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What proteins are present in polyethylene glycol
precipitates from rheumatic sera?
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SUMMARY The proteins present in 4% polyethylene glycol (PEG) precipitates of 10 normal sera

and 60 samples from patients with rheumatic diseases were studied. A variety of immunochemical
methods were used, including estimation of the percentages of total serum proteins precipitated
by PEG, gel filtration analyses of the precipitates, and affinity chromatography with protein A
and anti-immunoglobulin columns. Substantial amounts of protein were precipitated from
normal sera. Many non-immunoglobulin proteins were precipitated from patients' sera, including
fibronectin, haptoglobin, albumin, transferrin, and ac-antitrypsin. Affinity chromatography with
anti-immunoglobulin columns bound non-immunoglobulin proteins from PEG precipitates, but
the protein A affinity column did not do so. The view that circulating antibody-antigen complexes
alone are precipitated by 4% PEG is too simplistic; many non-immunoglobulin proteins are

involved. They may either bind to immune complexes or be coprecipitated owing to non-specific
protein aggregation.

Polyethylene glycol (PEG) precipitation is the basis
for several techniques for the detection and measure-
ment of circulating immune complexes."' Doubts
have been expressed about the specificity of PEG
precipitation for this purpose,5 and there is still
controversy about several points"8-namely, the
proportions in which the main classes of immuno-
globulins occur in PEG precipitates; which other
plasma proteins accompany the immunoglobulins in
significant amounts; and what role (if any) these
other proteins may have in complex formation or
elimination. We looked at a series of 4% PEG
precipitates from patients with rheumatic disorders
and healthy controls using a variety of immuno-
chemical techniques to re-examine these questions.

Patients and methods

PATIENTS
Table 1 gives details of patients and controls.
Detailed analysis by gel filtration chromatography
and affinity chromatography with protein A was
carried out in one control and five selected cases:
with rheumatoid arthritis and Felty's syndrome in
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two instances, rheumatoid arthritis and vasculitis,
systemic lupus erythematosus, and systemic vasculitis
(as previously classified in ref. 12). Affinity chro-

Table 1 Patients and controls

Group Total Men Women Age range
number (years)

Controls 10 6 4 16-47
Patients 60 19 41 12-76
Rheumatoid arthritis

(all cases) 14 6 8
Rheumatoid arthritis

vasculitis/Felty's
syndrome 5 3 2 -

Systemic lupus
erythematosus 14 0 14 -

Scleroderma 12 6 6 -

Primary Sjogren's
syndrome 6 0 6 -

Immune vasculitis* 7 2 5 -

Other connective
tissue diseasest 9 3 6 -

*Comprised two cases of systemic lupus erythematosus vasculitis;
two with polyarteritis nodosa; one with Churg-Strauss vasculitis;
two with Schonlein-Henoch purpura.
tComprised five cases of Raynaud's syndrome; two with mixed
connective tissue disease; one with viral arthritis; one with Reiter's
disease.

496

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.48.6.496 on 1 June 1989. D
ow

nloaded from
 

http://ard.bmj.com/


Proteins in polyethylene glycol precipitates 497

matography using antibodies to IgG, IgM, and
IgA was carried out in those six cases plus two
others with primary Raynaud's disease and viral
polyarthritis.

SERUM SAMPLES
Serum was analysed on the day it was obtained.
Freshly removed blood was clotted at 37°C for one
hour on the morning of the study and centrifuged at
the same temperature. When gel filtration or affinity
chromatography were undertaken the serum was
immediately loaded onto the columns. PEG precipi-
tation (see below) was carried out on the same day.
The precipitates were dissolved at 37°C overnight
and analysed the following day.

POLYETHYLENE GLYCOL PRECIPITATION
The method used has been described in detail
previously.'3 In brief, PEG 6000 (BDH Chemicals)
in borate buffer pH 8-3 at a concentration of 8%
(w/v) was mixed with an equal volume of serum to
give a final PEG concentration of 4%. The mixture
was allowed to stand at room temperature (18-20°C)
for 30 minutes and then centrifuged at 10 000 g for
30 minutes. The supernatant was discarded and the
precipitate resuspended and washed three times in
4% PEG in borate buffer pH 8-3. The washed pellet
was redissolved in 0-3 M phosphate buffered saline
pH 7-4 overnight at 37°C and adjusted to the initial
serum volume.

Gel filtration Sephacryl S400 superfine (Phar-
macia) was used for gel filtration chromatography in
Wright Amicon columns of bed volume 684 ml. The
void volume (242 ml) was determined with Blue

Dextran 2000. The sample volume of serum or
resuspended PEG precipitate applied to the columns
was 3 ml. The optical density of the eluate was
measured at 280 nm. Fractions (6 ml) were collected
and those eluted between 240 and 600 ml stored at
-20°C until analysed.

