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More than twenty recombinant monoclonal antibodies are
approved as therapeutics. Almost all of these are based on the
whole IgG isotype format, but vary in the origin of the variable
regions between mouse (chimeric), humanized mouse and fully
human sequences; all of those with whole IgG format employ
human constant region sequences. Currently, the opposing
merits of the four IgG subclasses are considered with respect to
the in vivo biological activities considered to be appropriate to
the disease indication being treated. Human heavy chain genes
also exhibit extensive structural polymorphism(s) and, being
closely linked, are inherited as a haplotype. Polymorphisms
(allotypes) within the IgG isotype were originally discovered
and described using serological reagents derived from humans;
demonstrating that allotypic variants can be immunogenic and
provoke antibody responses as a result of allo-immunization. The
serologically defined allotypes differ widely within and between
population groups; therefore, a mAb of a given allotype will,
inevitably, be delivered to a cohort of patients homozygous for
the alternative allotype. This publication reviews the serologi-
cally defined human IgG allotypes and considers the potential

for allotype differences to contribute to or potentiate immuno-
genicity.
Introduction

Recombinant human protein (rP) and glycoprotein (rGP)
therapeutics are established in the clinic. However, a variety of
adverse reactions are reported that may differ between individual
therapeutics, between the same therapeutic produced by different
companies or different lots produced by the same company. Even
when these parameters are controlled, there still remains the final
“black box:” the patient and individual disease manifestations. A
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feature of all rP/rGP is a potential to be immunogenic i.e., cause
the generation of anti-therapeutic antibodies (ATA). Such anti-
bodies may neutralize the therapeutic, result in enhanced clearance
or precipitate severe adverse reactions. To limit the generation of
ATA, an rP/rGP should, ideally, have exactly the same structure as
the natural product since departure from such structural fidelity
constitutes “altered-self,” and the potential to be immunogenic.

The defined molecular structure of a natural protein/glyco-
protein results from multiple intra-cellular processes that include
co- and post-translational modifications (CTM; PTM). However,
it is important to recognize that the structure assigned to a
“natural” protein/glycoprotein is determined for molecules that
have been resident in bodily fluid(s), prior to isolation and purifi-
cation employing multiple protocols. In contrast, human rP/rGP
therapeutics are produced in xenogeneic tissues such as Chinese
hamster ovary (CHO cells) or mouse NSO cells that may yield
product without the necessary human type CTM and PTM, or
add non-human CTM and PTM. Following secretion, the rP/rGP
is exposed to the culture medium, to products of the producer
cell line and subject to rigorous down-stream processing, formula-
tion, storage and a defined delivery protocol. High productivity
may compromise the cellular machinery for CTM and PTM
with consequent poor product quality; it is essential therefore to
apply qualitative as well as quantitative criteria at an early stage in
clone selection. Despite these difficulties, both actual and poten-
tial, rapid progress has been made for both the productivity and
stability of rP/rGP produced in mammalian cells. These issues have
been explored in numerous review articles.!*

Whilst the above parameters that might predispose antibodies
to be immunogenic are widely recognized, and appropriate steps
taken to monitor and control them, the consequences of admin-
istration to diverse human populations is less well developed.
Human populations exhibit multiple genotypes and phenotypes,
and one would not wish to add structural differences due to
polymorphisms to the inherent propensity for rP/rGP products
to exhibit structural heterogeneity. However, all currently licensed
recombinant IgG antibody therapeutics have been developed as
a single polymorphic (allotypic) form; therefore, administration
to patients homozygous for the alternative allotype(s) presents
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added potential for immunogenicity. This review is intended to
provide a summary of the serologically defined allotypes present
within human IgG heavy and light chains, and the potential for
recombinant monoclonal antibody therapeutics (mAbs) to be

