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Background. Immunoglobulin g marker (GM) and k marker (KM) allotypes, hereditary antigenic determinants of g and k chains,
respectively, have been shown to be associated with immunity to a variety of self and nonself antigens, but their possible con-
tribution to immunity to the tumor-associated antigens epidermal growth factor receptor (EGFR) and EGFR variant (v)III has not
been evaluated. The aim of the present investigation was to determine whether the interindividual variation in endogenous an-
tibody responsiveness to EGFR and EGFRvIII is associated with particular GM, KM, and Fcg receptor (FcgR) genotypes and whether
antibody levels were associated with the overall survival of patients with glioblastoma.

Methods. A total of 126 Caucasian participants with glioblastoma were genotyped for several GM, KM, and FcgR alleles and char-
acterized for IgG antibodies to EGFR and EGFRvIII antigens.

Results. The anti-EGFR antibody levels associated with GM 3/3 homozygotes and GM 3/17 heterozygotes were similar (15.9 vs 16.4
arbitrary units [AU]/mL) and significantly lower than those associated with GM 17/17 homozygotes (19.6 AU/mL; nominal P¼
.007). Participants homozygous for the GM 21 allele also had significantly higher levels of anti-EGFR antibodies than GM 5/5 ho-
mozygotes and GM 5/21 heterozygotes (20.1 vs 16.0 and 16.3 AU/mL; nominal P¼ .005). Similar associations were found with
immune responsiveness to EGFRvIII. Higher anti-EGFR and anti-EGFRvIII antibody levels were associated with enhanced overall
survival (16 vs 11 mo, nominal P¼ .038 and 20 vs 11 mo, nominal P¼ .004, respectively).

Conclusions. GM allotypes contribute to humoral immunity to EGFR in glioblastoma.
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The tumor-associated antigen epidermal growth factor recep-
tor (EGFR) is overexpressed in 40%–60% of patients with ma-
lignant gliomas, the most common type of primary brain
tumor, which is mostly incurable. EGFR amplification is fre-
quently accompanied by an intragenic rearrangement that pro-
duces EGFR variant (v)III, which is tumor specific. Amplification
and overexpression of both EGFR and EGFRvIII has been shown
to be associated with worse prognosis in glioma patients.1

These observations have made EGFR an attractive target for
both active (vaccine) and passive (antibody) immunotherapies
against gliomas.2,3 Identification and understanding of the pu-
tative host genetic factors that might influence the magnitude

of naturally occurring immune responses to EGFR and EGFRvIII
is an important prerequisite to successfully designing vaccines
and therapeutic antibodies against gliomas. This knowledge
would also be important for a proper evaluation of vaccine ef-
ficacy trials. Thus, some people could be naturally high re-
sponders to EGFR and EGFRvIII, while others could be low
responders. A lack of understanding of the host genetic factors
involved in EGFR/EGFRvIII immunity hinders effective immuno-
logical intervention in glioblastoma and confounds the evalua-
tion of ongoing vaccine efficacy trials.

Immunoglobulin g marker (GM) and k marker (KM) allotypes,
hereditary antigenic determinants of g and k chains,
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respectively,4,5 have been shown to be associated with immune
responsiveness to a variety of antigens—infectious agents, vac-
cines, autoantigens, including some tumor-associated anti-
gens5 – 11—but their possible contribution to immunity to
EGFR and EGFRvIII has not been evaluated. The importance
of Ig genes and humoral immunity in the pathogenesis of
solid tumors has been underscored by a recent comprehensive
analysis of human gene expression.12 This analysis identified
the Ig k constant (IGKC) gene as a strong prognostic marker
in human solid tumors, providing a compelling rationale for in-
vestigating the role of KM alleles, genetic variants of IGKC, in the
immunopathogenesis of these tumors. It is known that Fcg re-
ceptor (FcgR)–mediated uptake of antigen-antibody complex-
es can enhance antigen presentation, which provides a good
rationale for investigating the role of FcgR genotypes in humor-
al immunity to EGFR and EGFRvIII. Thus, different FcgR geno-
types (of antigen presenting cells) could differentially
influence the uptake of IgG opsonized EGFR antigens for pre-
sentation to helper T cells, resulting in antigen-specific B-cell
activation. FcgR genotypes have been shown to be associated
with the magnitude of humoral immunity to some tumor-
associated antigens.13

The aim of the present investigation was to determine
whether the magnitude of antibody responsiveness to EGFR
and EGFRvIII was associated with particular GM, KM, and
FcgR genotypes and whether antibody levels were associated
with the overall survival of patients with glioblastoma multi-
forme (GBM). We found that antibody responsiveness to both
EGFR and EGFRvIII was associated with particular GM alleles,
and higher antibody levels correlated with longer survival.

