were confirmed by Wang in 1970 (46), who also

reported the transfer of IgG4. Wang's study showed a deficient transfer

5
- of IgG2, a finding that has been disputed by other workers who have

demonstrated transfer of IgG2, though less efficiently than the other
subclasses (47). Several documented reports seem to agree that the four
subclasses of human IgG are transferable from the mother to the fetus
through the placenta (41,42,44,48). Following early observations by
Brambell (49) that Fc receptors play a role in the placental transfer
of immunoglobulins, several studies have demonstrated the presence of
IgG Fc receptors in the human placenta (48,50). Matre and co-workers
(51), demonstrated the binding affinity of IgG subclasses to Fc
receptors on the human placental membranes to be of the order
IgG1=1gG3>IgG4>IgG2. This order appears to suggest that the transfer
of IgG across the placenta may be a selective process. However, this
theory has not been supported by other studies. For example, the
proportions of IgG subclasses in neonatal sera have been shown to be
¥ @imilar to those found in normal adults (45), suggesting that the
'r g;acental tissue does not play an active role in determining the
proportion of IgG subclasses passing into the fetal circulation. On the

basis of the finding of a higher IgG 1level in cord than in

corresponding maternal sera, Gitlin (16) and Kohler et al (22)
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suggested an active transport process as the mechanism for placental
transfer of IgG subclasses. This theory has not yet been proved, and
the precise mechanism of placental transfer of IgG still remains to be
established. Placental transfer of the human IgG subclasses has not
been studied adequately in Tanzania.

Complement activation is also another important biglogical
function of IgG subclasses. This takes place through the classical
pathway, and is initiated by binding of C, to sites on the Fc portion

of the IgG subclasses. Activation of complement with the human IgG

~ subclasses varies, and is of the order IgG3>IgGl>IgG2>IgG4 (44).

Binding of C. to IgG4 is generally not demonstrable, in fact, IgG4
antibodies appear to inhibit immune precipitation and binding of C.q
to IgGl in complexes containing mixtures of IgGl and IgG4 (44). IgG4
thus may be considered protective against the biological effects of the
complement-fixing antibodies.

Another vital function of human IgG subclasses is their ability
to bind to cell surface receptors. Once it is fixed to the surface of
certain cell types, an IgG subclass antibody can complex antigen and
facilitate clearance of antigens or immune complexes by phagocytosis.
Human IgG subclasses are known to bind to other proteins. The Fc region
of human IgGl, IgG2 and IgG4 binds to protein A from Staphylococcus
aureus (1). Inability of IgG3 to bind to protein A is thought to be due
£0 substitution of arginine for histidine at amino acid position 435
(41,42,44). Human rheumatoid factors (RF) react most strongly with IgGl
myeloma proteins followed by IgG2 and IgG4. IgG3 appears to be

unreactive with RF (42).
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The major biological properties of human IgG subclasses are summarized

in table 4.

Table 4. Human IgG subclasses: Biological properties
Property Igel 1g62 Ige3 IgG4 Ref
Jcamplement
ibinding ++ + +++ - 54

"Fc receptor

‘binding (monocytes)+++ + +++ + 42
~ Binding to

ufStaphylococcal

protein A +++ +++ - +++ 41
Reaction with RF +++ +++ - +++ 1
~ Blocking IgE

‘3binding - = - 4 1

:'Placenta transfer ++ + ++ ++ 44

Ealf life (days) 12-21 12-21 7-8 11-21 54

© 1.3.1.4 Distribution in normal individuals

The advent of monoclonal antibody technology and development of
‘ §ensitive assay techniques like enzyme and radio-labelled immunoassays
. s facilitated quantitation of serum IgG subclasses, and has
éiimulated interest in measurement of serum concentrations in healthy

- and in diseased states. In such studies, it has been shown that there

is a wide range of serum concentrations for each IgG subclass
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(52,53,54). Despite the use of different assay protocols their relative
concentrations in serum in Caucasian population has been reported as
being 70% for IgGl, 20% for IgG2, 6% for IgG3, and 4% for IgG4. Several
factors are known to influence the serum levels of IgG subclasses. Age
dependency has been reported by various workers (53,54), who showed
that young children have lower immunoglobulin levels than gdults, and
that the adult level of each subclass is reached at different ages.
Serum IgG subclass levels decrease rapidly after birth, reaching their
lowest concentration at 3-6 months of age (physiological
hypogammaglobulinemia) (42). Thereafter, IgGl and IgG3 levels risekmore
quickly towards adult levels than do IgG2 and IgG4 levels. IgGl and
IgG3 reach 50% of adult level by 1 year of age, whereas IgG2 and IgG4
do not reach this level until nearly 4 years of age (53,54). This
propensity of the immune system to produce immunoglobulins of the IgGl
and IgG3 subclasses seems to persist even in the very old age group,
above 95 years of age (55). Figure 3 shows the development of serum IgG
subclasses in children.

Genetic influence on serum IgG subclass levels has been reported
(44). The serum levels of some IgG subclasses in Caucasians are thought
to be dependent on the Gm type of the individual (44,54). For instance,
individuals who are G2m(n+) and G3m(b+) have been shown to have higher
serum levels of IgG2 and IgG3 respectively than those who are G2m(n-)
and G3m(b-) (44). Thus, the genetic make-up of an individual probably
plays a distinctive role in determining the subclass composition of his
gammaglobulin (44,54,56). Racial difference in IgG subclass levels has

been described (57). The influences of sex and environment have also
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been documented (44,54).

Since the IgG subclass levels in serum are influenced by various
factors such as age, allotypes, race, sex, and environmental
conditions, it is not possible to define universal normal IgG subclass
- concentrations from the literature. Furthermore, the frequency
distribution of all subclasses except for IgGl are skewed (58)f making
it inappropriate to use the standard deviation of the mean as a measure
of central location. Therefore, normal ranges have sometimes been
expressed as the 95th percentile ranges (59). So far, normal ranges for
gserum levels of IgG subclasses are unknown in many African countries

including Tanzania.
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1.3.1.5 Subclass responses to various antigens

Elegant observations by Yount et al (60) revealed the different
. IgG subclass composition of antibodies raised in humans against
different immunogenic materials. Antibodies to protein antigens tend
to be T cell dependent and are predominantly IgGl and/or IgG3, whereas
antibodies to polysaccharide antigens such as bacterial capsulgs, tend
to be T cell independent and are predomindntly IgG2 (54,61,62,63,64).
Repeated antigenic challenge with a protein antigen has been reported
;'to give rise to an IgG4 restricted response (65). IgG subclass
restricted responses have been observed in relation to various
vaccinations. Antibody response to tetanus toxoid has been shown to be
restricted to IgGl (66), although response is also present in all four
subclasses. IgG4 restriction has also been demonstrated in individuals
hyperimmunized with tetanus toxoid vaccine (Maselle and Matre, personal
communication). IgG anticholera vaccine has been demonstrated to be
)IgG2 to the polysaccharide or teichoic antigens, and IgG4 to the toxin
(44), while IgG antibodies to typhoid vaccine have been shown to be
mainly IgG2 (44). Anti diphtheria toxoid antibodies, on the other hand,
- have been found to be associated with the IgGl and IgG3 subclasses
(45) . The demonstration of an IgG subclass restricted response during
ﬁ&Munisation with wvarious antigens suggests that subclasses are
%ynthesized by the plasma cells independently of each other. However,
in this connection, it is important to realise that variations in the
IgG subclass behaviour during immune response may possibly reflect
differences in the genetic constitution of the individuals concerned

(44,54). In addition, factors such as the mode of antigen presentation
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- and the route of immunisation are also known to play important roles
in determining the type of ‘IgG subclass response (44). It is also
conceivable that exposure to certain antigenic materials may result in
the tolerance of certain clones of plasma cells and the stimulation of

others.

1.3.1.6 Subclass responses in various disease states

Selective changes in IgG subclass levels have been noticed in
association with infectious and autoimmune diseases, allergic
'disorders, and immunodeficiency states. IgGl subclass restriction in
viral infections has been reported in rubella (67), cytomegalovirus
(CMV) (68), hepatitis B (69), herpes simplex (70), measles (71),
Epstein-Barr (72), varicella zoster virus (54) and human
immunodeficiency virus type 1 (HIV-1) (73,74,75,76,77,78). Infections
with capsulated bacteria such as Haemophilus influenzae stimulate IgG2
‘response (79,80), whereas IgG antibodies to parasitic infections have
been found to be restricted to IgG4 in schistosomiasis (81) and IgGl
in malaria (82,83).

Subclass restriction in autoimmune diseases is well documented.
Increased levels of IgGl and IgG3 autoantibodies have been observed in

the acute stage of juvenile arthritis, while IgG2 and IgG4 response

iy
)

igppears to dominate the picture in patients with partial remission
(34). In lupus erythematosus, Sjogren's syndrome, and drug-induced
~ autoimmunity the IgG autoantibodies belong mainly to the IgGl and IgG3
subclasses (85). Predominance of IgGl and IgG3 has also been

established for the acetylcholine receptor autoantibodies in patients
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with myasthenia gravis (86). Antispermatozoal antibodies causing
infertility in man have been shown to be restricted to the IgGl and
IgG3 subclasses (44). Anti-thyroglobulin autoantibodies belong to IgGl,
IgG2 and IgG3 subclasses (44), while antibodies to glomerular basement
membrane in patients with glomerulonephritis are distributed in all
four subclasses (54). In allergic disorders IgG4 subclass restriction
is the mogt reported finding (64,87,88). In patients with cystic
fibrosis, IgG4 subclass restriction has also been reported (89).

In the majority of these disease conditions, the nature of the
disease seems to be related to some unique Fc-located biological
activity exhibited by the IgG subclass involved. For instance, IgG4,
which is thought to be the only subclass capable of binding to mast
cells (41), 1is frequently elevated in patients with anaphylactic
disorders (87,88). On the other hand, antibodies belonging to the

complement fixing IgG3 subclass are found in immune complex mediated

disorders (54,85).

