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Agalactosyl IgG, antibodies to heat shock proteins,
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Abstract
In rheumatoid arthritis an increased propor-

tion of the N-linked oligosaccharides on

serum IgG terminate with N-acetylglucos-
amine (agalactosyl IgG). It has recently been
shown that group A streptococcal cell wall
peptidoglycan/polysaccharide complex may

be used to raise monoclonal antibodies which
bind to this glycoform of IgG.

Patients with rheumatoid arthritis also have
increased levels of antibody to the 65 kD and
70 kD families of heat shock proteins, particu-
larly to a bacterial (Mycobacterium bovis)
homologue of heat shock protein hsp65.
Streptococci must contain similar heat shock
proteins.
Acute rheumatic fever follows infection

with group A streptococci, and these organ-

isms might theoretically evoke antibody to
heat shock proteins or changes in the levels of
agalactosyl IgG, which is antigenically cross

reactive with their cell walls. It is shown here
that serum samples from patients with acute
rheumatic fever do not differ from those from
normal children by these criteria.

Acute rheumatic fever follows infection with
group A streptococci. The group A polysac-
charide is N-acetylglucosamine (GlcNAc) linked
r) 1-3 to polyrhamnose.' Moreover, the group A
peptidoglycan is unusually persistent, and after
cleavage by lysozyme bears terminal GlcNAc
linked r)l-4 to n-acetylmuramic acid. Thus the
group A streptococcus is exceptionally rich in

terminal GIcNAc, and a powerful antibody
response to this sugar is found in patients
infected with this organism.2

Recent studies of rheumatoid arthritis (RA)
have led to renewed interest in the relevance of
this property of the group A streptococcus.
Firstly, it was shown that patients with RA have
increased levels of antibody binding to the
peptidoglycan/polysaccharide complex of this
organism, though the contribution of anti-

GlcNAc to this binding was not investigated.3
Secondly, the same group showed that when
mice were immunised with purified rheumatoid
factor they developed increased antibody bind-
ing to the streptococcal product.4 This was

attributed to idiotypic complementarity. Alter-
native explanations are now possible because of
the recent discovery of the presence of increased
terminal GIcNAc on the IgG of patients with
RA.5 Briefly, an increased proportion of the IgG
from patients with RA lacks terminal galactose
from the biantennary oligosaccharides situated
on the CH2 domains,5 resulting in exposure of

increased quantities of terminal GIcNAc. To
devise a rapid immunoassay for this agalactosyl
form of IgG we required monoclonal antibodies
to terminal GlcNAc, and because, as outlined
above, the group A streptococcal cell wall is rich
in this sugar we chose to immunise the mice
with this material.6 In this way monoclonal
antibodies to the organism responsible for acute
rheumatic fever were found to bind to the
agalactosyl N-linked oligosaccharides found in
an increased proportion on the IgG of patients
with RA.6 We have been able to use these
antistreptococcal antibodies to devise a rapid
'dipstick' assay for agalactosyl IgG.7'
A second recent finding in RA sera is the

presence of fairly high titres of antibody to the
65 kD heat shock protein of Mycobacterium
tuberculosis. Serum samples from patients with
RA contain more antibody to this protein than
samples from other autoimmune diseases, or
even sera from patients with active tubercu-
losis."O The homology between the myco-
bacterial 65 kD protein and the human protein
is remarkable (47% identical residues, and an
additional 20% conservative changes)," and
some of this antibody is autoantibody.'2 The
same protein is implicated in the adjuvant
arthritis model in rats because T cell clones
recognising the mycobacterial 65 kD heat shock
protein will transfer the disease to naive irradi-
ated recipients,'3 and these animals have high
agalactosyl IgG (unpublished observations).
Thus in RA and adjuvant arthritis, and in
several other animal models, there seems to be a
circumstantial relation between the presence of
antibodies to the 65 kD heat shock protein,
and raised levels of agalactosyl IgG. 1'4" As this
heat shock protein is a member of a highly
conserved family of stress proteins a very
similar molecule is present in group A strepto-
cocci, which might therefore evoke an immune
response to it. 16 17
The facts outlined above suggested that

