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Abstract-In mice and humans, antibodies of the lgG3 isotype are unique in that they spontaneously 
self-associate. A consequence is the formation of cryoglobulins from some, but not all IgG3 molecules. 
Little is known about the structural basis of murine IgG3 self-association. A region of the CH3 
domain that is unique to IgG3 antibodies is the presence of an extra glycosylation site at residues 
471-473. It is known that glycosylation greatly influences solubility. It has also been shown by X-ray 
crystallography that glycosylated residues (specifically sialic acid) are influen~ial in the contacts of 
the CH J to CH2 as well as the CH2 to CH2 domains in a human IgG 1 antibody. These findmgs 
provided evidence that a direct interaction exists between the glycosylated residues an? other residues 
within the constant and/or variable domains. It was, therefore, important to determme whether the 
glycosylated residue in the CH3 domain of the IgG3 consta_nt re_gion is influential !n self-association. 
We have found that removing the glycosylation site by site-directed mutagenes1s of an IgG3 RF 
significantly reduced the self-associating ability of this antibody. D 1997 Elsevier Science Ltd. 
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INTRODUCTION 

In mice and humans, antibodies of the lgG3 isotype are 
distinguished by their capacity to spontaneously self­
associate. This self-association has been proposed to be 
a product of Fe-Fe interactions (Spertini et al., 1989; 
Abdelmoula et al., 1989; Gyotuku et al., 1987). A conse­
quence of this complex formation is a reduced low tem­
perature dependent solubility of some, but not all IgG3 
molecules resulting in the formation of cryoprecipitates. 
Cryoglobulins, in general, are associated with a number 
of autoimmune diseases in both humans and mice 
(Tzioufas et al., 1988; Gripenberg et al., 1988; Sikander 
et al., 1989). lgG3 cryoglobulins are classified as Type I 
cryoglobulins, associated with immunoproliferative and 
autoimmune diseases such as SLE, Waldenstrom's 
macroglobulinemia, chronic lymphocytic leukemia, lym­
phocytic lymphomas, Sjogren's Syndrome, rheumatoid 
arthritis, autoimmune hemolytic anemia, idiopathic 
thromboxytopenic purpura, essential cryoglobulinemia, 
multiple myeloma and cirrhosis of the liver (Brouet et al., 
1974; Meltzer and Franklin, 1966). Symptoms that have 
been associated with Type I cryoglobulins are vascular 
purpura, glomerulonephritis, including massive kidney 
deposits and renal failure, which quite often result in 
death. Older mice of the autoimmune strain MRL-lpr/lpr 

(MRL/lpr) develop high titers of IgG3 antibodies, many 
of which are rheumatoid factors (RF). The resulting 
immune complexes contribute to a lupus-like auto­
immune syndrome characterized by immunopathological 
manifestation such as necrotizing cutaneous vasculitis 
and glomerulonephritis (Murphy and Roth, 1978; 
Andrews et al., 1978). 

Although the structural basis of IgG3 cryo­
precipitation has been partially defined, little is known 
about the structural basis of murine IgG3 self-associ­
ation. All IgG3 antibodies studied to date have been 
shown to self-associate. It is also known that only IgG3 
antibodies self-associate. An examination of identical V H 

domains on IgG3 and non-IgG3 constant regions showed 
that only the IgG3 antibodies self-associated and that 
only the IgG3 RF showed any of the pathological conse­
quences (glomerulonephritis, skin vasculitis) when 
injected into normal mice (Berney et al., 1992). Further­
more, whereas antigen can influence cryoprecipitation 
(Spertini et al., 1989; Panka et al., 1995), antigen does 
not affect self-association. Finally, Fab and F(ab); frag­
ments of IgG 3 antibodies do not self-associate nor inhibit 
the self-association of other IgG3 antibodies (Berney et 
al., 1991, Chapman et al., 1990). Based on these obser­
vations, it can be postulated that a portion of the struc­
tural correlates associated with IgG3 self-association and 
the resulting cryoprecipitation and pathological mani­
festations reside partially or fully in the CH2 and/or CH3 
domains. 

Abbreviations: RF, rheumatoid factor, SCID, severe combined 
immunodeficient mice, VH, Immunoglobulin heavy chain 
variable domain, V L• Immunoglobulin light chain variable 
domain. 