Methods

Experimental Design

A case-only experimental design was self-controlled. Subjects
with a particular genotype were controls for those who lacked
this genotype, and vice versa.

Human Participants

The study population comprised a subset of unrelated case par-
ticipants in the Upper Midwest Health Study, a large
population-based, case-control study that evaluated associa-
tions between gliomas and environmental and occupational
exposures among adults (ages 18–80) residing at diagnosis/se-
lection in nonmetropolitan counties in 4 upper Midwestern
states (Iowa, Michigan, Minnesota, Wisconsin).14 Cases were di-
agnosed between January 1, 1995 and January 31, 1997.
Some 798 eligible ascertained cases and 1175 eligible controls
provided informed consent. Of 798 cases, 472 fulfilled the
World Health Organization criteria of GBM (grade IV glioma).
However, most of the GBM participants had died or were too
debilitated to donate blood by the time they were ascertained
to us. Specimens from 126 Caucasian GBM cases (73 male, 53
female, age range 18–76) were available for the present study.

Donated blood specimens were shipped to the National In-
stitute for Occupational Safety and Health (NIOSH) Cincinnati
Laboratory to arrive the morning following the blood draw.
Plasma samples were prepared from whole blood using

Accuspin System Histopaque-1077 methods (Sigma-Aldrich)
and were maintained in a 2808C freezer. Blood and plasma
specimens were shipped to the Medical University of South Ca-
rolina on dry ice. The study protocol was approved by the insti-
tutional review boards of NIOSH and the Medical University of
South Carolina.

Gamma Marker and Kappa Marker Genotyping

DNA for genotyping was isolated from peripheral blood using a
standard protocol (Qiagen Kit method). For the determination
of IGHG1 alleles GM 3 and 17 (arginine to lysine, a G-to-A sub-
stitution in the CH1 region of the g1 gene), we used a prede-
signed TaqMan genotyping assay from Applied Biosystems.
The probe specific to the GM 3 allele was labeled with the fluo-
rescent dye FAM at the 5′ end and with nonfluorescent quench-
er at the 3′ end. The probe specific to the GM 17 allele was
labeled with the fluorescent dye VIC at the 5′ end and with non-
fluorescent quencher at the 3′ end.

GM 23—valine to methionine, a G-to-A substitution in the
CH2 region of the IGHG2 gene—was determined by a nested
PCR–restriction fragment length polymorphism (RFLP) method.
In brief, a 915-bp region of the IGHG2 gene that incorporates
the sites for the allelic substitutions was amplified as described
by Brusco et al,15 using the following primers:

5′ AAATGTTGTGTCGAGTGCCC 3′ and 5′ GGCTTGCCGGCC
GTGGCAC 3′. A 197-bp segment was further amplified from
this 915-bp fragment using the following primers:

5′ GCACCACCTGTGGCAGGACC 3′ and 5′ TTGAACTGCTCCTCCC
GTGG 3′. After digestion of the amplified product with the re-
striction enzyme NlaIII, the following products corresponding
to the 3 genotypes were obtained:

GM 23+ 90 bp, 63 bp, 44 bp
GM 232 134 bp, 63 bp
GM 23+ 23–134 bp, 90 bp, 63 bp, 44 bp

For the determination of GM 5 and 21 alleles, the IGHG3 gene
containing the allelic sites was amplified16 using the following
primers:

5′ ACCCAAGGATACCCTTATGATT 3′ and 5′ GAGGCTCTTCTGCGT-
GAAGC 3′. The amplified product (685 bp) was digested with
the restriction enzyme MspA1I. The resulting products corre-
sponding to the 3 genotypes were as follows:

GM 21 327 bp, 295 bp, 63 bp
GM 5 171 bp, 158 bp, 156 bp, 137 bp, 63 bp
GM 5 21 327 bp, 295 bp, 171 bp, 158 bp, 156 bp, 137 bp, 63 bp

Three alleles—KM 1, KM 1,2, and KM 3—segregate at the KM
locus in IGKC. The KM 1 allele, without KM 2, is rare; 98% of
the individuals positive for KM 1 are also positive for KM
2. Thus, positivity for KM 1 includes both KM 1 and KM 1,2 al-
leles. KM genotyping was done by a previously described
PCR-RFLP method.17