although RA and acute rheumatic fever are quite
different in epidemiology and clinicopathology,
at some fundamental level there might be
shared pathogenetic pathways. We investigated
this possibility by seeking changes in agalactosyl
IgG, and changes in antibody to several heat
shock protein homologues, in serum samples
from patients with acute rheumatic fever. We
show here, however, that neither the percentage
of G(0)-that is, the percentage of N-linked
oligosaccharides on IgG terminating in GlcNAc,
nor the titre of antibody to heat shock proteins
is significantly raised in acute rheumatic fever,
whereas antibody to terminal GlcNAc is strik-
ingly raised as previously reported.2
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Patients and methods
SOURCE OF SERUM SAMPLES
Donors of serum samples used for the immuno-
assay for agalactosyl IgG, and for antibody
studies, were 23 girls and 30 boys aged 5-13
years (mean age 8 years) with acute rheumatic
fever attending the paediatric clinic at Mubarak
Teaching Hospital in Kuwait. No patients were
siblings. A further five serum samples from
patients with acute rheumatic fever and five
from patients with acute poststreptococcal
glomerulonephritis were assayed by the bio-
chemical procedure (tables 1 and 2). The
diagnosis was based on the revised Jones
criteria.'8 Serum samples used as controls for
the antibody studies were from healthy children
from the same environment (18 girls and 21
boys) with a mean age of 9 years (range 6-13).
Disease and control sera were from various
Arab countries, particularly Kuwait, Jordan,
and Saudi Arabia

ANTIGENS USED FOR THE ENZYME LINKED
IMMUNOSORBENT ASSAY (ELISA)
The recombinant mycobacterial 65 kD heat
shock protein" was the preparation to which
patients with RA were previously shown to have
raised levels of IgG and IgA antibody."' We
also used the 65 kD heat shock protein of
Escherichia coli, and three antigens belonging to
a different heat shock protein gene family.
These were the 71 kD heat shock proteins ofM
tuberculosis, E coli, and human origin.
To measure antibody to terminal GlcNAc the

diazonium derivative ofp-aminophenyl GIcNAc
(Sigma) was conjugated onto bovine serum
albumin-and used in ELISAs as described
previously.2 6 19

Table 1: Oligosaccharides from the IgG of children with
acute rheumatic fever

Patient Age Sex GM(O) G(I) (2)4
No (%) (%) (%)
1 9 M 25 34 41
2 9 F 32 36 32
3 6 F 33 30 38
4 10 F 28 37 36
5 9 M 17 32 51

:Arithmetic mean (SD) for %G(O)=27 (6); G(0)=prevalence of
oligosaccharide chains terminating in N-acetylglucosamine.
tPrevalence of oligosaccharide chains terminating with one
galactose residue.
fPrevalence of oligosaccharide chains terminating with two
galactose residues.

Table 2: Oligosaccharide chains from the IgG of children
with poststreptococcal glomerulonephritis

IPatient Age Sex G(O) (l)t G(2)4
No (%) (%) (%)

1 6 M 21 31 48
2 11 F 22 35 43
3 12 F 20 32 48
4 6 M 19 33 48
5 9 M 22 39 38

-Arithmetic mean (SD) for %G(0)=21 (6); G(0)=prevalence of
oligosaccharide chains terminating in N-acetylglucosamine.
tPrevalence of oligosaccharide chains terminating with one
galactose residue.
tPrevalence of oligosaccharide chains terminating with two
galactose residues.

ENZYME LINKED IMMUNOSORBENT ASSAY
This assay was as described before.8 19

ASSAYS FOR AGALACTOSYL IgG
Twenty four of the serum samples were tested
using a dipstick immunoassay.7 To convert the
absorbance values yielded by this assay into
%G(0), standards previously assayed by a bio-
chemical procedure described below were in-
cluded in each run. The values for these
standards were entered into a curve fitting
programme (Dataplot, from S M Fraser,
department of mechanical engineering, Strath-
clyde University), which was then used to
interpolate the unknowns.
The standard serum samples, which were

derived from normal donors and patients with
tuberculosis, were assayed as described else-
where.' Briefly, the N-linked oligosaccharides
were released from the IgG by anhydrous
hydrazine and purified. The percentage of these
oligosaccharides bearing no terminal galactose
residues (G(0)) was then determined by measur-
ing the hydrodynamic volume after exposure to
an exoglycosidase mixture.' A further five
serum samples from patients with acute rheu-
matic fever and five from children with acute
poststreptococcal glomerulonephritis were also
assayed by this procedure.