AFFINITY CHROMATOGRAPHY
Two techniques, based on the methods of Johnstone
and Thorpe were used.'4 Firstly, protein A-Sepha-
rose CL-4B (Pharmacia), as a preformed column,
was used to bind IgG. The running buffer was
0-2 mM phosphate pH 7-0 and the eluting buffer
0-1 M glycine-HCl pH 3-0. Secondly, specific anti-
IgG, -IgA, and -1gM columns, containing the
respective antisera covalently bound to Sepharose 4B
activated by cyanogen bromide, were used for these
individual immunoglobulins. Three columns were
set up in series (one for each immunoglobulin) with
a running buffer of 0-5 M sodium chloride containing
20 mM sodium dihydrogen orthophosphate pH 7-3.
Proteins were eluted with 3 M potassium thiocyanate
in 0-5 M ammonium hydroxide.

Samples were passed through a Sepharose 4B
column to remove proteins bound non-specifically,
and then 0-5 ml of serum or redissolved PEG
precipitate, thus pretreated, was loaded onto the
affinity columns. After elution the material detected
in the main peaks was pooled and dialysed against
phosphate buffered saline for 48 hours at 40C with
three changes of buffered saline. The samples were
gently concentrated back to their starting volumes
using Sartorius collodion bags and a vacuum of67 kPa.
The samples were stored at -20°C until their

Table 2 Amounts of immunoglobulin and fibronectin in polyethylene glycol precipitates in different diagnostic groups.
Mean percentage serum concentration (95% confidence intervals) are shown

Group

Controls

All patients

RA* (all cases)

RA vasculitis/Felty's syndrome

Immune vasculitis

SLE*

Scleroderma

Primary Sjogren's syndrome

*RA=rheumatoid arthritis; SLE=systemic lupus erythematosus.

Total
number

IgA IgM Fibronectin

10

60

14

14

12

6

IgG

2-1
(1-9 to 2 9)
4.3
(4.1 to 4.5)
4.7
(1.7 to 7-7)
9.4
(4-6 to 14.2)
2 0
(0-6 to 3.4)
3.1
(2-0 to 4 2)
3.3
(2-5 to 4 2)
3.4
(12 to 56)

3 1
(2-1 to 4-1)
80
(6-0 to 10.0)
10.2
(4.5 to 15 9)
18-6
(9-4 to 27.8)
3 2
(0 to 6.4)
5-6
(2-8 to 8-4)
4-9
(3-3 to 6-5)
8-9
(5.5 to 12.3)

15
(11 to 19)
36
(30 to 42)
36
(19 to 53)
66
(50 to 82)
36
(17 to 55)
35
(28 to 42)
37
(20 to 54)
33
(24 to 42)

1-5
(1-0 to 2-0)
4.3
(2-2 to 6-4)
3-6
(1.9 to 5-3)
8 1
(3-9 to 12 3)
1-7

(0 to 3.4)
2-4
(1.3 to 35)
2-6
(1.4 to 38)
3-7

(1 4 to 6.0)
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498 Robinson, Scott, Bacon, Walton, Coppock, Scott

protein concentrations were estimated immuno-
chemically.

IMMUNOCHEMICAL ESTIMATION
IgG, IgA, IgM, haptoglobin, complement C3, al-
antitrypsin, transferrin, and albumin were deter-
mined by radial immunodiffusion. Rocket immuno-
electrophoresis was used to estimate fibronectin.
The monospecific antisera necessary for these esti-
mations were obtained from Dakopatts Ltd. A
standard of suitably diluted pooled human serum
was used in determining each protein. The standard
serum was previously calibrated with a highly
purified sample of the appropriate protein.
The concentration of each protein in serum or

PEG precipitate was expressed as a percentage of its
level in the standard serum (as g/l or mg/l). The
concentration ofPEG precipitates was also expressed
as a percentage of the same protein in the serum

Percent
total
serum
level

60 r

40 [

20 F

0

15F

10

IgM

from which it was derived. Duplicate and triplicate
estimations showed coefficients of variation of less
than 6%.

Results

Small amounts of protein were precipitated from
control sera by 4% PEG. About twice as much
protein was precipitated from the patients' sera
(Table 2). There were similar increases in the
amounts of immunoglobulins and fibronectin in the
precipitates. Subdivision of the patients into different
diagnostic categories showed that most PEG preci-
pitate was present in the five cases of RA vasculitis
with or without Felty's syndrome. The least PEG
precipitate was present in the seven patients with
other forms of immune vasculitis.
More detailed analyses were undertaken in five

patients and one control. The total amounts of

r

I.

oc-Antitrypsin Transferrin Albumin

Fig. 1 Amounts ofeight serum proteins in the polyethylene glycol precipitatesfrom one control andfive patients selected
for additional studies. Results are expressed as the mean percentage total serum protein concentration (95% confidence
intervals are shown). OI=control case; Fd=mean resultsfrom five patients.