immunogenic when administered to diverse human populations.5

Immunogenicity of mAbs

It is no surprise that Orthoclone-OKT3 (muromonab), a
licensed mouse IgG2a anti-CD3 antibody used in treatment of
acute rejection in transplant patients, is immunogenic in humans,
i.e., causes development of anti-therapeutic antibody (ATA)
responses in patients.6’8 However, use of this drug continues as it
is effective and the patient is only exposed to it for a short time.
A significant reduction in immunogenicity and ATA was achieved
with the development of chimeric antibodies, bearing mouse heavy
and light chain variable domains (VH, VL) and human constant
regions (CH, CL). Humanization of the mouse VH and VL, by
“transplanting,” at the DNA level, the mouse or rat complemen-
tarity regions (CDR) into human VH/VL framework regions
(FR) further reduced potential immunogenicity. In practice, such
“humanized” domains usually resulted in reduced affinity or speci-
ficity such that some mouse or rat residues had to be re-introduced,
with consequent increase in potential immunogenicity. With
the advent of “fully” human antibodies, generated from phage
display libraries or mice transgenic for human immunoglobulin
genes, it was anticipated that immunogenicity and the develop-
ment of ATA might be circumvented.®® In practice the first such
antibody, adalimumab (Humira) resulted in ~12% incidence of
ATA in patients with rheumatoid arthritis. This was subsequently
reduced to ~2-3% for patients also receiving the non-steroid anti-
inflammatory drug methotrexate, a mild immunosuppressant.9

Inidally, one may wonder why a fully human IgG mAb should
be immunogenic; however, on reflection it may seem inevitable.
The hallmark of an antibody is its specificity, not just for a
particular target, but also for a unique structural feature on that
target—the epitope. This is achieved within a secondary immune
response that is characterised by somatic hypermutation and
selection. Thus, each antibody is a structurally unique molecule
with a unique epitope-binding site, the paratope. mAbs generated
from phage display libraries or transgenic mice are unique to an
individual, human or mouse, and may be perceived as “foreign”
to a unique recipient. Given this inherent potential for immuno-
genicity, other structural disparities should be avoided. Allotypic
variations constitute such a disparity between individuals and
population groups.

Human IgG Isotypes, Allotypes and Idiotypes

Human antibodies or immunoglobulins (Ig) were originally
defined as gamma (y) globulins because of their mobility to the
gamma region on paper electrophoresis. Subsequently, nine isotypes
were defined structurally and serologically, mostly with antisera
raised in guinea pigs or rabbits. The nine isotypes (iso - same)
are present in normal human serum and each isotype expresses a
unique profile of effector functions.!%!? Each isotype was further
defined by the unique amino acid sequence of the constant regions
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of their heavy chains and subsequently the sequence of the IGHC
genes that encode these constant regions.'>!# Protein sequencing
revealed the CH regions to be comprised of three or four repeating
homologous sequences (domains). This was confirmed at the gene
level by the demonstration that each domain is encoded within
a separate exon, interspersed by introns. The heavy chains of
the classes are designated as a (IgA), p (IgM), 8 (IgD), v (IgG),
¢ (IgE), respectively. The y heavy chains of the IgG comprise 3
domains, CHI, CH2 and CH3, with a “hinge” sequence inter-
vening between the CH1 and CH2 domains. When referring to
individual IgG subclasses, the heavy chains are enumerated as y1,
Y2, ¥3 and Y4, respectively. Two types of light chain, kappa (k)
and lambda (M), were also originally defined serologically, and
subsequently by protein and gene sequences. Each H21.2 module
expresses either two kappa or two lambda light chains to form
H2x2 or H2A2 hetero-dimers.

Allotypy within human IgG was first described by Grubb
who showed that certain human sera would agglutinate erythro-
cytes sensitized with human incomplete anti-Rh antibody.!>-1”
Extensive polymorphism (allotypy) within human IgG heavy and
light chains was subsequently recognized by careful serological
typing, using human reagents obtained from multiparous women,
multiple transfused individuals and normal blood donors (-5%).
Thus, the discovery of this polymorphism demonstrates that
exposure of an individual to IgG of a non-self allotype can induce
an anti-allotype response. Gene sequencing studies have revealed
extensive structural polymorphisms;'314 however, this review will
only consider serologically defined allotypes and their amino acid
sequence correlates.