Results
LEVELS OF AGALACTOSYL IgG IN CHILDREN WITH
ACUTE RHEUMATIC FEVER
Levels of this glycoform of IgG were normal in
acute rheumatic fever sera as determined by the
immunoassay. The mean (SD) value for 24 sera
was 21 48 (10-54)%. The five acute rheumatic
fever sera assayed by the biochemical procedure
gave similar results (table 1), as did those from
donors with poststreptococcal glomerulo-
nephritis (table 2). These values are all normal
for donors of this age (table 3).20 Tables 1 and 2
also indicate the prevalence of oligosaccharide
chains with terminal galactose on one or both
arms. These are also normal (RBP, RAD, and
TWR, unpublished observations). The figure
compares these normal results obtained from
children with poststreptococcal glomerulo-
nephritis with the grossly abnormal results from
children with juvenile RA in the same age
range.

ANTIBODY TO HEAT SHOCK PROTEIN AND TO
TERMINAL GIcNAc IN ACUTE RHEUMATIC FEVER

There were no significant differences between
antibody levels in serum samples from patients

Table 3: Prevalence of G(O); oligosaccharides on the IgG of
healthy subjects

Age group Mean (SD) Sample size
(years) G(O) (%)

1-5 26 (8) 19
6-10 25 (6) 9
11-15 19 (10) 5
31-35 18 (5) 14

G(0)= oligosaccharide chains terminating in N-acttvlglucos-
amine.
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Antibodies to heat shock proteins and acute rheumatic fever

Table 4: Antibody levels to heat shock protein antigens in normal children and children with acute rheumatic fever. Values
show mean absorbance values (SD)

Mycobacterial E coli Human

hsp65* hsp70 hsp7O hsp70
IgG
Normal 0 345 (0-136) 0-29 (0-3) 0 20 (0-21) 0-33 (0-28)
ARF* 0-312 (0-146) 0-28 (0-17) 0 35 (0-23) 0-23 (0-19)

IgA
Normal 0-131 (0-062) 0-17 (0-17) 0-13 (0-09) 0-21 (0-22)
ARF 0-11 (0056) 0-16(0-10) 0-13 (0-1) 0-18 (024)

IgM
Normal 0-326 (0-162) 0-23 (0-15) 0-35 (0-14) 0-31 (0-2)
ARF 0-351 (0-192) 025 (0-17) 0-31 (0 1) 0 25 (0 1)

*ARD=acute rheumatic fever; hsp=heat shock protein.

with acute rheumatic fever and those from
controls, in any class, to any of the four heat
shock protein antigens tested (table 4), though
the level of antibody to terminal GIcNAc was
raised in acute rheumatic fever (p<0-0017), as
previously reported (table 5).2 Individual anti-
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Relation between the prevalence ofG(O)-that is, the
percentage ofN-linked oligosaccharides on IgG terminating
in N-acetylglucosamine, and age. The hatched lines indicate
2SD ofthe normal values ofG(O) at different ages. The solid
line depicts the mean values. The mean value ofG(O) for
patients with juvenile arthritis is depicted with an open circle
(0). The horizontal and vertical bars represent 2SD for age
and prevalence ofG(O) respectively. The mean value ofG(O)
for patients with acute rheumaticfever is depicted by a
triangle, and by a solid circlefor patients with
poststreptococcal glomerulonephritis.