1.3.1.7 IgG subclass deficiency

Various investigators have reported selective deficiencies of IgG
subclasses. Deficiency of one or more of the IgG subclasses may
increase susceptibility to recurrent pyogenic infections (90). It is
not uncommon to find normal total IgG levels in individuals with IgG
stbclass deficiency (91), the only hint of a subclass deficiency being
the occurrence of chronic bacterial infections (92). It has also been
suggested that IgG subclass deficiency may be a common occurrence, and

that some of the affected individuals may be asymptomatic (93).
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T Therefore the precise role of each IgG subclass in the immune response

remains to be elucidated. However, as previously discussed, IgG

subclass restriction has been shown to occur in response to different
types of antigens. Thus, one may postulate that perhaps the dominance
of certain subclasses in response to a particular antigen is intended

to increase the efficiency of certain effector functions.

1.3.1.8 Quantitative determination of IgG class and subclass levels i

Semiquantitative concentrations of IgG subclasses in sera and
other body fluids were initially measured by double diffusion in agar it
(94). In 1965, Mancini et al (95) described the use of the technique
of single radial immunodiffusion (SRID) in agar in the quantitation of
immunoglobulins. Following this development, polyclonal antisera in gel
radial immunodiffusion were used for IgG subclass assay. SRID technique
was simple to perform, however, criticism of this method focused on the
questionable specificity and inter-lot variability of the polyclonal
antisera and the limited sensitivity of the SRID for IgG3 and IgG4
(52) . The introduction of monoclonal antibody technology has led to the
development of more sensitive tests such as radioimmunoassay, enzyme
immunoassay, turbidimetry and nephelometry, all of which have provided
a tremendous boost in the study of levels of immunoglobulin classes and
subclasses in health and in disease states. However, due to the

remarkable heterogeneity of immunoglobulins, some monoclonal antisera

may not recognize all epitopes of a particular class or subclass (41).
The Human Subcommitte of the International Union of Immunological

Societies (IUIS), supported by the WHO, conducted an extensive
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: collaborative study of 59 monoclonal antibodies with reported subclass
Impecificity by using a variety of immunological assays (96). Following
‘this study highly specific and standardized monoclonal antibodies are
{now available as research and clinical reagents to facilitate
- guantitation of each IgG subclass in human serum. Availability of these
~antibodies has also resolved many of the concerns of specificity and
has fostered the development of reproducible immunoassays that can
ﬁdetect minute levels of IgG subclass protein.

1.4 HIV-1 INFECTION AND THE IMMUNE SYSTEM

1.4.1 Historical perspective

The acquired immunodeficiency syndrome (AIDS) was first described

in 1981 (2) in the USA. Subsequently, virological and molecular

biological studies led to the isolation and characterization of the

~ causative agent (97,98), later called the Human Immunodeficiency Virus

-

type 1 (99). Ever since the first description, HIV-1 infection has
become a worldwide epidemic, affecting people in all continents, and
- has reached such an unprecedented magnitude as to warrant a call for

- global effort in an attempt to control its spread (3).

The first groups affected by AIDS had as a common denominator,
the chance of getting into contact with blood or blood products through
~ sharing of syringes and needles (100), repeated transfusions (101,102)
;gnd homosexual practice (103). With further spread of HIV-1 infection,
heterosexual transmission emerged, and this mode of spread is now
reckoned to be the commonest mode of HIV-1l transmission in Africa

(104,105,106) .
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' 1.4.2 Agent:Morphology, molecular organisation and antigenic structure

© 1.4.2.1 Morphology |
Il

HIV-1 is an enveloped RNA virus which displays morphological ﬁ
._BBMJarities with the other lentivirus members (107). Mature HIV-1
~ particles have a diameter of about 100nm, and contain a bar-shaped
central nucleoid (108). Each virion has two molecules of iQentical
single-stranded RNA, and an RNA-dependent DNA polymerase (reverse
transcriptase) which is tightly associated with the genetic material
(108) . The capsid has icosahedral symmetry and a matrix protein lines

 the internal part of the lipid membrane. The envelope is composed of

glycoproteins.

1.4.2.2 Molecular organisation and antigenic structure

Like other retroviruses, the genome of HIV-1 has one gene for the
envelope glycoproteins (env),one gene for the viral internal core
proteins (gag), and one gene for the reverse transcriptase or
polymerase (pol) (109). In addition to these structural genes, HIV-1
contains several regulatory genes for the control of viral replication
and for viral infectivity (107). The genetic complexity and high degree
of genetic variability seen in HIV-1 is reckoned to be unprecedented

among retroviruses.

'4,4.2.2a The structural HIV-1 genes and their encoded proteins
Mature structural and enzymatic proteins of HIV-1 arise from the
proteolytic processing of large precursor proteins (110).

gag: This gene encodes the matrix protein pl9, the core protein p24 and
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‘two small polypeptides p7 and p9 which are found associated with the

virus genetic material in the virion core. Antibodies to gag proteins
1

‘develop early during seroconversion and are present during the
-asymptomatic period of HIV-1 infection (111). Concomitant with the
h

appearance of HIV-1 antigenaemia, there is a decline of antibody to the
~ yiral core protein p24, and this has been associated with disease
- progression (112).

I pol: This gene encodes the HIV-1 enzymatic proteins, which include
protease, reverse transcriptase, ribonuclease H and integrase
u\(endonuclease), denoted pl0, p66, pl5, and p3l respectively (113). Loss
| of enzyme activity as well as viral infectivity occurs following
mutations in critical regions of polymerase (114). This observation is
of applied value in that drug therapy can be targeted towards inducing
mutations in the polymerase. Ribonuclease H is a cleavage product of
p66 and degrades the viral RNA strand of the initial RNA:DNA hybrid in
the replication process (115). Endonuclease is responsible for
integration of proviral DNA into the cell genome (115). Majority of
HIV-1 infected individuals have precipitating antibodies to
endonuclease and reverse transcriptase products (116).

env: The envelope gene encodes for gpl60 which is cleaved into a
glycosylated hydrophilic protein gpl20 and transmembrane protein gp4l.
Qlycoprotein 120 shows the most extensive variability among the HIV-1
proteins (117). Envelope proteins play a central role in receptor
Einding, induction of cytopathic effect and development of humoral and

cellular immune responses (111,118). Antibodies to the envelope

proteins are the first to appear during seroconversion (111) and are
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detectable throughout the entire course of the disease. Some functional
and immunogenic envelope sites have been identified, and these include w
neutralization site (119), (CD4) binding site (120) and an antibody ‘f
dependent cell mediated cytotoxicity (ADCC) target (121) on gpl20;

fusogenic site (122) and antigenic site (123) on gp4l.

1.4.2.2b HIV-1 regulatory genes

HIV-1 encodes several regulatory proteins which control the level
of virus production through a sophisticated network of yet poorly
understood interactions (107). The HIV-1 regulatory elements appear to w

be involved in the maintenance of persistence of activation (124).

1.4.3 Pathogenesis of HIV-1 infection

1.4.3.1 Mechanism of infection

Selective tropism of HIV-1 for the T4 cell was noted in the very
early reports of AIDS (2). Following isolation of the aetiological
agent of AIDS it was subsequently established that the T cell membrane
bound protein CD4, used to identify the T-helper cells, was also the
binding site of the virus (118,125). Further experiments utilizing
restriction fragments of viral DNA to produce recombinant mutants of
the viral envelope have demonstrated that binding occurs between the

gp 120 envelope glycoprotein and the CD4 receptor (126), in
association with T cell surface expressed HLA-DR <class II
histocompatibility antigen (127). The role of CD4 molecule as HIV-1

receptor is now firmly established, evidence for this being the

selective replication of HIV-1 in CD4+ cells, the blocking of
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|
 infectivity by anti-CD4 antibodies, infection of HelLa cells possible

:fonly after insertion of the CD4 gene, and co-precipitation of the CD4-
gpl20 complex (128). The Fc receptor has been shown to bind an
~ antibody-HIV-1 virus complex in vitro, and in this way allow entry of
‘T‘HIV-l virus into hitherto CD4 negative cells (129). Entry of HIV-1 into
certain cells, for instance in the central nervous system, may also be
- via an alternative receptor (130), however, evidence for this is still

scanty. Following infection and replication, a wide range of

immunological abnormalities have been described.

1.4.3.2 Immunological abnormalities

1.4.3.2a Defects in cellular immunity

The T4 lymphocyte is the critical cell involved directly or
indirectly in the induction of most immunologic functions (1,4), which
include sending inductive signals to other T cells, Natural Killer (NK)
cells, B lymphocytes and some non lymphoid cells. Due to its important
role in mediating immune responses, quantitative deficiency or
functional impairment of the T-helper subset by HIV-1 infection results
in a profound immunological derangement (128,131,132,133).

Quantitative deficiency is the most conspicuous T4 cell defect
in HIV-1 infection (132,133,134). Direct viral cytopathic effect has
been proposed to be the cause of the quantitative T4 deficiency but the
gmecise mechanism for this cytopathicity is largely unknown (128).
Accumulation of unintegrated viral DNA has also been thought to have
a direct cytopathic effect (132). BAnother mechanism that has been

suggested is that of a massive increase in permeability of the cell
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membrane when large amounts of virus are produced and bud off the cell
surface (128). However, the number of HIV-1l infected T4 cells is
usually small as demonstrated by studies involving in situ
hybridization with HIV-1 probes, which have demonstrated that only a
small percentage of T4 cells in the peripheral blood of HIV-1 infected
individuals express viral proteins (132,133). These findings appear to
suggest that T4 cell depletion may also be a result of mechanisms other
than direct viral cytopathic effect. Several such mechanisms have been
proposed, which include syncytia formation (135,136), and direct

killing of non-infected T4 lymphocytes coated with free gpl20 by

cytotoxic T cells or through antibody dependent cell mediated

cytotoxicity (133,134). It has also been proposed that HIV-1 infected
cells can undergo changes in their HLA class II phenotype and become
susceptible to an autoimmune attack (128). The possibility of HIV-1
infection inducing production of soluble substances toxic for T4 cells
has also been raised (133) but is yet to be proved. Formation of
complexes of CD4 protein and viral envelope proteins inside T4 cells
may also lead to their destruction (131,133). Another possible
mechanism for T4 destruction is that HIV-1 infected lymphocytes may
become susceptible to superinfection by other pathogens which enhance
viral cytopathicity. This is probably achieved through the action of
HIV-1 transactivator genes, which cause productive infection of the
cell leading to cell death (137). In support of this hypothesis is the
;n vitro observation that CMV can only cause abortive infection in
uninfected T cells, but causes a productive infection in HIV-l-infected

T cells (137). Due to the decreased number of T4 cells, the CD4/CD8
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_‘ratio is reduced (132).