By definition allotypes are shared amongst individuals within
population groups, although studies in rabbits showed that anti-
bodies raised within an individual rabbit could be immunogenic
to another rabbit of the same allotype. The unique epitopes recog-
nized were termed idiotypes. The term idiotype is now in common
use to indicate the uniqueness of a monoclonal antibody, although
definition of the term has lead to controversial debate and esoteric
arguments in the past. It might be instructive, therefore, to
consider its origin in more detail. Extensive allo-immunizations
and serological studies revealed and characterized serologically
defined allotypy within rabbit heavy and light chains. By exten-
sion, Oudin hyper-immunized rabbits with Salmonella typhi and
used the sera to generate immune complexes that were adminis-
tered to other rabbits of the same allotype. The recipient rabbits
produced a serologically unique response that was specific for the
antibodies raised in the donor rabbit and did not cross-react with
anti-Salmonella typhi antibodies raised in other rabbits of the same
allotype.!8 In a definitive publication, the terms isotype and allo-
type were extended to include idiotype and justified as follows:!®
“The first part of the word (idio, from Greek, peculiar) is justified by
the extreme peculiarity of the antigenic specificities in question. An
idiotype is a peculiar kind of protein antigen defined by its idiotypic
specificity.”

The important point is that idiotypy was defined, serologically,
following allo-immunization protocols. At the same time Kunkel
was investigating human monoclonal proteins isolated from the
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Heavy gammal chains: G1m3, G1m17,1 or G1m17,1,2

Kappa light chains: Km1, Km1,2 or Km3

nGlml,2
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Kml,2 A, -L,y,
Km3 A5-Viy

Figure 1. Correlations between IgG G1m and Km allotypes and amino
acids

Table T Human immunoglobulin allotypes

Heavy chains Light chains
IegG2 IgG3 IgA K

Isotype/type  IgGl

Allotypes Glm G2m G3m A2m Km

1 (a)
2 (x)

3(H
17 (z)

2@ 21 1 1
28(g5) 2 2
11 (b0) 3
5(b1)

13 (b3)

14 (b4)

10 (b5)

15 (s)

16 ()

6 (c3)

24 (c5)

26 (u)

27 (v)

NB: Alphabetical notation given within brackets.

sera of patients with multiple myeloma. He immunized rabbits
with these proteins, used cross-absorption experiments to show
that each expressed unique antigenic determinants (epitopes)
and coined the term “individual antigenic specificity” (IAS);
he distinguished this phenomenon from idiotypy because the
serologic reagents were generated by xeno-immunization, not allo-
immunization.!” With the passage of time, both phenomena were
referred to as idiotypy. In the current context, mAb treatment of
patients may lead to both allo-immunization and/or xeno-immuni-
zation that results in antisera that may recognize isotypic, allotypic
and idiotypic epitopes. Whilst it is generally held that the idiotype
reflects the uniqueness of the combined VH and VL sequences,
there is evidence that the idiotype can be influenced by the heavy

chain constant region with which they are expressed.?0-?!
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Allotypy and Haplotypes Within Human Ig6 Heavy and
Light Chains

In 1976 the World Health Organization sponsored an expert
committee meeting at which the nomenclature for human immu-
noglobulin allotypes was systematized and a numerical system
was proposed to replace the alphabetical system (Table 1).22:23
Both systems may be encountered in the literature; particularly
when reference is made to original publications in which the allo-
types were defined. Allotypes of IgG proteins are defined by the
expression of unique epitope(s) recognized by unique serologic
reagent(s). Allotypes expressed on the constant region of IgG
heavy chain are designated as Gm (Genetic marker) together with
the subclass, e.g., Glm, and the allotype number (or letter), e.g.
Glml [or G1m(a)], G3m5 [or G3m(b1)]. Polymorphisms within
IgA  and kappa light chains are designated A2m, e.g., A2ml,
and Km, e.g., Km1 respectively. Serological polymorphisms have
not been reported for lambda chains; however, there are multiple
lambda chain isotypes and the number of IGLC (CA) genes can
vary between individuals.?4