A region of the CH3 domain that is unique to lgG3 
antibodies is the presence of an extra glycosylation site 
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at residues 471-473 (aspariginc-leucine-serine) (Wels et 
al., 1984). It is known that glycosylation greatly influ­
ences solubility (Lawson et al., 1983). It has also been 
shown by X-ray crystallography that glycosylated resi­
dues (specifically sialic acid) are influential in the contacts 
of the CH 1 to CH2 as well as the CH2 to CH2 domains 
in a human lgG I antibody (Middaugh and Litman, 1987: 
Silverton et al., 1977). These findings provide evidence 
that a direct interaction exists between the glycosylated 
residues and other residues within the constant and/or 
variable domains. It was, therefore, important to deter­
mine whether the glycosylated residue in the CH3 domain 
of the IgG3 constant region is influential in self-associ­
ation. In this report, it was found that removing the 
glycosylation site by site-directed mutagenesis of an IgG3 
RF significantly reduced the self-associating ability of 
this antibody. 

EXPERIMENTAL PROCEDURES 

Hybridomas 

The monoclonal M RL/lpr RFs 5-7B (lgG3,k; lgG2aJ 
specificity) (Jacobson et al., 1994), and 6-12 (IgG3,k; 
IgG2aJ and IgG2a;, specificity; Shlomchik et al., 1987), 
A/J anti-digoxin antibody 3E4 (IgG3,k; Panka et al., 
1995) and A/J anti-arsonate antibody 31-62 (IgG2a,k; 
Marshak-Rothstein et al., 1980) were products of a fusion 
between splenocytes from their respective mice and sp2/0 
(Shulman et al., 1978). 

Oligonucleotide-directed mutagenesis 

A 2.3 kb Sall-Sphl fragment of the lgG3 genomic 
constant region, cloned into M 13 mp 19, served as the 
template for the mutagenesis. The oligonucleotide, 
5'(gagcgagacaggCtcttctgtgtgtgg)3', (the mutated nucle­
otide is in bold and capitalized) containing the desired 
substitution was purchased from the Center for Human 
Genetics, Boston Univeresity Medical School. The 
mutant changing the asparigine at position 471 in the 
CH3 domain to serine was synthesized using the method 
of Nakama ye and Eckstein (1986), and a mutagenesis kit 
from Amersham (Arlington Heights, IL, U.S.A.). The 
mutation was verified by sequencing the entire 2.3 kb 
fragment, using the dideoxynucleotide sequencing 
method (Sanger et al., 1977, 1980). 

JgG3 Plasmid constructions, DNA tranfections and analy­
sis of transfectomas (Fig. l) 

The 2.3 kb Sall-Sphl mutant N471S* fragment, 
cloned in M 13 mp 19 (intermediate E), was transferred to 
Bluescript SK (Sal ) containing the remainder of the 
IgG3 constant region (intermediate F). The Sall site had 

*Mutant antibodies are denoted by heavy chain position 
number, preceded by the wild type residue in the one letter 
amino acid code (IUPAC-IUB Commission on Biochemical 
Nomenclature, 1968). 

previously been removed from the vector. The 5.5 kb 
HindIII fragment, containing the entire IgG3 constant 
region was inserted into the final expression vector (G). 
containing a V H from a murine rheumatoid factor specific 
for lgG2ai (5-7B; Jacobson et al., 1994). Intermediates 
A, C and D were necessary to remove an extra HindIII 
site in this vector. The proper orientation of this vector 
was verified by digestion with EcoRI and Stul. This 
plasmid contains the selectable marker gpt the £. coli 
xanthine-guanine phosphoribosyltransferase gene, 
which confers upon mammalian cells resistance to myco­
phenolic acid when xanthine is present in the medium 
(Mulligan and Berg, 1980). This plasmid was transfected 
into a myeloma cell line producing the germline equi­
valent of the 5-7B V L chain (Jacobson et al., 1994) by 
electroporation (Sambrook et al., 1989). Transfectomas 
were selected in 96-we11 microtiter plates in DME sup­
plemented with 20% fetal bovine serum, 50 µg/ml hypox­
anthine, 6 µg/ml of mycophenolic acid, 250 µg/ml of 
xanthine and 5% Concavalin A supernatant. Trans­
fectoma supernatants were initially screened for secreted 
IgG3 (as described). Positive transfectants were cloned by 
limiting dilution, injected into SCIO for the production 
of ascites and purified and concentrated by ammonium 
sulfate precipitation. Additionally, an unmutated control 
vector was also transfected into the 5-7B V L cell line. 

JgG3 assay 

IgG3 concentrations were determined by competitive 
RIA. Polystyrene plates were coated with goat anti­
mouse lgG3 and blocked with 2 mg/ml BSA in PBS. IgG3 
dilution (ascites, purifed antibody, or culture super­
natant) were incubated overnight with 125l-3E4 (an A/J 
IgG3 anti-digoxin antibody), washed and counted. A 
standard preparation of 3E4 was used to determine accu­
rate concentrations. 