Table 5: Antibody to N-acetylglucosamine (GlcNAc) in
serum samples from healthy children and from children with
acute rheumatic fever (ARF). Values are given as mean
(SD)

Absorbance Mean %
inhibition by
free GlcNAc
(200 sIglml)

Healthy children (n=36) 0-22 (0 28) 63 (15) (n=12)v
p<0 0017 NS (p=0 08)

Children with ARF (n=31) 0-45 (0-43) 73 (20) (n=24)*

"Assayed using those sera which gave absorbance values >0 2.

body classes were not assayed with this antigen.
Binding of the antibody to GIcNAc bovine
serum albumin was inhibited by free GlcNAc to
a similar degree in patients and controls.

Discussion
Despite the obvious cinicopathological and
epidemiological differences between acute
rheumatic fever and RA there are indications,
outlined in the introduction, that there might be
overlap of the pathogenetic mechanisms in the
joint.
We show that there is no rise in the percen-

tage of G(O), and consequently, of agalactosyl
IgG in acute rheumatic fever. This finding is of
some importance as the first studies of agalsw.
tosyl IgG led to the suggestion that it might1*
fundamental to inflammatory arthritides. Its
absence from acute rheumatic fever, however, is
in agreement with recent data'4 suggesting that
an increase in this glycoform is an indication of
the presence of chronic T cell mediated tissue
damage leading to or accompanied by an acute
phase response. Thus it rises in RA, Crohn's
disease, and tuberculosis2" and in leprosy dur-
ing episodes of erythema nodosum leprosum.7
In Crohn's disease it correlates with the serum
concentration of C reactive protein.22 It does
not rise when there is chronic T cell mediated
inflammation with little rise in C reactive
protein as in sarcoidosis, or in leprosy without
erythema nodosum leprosum.2' The lack of
agalactosyl IgG in acute rheumatic fever also
shows that it fails to rise in the reverse situation.
Thus in acute rheumatic fever there is acute
inflammation and a striking acute phase response
but not granulomatous necrotising T cell medi-
ated tissue damage. Similarly, agalactosyl IgG
falls during pregnancy (in preparation) despite
the acute phase response which accompanies
this state.
We have found no evidence that acute rheu-

matic fever is associated with raised antibody to
antigens of the hsp65 or hsp7O gene families,
whereas antibodies to both, particularly the
mycobacterial 65 kD gene product, are raised in
RA."'0 Confirmation of this point will require
further studies using the streptococcal and
human hsp65. The latter has recently been
cloned," but to our knowledge the streptococcal
gene product is not yet available. Nevertheless,
the degree of sequence homology between the
heat shock proteins of different organisms is
remarkable,'1 16 17 and our results suggest that
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it is unlikely that these gene families constitute
major immunogens in acute rheumatic fever.
A further possibility which is not ruled out by

this investigation is that terminal GIcNAc, or
antibodies to it, may play a part in both these
arthritides. Terminal GlcNAc is rare in normal
tissues, but it is abundant in rheumatoid joints
where it can be detected with the monoclonal
antibodies to GlcNAc used to assay agalactosyl
IgG.23 24 In these joints it is found in a reticular
extracellular distribution, indicating deposition
in the connective tissue stroma.23 It is also seen
in a granular pattern within macrophages and
on the membranes of a subset of macrophages
which is found both in synovial tissue and free
in synovial fluid.24 The source and nature of
this terminal GIcNAc is unknown. It is unfor-
tunate that we do not know if there is similar
exposure of GlcNAc in joints during acute
rheumatic fever. If there is, it is clearly a
possible target for autoimmunity, as we know
that some antibodies to group A streptococci
will bind to GlcNAc terminating, N-linked
oligosaccharides of the mammalian type.67
Similarly, we do not yet know whether agalac-
tosyl IgG itself is a target for autoimmunity in
RA. Our own antibody binds to it only after the
heavy chain has been denatured, and it is
unlikely that anti-GlcNAc can behave as rheu-
matoid factor. We also know that rheumatoid
factor levels do not correlate with levels of
agalactosyl IgG. The observation that immuni-
sation of mice with rheumatoid factor (likely to
include some agalactosyl IgG) led to antibodies
binding to streptococcal cell wall products
might indicate that agalactosyl IgG can provoke
antibody to GlcNAc.4
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