All the allotypes presented in Table 1 are expressed on immuno-
globulin constant regions. Since the genes encoding the constant
region of the heavy chains (IGHC) are closely linked within
the IGH gene locus they are inherited together as a haplotype
with a low frequency of crossovers. However, crossover events
have occurred during evolution resulting in present populations
expressing characteristic haplotypes, hence the usefulness of the
allotype system in population studies, Table 2.252¢ Thus, in
northern Europe (The Netherlands) the haplotype Gm5%*;3;23
that corresponds to the allotypes G3m5,10,11,13,14,26,27;G
1m3;G2m23 is present with a frequency of 0.45 and virtually
all individuals are homozygous for the A2m1 allele. However,
amongst Nigerian Africans the Gm5*;17;1 haplotype occurs with
a frequency of 0.678, the Gm5*;3;23 haplotype is not encountered
and the A2m?2 allele is present with a frequency of 0.826. Prior to
the development of DNA fingerprinting techniques the distribu-
tion of Gm haplotypes between individuals and population groups
was employed in population studies, paternity testing and forensic
science?’3! and provided a bridge between immunological and
molecular analysis of 1G.3?

Allotype Expression and Structural Correlates With Amino
Acid Residues (Eu/Imgt Numbering)

IgG1. The heavy chains of IgG1 proteins may express GIm3,
Glml17,1 or Glml7,1,2 allotypes or Glm(f), Glm(z,a),
G1m(z,a,x), respectively.?’> The structural correlations with amino
acid residues are illustrated in Fig. 1; thus the constant region
of Glm17,1, and G1m17,1,2 heavy chains differ from that of
G1m3 heavy chains by three and four amino acids, respectively.?>
The presence of CH1 arginine (R) at position 214 (IMGT R120;
IMGT® www.imgt.org) correlates with G1m3 and that of CH1
lysine (IMGT K120) with GIm17. The presence of CH3 aspar-
tate 356 (IMGT D12) and leucine 358 (IMGT L14) correlates
with Glml. In contrast, the presence of CH3 glutamate and
methionine at 356 and 358 (IMGT E12, M14), as observed in
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Heavy gamma2 chains: G2m23 or G2m(..)
Kappa light chains: Km1, Km1,2 or Km3

) G2m23 Ty My, G2m23

VH

CH1
Prav

G2m(..)

V282

T

Kml Vg -Lio,
Kml,2A;-L,y,
Km3 A;5;-Vyy

Figure 2. Correlations between IgG G2m and Km allotypes and amino
acids

of CH2 methionine at residue 282 (IMGT M45.1), Fig. 2. The
G2m23 chains are also characterized by the presence of CHI
threonine 189 (IMGT T92).>* The G2m(..) or G2m(n-) chains
and gamma chains of other IgG subclasses have CH1 proline 189
(IMGT 92) and CH2 valine 282 (IMGT V45.1); however, these
amino acid residues do not seem immunogenic and cannot be
defined as isoallotypes as no mAb reagent has been characterized.
IgG3. It is evident from Table 1 that serologically defined
allotypy within the IgG3 subclass is very complex. Assigning
sequence correlates to IgG3 proteins expressing a given cluster of
allotypes had to await dedicated analysis of multiple IgG3 protein
sequences. The result of such analysis is summarized in Table 3;
however, there is another layer of complexity that underlies these
assignments. Thus, analysis of 19 DNA sequences of the G3m5*
or G3m(b*) haplotype yielded 11 different allelic sequences; simi-
larly analysis of 10 DNA sequences of the G3m21* or G3m(gl*)
haplotype yielded 4 distinct sequences.®® It is not known whether
amino acid changes due to these polymorphisms are immunogenic
and could, potentially, be detected by unique serological reagents.
An additional polymorphism results from differing numbers