Depletion of T4 lymphocytes is the most obvious immunologic
. abnormality observed in HIV-1 infected individuals. However, a
functional impairment of antigen responsive T4 cells is also a common
finding. Studies involving stimulation of peripheral blood mononuclear
cells with common mitogens have revealed the selective deficiency of
- antigen responsive T cells early in the course of AIDS (138), in the
absence of any abnormality of antigen-presenting cells required for
such responses. Several possibilities have been raised to explain the
functional T4 cell defect. One such mechanism is that HIV-1 or its
-;products may impair the signal transduction process of T4 cell response
to antigen (139). HIV-1 envelope proteins may also block antigen
specific responses by interfering with the normal interaction between

class II major histocompatibility complex molecule on antigen

1 i presenting cells and the CD4 molecule on T4 cells (133,140).
| Experimental studies have also shown that some HIV-1 infected T4 cells
fail to express CD4 molecules on their surfaces. Other workers have
‘- demonstrated a decreased expression of interleukin 2 (IL-2) gene which
is critical to many T cell functions (128).

Although infection of monocytes or macrophages by HIV-1 causes
a negligible cytopathic effect, functional defects such as defective
chemotaxis have been reported (141). The phagocytic function, and
&&igen processing and presentation by HIV-l-infected monocytes and
ﬁ%crophages is thus impaired. Involvement of alveolar macrophages
leading to impaired phagocytosis is thought to explain the high

incidence of Pneumocystis carinii pneumonia in patients with AIDS
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). The occurrence of fevers and wasting syndromes in AIDS patients
been attributed to increased secretion of monokines such as IL-1

1

\d tumour necrosis factor (128). An important implication of the

éfection of monocytes with HIV-1 is the possibility that the monocyte
serve as a reservoir for HIV-1 in the body (128,131), and could
;:ve as a transport cell to various organs in the body such as the
lung and the brain. Defective NK cytotoxicity has also been

nonstrated (139).

1.4.3.2b Abnormalities of the humoral immune response
I

The scope of immune dysfunction in AIDS is now known to involve
lymphocytes, and this is manifested by hypergammaglobulinemia,
‘hirculating immune complexes and autoantibodies (131,142). B lymphocyte
function is significantly impaired following infection with HIV-1
~ (142). In the early phase of infection, there is marked
%ypergammaglobulinemia which results from polyclonal B cell activation
?(142,143). The mechanism behind polyclonal activation is not fully
established but multiple factors have been considered to be responsible
Zfor this phenomenon. It has been suggested that HIV-1 or various HIV-1
proteins could act as B cell mitogens and hyperstimulate the B cells
;(144). There are reports in literature which suggest that B cells may
L}@ infected with HIV-1 both in vivo and in vitro (145,146). Direct
nfection of B cells with HIV-1 could then stimulate polyclonal

R

aﬁtibody production. Immunoglobulin overproduction could also result

~ from defective regulation of T suppressor cells, thus permitting

- uncontrolled immunoglobulin production by B cells (147). It has also
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en proposed that the phenomenon of polyclonal B cell activation may

result from latent infection with polyclonal B cell activating viruses,
such as Epstein-Barr virus and CMV, both of which are prevalent in HIV-
1 infected individuals (134). HIV-1 is also capable of directly

e hancing B cell growth and differentiation, giving rise to increased
%mmer of immunoglobulin secreting cells (132). However it'remains
%.clear if this results in polyclonal B cell activation (132).
fécently, a putative polyclonal B-cell stimulatory epitope has been
de onstrated in the carboxyl end of the envelope glycoprotein of HIV-1
:1148).

{ In sera from homosexual individuals, the common immunoglobulin
‘isotypes involved in polyclonal B cell activation are IgG, IgA and IgD
(143). IgD elevation occurs early in HIV-1 infection (149), reaches a
peak in patients with AIDS-related complex (ARC) and drops to lower
:levels in patients with AIDS. However, the IgD levels in patients with
AIDS remain elevated as compared to normal controls. The mode of HIV-1
transmission has been postulated to influence the pattern of serum
hyperimmunoglobulinaemia (74,143), but this has not been conclusively
verified.

Serum immunoglobulin G subclass dysbalances have been described
~in HIV-1 infection (75,76,77). In these studies, elevation of serum
levels of IgGl and IgG3 and decreased IgG2 concentration in HIV-1
fnfeéted patients has been demonstrated. The pattern of IgGl and IgG2
subclass-specific immunocytes in lymphnodes of HIV-1 infected patients

has also been shown to correlate with the serum pattern of IgGl and

IgG2 subclasses (76).
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b Despite the heightened activity of B cells, they are impaired in

.I‘r' eir ability to respond to specific antigenic stimulation (142). This
y be partly explained by defects in T-helper cell function. However,
E her mechanisms remain to be defined. Particularly evident is the
hability of‘B cells to mount an IgM response to antigenic challenge
_}142)~ IgM response 1is important for the initial defence. against
infectious agents. Frequent pyogenic infection in HIV-1 infected
;ghildren could thus be due to failure of defective B cells in producing
wntibodies of the IgM isotype (132).

=

1.4.4 The host immune response in HIV-1 infection

- 1.4.4.1 Humoral response

Several studies have shown that HIV-1 infected individuals with
or without AIDS develop antibodies against the structural HIV-1
;proteins (111,112,116). Antibody responses to the viral core proteins
1 and envelope glycoproteins occur early, within 4-12 weeks of exposure
'to HIV-1 (111). Despite the presence of high titer antibody to core
;protein p24, the neutralizing activity of this antibody has been
.observed to be low (111,112). It has also been observed that p24
- antibody levels decline in patients with AIDS (112). Studies on
~ antibody response to HIV-1 proteins have demonstrated an isotypic
restriction (74), in which responses to gag-products involve
.‘/f:"t»gM,IgGl,IgG3 and IgA. Response to env proteins is restricted to the
igGl isotype while response to regulatory protein F is restricted to

IgM, IgG, and IgA. On the basis of these observations, it has been

- suggested that there may be different regulatory mechanisms in the B
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x:ell response to the various HIV-1 proteins (74). It is well
i‘@stablished that the four human IgG subclasses are produced in response
~ to various types of antigens (60). Protein antigens like those of
~ viruses induce IgGl and IgG3 response (60,68,69,70), while IgG2 is the
;predominant response to bacterial polysaccharides (79). Repeated
antigenic stimulation by viruses has been shown to induce an IgG4
response (88). In HIV-1 infection, IgGl has been shown to be the
dominant antiviral subclass in healthy seropositive individuals
- (74,78). IgG3 is detected mainly in individuals with recent infection
~ (73,78). Anti-viral IgG3 is of special interest due to its high
neutralizing capacity for other viruses where it 1is directed to
 envelope proteins (150). In HIV-1 infection IgG3 response is directed
to gag proteins, and does not appear to have neutralizing capacity.
Utilizing molecular biological techniques, investigators have been able
to detect conserved sequences within the gpl20 which stimulate
product;ion of viral neutralizing antibody (134), but IgG subclass
restriction to this conserved epitope is not yet documented. The
significance of these antibodies in limiting the viral infection
directly or as markers for vaccine candidates remains to be determined.
Loss of IgG3 and 1IgG4 subclasses has also been correlated to
progression of clinical symptoms (74,151,152), an observation which
could be of prognostic significance. Studies on at-risk individuals
‘have revealed the presence of gag and pol-specific IgM or IgA in the
5&}_:>sence of specific IgG iscotypes (74). In such individuals, presence
of gag and F-specific antibodies has been demonstrated in the absence

of env-specific antibodies (74). These observations suggest that
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~ isotypic and antigenic selection mechanisms occur early in the course
of HIV-1 infection, and are therefore of potential diagnostic interest.
Some studies have demonstrated that some HIV-l-seropositive
. individuals make anti-viral antibodies which can cross-react with an
antigenic epitope within the CH1 domain of their own IgG (153), and an
. autoimmune reaction has thus been implied. Whether this plays any
significant role in the immunopathogenesis of HIV-1 infection remains
to be established. Antibody-dependent enhancement of infection with
HIV-1 has been reported (154), and is thought to be one of the pointers

. of bad prognosis.

1.4.4.2 Cellular immune response

The role of cellular cytotoxicity in controlling HIV-1 infection
has been investigated. Antibodies in the sera of HIV-l-infected
individuals that are capable of participating in ADCC have been
~ described (155,156,157). These antibodies are mainly directed to gpl20
(155). However, some workers have demonstrated a high degree of
correlation between antibody reactivity to p24 and the ability to
direct an anti-HIV-1 ADCC (157). ADCC activity in HIV-1 infection
declines with progression of infection (156,157). As well as being
protective, the phenomenon of ADCC could conceivably accelerate disease
progression via non infectious lympholysis. This may occur when free
gp'120 binds to CD4 molecules on uninfected lymphocytes, rendering them
sugceptible to destruction via ADCC (155). Although the role of ADCC
in HIV-1 infection remains uncertain, this form of cytolytic reactivity

could be beneficial to individuals in early infection. Antibodies that

(i

il
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ediate ADCC may remove from the circulation, cells infected with a

wide variety of viruses, thus proving to be a valuable adjunct to
eutralizing antibodies in vaccines. Antiviral suppressor response has
lso been demonstrated. T lymphocytes bearipg the CD8 marker from HIV-
] infected individuals have been shown to suppress viral reproduction

in the patients own CD4 T cells (158). Other workers have demonstrated

the presence of cytotoxic lymphocytes bearing CD3 and CD8 surface
‘markers in the blood of HIV-1 infected individuals. This

lymphocytotoxicity is reported to be specific for HIV-1 reverse

:%ranscriptase (159). This finding could be of importance in vaccine mw
mﬂ
development, since the gene that encodes HIV-1 reverse transcriptase il

is highly conserved among different HIV-1 strains (159).

il
I
i
b

1.4.5 Immunological tests for HIV-1 infection J
Since the successful isolation and culture of HIV-1 in permissive «
?fbells (98) and the demonstration of serum antibodies to HIV-1 proteins ”
(111), several immunological approaches to HIV-1 testing have been “

established.