Measurement of rheumatoid factors (RF) by ELISA 

Assay of serum samples or hybridoma supernatants for 
RF was performed as described previously (Wolfowicz et 
al., 1988). Briefly, plates were first coated with NIP-BSA 
followed by culture supernatant of anti-NIP target anti­
body. The target was an MRL IgG2a, ), antibody. 
Dilutions of purified antibodies were added and incu­
bated overnight at 4"C, washed and incubated overnight 
with alkaline phosphatase conjugated rat anti-mouse 
kappa chain. Plates were then washed and developed with 
p-nitrophenyl phosphate and the absorbance was read at 
405nm. 

lgG3 se(fassociation assay 

A new self-association assay was developed, which is 
patterned after the rheumatoid factor assay from above. 
Plates were coated with anti-mouse il +;t2 (Phar­
mingen), followed by an IgG3, l antibody (Pharmingen). 
Purified antibodies, containing the mutant IgG3 constant 
region and kappa light chain were added to the plates, 
incubated overnight at 4 C, washed and incubated over-
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Fig. I. Schematic displaying the construction of lgG3 constant region mutant and unmutated heavy 
chain genes. 

night with alkaline phosphatase conjugated rat anti­
mouse kappa chain. Plates were then washed and 
developed with p-nitrophenyl phosphate and the absorb­
ance was read at 405 nm. This assay system was quite 
reproducible but dependent upon relatively strong self­
associating interactions ( see Results). The assay was 
repeated in triplicate three times with two different wild­
type transfectants (identical results) and one N471S 
transfectant. For each transfectant, three different puri­
fications were assayed. 

Native gel electrophoresis 

The mutant lgG3, k antibodies (lµg) were incubated 
with 15ng (35000cpm) of 125l-lgG3-k (3E4, an anti­
digoxin antibody) overnight at 37°C. Electrophoresis of 
samples under non-denaturing and non-reducing (native) 
conditions was performed using 4% polyacrylamide slab 
gels. The gels were poured in 125 mM Tris, pH 6.8 buffer, 
with a running buffer for the gels of 25 mM Tris, 20 mM 
glycine, pH 8.8. The samples were diluted l: l with 
125mM Tris, pH 6.8 containing 1 % low melting point 
agarose and immediately loaded into the wells of the gels. 

After cooling at 4", the gels were run at 15-20milliamps 
until the dye front migrated to the bottom of the gel. The 
gels were dried and subjected to autoradiography. As in 
the ELISA assay, this assay was performed on two 
different wild-type transfectants (identical results) and 
one N471 S transfectant. For each transfectant, three 
different purifications were assayed. 

RESULTS 

Site-directed rnutagenesis and mutant analysis 

The construction of the mutant antibody N471S was 
designed with the intention of ablating the unique gly­
cosylation site in the C terminal portion of the CH3 
domain of murine lgG3 antibodies. The mutant, along 
with the unmutated wild-type lgG3 constant region, was 
cloned into an expression vector which contained a V H 

gene from a rheumatoid factor ( 5-7B) specific for IgG2aj. 
These vectors were transfected into sp2/0 cells, previously 
transfected with the light chain from 5-7B (Jacobson et 
al., 1994). 

As shown in Fig. 2a, the N471 S mutant had RF activity 
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Fig. 2. Rheumatoid factor (a) and IgG3 self-association (b) 
assays of 5-7 E3 ( □), N471S (•), 6-12 (0), an lgG3 RF and 
31-62 (•), an IgO2a anti-arsonate antibody. Results represent 

antibody bound in terms of OD al 405 nm. 

nearly equivalent as the wild-type 5-7 E3 antibody (5-7 
E3 is the cell line that resulted from transfection of the 
unmutated lgG3 constant region in conjunction with the 
5-7B V H gene into sp2/0, previously transfected with the 
light chain from 5-78) implying that the heavy and light 
chains had combined properly and have retained the 
wild-type antibody combining site. However, whereas the 
wild-type antibody associated with the IgG3, A antibody 
on the plate, the mutant N471S showed no affinity for 
the lgG3, Jon the plate (Fig. 2b). A non-IgG3 antibody 
(31-62) also did not have any affinity for the lgG3, )., 
while a different lgG3 antibody (6-12) had affinity for 
the lgG3, A, albeit slightly less than 5-7 E3. In order to 
show that the self-association is not an artifact of the 
assay, an iodinated IgG3 antibody (3E4, an A/J anti 
digoxin) was incubated with all of the above antibodies 
overnight at 37°C. The mixes were run on a native acry­
lamide gel. It has been postulated that complex formation 
is by non-covalent interactions. Therefore, SDS was not 
included in these gels. The native gel (Fig. 3a) showed 
that wild-type 5-7 E3 antibody complexes the iodinated 
IgG3 to a greater extent than N47IS. Densitometry of 
the complex bands shows that the mutant N471S com­
plexes the iodinated lgG3 about a third as effectively as 
the wild-type (Fig. 3b). Non-reducing SDS acrylamide 
gels of both the wild-type and mutants showed that 
greater than 90% of the expressed protein exists as intact 
antibody, consistant with the RF data and indicative that 
the heavy and light chains have combined and folded 
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Fig. 3. (a) Native gel electrophoresis of complexes of JgG3 
antibodies [(a) no antibody, (b) wild-type 5-7 E3, (C) N47IS, 
(D) 31-62, an IgG2a antibody] and an 125I-lgG3k antibody. 
The origin is denoted (0). The gel was run until the dye front 
ran off (b) High molecular weight band was scanned 
and quantitated using a Molecular Dynamics Personal 