Table 2 Prevalent Gm haplotypes in different populations

of hinge region exons. The hinge may be encoded
by 2-5 exons; the first encoding a common hinge

region with 1-4 repeats of a second exon.3® Thus, the

Gm haplotypes Gm haplotypes Caucasoids Negroids Mongoloids hinge region protein sequence can vary from 27 to
G3m;G1m;G2m G3m;G1lm;G2m . . . .
83 amino acid residues, and can influence structural
5%;3;23 b*;f;n + - - -
5%:3:. b*:Fin- N _ characteristics.
21%:17,1:.. g*:zan- i + IgG4. No allotypes have been defined for IgG4.
21%;17,1,2;.. g*;zax;n- + - + The serologically defined IgG4 polymorphism
5%17,1;.. b*;za;n- - + - being the isoallotypes nG4m(a) and nG4m(b). The
6,62"“":;17171;” C3§i*zam' - i - nG4m(a) epitope that correlates with CH2 leucine
15*’. 177’ I CS*.’Z?;IH__ B + B 309 (IMGT L92) is also expressed on IgG1 and IgG3
15.16%:17.1-.. St*ozann- _ _ n heavy constant regions, whereas the nG4m(b) epitope
5%:3,1;23 b*;fa;n - - + that correlates with CH2 valine 309 (IMGT V92)
5%:3,1;.. b*;fa;n- - - + is also expressed on the IgG2 heavy chain constant

Asterisks indicate a simplified representation of the G3m allotypes in the Gm haplotypes. For a complete description of the

corresponding G3m allofypes, see ref. 26 and Table 3.

G1m3 chains, does not constitute a “true” allotype because these
amino acid residues are present in other IgG subclasses, and are
expected not to be immunogenic to the individual. Amino acid
residue that are present at allotypic positions within one IgG
subclass (here IgG1), but are also present in other IgG isotypes
are referred to as “isoallotype” (here “nG1m1” isoallotype), when
they can be detected in vitro by antibody reagents. The presence
of CH3 glycine at residue 431 (IMGT G110) correlates with
expression of the Glm?2 allotype. An alanine residue is present
at that position in other heavy y1 chains and also in other IgG
subclasses; however, CH3 alanine 431 is not an isoallotype as no
antibody reagent has been characterized. It is of interest to note
that rituximab is G1m17 only (instead of G1m17,1) as the G1lm1
allotype was removed by engineering the gene to replace the D-E-L
(IMGT D12-E-L14) sequence by E-E-M (IMGT E12-E-M14);
“to minimise the potential to be immunogenic.”3

IgG2. The heavy chains of IgG2 proteins may express the
G2m23 or G2m(n) allotype that is correlated with the presence

4 mAbs

region.

Kappa and lambda light chains. The IgG.x/IgG.A
expression ratio is approximately 60/40. The human
genome has one kappa constant (IGKC) gene but variable number
of lambda constant (IGLC) genes; therefore, we need to consider
two different forms of polymorphism, each of which may have
consequences for immunogenicity of mAbs. There are three kappa
chain allotypes designated Km1, Km2 and Km3 that define three
Km alleles: Km1, that correlates with valine153 (IMGT V45.1)
and leucine 191 IMGT L101), Km1,2 that correlates with alanine
153 IMGT A45.1 and leucine 191 and Km3 that correlates with
alanine 153 and valine 191 (IMGT V101).37

Serologically defined allotypes of the constant region of
lambda chains have not been reported; however, the number of
IGLC genes varies between 7 and 11 depending on individual
haplotypes.?438-40 These isotypes can also be distinguished sero-
logically. In the 7-gene haplotype IGLC1, IGLC2, IGLC3 and
IGLC7? are functional, IGLC4 and IGLC5 are pseudogenes and
IGLCG is either functional in a rare haplotype3? or, more frequently,
a pseudogene encoding a truncated sequence. The IGLC isotypes
can be recognized serologically through the expression of the Mcg,
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Table 3 Amino acids involved in the expression of G3m
allotypes

190 (IMGT 100), whilst Oz proteins have an arginine at this
position.43

CH2
82 83

CH3

IMGT unique numbering:

EU index positions:

Allotypy of Licensed Chimeric mAb Therapeutics.