With every experiment, we included known positive and
negative controls for the allele being typed. In our experience,
various genotyping methods give identical results. This has
been formally established in the course of an investigation on
the etiology of sarcoidosis, the ACCESS multicenter study coor-
dinated by an independent organization.18,19 For the markers
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investigated, a complete concordance has been found between
the markers determined serologically and those determined at
the DNA level, confirmed by independent investigators.17

FcgR Genotyping

The activating receptors FcgRIIa and FcgRIIIa are genetically
polymorphic: a change in the nucleotide at position 497 of
the FCGR2A gene from A to G results in a change of the
amino acid histidine to arginine (H/R131); a change in the nu-
cleotide at position 559 of the FCGR3A gene from T to G results
in phenylalanine to valine substitution (F/V158). The FCGR2A al-
leles were determined by a previously described PCR-RFLP
method.20 The FCGR3A alleles were determined by the TaqMan
single nucleotide polymorphism genotyping assay, using re-
agents supplied by Applied Biosystems, following the manufac-
turer’s protocols.

Measurement of Antibodies to EGFR and EGFRvIII

Samples of recombinant human EGFR (Sino Biological) or EGFR-
vIII (GeneScript USA) were coated in 96-well flat-bottomed
plates (20 mg/mL, 50 mL each) at 48C overnight in 15 mM
carbonate-bicarbonate buffer (pH 9.6) as modified after
Gupta et al.21 The plates were washed 3 times with phosphate
buffered saline containing 0.25% Tween-20 (PBS/T). The plates
were blocked with 0.89% bovine serum albumin in PBS/T (block-
ing buffer) for 1.5 h at room temperature. After washing 3 times
with PBS/T, 50 mL of diluted plasma (1:900) prepared in blocking
buffer was added to each well in duplicates. Plates were incubat-
ed for 60 min at 378C, the contents were discarded, and the wells
were washed 5 times with PBS/T. Horseradish peroxidase–
conjugated goat anti-human IgG (g chain), diluted 1:6000 in
blocking buffer, was added. After 30-min incubation at 378C,
wells were washed 5 times with PBS/T, and we added hydrogen
peroxide along with TMB (3,3′,5,5′-tetramethylbenzidine;
Sigma-Aldrich), 50 mL/well. Plates were incubated for another
15 min at room temperature, and the reaction was stopped by
addition of 50 mL of 2N HCl. The plates were read at 450 nm
using a microplate reader (BioTek Instruments). The plate-to-
plate variation was accounted for by including one positive sam-
ple as a reference on every plate. The quantity of anti-EGFR (or
anti-EGFRvIII) human IgG detected in respective plasma samples
was expressed as absorbance in arbitrary units per microliter (AU/
mL) of plasma.

Statistical Analysis

Linear regression models were constructed to test associations
between genotypes and anti-EGFR and anti-EGFRvIII IgG anti-
body responses. Tests of genotype models—2df tests with no
assumptions about inheritance models, as well as 1df tests
of additive, dominant, and recessive effects of the minor al-
lele—were considered. The phenotypes of interest, anti-EGFR
and anti-EGFRvIII IgG antibody levels (AU/mL) were trans-
formed (squared) to avoid violating model assumptions. Asso-
ciations between the prevalence of antibodies and particular
GM, KM, and FCGR genotypes and patient survival were as-
sessed using Cox proportional hazards models, adjusting for
age. Assumptions of the models were evaluated by exploring

Martingale residuals. Log-rank tests were used to evaluate dif-
ferences in overall survival between participants with high and
low antibody levels (dichotomized at the median) using a
Kaplan–Meier approach. Statistical significance was defined
as P , .05. All reported P-values are 2-sided.

Results
The distribution of KM, GM, and FcgR genotypes among GBM pa-
tients in relation to the mean levels of IgG antibodies (AU/mL) to
EGFR is given in Table 1. The association between GM 3/17 ge-
notypes and the level of anti-EGFR antibody responses was sig-
nificant for the genotype model as well as for additive and
recessive models, but not for the dominant model of inheri-
tance. The anti-EGFR antibody levels associated with GM 3/3
homozygotes and GM 3/17 heterozygotes were similar (15.9
vs 16.4 AU/mL) and significantly lower than those associated
with GM 17/17 homozygotes (19.6 AU/mL; P¼ .007). The geno-
types at the GM 5/21 locus were also associated with anti-EGFR
antibody responses for the genotype model as well as for a re-
cessive model of inheritance. Participants homozygous for the
GM 21 allele, which is in linkage disequilibrium with GM 17, had
significantly higher levels of anti-EGFR antibodies than GM 5/5
homozygotes and GM 5/21 heterozygotes (20.1 vs 16.0 and
16.3 AU/mL; P¼ .005).