Densitometer and ImageQuant software. 

properly, eliminating the possibility that the loss in 
association activity was due to improper heavy and light 
chain recombination (data not shown). 

Although both assay systems measure the loss of self­
association in mutant N47l S, the extent of this loss is 
different. Using the ELISA system, we could measure 
greater than 30-fold loss in self-association. On the other 
hand, the gel system showed only a three-fold loss in self­
association. An examination of the design of the assay 
systems sheds some light on this discrepancy. A com­
parison of Fig. 2a and 2b show that the relative 50% 
inhibition for the rheumatoid factor versus self-associ­
ation assay for the wild-type 5-7 E3 is about 10-fold. The 
parent antibody 5-7B has been shown previously to have 
an affinity for IgG2ai of 3.7 x 105M- 1 (Jacobson et al., 
1994). Therefore, an affinity of 3. 7 x I 04M I for the bind­
ing of 5 7 E3 to the IgG3A antibody on the microtiter 
plate could be estimated. If we assume a third lower self­
association for the mutant, an affinity of approximately 
104M •••• 1 results. This is an especially low affinity constant. 
It may be that the binding of the mutant to the target is 
too weak to overcome the wash steps in the assay and 
as a result is lost before the addition of the alkaline 
phosphatase substrate. In the gel system, there are no 
washing steps. The complex is loaded directly onto the 
native acrylamide gel. This system is probably better 
suited for examining lower affinity self-associating lgG3 
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antibodies. Despite this difference, in both assays the 
mutant antibody had a reduced binding for the target 
antibody relative to the wild-type antibody. 

DISCUSSION 

This finding is similar to other studies involved with 
the role of glycosylation in both protein aggregation and 
cryoprecipitation. Studies on human antibodies have 
shown that glycosylation directly affects association. In 
two studies involving IgM Waldenstrom Macroglobulins 
with cryoglobulin activity, removal of carbohydrate resi­
dues by treatment with neuraminidase significantly 
reduced the cryoglobulin activity (Weber and Clem, 1981; 
Tsai et al., 1977). In the latter report, cryoprecipitation 
of this protein was proposed to result from intermolecular 
binding of sialic acid residues. In an example of an 
unusual glycosylation event, an lgG monoclonal cryo­
globulin had an extra glycosylation site in the amino 
terminal portion of the variable region of the heavy chain 
(Middaugh and Litman, 1987). As with the other proteins 
above, removal of most of the glycosylated residues by 
treatment with neuraminidase and a mixture of other 
glycosidases reduced the cryoglobulin activity. More 
direct evidence concerning the role of glycosylated resi­
dues in IgG aggregation comes from the X-ray diffraction 
studies of a complete human IgG 1 cryoglobulin 
(Silverton et al., 1977). The structure showed that carbo­
hydrate residues have a very important role at the inter­
face of the two CH2 and at the interface between CH2 
and CHI. Finally. based solely on thermodynamic par­
ameters, it has been proposed that the atypical behavior 
of monoclonal cryoglobulins can be explained by the 
formation of a few additional electrostatic contacts rela­
tive to normal immunoglobulins (Middaugh et al., 1980). 
These increased polar contacts are proposed to be the 
determining factor in many of the cryoglobulins. 

It is. therefore, not surprising that the extra glyco­
sylation site of murine IgG3 antibodies has a significant 
role in its self-association and subsequent cryop­
recipitation, resulting in the observed glomerulonephritis 
and skin vasculitis. It has already been reported that self­
association, cryoprecipitation and disease pathology is 
not observed in non-IgG3 RFs. Therefore, we did not 
look at the effects of this non-self-associating mutant with 
respect to disease pathology. One could predict that the 
pathology would be the same as other non-lgG3 RF 
antibodies. These findings provide evidence that a direct 
interaction exists between the glycosylated residues and 
other residues within the constant andjor variable 
domains. Future plans will involve introducing the glyco­
sylation site into the same position of an IgG2b and IgG 1 
antibody to see if self-association could be induced. If 
successful, it might be possible to create higher avidity 
antibodies as a consequence of self-association which can 
be used for therapeutic purposes. 
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