39 44 84 88 98 101 115 116
291292 379 384 397 409 419 422 435 436

It can be appreciated from Fig. 1 that there are six
amino acid residues differences between IgG1 proteins

v1 Pro Arg Val Asn Val Lys GIn Val His Tyr that are GIm3;Kml and Glml7,1,2;Km3, respectively,
y2 s = ®m e beks & & 2 & and this could constitute a significant antigenic “barrier.”

Biopharmaceutical companies producing and marketing
v4 = = = = = ARGl - - - mAbs rarely disclose the allotype of their product or give
G3m5,10,11,13,14 S - SerMet - - lle Arg Phe any rationale for their choice. This reflects earlier research
G3m5,6,10,11,14 . - . SerMet - GlulleArgPhe imperatives that concentrated on the development of genetic

engineering techniques for the generation of chimeric and

G3m5,6,11,24 - - - Ser - ArgGlu - ArgPhe  humanized antibodies, and companies obtained a IGHC
G3m10,11,13,15 - - MetSer - - - lle - - gene from an available source. The allotype may be predicted
from the sequence; however, access to sequence data is not

GIMIATASASEE « TP M Ger = « = g = - | d different sources can yield conflicting data.

always easy an ere y g

G3m21,28 Leu - - = Met - - lleArg - Currently, IgG1 mAb therapeutics of both predominant

| i Vo Vol allotypes are licensed and in the market place.

G3m allotypes: 21 16 15 6 24 28 5 Using a panel of mouse anti-human IgG reagents, 44> we
serologically tested a panel of licensed mAbs to determine
the allotype distribution; the results are summarized in

Table 4 Allotypes of licensed antibody therapeutics Table 4. It will be seen from Table 2 tha_t SOme express

the G1m3 allotype commonly expressed within caucasoid

Generic name Specificity Construct Allotype populations and others the G1m17,1 allotype commonly

expressed among, caucasoid, negroid and mongoloid

Rituximab CD20 mhlgGlx G1m17,1; Km3  populations.2® Our serological typing yielded apparently

Daclizumab CD25 hIgGlx G1m17,1; Km3 anomalous results for trastuzumab (Herceptin) and omali-

zumab (Xolair). These proteins appeared, serologically, to

Trastuzumab p18SHer-2 hlgGlx GIml7; Km3 -} ove heavy chains that were G1m17 instead of G1m17,1.

Infliximab TNFa mhlgGlx G1ml17; Km3  This was in agreement for trastuzumab with the heavy

Basiliximab CD25 mhIgGlx Glm3; Km3 chain having been engincered to introduce the iso-allotpe

nG1lml correlated to CH3 E356 —E —-M358 IMGT E12,

Palivizamab PF-RSV higGlx GIm3; Km3  N14)33 This approach has been extended to generate an

Alemtuzumab CD52 hIgGlk G1m17,1; Km3  IgGl protein with a “null” allotype sequence by the addi-

Adalimumab TNFo humlgG1x G1m17,1; Km3 tional replacement of CH1 arginine 214 (G1m3) or lysine

214 (G1m17), respectively, with threonine; threonine 214

Omalizumab IgE-Fc hIgGlx GIml7; Km3  [MGT T120), present in IgG2, has not been shown to
Cetuximab erbB1 mhlgGlx Glm3; Km3 confer immunogenicity.*0

mh, mouse/human chimeric; h, humanised; hum, “fully” human

Kern and Oz serological markers;%!-43 thus protein products of the

IGLC1 gene are Mcg* Ke* Oz, IGLC2 (and IGCL3*04) Mcg™ Ke®
Oz, IGLC3 Mcg Ke™ Oz*, IGLC6 and IGLC7 (and IGLC2*04)
Mcg™ Ke* Oz. The Mcg* isotype correlates with asparagine and
threonine at residues 112 and 114 (IMGT N1, T3); whereas, in
contrast all Mcg- proteins have alanine and serine at these positions
(IMGT A1, S3). Comparison of the C lambda sequences of two
Mcg-/Oz- Bence Jones proteins (protein MOR and protein MCP
encoded by the IGLC7 gene) has shown that position 193 (IMGT
82) initially claimed to be characteristic of the Mcg marker is not
involved.43 Proteins having glycine at position 152 (IMGT G45)
express the Kern (Ke) epitope whilst Ke- proteins have serine at this
position. Proteins expressing the Oz* epitope have a lysine at position