1.4.5.1 Antibody detection i

Majority of tests for HIV-1 infection are based on detection of
anti HIV-1 antibodies (160). Several techniques have been devised, and il
these include enzyme and radio-labelled immunoassays, fluorescent
antibody tests, and immunoblotting. Of these, enzyme immunoassays are
highly sensitive, easy to perform, and are more cost-effective than |

most other tests (161). However, the high sensitivity may compromise
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‘their specificity, giving rise to a number of false-positive results.
This is attributable to non-specific binding antibodies which are
.;pmetimes found in body fluids. This aspect is of a particular interest
‘gn HIV-1 serology in the tropics where the presence of a variety of

microbial infections may give rise to cross-reacting antibodies. Enzyme
immunoassays are very useful in HIV-1 screening of blood and blood
products. Immunoblotting, particularly the western blot technique is
used as a confirmatory test. Radioimmunoprecipitation and indirect
luorescent antibody tests are used mainly as research tools, although
;o a limited extent, they have also been used as confirmatory tests.
Some rapid tests based on passive agglutination technique have also
‘been used. Detection of antibodies to specific HIV-1 proteins such as

' p24 may be used in monitoring disease progress, a decrease in anti-p24

‘antibody titer being an indicator of worsening prognosis.

1.4.5.2 Antigen detection

| Several tests based on HIV-1 antigen assay are now available, and
JIinclude enzyme immunoassays, competitive radioimmunoassays and indirect
immunofluorescence assay methods (161). The HIV-1 antigen assay has
;improved the laboratory diagnosis of HIV-1 infection by providing a
;more sensitive marker than routine antibody screening during the early
,éééges of infection, and for confirming neonatal infection in the
vp?gsence of passively transferred maternal anti-HIV-1 IgG (161). It is
useful in the diagnosis of persistent infection in children who remain

" infected but are seronegative. In addition, HIV-1 antigen assay has led

to improvement in virus detection in culture instead of the less
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gensitive and more time-consuming reverse transcriptase assay. Antigen
assays have also been used in monitoring HIV-1 disease progression,

whereby an increasing antigen titer is correlated with the progression

of disease.

2.0 RATIONALE OF THE STUDY

It is evident from this review that gquantitation of serum
Jimmunoglobulins is important in elucidating humoral immune response
‘patterns both in healthy and in diseased states. Knowledge of the
Inormal immunoglobulin profile is important in establishing diagnosis
of immunopathological conditions. Since serum immunoglobulin levels in

I
people who live in the tropics are reported to be higher than those of

people living in temperate regions (30,31,32,33), it is necessary for
each locality to determine its own immunoglobulin profiles for a
 rational evaluation of immunological disorders characteristic in that
;particular environment. Previous studies on immunoglobulin

0
concentrations in Tanzania have mainly dealt with quantitation of IgG,

IIgA and IgM isotypes (32,33), while 1levels of IgD, IgE and IgG
:sublcasses remain largely unknown.

Study of immunoglobulin profiles in maternal and cord sera 1is
 imp®rtant in the understanding of maternal-fetal humoral immune
relations, especially the aspect of transplacental transfer of
antibodies. Presence or absence of placental transfer of a particular

immunoglobulin isotype can be ascertained, and such an information may

be of applied value in establishing diagnoéis of vertically-transmitted




43 i
i

be of applied value in establishing diagnosis of vertically-transmitted uji
|

i

infections. It is of interest to examine the fetal-maternal IgG ‘,1,!

I
subclass ratios as these have not been studied adequately in Tanzania. I

i i
Analysis of immunoglobulin levels in HIV-l-infected individuals i
may be of diagnostic importance and is also of value in monitoring ‘?
:ogression of the disease. Studies on isotypic response to specific il
'IV-l antigens are of immense value in vaccine development and trials. \’

Little is known of the immunoglobulin profiles in HIV-l1l-infected i

';anzanians, and to the best of the author's knowledge, there is no ‘Wi

|
!l
documented study on IgG subclass response to HIV-1 antigens in : ‘

Tanzania. Since HIV-1 infection is a public health problem in Tanzania,
this kind of a study seems justified. The mode of HIV-1 transmission

has also been thought to influence the isotypic restriction seen in the

‘hyperimmunoglobulinaemia associated with HIV-1 infection. Since

previous studies have mainly dealt with individuals infected through

‘homosexual practices and parenteral route, it 1is of interest to

investigate such a phenomenon in a region where heterosexual

transmission pattern predominates.

In addition, this study will acquaint the author with the various

‘immunological techniques involved in immunoglobulin quantitation, as

well as cultivating a sense of scientific inquiry and critique.



44

3.0 OBJECTIVES

3.1 Broad objective

|
To study the immunoglobulin isotype profiles in healthy and in HIV-1

3
infected individuals, and the IgG subclass response to defined envelope

1

- and core HIV-1 antigens in Dar es Salaam.

3.2 Specific objectives
. To determine the serum levels of immunoglobulin classes and IgG

subclasses in healthy pregnant mothers and their newborns.

2. To determine the serum levels of immunoglobulin classes and IgG

subclasses in healthy HIV-1 seronegative individuals.

38 To determine the serum levels of immunoglobulin classes and IgG

subclasses in HIV-l-seropositive individuals.

4. To investigate the IgG subclass response to gp4l and p24 HIV-1
antigens in sera from HIV-1 seropositive asymptomatic

individuals and in patients with AIDS.
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MATERIALS AND METHODS

4.1 Subjects

These were drawn from individuals attending different departments at

Muhimbili Medical Centre between July and August 1989, and comprised

oFf:

1.

40 full term mothers (mean age 25.4; range 17-39 yea;s) seen in
the labour ward, who had no history of any infection in the past
two weeks prior to the specimen collection. They also had no
medical or obstetric complications from history and clinical
examination as well as from the records shown in their antenatal
cards. In order to exclude individuals who might have been
infected during labour, only those mothers whose membranes had
ruptured in less than four hours were included in the study.
Advantage was taken of an ongoing study on vertical transmission
of HIV-1 infection, to select only those mothers who were HIV-1
seronegative. All their respective neonates were included in the
study.

80 clinically healthy blood donors (mean age 31; range 20-56
years) seen in the blood bank, 30 of whom were HIV-1
seropositive and 50 HIV-1 seronegative. These two groups were
matched for age and sex.

20 patients (mean age 33; range 21-56 years) with symptomatic
HIV-1 infection, admitted in the medical ward and classified as
having AIDS according to the clinical case definition as defined

in the Bangui criteria (162).

In order to avoid any racial bias in the immunoglobulin pattern, the
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study subjects comprised of individuals of African origin only.

‘Specimen collection was done from lst July 1989 to 30th August 1989 in
- Dar es Salaam while laboratory studies were carried out in Bergen from

March 1990 to August 1990.

4.2 Serum samples

 Maternal blood was collected by venepuncture under aseptic precautions,
and centrifuged after clotting to obtain sera. Cord blood was obtained
"at delivery and processed in the same way to obtain serum. Some blood
from each donor was put in a universal container, from which serum was
 obtained after clotting. Sera from patients with AIDS were obtained in
the same manner as those from pregnant mothers. After collection, all
sera were aliquoted and stored at =-20°C. The sera were later
transported, in a cold box with ice cubes, from Dar Es Salaam to Bergen

where they were stored at -20°C until the time for assay.

4.3 HIV-1 serology

All sera were screened for HIV-1 infection by two ELISA tests: Organon
anti-HTLV-III (Organon teknika) and Wellcozyme recombinant (Wellcome
Diagnostics, England). Sera with reactive ELISA in both tests were
confirmed with western blot (DuPont HIV-1l Western Blot kit). Western
blot seropositivity was based on the WHO «criteria for the
interpretation of HIV-1 western blots (163); ie. a strip was considered
pesitive only when there were definite bands for two envelope proteins

plus or minus one core protein.
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- 4.4 Estimation of C-reactive protein (CRP)

This was done for all maternal sera and sera from HIV-1 seronegative
blood donors in order to exclude the presence of acute infection. A

Tlatex agglutination test was used. The test was done according to the

manufacturer's instructions (Rapi Tex-CRP, Behringwerke, West Germany) .

{ 9
A drop of CRP reagent was mixed with a drop of test serum on a glass

Jhlide. A positive control serum was also mixed with the CRP reagent.
Results were read within two minutes. Results were interpreted as
?@msitive when there was agglutination in the test serum within two
w;minutes, and negative when agglutination was not detected. According
{;0 the manufacturer's instructions, the test is positive when the level
~of C-reactive protein in the test sample is more than 6mg/1l.

4.5 Quantitation of IgG, IgA and IgM

This was done by using a laser nephelometer (Behringwerke AG), which
%hses the principle of immunoprecipitation for antibody assay. The
‘ machine was first calibrated using standard antisera for human IgG, IgA
-iand IgM (Behring Lot. No. 153058 D, 153161 D and 153277 A
respectively). N/T protein, a product recommended by the manufacturer,
vwas used as a control. Reference curves were drawn for each standard.
iThroughout the running, a phosphate buffer saline with sodium azide was

used as a buffer.