The distribution of KM, GM, and FcgR genotypes among GBM
patients in relation to the mean levels of IgG antibodies (AU/mL)
to EGFRvIII is given in Table 2. The association between GM 3/
17 genotypes and the level of anti-EGFRvIII antibody responses
was significant for the recessive model, but not for the geno-
type, additive, and dominant models of inheritance. GM 17/
17 homozygotes had significantly higher anti-EGFRvIII anti-
body levels than GM 3/17 heterozygotes and GM 3/3 homozy-
gotes (23.1 vs 20.3 and 19.9 AU/mL; P¼ .043). The association
between GM 5/21 genotypes was also significant for the reces-
sive model, but not for the genotype, additive, and dominant
models of inheritance. GM 21/21 homozygotes had signifi-
cantly higher anti-EGFRvIII antibody levels than GM 5/21 het-
erozygotes and GM 5/5 homozygotes (23.6 vs 20.2 and
20.1 AU/mL; P¼ .030).

KM and FcgR genotypes were not associated with antibody
responsiveness to EGFR or EGFRvIII. Also, there was no signifi-
cant interactive effect of these genotypes on antibody respon-
siveness (data not shown).

Analyses of association between EGFR antibody levels and
overall survival, using Cox proportional hazards models, showed
significant increase in survival with increasing antibody levels
(hazard ratio¼ 0.95 [95% CI: 0.91–0.99], P¼ .027). Analyses
of association between EGFRvIII antibody levels and overall
survival were not statistically significant (hazard ratio¼ 0.97
[95% CI: 0.93–1.02], P¼ .177). Kaplan–Meier curves showed
significant differences in overall survival by low/high (dichoto-
mized at the median) EGFR and EGFRvIII antibody levels. For
EGFR antibodies, median overall survival for patients with
high antibody levels was about 45% longer than those with
low antibody levels (16 mo [95% CI: 11–23] vs 11 mo [95%
CI: 10–15], P¼ .038; Fig. 1). For EGFRvIII antibodies, median
overall survival for patients with high antibody levels was
about 82% longer than those with low antibody levels (20
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mo [95% CI: 13–24] vs 11 mo [95% CI: 9–31], P¼ .004; Fig. 2).
These observations suggest that EGFR and EGFRvIII antibodies
may influence survival time in a nonlinear fashion. Participants
with GM alleles (17 and 21) that were associated with high an-
tibody responsiveness to these tumor-associated antigens sur-
vived longer, but the results were not statistically significant
(P¼ .075 and .118, respectively), which could be a reflection
of small sample size.

The nominal P-values are given here with the caveat that
they were not adjusted for multiple testing, so that the reader
can make an informed judgment. Adjustments for multiple
testing are controversial,22 and we believe that instead of per-
forming such adjustment in this work, the best approach would
be to test in an independent sample. It is relevant to point out
that because of significant linkage disequilibrium within GM and
FcgR loci, not all tests performed in this study were

Table 2. Tests of associations between KM, GM, and FcgR variants and anti-EGFRvIII antibody levels (AU/mL) in patients with glioblastoma

Loci Genotype N Anti-EGFRvIII Antibody
Levels (mean+SD)

P (genotype) P (additive) P (dominant) P (recessive)

KM 1/3 3/3 104 20.7+4.6 .143 .084 .053 .732
1/3 19 18.7+4.2
1/1 3 19.0+7.7

GM 3/17 3/3 60 19.9+5.0 .119 .118 .380 .043
3/17 56 20.3+4.3
17/17 10 23.1+3.7

GM 5/21 5/5 63 20.1+5.0 .089 .231 .685 .030
5/21 55 20.2+4.2
21/21 8 23.6+3.9

GM 23+/2 +/+ 34 19.7+4.7 .276 .120 .283 .134
+/2 57 20.1+5.0
2/2 35 21.4+3.9

FcgRIIa R/R 38 20.3+4.7 .968 .938 .946 .835
R/H 60 20.4+4.8
H/H 28 20.3+4.3

FcgRIIIa F/F 49 19.8+4.4 .122 .848 .263 .198
F/V 62 21.1+4.7
V/V 15 18.9+4.9

Table 1. Tests of associations between KM, GM, and FcgR variants and anti-EGFR antibody levels (AU/mL) in patients with glioblastoma