5 mAbs

Incidence of Anti-Allotype Responses

A search of the literature has not yielded any definitive
reports in which anti-ATA responses have been analysed for the
presence of anti-allotype antibodies. Numerous articles refer to the
possibility of such responses, and others claim that all anti-ATA
probed were accounted for by specificities for the variable regions
of the ATA; however, the assays were only controlled by lack
of reactivity with mAbs of an irrelevant specificity. Since these
reagents were mostly produced “in-house,” they are likely to have
been generated using the same IGHC gene, and would not detect
anti-allotype antibodies. The assays were not controlled by testing
for lack of reactivity with IgG proteins of the alternate allotype

The possible influence of an allotype discrepancy on ATA
responses has been assessed for patients with Crohn’s disease
receiving infliximab. Of 118 patients receiving infliximab, that
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carries the G1m17,1 allotypes, 60 (48 %) were homozygous for
the alternate G1m3; however, the proportion of patients posi-
tive for ATA was the same as for patients who were homozygous
for GIm17,1 or heterozygous G1m17,1/G1m3.4> Therefore,
exposure across an allotype difference did not predispose to the
development of ATA antibodies in this study.

Allotypes and mAb Against Infectious Disease

Immunoglobulin levels may also be associated with allotype,
and several studies have established that individuals homozygous
for G2m23 have higher IgG2 subclass levels than those homozy-
gous for G2m(..), heterozygotes having intermediate levels. Since
protective immune responses to certain bacterial species are
restricted to the IgG2 isotype, these findings can and do have
implications for disease susceptibility. Such an effect has been
reported for post-immunization levels of antibody to Haemophilus
influenzae and Meningococcus C polysaccharides with individuals
lacking the G2m23 and Km1 allotypes having an increased risk
of infection.®’-4? These finding suggest that G2m23 mAbs may
be optimal as therapeutic and/or prophylactics to combat bacte-
rial infections; however, the FcyRlla status of the patient must
also be considered.”® There is emerging evidence of an interaction
between Gm and HLA allotypes on disease susceptibility.”2->

IgG Polymorphism Within Non-Human Primates

It is recognized that immunogenicity in non-human primates
does not, necessarily, anticipate immunogenicity in humans;
however, such studies are required, prior to regulatory approval. In
addition to sequence differences between human and non-human
primate IgG isotypes there are differences due to polymorphisms.
There are also polymorphism differences within non-human
primate species and between those sourced from different coun-
tries. When conducting necessary studies in non-human primates
it is relevant, therefore, to establish their source and the extent to
which the colony used results from inbreeding and the consequent
polymorphism diversity, or lack of it.

Conclusion

Anti-therapeutic antibody responses are commonly encoun-
tered, particularly in chronic diseases when patients are dosed on
a continuing, although possibly irregular, basis. There are many
parameters that can contribute to immunogenicity, resident both
in the quality of the therapeutic, the mode of administration, the
genetic constitution of the recipient etc. It is known that ATA may
compromise the patient because they can be neutralizing, result
in enhanced clearance or precipitate adverse reactions. Informed
patient management requires quantitation of circulating levels
of the therapeutic, and detection of any ATA response. When an
ATA is detected it is advised that the isotype profile of the ATA be
determined; we suggest that preliminary epitope specificity might
also be informative and that it should include distinction between
variable region structure and constant region allotypy. Should
anti-allotype responses be encountered, the development of two or
more allotypic variants would be indicated.
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