4.6 Quantitation of IgD and IgE
This was done by single radial immunodiffusion technique as described

by Mancini et al. (95). LC-Partigen™ immunodiffusion plates

il
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(Behringwerke AG, Marburg,W.Germany) were used. These contained the
specific antiserum to either IgD or IgE in an agar-gel layer ready for

use. The assay protocol adopted was that recommended by the

;ﬁor 5 minutes at room temperature for evaporation of any water of
Eopdensation that may have entered the wells. Three wells were filled
with 20 microliters of the suitable standard dilutions (3 different
concentrations). For IgD assay, the standard was human serum (Lot
No.046417A Behringwerke AG) in 1:4, 1:2 and 1:1 dilutions,
corresponding to concentrations of 47, 95, and 188 IU/ml respectively.
For IgE assay, a standard human serum (Lot No.046516B Behringwerke AG)
in dilutions of 1:4, 1:2 and 1l:1 corresponding to concentrations of
1940, 3880, and 7760 IU/ml respectively was used. Twenty microlitez;s
', of each test sample were filled in the remaining wells. For IgE assay,
~another 20 microliters were added into the wells 30 minutes after the
initial 20 microliters. All assays were done in duplicate. After
loading, the plates were allowed to stand open for 10 minutes, then
closed with a plastic 1lid and left to stand at room temperature for 2
days in the case of IgD and 5 days for IgE. Precipitin ring size was
measured with a Mebprojektor ocular (Behring institut) to the nearest
' 1/10th of a millimetre. Final diameters were obtained by averaging the
duplicate readings. Using a linear graph paper the squares of the
I-dia.meters of the precipitate rings obtained with the standard dilutions
were plotted as a function of the immunoglobulin concentration
(abscissa: antigen concentration ; ordinate: squares of the ring

diameter in mm®). Unknowns were then read off the standard curve. The
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assay ranges for the immunodiffusion plates as given by the

. manufacturer, were 14.0-222IU/ml for IgD and 920-11000IU/ml for IgE.

For the IgD and IgE values below the lower limit of assay detection,
they were assigned values midway between O and the lower limit of the

assay in order to avoid a disproportionate impact of these values on

subsequent calculations.

T 4,7 IgG subclass assay

. An immunoenzymatic microtitre method based on a “sandwich' enzyme

immunoassay technique was used. Kits of microtitre strips with wells
pre-coated with different monoclonal antibodies specific for the
relevant IgG subclass (from The Binding Site limited, Birmingham United
Kingdom) were used. During each assay, the kit was removed from storage
and allowed to warm to room temperature for 30 minutes before use.
During each assay, a kit control and a WHO human IgG subclass control
67/97 (164) were included. Seven dilutions of a standard serum
(included in the kit) were assayed on the plate for the calibration of
a standard curve. Test samples were diluted according to the
manufacturer's instructions. One hundred microlitres of each sample
were dispensed in duplicate into each well of the microwell strips. The
wells were covered with a plate 1id, placed in a moist box to prevent
dry;ng, and incubated at 37°C for two hours. The wells were then washed
three times using 200 microliters of a working strength wash buffer
provided in the kit. One hundred microlitres of conjugate (sheep anti-
human IgG conjugated with horseradish peroxidase enzyme) were dispensed

into each well, and the plates were covered, placed in the moist box

1|
[lf
|
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and incubated at 37°C for two hours. After the conjugate incubation

- washing of the wells was done three times as previously. One hundred
microlitres of substrate solution (orthophenylene-diamine in buffered
hydrogen peroxide solution) were dispensed into each well as quickly
as possible in order to avoid assay drift. The plates were then left
;at room temperature for 30 minutes, after which the reaction was
:terminated by 50 microliters of a stop buffer (2.5M H>SO.) into each
vwell. The optical density (OD) of each well was read at 450nm on a
microwell plate reader (Organon Teknika 510) immediately after the
procedure.

Due to lack of enough commercially precoated assay strips, 12
maternal and the corresponding cord sera were assayed by using
éerocluster U vinyl ELISA plates (Costar, Cambridge, UK) coated with
monoclonal mouse antibodies to the IgG subclasses, according to the
method described by Hamilton et al (165). The monoclonal antibodies
_used were anti-IgGl (HP6012, Oxoid, UK), anti-IgG2 (HP6009, Oxoid,UK),
anti-IgG3 (HP 6047, CALBIOCHEM ,Behring diagnostics La Jolla,
California), and anti-IgG4 (HP 6023, CALBIOCHEM, Behring diagnostics).
One hundred microlitres of the monoclonal antibodies were dispensed
into each well and the plates were then incubated at 37°C for 2 hours,
then stored at 4°C overnight. The following day, the wells were washed
threé times with phosphate buffer saline (PBS). A hundred microlitres
of 1% bovine serum albumin were dispensed into each well for blocking
any uncoated sites, followed by incubation at 37°C for 1 hour, after
which the plates were again washed with PBS. IgG subclass assay was

then done using the same procedure as for the commercially precoated
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strips

For each IgG subclass assay, a standard curve was constructed by
plotting the mean OD of the standard dilutions against the
corresponding IgG subclass concentrations. The mean OD of the diluted
‘control was used to read the concentration of the diluted control from
the curve. This value was then multiplied by the dilution factor to
obtain the concentration of the undiluted control sample. A curve was
considered to be correct when the values of the controls read from the
curve were similar to the ones given for the kit control and the WHO
standard preparation. Subclass levels in each test sample were
calculated by multiplying the value obtained from the curve and the

dilution factor.

4.8 Assay of IgG subclass reactivity to gp4l and p24

| _An ENVACOR HIV-1 enzyme immunoassay kit (ABBOTT Diagnostics) was used.
This kit had separate reaction trays for ENV and CORE antigens. In the
assay procedure, one ENV HIV-1 (rDNA) coated bead (for gp4l assay) or
one CORE HIV-1 (rDNA) coated bead (for p24 assay) was added to each
reaction well. Test sera (100 microliters) were dispensed into the
reaction wells in optimum dilutions as earlier pre-determined in a
checkerboard titration. In each assay negative and positive control
sera were included. The trays were incubated for 2 hours at 37°cC,
followed by washing of the beads three times using double distilled
v"watef. Two hundred microliters of mouse monoclonal antibody appropriate

for each IgG subclass; ie. IgGl ( HP6012, Oxoid, UK), IgG2 (HP6009,

Oxoid UK), 1IgG3 (HP 6047, CALBIOCHEM,Behring diagnostics, La

1
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 Jolla,California) and IgG4 (HP 6023, CALBIOCHEM) were added into each L

well followed by 2 hours incubation as previously. The beads were again

washed as before and 200 microliters of horse raddish peroxidase ;
conjugated rabbit anti-mouse IgG (1/500 dilution in PBS containing iO%
.péoled human serum) were dispensed into each well. The trays were
incubated for 2 hours at 37°C, followed by washing of the beads as k
pre?iously. The beads were then transfered each into a separate assay ‘
‘tube. Three hundred microliters of freshly prepared OPD substrate i
solution were added into each tube, and left at room temperature for

30 minutes. Reaction was terminated by 1lml of 1N sulphuric acid and the |
intensity of the colour developed was read using Quantum analyzer
(Abbott diagnostics) set at 492 nm. The cut off value was obtained by
dividing the sum of the OD for the positive and negative controls by
2. Samples with absorbances greater than the cut off value were
considered positive for IgG subclass antibody to HIV-1, and values less

"than the cut off value were considered negative.

4.9 Statistical analysis

Results obtained were analyzed with matched Student's t-test for
the maternal and cord group, pooled Student's t-test for the HIV-1 ‘
seronegative blood donor and HIV-1 seropositive groups, and two-tail

Fisher's Exact test for the isotypic response to gp4l and p24.
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550 RESULTS

8.1 C-reactive protein estimation in healthy individuals

Out of the 40 maternal sera, 10 were found to have C-reactive
protein>6mg/l. These samples also had high mean level of IgM (6.7g/l).
These findings were considered to be consistent with the presence of
E infection. Therefore these sera together with their corresponding cord
sera were excluded from the study. Of the HIV-1 seronegative sera, only
4 were positive for this test. However, the concentration of IgM in
- each of these sera was within the range of the mean level for HIV-1

'seronegative sera and therefore were included in the study.

5.2 Immunoglobulin levels in pregnant mothers and their newborns

Table 5. Mean levels of immunoglobulin classes in maternal and

cord sera

Class Maternal (n=30) Cord (n=30) p value
IgG(g/1) 19.9 (5.16)* 16.82 (3.75) p=0.5
IgA(g/1) 2.79 (0.84) <0.31 p=0
IgM(g/1) 3408 [1.91) <0 25 p=0
IgD(IU/ml) 68.33 (57.3) 0.00 p=0
IgE(IU/ml) 2689.33 (2883.09) 0.00 =0

* Values in brackets indicate standard deviations.

Immdnoglobulin levels in maternal and the corresponding cord sera are
shown in Table 5. The mean IgG level in maternal sera was slightly
higher than that in cord sera, however this difference was not

statistically significant. Twenty percent of the cord sera had IgG
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|
levels higher than the mean maternal IgG concentration. The other ?

immunoglobulin isotypes (IgA, IgM, IgD and IgE) were not detected in
cord sera. IgD and IgE levels were undetectable by the assay in 6% and ‘

10% of the maternal sera respectively.

Table 6. Mean levels of IgG subclasses in maternal and cord sera

Subclass Maternal (n=30) Cord (n=30) p value
IgGl(g/1l) 11.99 (5.4)* 12.77 (5.63) p=0.49
1gG2(g/1l) 3.74 (2.92) 0.86 (1.05) p<0.0001
IgG3(g/1l) 2.38 (2.03) 2.11 (2.38) p=0.67
IgG4(g/l) 1,11 (1.01) 0.68 (1.2) p=0.07

* Values in brackets indicate standard deviations

The IgG subclass profiles in maternal and cord sera are presented in

Table 6. The mean IgGl level in cord sera was higher than that of

- maternal sera but this was not statistically significant. However, 50%

of the cord sera had IgGl concentrations higher than the mean IgGl

level for maternal sera.