Loci Genotype N Anti-EGFR Antibody
Levels (mean+SD)

P (genotype) P (additive) P (dominant) P (recessive)

KM 1/3 3/3 104 16.7+4.3 .165 .141 .077 .991
1/3 19 14.8+4.0
1/1 3 15.8+7.7

GM 3/17 3/3 60 15.9+4.5 .017 .021 .151 .007
3/17 56 16.4+4.1
17/17 10 19.6+3.9

GM 5/21 5/5 63 16.0+4.5 .015 .057 .345 .005
5/21 55 16.3+4.0
21/21 8 20.1+4.1

GM 23+/2 +/+ 34 15.9+4.4 .289 .148 .392 .123
+/2 57 16.2+4.5
2/2 35 17.3+4.1

FcgRIIa R/R 38 16.1+4.3 .849 .568 .609 .674
R/H 60 16.5+4.5
H/H 28 16.8+4.2

FcgRIIIa F/F 49 15.6+4.1 .066 .358 .070 .407
F/V 62 17.3+4.4
V/V 15 15.6+4.4
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independent. Thus, associations at 3 independent loci—GM,
KM, and FcgR—were explored. The P-values for the associations
between GM genotypes and antibody responsiveness to EGFR,
but not to EGFRvIII, would remain significant even after a con-
servative correction for multiple testing, assuming the recessive
model (the most appropriate for the data) of inheritance.

Discussion
The results presented here show that GBM patients who were
homozygous for the g1 determinant GM 17 had higher levels

of IgG antibodies to both EGFR and its variant EGFRvIII than
those with the other 2 genotypes at this locus. Similar results
were obtained for the g3 determinant GM 21. Although we
did not determine the subclasses of EGFR/EGFRvIII IgG anti-
bodies in this study, the majority of the T-cell–dependent anti-
body responses are known to be IgG1. Thus, GM 17 (expressed
on IgG1) might be the primary determinant of high antibody re-
sponsiveness to EGFR, and the association of GM 21 might be a
result of its almost absolute significant linkage disequilibrium
with GM 17 in Caucasians. Significant linkage disequilibrium be-
tween GM 17 and the variable region genes involved in anti-
EGFR/EGFRvIII antibody responsiveness could explain the ob-
served associations.

Another mechanism underlying the observed association
could involve GM determinants being part of the recognition
structure for the EGFR epitopes on the membrane-bound IgG
(mIgG) of memory B cells. IgG-expressing memory B cells
show enhanced response to antigen stimulation compared
with cells expressing IgM on their surface.23,24 GM allotype-
caused/associated structural changes could influence the
magnitude of antibody responsiveness through the antigen
processing/presenting pathway. Perhaps B-cell mIgG molecules
expressing GM 17 and GM 21 determinants constitute a higher
affinity receptor for the EGFR/EGFRvIII epitopes and are more
efficient than others in the uptake of these antigens and pre-
senting them to collaborating helper T cells, thus resulting in
higher B-cell activation. The magnitude of antibody responsive-
ness to EGFR is different from that of EGFRvIII. This suggests
that the immunogenic epitopes recognized by the endogenous
antibodies for the 2 tumor antigens are also different.

The constant-region GM variants could also influence anti-
body affinity and specificity by causing conformational changes
in the variable regions of g chains. Increasing evidence from ex-
perimental organisms supports this contention.25 It is especial-
ly noteworthy that amino acid sequence polymorphism in the
CH1 domain of the g1 chain, where GM 17 is located, has been
shown to modulate the kinetic competence of antigen binding
sites.26 Additionally, GM determinants could influence the ex-
pression of idiotypes involved in EGFR/EGFRvIII immunity. Al-
though not yet investigated in humans, both variable and
constant regions have been shown to be involved in the forma-
tion of certain idiotypic determinants in mice.27 It is also possi-
ble that the associations we have observed are due to linkage
disequilibrium between these GM alleles and alleles of another
locus, as yet unidentified, for humoral immune responsiveness
to EGFR/EGFRvIII.

As mentioned before, EGFR/EGFRvIII peptides are being
evaluated as therapeutic vaccines in GBM patients.2,3,28 Given
the genetically heterogeneous nature of the human popula-
tion, however, it is unlikely that all vaccinees would respond
equally well to a given EGFR/EGFRvIII vaccine regimen. Results
from numerous studies of immune responsiveness to vaccines
against infectious agents support this contention.29 – 31 Analo-
gous to the interindividual differences in the naturally occurring
endogenous antibody responses to EGFR/EGFRvIII peptides ob-
served in this study, variability in immune responsiveness is like-
ly to occur in response to any administered vaccine regimen as
well. This suggests that a personalized approach to immuno-
therapeutic interventions in patients with GBM might be more
effective. Toward this end, the results presented here, if

Fig. 1. Kaplan–Meier curves showing differences in overall survival by
low/high EGFR antibody level (dichotomized at the median). Log-rank
test shows the association between higher EGFR antibody level and
longer survival (P¼ .038).

Fig. 2. Kaplan–Meier curves showing differences in overall survival by
low/high EGFRvIII antibody level (dichotomized at the median).
Log-rank test shows the association between higher EGFRvIII
antibody level and longer survival (P¼ .004).
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confirmed in an independent study, could aid in identifying par-
ticipants (GM 17+, GM 21+) who are more likely to benefit from
EGFR/EGFRvIII-based vaccines. For participants with the low re-
sponder GM genotype (GM 3+, GM 5+), EGFR/EGFRvIII could be
fused with appropriate adjuvants, such as heat shock proteins
or flagellin, to overcome the GM allotype-associated restriction
in humoral immunity. It is relevant to note that antibody re-
sponses to certain heat shock proteins as well as to flagellin
are also influenced by GM genotypes,32,33 making it conceivable
to formulate a fusion EGFR/EGFRvIII–heat shock protein/flagel-
lin vaccine regimen that could potentially generate high anti-
body responses in the majority of the population.

GBM patients with high levels of antibodies to EGFR and
EGFRvIII survived longer than those with low levels of antibod-
ies to these tumor-associated antigens. Likely immunological
mechanisms underlying the beneficial effect of these antibod-
ies could involve IgG Fc-mediated effector functions—
antibody-dependent cell-mediated cytotoxicity (ADCC),
antibody-dependent complement-dependent cytotoxicity
(ADCDC), and antibody-dependent cellular phagocytosis. Liga-
tion of the Fc region of IgG antibodies to the FcgRs expressed on
effector cells or to the C1q complex triggers these effector func-
tions. The majority of the GM determinants are expressed on
the Fc portion of the IgG molecule. We have presented evi-
dence34 for the involvement of GM allotypes in the ADCC of
EGFR/human epidermal growth factor receptor (HER)1 and
EGFR2/HER2-overexpressing cells from breast cancer and epi-
dermal cancer cell lines (SKBR-3 and A431). Similar studies in-
volving GBM cell lines are warranted.

The complement system also plays an important role in
immunosurveillance, and ADCDC could be another mechanism
underlying the beneficial effect of endogenous anti-EGFR and
anti-EGFRvIII antibodies on the survival of GBM patients. In
ADCDC, the C1q complex binds the antibody and triggers the
complement cascade. The binding affinity of C1q to the anti-
body molecules is likely to affect the level of complement-
dependent cytotoxicity against tumor cells. It has been
known for some time that C1q discriminates between 2
major alleles of IGHG3: it binds slightly better to IgG3 proteins
expressing the GM 21 allele than to those expressing the alter-
native GM 5 allele.35 It follows that antitumor IgG3 antibodies
expressing the GM 21 allele in their Fc region would probably be
more effective in ADCDC against cancer cells than those ex-
pressing the GM 5 allele. Our finding that GBM patients who
were homozygous for the GM 21 allele had higher levels of
IgG antibodies to both EGFR and its variant EGFRvIII, which,
in turn, were associated with better overall survival, is consis-
tent with this observation.

All patients in the present study were Caucasians. In view of
the marked racial differences in GM allele frequencies and in the
prevalence of GBM, studies in other racial groups are also war-
ranted. In addition to GM alleles, it would be of interest to ex-
plore the individual and epistatic role of human leukocyte
antigen (HLA) alleles, as virtually all T-cell–dependent antibody
responses are HLA restricted, and both HLA and GM alleles (in-
dividually and interactively) have been shown to be associated
with antibody responsiveness to other T-cell–dependent anti-
gens.33 Mechanisms underlying the epistatic interaction be-
tween GM and HLA alleles in humoral immunity to EGFR
could involve the recognition of EGFR antigens by the B-cell

membrane-bound, allotypically disparate IgG receptors, fol-
lowed by processing and presentation to the peptide-binding
groove of the relevant HLA alleles.

This is the first study of its kind and it needs to be replicated
and extended by independent investigations.
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