IgG2 levels were significantly higher in

maternal than in the corresponding cord sera. There was no significant
difference in the mean maternal and cord IgG3 levels. The higher level

\
|
of IgG4 in maternal sera compared to cord sera was of a borderline

\g
- statistical significance. Twenty three percent of the cord sera had

IgG4 levels higher than the mean IgG4 level for maternal sera.
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. Table 7.Fetal/maternal total IgG and IgG subclass ratios at term

! Unmatched ratios Matched ratios

I‘ IgG 0.85 0.89
I561 1.07 1.72
IgG2 0.23 0.34
IgG3 0.89 1.20
19G4 0.61 1.53

The fetal/maternal ratios of the mean fetal and maternal IgG and IgG
subclass levels at full term are shown in Table 7. The matched ratios
of all subclasses are more than 1 except for IgG2. There was a wide
variation in the individual IgG4 values in both maternal and cord sera.
This explains the discrepancy between the unmatched and matched

fetal/maternal ratios for IgG4.

‘5.3 Immunoglobulin levels in HIV-1 seronegative blood donors

and in HIV-1 seropositive individuals

Table 8. Mean serum levels of immunoglobulin classes in HIV-1

seronegative controls and in HIV-1 seropositive subjects

Class . HIV-1-ve (n=50) HIV-1+ve (n=50) p _value
I9G (g/1) 17.97 (4.3)* 30.27 (9.75) p=0.0001
IgA (g/l) 2.07 (0.88) 3..38 ..(2.08) p=0.0001
Ing(g/l) 1.80 (1.22) 3.54 (2.39) p<0.0001
IgD (IU/ml) 52.26 (34.9) 11249 {67.33) p=0.0001
FIgE (IU/ml) 2965 (2192) 3446.4 (2663.43) p=0.326

* Values in brackets indicate standard deviations.

| (o
||t

fi
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. The mean serum levels of all immunoglobulin classes, as seen in Table
j 8, were found to be higher in HIV-1 seropositive sera than in sera from
. apparently healthy HIV-1 seronegative controls. In the seropositive
- group, individuals with immunoglobulin concentrations higher than the
~mean control levels were 88%, 68%, 68%, 76%, and 46% of the total for
IgG, IgA, IgM, IgD, and IgE respectively. A statistically significant
increase in IgG, IgA, IgM, and IgD levels was evident. The mean level
7 of IgE in the HIV-1 seropositive group was also raised but the increase
“was not statistically significant when compared to the control group.
t IgD levels were undetectable by the assay in 10% of the control sera
and in 2% of the HIV-1 seropositive sera. IgE levels were undetectable

in 12% of the control sera and in 6% of the HIV-1 seropositive sera.

Table 9. Mean serum levels of immunoglobulin classes in asymptomatic

HIV-1 seropositive individuals and in AIDS patients

Class Asymptomatic HIV-1l+ve (n=30) AIDS patients (n=20) p value

IgG(g/1l) 28.35 (8.5)% 33.12 (11.02) p=0.092
IgA(g/1) 2.56 (1.5) 4.55 (2.58) p=0.0006
IgM(g/1l) 2.96 (2.1) 4.41 (2.58) p=0.033
.~ IgD(IU/ml) 83.2 (56.27) 157.45 (58.11) p=0.0001
IgE(IU/ml) 3794.67 (2945.6) 2924 (2138) p=0.262

* Values in brackets indicate standard deviations.

Analysis of the immunoglobulin concentrations in the two phases of HIV-
1l infection revealed an increasing trend for IgG, IgA, IgM and IgD with

evolution of the disease from asymptomatic phase to AIDS phase (Table
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~9). This trend was particularly marked for IgD, whereby the level

_:almost doubled as patients evolved from asymptomatic phase to AIDS. In

- the asymptomatic group, those with immunoglobulin concentrations higher

. than the mean levels in the controls were 83.3% for IgG, 60% for IgA,

- 56% for IgM, 60% for IgD and 50% for IgE. In the AIDS phase,
~ individuals with immunoglobulin levels higher than the mean control
' levels were 95% for IgG, 75% for IgA, 75% for IgM, 100% for IgD, and
40% for IgE. With disease progression to AIDS, IgE levels decreased to
a level almost identical to that of seronegative controls. The IgE

- elevation seen in seropositives (Table 8) is therefore largely due to

the high levels in the asymptomatic HIV-1 seropositive group.

Table 10. Mean levels of IgG subclasses in HIV-1 seronegative blood

donors and in HIV-1 seropositive subjects

Subclass HIV-1-ve (n=50) HIV-1l+ve (n=50) p _value
IgGl(g/l) 12.76 (4.39)* 20.95 (8.56) p=0.0001
IgG2(g/1l) 1.76 (1.16) 1.55 (1.78) p=0.475
I1gG3(g/1l) 1.5 (0.97) 5.51 (4.63) p<0.0001
I1gG4(g/l) 0.48 (0.53) 0.85 (1.92) p=0.078

* Values in brackets indicate standard deviations.

In HIV-1 seropositive subjects, the mean IgG subclass levels obtained
sﬁéwed a statistically significant increase in IgGl and IgG3 levels
compared to the HIV-1 seronegative controls (Table 10). In the
seropositive group, subjects with IgG subclass levels higher than the

mean control levels were 84%, 28%, 88%, and 38% for IgGl, IgG2, IgG3,
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and IgG4 respectively. The IgG4 concentration in the HIV-1 seropositive
group was higher than that of the control group but this difference was

not statistically significant.

Table 11. Mean levels of serum IgG subclasses at the two stages

of HIV-1 infection

Subclass Asymptomatic HIV-1l+ve(n=30) AIDS patients (n=20) p value

IgGl(g/l)  21.31 (7.96)* 20.42 (9.57) p=0.722
IgG2(g/1) 1.78 (1.85) 1.21 (1.65) p=0.269
IgG3(g/1) 4.29 (3.3) 7.34 (5.7) p=0.022
I9G4(g/1) 1.16 (2.4) 0.38 (0.54) p=0.0009

* Values in brackets indicate standard deviations.

Rnalysis of the mean IgG subclass levels was done in the two phases of
HIV-1 infection, (Table 11). The mean IgGl levels remained almost
constant in both phases. IgG2 levels slightly decreased with disease
progression to AIDS but this change was not statistically significant.
IgG3 levels doubled with evolution from asymptomatic to AIDS phase, a
statistically significant increase. IgG4 levels were significantly
higher in asymptomatic HIV-1 seropositives when compared to
seronegative controls (p=0.0001), and decreased dramatically in the
AIDS phase, to reach a level almost identical to that of the control

group.
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5.4 Anti-HIV-1 IgG subclass response to gp4l and p24 HIV-1 antigens

Table 12. Number of sera with a positive IgG subclass reactivity

to gp4l

Subclass Asymptomatic phase (n=11) AIDS phase (n=11)

IgGl 10 11
- IgG2
IgG3

IgG4

All sera showed some reactivity to gp4l as shown in Table 13. In one
- serum from the asymptomatic group, reactivity to gp4l was only limited
to IgG3. Of the sera from asymptomatic subjects 4 (36.4%) showed
reactivity in all subclasses. One of the sera from AIDS patients showed

reactivity in all IgG subclasses except for IgG4.

. Table 13. Number of sera with a positive IgG subclass reactivity to p24

Subclass Asymptomatic phase (n=11) AIDS phase (n=11) p value

IgG1 6 8 p=0.66
IgG2 0 p=0.48
- 1gG3 p=0.004

IgG4 p=0.67

All sera from asymptomatic individuals showed reactivity in more than
one subclass (Table 13). Response was only limited to IgGl and IgG4

subclasses in the AIDS cases.
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6.0 DISCUSSION

Previous studies on human serum immunoglobulin levels in Tanzania
have mainly dealt with quantitation of IgG,IgA and IgM isotypes
(33,34,35). In Tanzania, there is no documented study on IgG subclass
levels. Serum levels of IgD have also not been reported. IgE levels in
healthy subjects are also not documented. The present study has
analyzed serum levels of the five immunoglobulin isotypes as well as
those of IgG subclasses in full term pregnant mothers and their
newborns, apparently healthy HIV-1 seronegative blood donors and HIV-1
seropositive individuals. In addition, anti-HIV-1 IgG subclass response
to gp4l and p24 has been studied. Isotypic response to HIV-1 antigens
has been reported in few studies, none of which have been done in
Tanzania.

The various techniques used for immunoglobulin gquantitation in
this study are well standardized and widely used. The IgD and IgE
standards used in the single radial immunodiffusion technique gave
consistent results in all plates, suggesting that there was no
significant assay variation between the plates. Results obtained for
mean serum immunoglobulin levels are therefore 1likely to be
feproducible. The SRID plates used in IgD and IgE quantitation failed
to detect levels of these two immunoglobulin isotypes in some of the
sera. This could be partly due to failure of the technique to detect
very low levels, or may be the individuals did not have these isotypes
in their seré. Absence of IgD in serum 1is known to occur in some
individuals, and this phenomenon is genetically determined (166). Rowe

and co-worker's also reported absence of detectable IgD levels in 10%




61
of Gambian adults (31). The IgG subclass ELISA technique used was
reported by the manufacturer to be highly sensitive, detecting as low
as 3.3 ug/l, 17 ug/l, 3.4 ug/l, and 12 ug/l of IgGl, IgG2, IgG3 and
IgG4 respectively. The standard curves obtained for both the
commercially pre-coated plates and those coated by the author gave
correct values for the kit controls as well as for the WHO hgman IgG
subclass control. Quantitation of total IgG concentration Dby
nephelometer yielded higher values than those obtained by summation of
the individual mean IgG subclass levels quantified by ELISA. This
discrepancy is due to the differences in the two assay techniques.
However, there was a strong positive correlation between these two sets
of values (correlation coefficient=0.8) suggesting comparability
between the two assay methods. Inspite of this observation, the IgG
values obtained by nephelometer were considered to be more accurate
than the calculated IgG concentration based on four separate IgG
subclass assays, and were therefore used for comparative analysis
between the various study groups. The monoclonal antibodies used in
this study have been evaluated for their specificities for human IgG
subclasses in a WHO-collaborative study involving several laboratories
(96). Investigators in this study reported low reactivity for IgG2
monoclonal antibody, an observation that was also noted in the present
study. However, this observation does not influence the results
obtained. The compact structure of IgG2 subclass together with the
limited number of IgG2 specific monoclonal antibodies are among the
reasons why IgG2 is generally considered to be the most difficult IgG

subclass to detect.
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The mean levels of IgG, IgA and IgM in maternal, and HIV-1
seronegative sera, and the IgG level in cord sera found in this study
are comparable to those previously reported by other investigators in
Tanzania (33,35), who used single radial immunodiffusion technique.
These could therefore be considered as reference values for Tanzanian
adults. The mean level for IgM in maternal sera was significantly
higher (p=0.001) than that found in HIV-1 seronegative male blood
donors. Rowe and co-workers (31) previously reported higher mean IgM
concentrations in non-pregnant females than males in Gambia, and
postulated that perhaps the sex difference is due to the balance of
male and female sex hormones acting as a factor in the control of IgM
metabolism. If proved, this hypothesis could also explain the
difference observed in this study. However, it will be important to
examine non-pregnant women matched for age to further elucidate on
this. The mean IgD and IgE values in the maternal sera were remarkably
higher than those reported in other non-tropical series (167). Litwin
and co-workers have previously demonstrated an association between
certain Gm genetic markers and serum IgD levels in Caucasians (166).
Whether this observation explains the high IgD levels found in pregnant
mothers in the present study remains to be established. It is also
possible that the high IgD levels seen in pregnant mothers in this
study is due to the heightened antigenic challenge in pregnancy. The
high mean IgE levels may be due to a co-existing infection of the
subjects with helminthic parasites. Although this aspect was not
analyzed in the present study, high serum IgE levels in individuals

with helminthiasis have been reported in a previous study conducted in
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a tropical environment (32). The standard deviations for the mean
levels of IgD and IgE were strikingly high. This is explained by the
fact that the distribution of the serum levels of these isotypes in
human populations does not conform to the normal distribution pattern.
\For example, IgD distribution has been shown to be bimodal or even
trimodal (168). Absence of IgA, IgM, IgD and IgE in cord sera as seen
in this study signifies lack of placental transfer for these isotypes,
a finding which is in agreement with documented reports on placental
transfer of human immunoglobulins (16,17,22). It also indicates that
the neonates had no intrauterine infections.

The serum IgG subclass concentrations found in the maternal and
cord sera clearly indicate that all four IgG subclasses cross the
placenta, a finding which is consistent with reported data by other
investigators (41,42,44,47,48). In this study the matched
fetal/maternal ratio for IgG2 subclass at term was 0.34, meaning that

- the mean cord IgG2 concentration was less than the concentration in
the corresponding maternal sera. The opposite was the case for the
other subclasses, whose matched ratios were more than 1. This finding
compares very well with reported data on the transfer of IgG subclasses

across the placenta (47,169), in which it has also been shown that

transfer of IgG2 subclass is less efficient than that of the other
subclasses. Active transport of immunoglobulins across the placenta has
been postulated before (22). The finding of higher levels of IgG in 20%
of the cord sera in this study adds further evidence for the possible
existence of an active placental transfer of the IgG subclasses. The

higher mean IgG2 level in maternal sera as compared to the level in
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cord sera also partly explains the relatively higher mean total IgG
level in the maternal sera.

Placental transfer of the human IgG subclasses has been
hypothesised to take place through an Fc receptor-mediated mechanism
(49), and that in situ Fc receptor binding affinity of the four
subclasses to human placental tissues has been reported to be in the
order IgGl=IgG3>IgG4>IgG2 (51). A similar order of IgG subclass binding
affinity was demonstrated in a study of Fc receptors in placental
homogenates (48). The unmatched fetal/maternal ratios obtained in this
study follow the same order of magnitude. This finding, therefore,
further supports the hypothesis of Fc receptor-mediated placental
transfer for the human IgG subclasses. Reported studies on Fc receptors
in the human placenta were largely done in Caucasians. The finding of
a similar transfer priority of IgG subclasses in a tropical African
rpopulation suggests that probably there are no racial or geographical
differences in the placental transfer of human immunoglobulins. The
reported order of binding affinity, and subsequent preferential
transfer of the IgG subclasses in that order could be due to the
differences in the length and flexibility of the hinge region among the
subclasses. The IgGl hinge is freely flexible while IgG2 hinge
flexibility is restricted by its shortness and lack of glycine residues
(42). IgG3 is known to have an extended and highly flexible hinge
region, whereas the flexibility of IgG4 is thought to be intermediate
between that of IgGl and IgG2 (42). It seems, therefore, that the
descending order of hinge flexibility for the IgG subclasses is

IgG3>IgGl>IgG4>IgG2, which resembles the order of binding affinity of
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IgG subclasses to Fc receptors on the human placenta. Hinge flexibility
influences effector functions of the IgG subclasses such as Fc
receptor-binding (42,54). Therefore preferential transfer of the
subclasses across the placenta is likely to be determined by the
flexibility of the hinge region of the respective IgG subclass.

Another objective of this study was to analyze the serum levels
of immunoglobulin isotypes in HIV-1 seronegative sera and compare them
with those found in HIV-1 seropositive sera, with a view to elucidating
any characteristic pattern of serum immunoglobulin concentrations in
HIV-1 seropositive individuals. The findings obtained revealed
significantly elevated mean serum levels of all immunoglobulin classes
(except IgE) in HIV-1 seropositive sera when compared to the mean
levels in age and sex-matched seronegative controls. Similar findings
have been reported in previous studies which demonstrated
hypergammaglobulinemia in HIV-1 infection and AIDS in terms of elevated
serum IgG and IgA (143), IgM (143), IgD (149), and more recently, IgE
(167). This pattern of hypergammaglobulinemia in HIV-1 infection is
distinct from patterns observed in other infectious diseases. For
example, in Epstein-Barr virus mononucleosis, IgM and IgE isotypes are
most strikingly elevated in the early weeks of the disease, and IgD is
generally the least elevated (170). In tuberculosis, IgM levels are
often high, but IgD is present at normal or even subnormal levels
(171). In Mycoplasma and bacterial pneumonias, immunoglobulins are
rarely elevated above normal (172). In other immunodeficiency disorders
such as in Hodgkin's disease, IgD is not elevated even in the presence

of similar opportunistic infections as those found in AIDS (173).
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Therefore, the polyisotypic hypergammaglobulinemia in HIV-1 infection
= as seen in the present study as well as in others (131,142,143), seems
to be a unique immunological phenomenon. Other investigators who have
reported similar findings have attributed this phenomenon to a
Lipolyclonal activation of B lymphocytes (142,143). Presence of other
known polyclonal B cell activators such as Epstein-Barr virus‘and CMV
was not investigated for in this study. However, on the basis of other
reports which have convincingly demonstrated the existence of
'polyisotypic hypergammaglobulinemia in HIV-1 infected individuals even
in the absence of co-existing infection with other polyclonal B cell
?\activating agents, the hypergammaglobulinemia seen in HIV-1
seropositive sera in the present study is suggested to be a
manifestation of polyclonal B cell activation.

In the present study, the average increases in the mean levels
of immunoglobulin classes in the HIV-1 seropositive group relative to
the mean levels in the seronegative control group are 1.6-fold for IgG
and IgA, 2-fold for IgM and 2.2-fold for IgD (ie.IgD>IgM>IgG=IgA).
Mizuma and co-workers (149) reported similar magnitudes of increase for
IgG, IgA and IgM and a much higher one for IgD in a study involving
HIV-l-infected homosexual subjects, intravenous drug abusers and
hemophiliacs. The order of arrangement of immunoglobulin heavy chain
genes on the chromosome is reported to be IgM->IgD ->IgG3->IgGl->IgE2-
>IgAl->IgG2->IgG4->IgEl->IgA2 (4). Isotypic switching during genetic
expression of immunoglobulin heavy chains usually follows a similar
order. Lack or defect in isotypic switching due to T4 cell depression

in HIV-1 infection could explain the order of increase in the
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immunoglobulin classes in the HIV-1 seropositive group as seen in this
study.

The levels of all immunoglobulin isotypes except for IgE remained
elevated in both the asymptomatic and AIDS phases, suggesting that
abnormal B cell activation is characteristic of patients with mild as
~ well as severe manifestations of HIV-1 infection. Other investigators
have reported similar findings (143,149). The finding of significantly
elevated mean IgA and IgM levels in AIDS patients as seen in this study
has also previously been reported (143,174). Some reports have
attributed this to the significantly elevated IgA and IgM rheumatoid
factors seen in AIDS patients when compared to asymptomatic HIV-1
seropositive subjects (175), and others have claimed this to be due to
the presence of opportunistic infections in AIDS patients (143).
However, in the present study no attempt was made to 1look for
rheumatoid factors in the sera.

The persistent increase in the mean IgD levels in the AIDS phase
as seen in this study is in contrast to the findings reported by other
investigators. For example, in the study by Mizuma and co-workers
(149), a decline in the mean IgD level was seen in AIDS phase, although
it remained high when compared to the mean level in HIV-1 seronegative
controls. IgD production has been shown to be a marker of B cell
immaturity (176). Whereas increased production of this isotype occurs
in AIDS patients with opportunistic infections, increased production
is often absent in patients with AIDS-associated Kaposi's sarcoma alone
(177). The finding of high mean IgD concentration in AIDS sera in the

present study is therefore partly explained by the fact that all AIDS
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patients studied had opportunistic infections and none had Kaposi's
sarcoma. Some of the patients in Mizuma's study (149) had Kaposi's
sarcoma. It has also been observed previously that many bacterial
species that are common in the upper respiratory tract have Fc
receptors for IgD and may thus exert mitogenic effects on IgD -
expressing lymphocytes (178). If some of these receptors are similar
to IgD-binding factor (IgD-BF), then a possible explanation for the
increased IgD levels in patients with AIDS could be that the recurrent
upper respiratory infections often seen in AIDS patients are associated
with expression of IgD-BF which then activates IgD production. This
\postulate deserves further investigation, especially in view of the
reported findings of in vitro formation of immunoglobulin binding
factors such as IgE-BF by T cells from patients infected with HIV-1
(179). In addition, lack of downregulation due to lack of T4 cell could
also lead to accumulation of IgD. Previous studies have reported
elevation of IgE levels in HIV-l-infected individuals (167). Increased
occurrence of IgE-BF has also been reported in association with HIV-1
infection (179), and this immunoglobulin binding factor favours
increased production of IgE. It is therefore rather surprisiﬁg that the
mean levels of IgE found in the HIV-1 seropositive group and in
seronegative controls in the present study do not differ significantly.
These levels, however, are markedly higher than those reported in other
non-tropical series (167), and could possibly be due to a co-existing
helminthiasis. Any significant IgE increase due to HIV-1 related
polyclonal B cell activation would therefore be masked by the increase

attributable to parasitic activation. In the present study, 50% of the
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asymptomatic HIV-1 seropositive individuals had IgE levels which were
higher than the mean concentration for the controls. Demonstration of
a true increase in IgE levels as a result of polyclonal activation of
B lymphocytes would therefore require exclusion of infection with
helminthic parasites in the study groups.

The mean serum levels of all IgG subclasses in the seropegative
controls were higher than those reported in Caucasians (54,58). IgG
levels in people living in the tropics have been reported to be higher
than those reported in residents of temperate regions (26,27 ,28,31).
This was also observed in the present study, and partly explains the
higher mean IgG subclass concentrations in the study subjects. Since
the serum levels of IgG subclasses have been shown to be partly
influenced by some genetic factors (56), it may be that the higher
levels of IgG subclasses found in this study partly have a genetic
basis. However, this remains to be established. The mean serum IgG
subclass levels found in this study display a characteristic IgGl and
IgG3 predominance as reported in studies involving homosexually and
parenterally HIV-l-infected individuals (76,77,151). The insignificant
change in mean IgG2 levels, with a tendency to decrease in HIV-1
seropositive individuals as seen in the present study has also been
reported elsewhere (77). What brings about these serum IgG subclass
changes seen in association with HIV-1 infection 1is not yet
established. However, in other viral infections an IgGl and IgG3
subclass antibody restriction has been widely documented
(67,68,69,70,71,72), and attributed to the viral protein antigens.

There is no reason to dispute the existence of a similar IgG subclass
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restriction in HIV-1 infection. The mean IgG3 subclass level in AIDS
sera was almost two times higher than that in sera from asymptomatic
blood donors. A similar observation was noted for the mean IgD levels
in the same groups. In view of the close proximity of the genes for the
heavy chains of IgD and IgG3 on the chromosome, it is tempting to
postulate that a defective regulation of the downstream switch in the
heavy chain locus may give rise to a prominent generation of both IgD
and IgG3 isotypes in AIDS patients. The downstream switching mechanism
in the expression of heavy chain genes has been reported to be
influenced by some isotype-specific switch factors such as IL-4 and IL-
5 (42). The role of such factors in influencing the production of
immunoglobulins in patients with AIDS remains to be established.
Another striking finding is the significantly elevated mean IgG4 level
in asymptomatic subjects when compared to HIV-1 seronegative controls.
This is in contrast to reported data from other studies (77), in which
IgG4 levels have been shcwn to be normal in HIV-1 seropositive
individuals irrespective of the phase of the disease. Since repeated
antigenic challenge is known to give rise to an IgG4-restricted
response (87,88), the elevated IgG4 subclass level seen in the
asymptomatic group could be due to repeated stimulation by HIV-1
antigens. However, the reason why the IgG4 level should fall back to
lower level in the AIDS phase is less clear.

The other aim of the present study was to establish the pattern
of IgG subclass response to some of the envelope and core antigens of
HIV-1. This study has demonstrated an anti-HIV-1 IgG subclass response

to gp4l in all four subclasses, mainly IgGl and IgG4 in the
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asymptomatic phase and IgGl and IgG2 in the AIDS phase. Predominance
of IgGl subclass response was found in both phases of the disease, and
this response declined with evolution to AIDS. Absence of IgG4 response
to gp4l was a remarkable feature. Chiodi and co-workers reported an
IgGl and IgG2 restricted response to overlapping peptides derived from
the gp4l transmembrane protein of HIV (152). It has previougly been
shown that IgG subclass restriction is determined by the nature of the
antigen: IgGl and IgG3 responses are restricted to protein antigens
(42,44,54,60) while IgG2 restriction is characteristic for
polysaccharide antigens (61,62,63). Presence of both protein and
‘polysaccharide components in the gp4l antigen therefore explains the
finding of 1IgGl, IgG2 and IgG3 responses to this antigen. The
predominance of IgGl response is rather interesting. The mechanisms
determining the distribution of IgG subclasses are poorly understood
but evidence favours the participation of T-helper cells in the IgGl
isotypic restriction observed in some autoimmune responses (180). Also
in a murine model of chronic infection with the cestode parasite
Mesocestoides corti, the isotypic restriction to IgGl has been shown
to be the direct consequence of a negative regulatory effect on B
cells, of a clonal subpopulation of parasite-specific CD4+ T-helper
cells (181). These data suggest that suppressor mechanisms might
account for the IgGl restriction to gp4l. The finding of IgG3 subclass
résponse to gp4l is rather striking, and was never reported in a
previous study on isotypic restriction to HIV-1 antigens(74). IgG3
antibody to viral envelope proteins has been shown to have a potent

neutralizing effect (150). This finding in the present study is
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therefore of interest because of its applied wvalue in relation to
vaccine development. However a study involving a larger sample size is
recommended in order to ascertain this finding. Loss of IgG3 and IgG4
reactivity to HIV-1 has been shown to occur with progression of the
disease (151). This trend was also observed in the present study.
Overwhelming antigenemia is reported to occur in the AIDS phase
(128,131,137). Such a situation could lead to the clearance of
specific IgG subclasses through formation of soluble immune complexes,
leading to loss of reactivity to HIV-1 antigens.

Response to p24 was also prominent in the IgGl subclass in both
phases of the disease. In the asymptomatic phase, a typical IgGl and
IgG3 subclass response to a protein antigen was noted, whereas in the
AIDS phase the response was IgGl and IgG4 restricted. Presence of an
IgG4 response to p24 appears to be a bad prognostic sign. While IgGl
and IgG3 responses to gag proteins have previously been demonstrated
in asymptomatic HIV-infected individuals (74), IgG4 response to gag
proteins has been elicited mainly in haemophiliacs (74). The IgG4
response in hemophiliacs has been attributed to repeated antigenic
stimulation associated with repeated transfusions of clotting factor
products. It would be of interest to establish whether a similar
mechanism of repeated antigenic challenge takes place in heterosexually
transmitted HIV-1 infection. Surprisingly, the antigen-specific IgG4
reéponse in both phases does not parallel the mean IgG4 subclass levels
in the asymptomatic and AIDS phases. This could be due to the small

sample size studied for IgG subclass response to HIV-1 antigens.




73
7.0 CONCLUSION
In conclusion, several findings obtained from this study do
support data reported in literature. Analysis of maternal and cord sera
has demonstrated placental transfer of all IgG subclasses in an order
that resembles the reported order of the binding affinities of the IgG
subclasses to the Fc receptors in the human placenta. This interesting
observation lends support to the hypothesis of Fc receptor-mediated
mechanism for placental transfer of the human IgG subclasses, and
perhaps racial and geographical factors do not influence the mechanism
of transfer of immunoglobulins across the human placenta.
Polyisotypic hypergammaglobulinemia and serum IgG subclass
dysbalances have been demonstrated in HIV-1 seropositive individuals
living in a region where heterosexual HIV-1 transmission is reckoned
to dominate (104,105). Similarity of these findings to those reported
in individuals infected through homosexual practices and parenteral
route, suggests that these phenomena are probably not influenced by the
mode of HIV-1 transmission. A similar conclusion can be drawn for the
IgG subclass response to gp4l and p24. However, the findings obtained
in the analysis of anti-HIV-1 IgG subclass response to gp41band p24
should be considered with caution in view of the small sample studied.
Some of the knowledge obtained from this study is of clinical
significance. The finding of lack of placental transfer for IgA, IgM,
IgD and IgE 1is of diagnostic value in that presence of these isotypes
in a newborn can be taken as a strong evidence for intrauterine
infection. Some tests based on detection of antigen-specific IgM are

already in use, as for example in the diagnosis of congenital
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toxoplasmosis and rubella. Elevation of serum immunoglobulins as seen
in the HIV-1 seropositive group could be used as a marker for HIV-1
infection, and demonstration of serum IgG subclass dysbalances could
be used for monitoring disease progression. The isotypic response
pattern to gp4l and p24 found in this study could be useful in HIV-1
diagnosis, monitoring of disease progression and in the development of

candidate vaccines.
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8.0 . RECOMMENDATIONS

In view of the findings obtained in this study, the following

recommendations are pertinent.

1.

6.

Further studies on immunoglobulin levels in non-pregnant women.

Studies on the association between genetic factors and serum

levels of immunoglobulins in Tanzanian subjects.

A study on IgE levels in HIV-1 seropositive and seronegative

subjects in which helminthic infection has been excluded.
Studies on the prevalence of IgA and IgM rheumatoid factors and
various immunoglobulin binding factors in HIV-l1l-infected

subjects.

A study on the IgG subclass levels in the different phases of

HIV-1 infection in HIV-1 seropositive children.

A study on IgG subclass response to gp4l and p24, involving a

larger sample size.
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