Table 3 Non-immunoglobulin proteins in polyethylene glycol precipitates analysed by column chromatography and
immunoassay of eluant. The presence of complexed (C) or monomeric (M) protein is indicated by molecular size of eluant
as present (+) or absent (0)

Protein Molecular Patients
size

Normal Felty's syndrome RA* SLE* Systemic
No I No 2 vasculitis vasculitis

Complement C 0 + + 0 + 0
M + + + 0 0 +

Fibronectin C 0 + + 0 0 0
M 0 0 + 0 0 0

a1-Antitrypsin C 0 + + + 0 0
M 0 + + 0 0 0

Transferrin C 0 + + + 0 0
M 0 + + 0 0 0

Albumin C 0 + + + + +

M 0 + + + + +
Haptoglobin C 0 + + + 0 0

M 0 0 + 0 0 0

*RA=rheumatoid arthritis; SLE=systemic lupus erythematosus.

3

2

lgG 1gA Fibronectin C3

I
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immunoglobulins and fibronectin in their PEG
precipitates were similar to those of the larger group
(Fig. 1). These PEG precipitates also contained
substantial amounts of C3 complement and measure-
able amounts of a1-antitrypsin, transferrin, and
albumin. Haptoglobin (results not shown) was
present at a similar level to that of transferrin.
Gel filtration chromatography of the PEG preci-

pitates, immunoassay of the eluates, and similar
analysis of their related whole serum samples
showed that aggregates of immunoglobulins were
often associated in the PEG precipitates with many
non-immunoglobulin proteins. This was most
obvious in the patients with Felty's syndrome. The
PEG precipitate from the normal control showed
that no non-immunoglobulin was detected in the
PEG precipitate on gel filtration and immunoassay,
with the exception of a small amount of monomeric
C3. By contrast, patients' PEG precipitates contained
large amounts of complexed (high and low molecular
weight) and low molecular weight monomeric non-
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immunoglobulin proteins. Table 3 summarises these
results. There were considerable differences between
patients, with less PEG precipitable non-immuno-
globulin protein in patients with systemic lupus
erythematosus and systemic vasculitis.

Affinity chromatography with protein A bound
IgG in all patients' sera and PEG precipitates
(Table 4). Small amounts of some other immuno-
globulin and non-immunoglobulin proteins were
bound from whole sera. Their associated PEG
precipitates only bound IgA in two cases, and C3 in
one case.

Affinity chromatography with anti-immuno-
globulins showed a different pattern of binding
(Table 5). Non-immunoglobulin proteins were bound
from all patients' sera and in many instances from
PEG precipitates.

Discussion

If4% PEG preferentially precipitates only circulating

Table 4 Relative amounts of different proteins eluted from protein A affinity columns in five patients' sera and
polyethylene glycol precipitates

Proteins eluted Serum (concentration range mg/l) PEG* precipitate (concentration range mgil)

>1000 100-1000 10-100 1-10 ND* >1000 100-1000 10-100 1-10 ND

IgG 5 0 0 0 0 0 1 4 0 0
IgA 0 4 1 0 0 0 0 2 0 3
IgM 2 3 0 0 0 0 0 0 0 5
Fibronectin 0 0 0 3 2 0 0 0 0 5
C3 0 0 0 4 1 0 0 0 1 4
a1-Antitrypsin 0 0 0 1 4 0 0 0 0 5
Transferrin 0 0 0 4 1 0 0 0 0 5
Albumin 0 0 4 0 1 0 0 0 0 5
Haptoglobin 0 0 3 1 1 0 0 0 0 5

*PEG=polyethylene glycol; ND=not detected.

Table 5 Relative amounts of different proteins eluted from anti-immunoglobulin affinity columns in seven patients' sera
and polyethylene glycol precipitates

Proteins eluted Serum (concentration range mg/l) PEG* precipitate (concentration range mgil)

>1000 100-1000 10-100 1-10 ND* >1000 100-1000 10-100 .1-10 ND

IgG 7 0 0 0 0 1 5 1 0 0
IgA 4 3 0 0 0 0 2 5 0 0
IgM 6 1 0 0 0 3 0 4 0 0
Fibronectin 0 1 5 1 0 0 0 1 2 4
C3 0 0 6 1 0 0 0 1 2 4
ac,-Antitrypsin 0 0 6 1 0 0 0 1 3 3
Transferrin 0 0 1 6 0 0 0 1 1 5
Albumin 0 0 7 0 0 0 0 5 2 0
Haptoglobin 0 0 6 1 0 0 0 3 2 2

*PEG=polyethylene glycol; ND= not detected.
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immune complexes, as some authors suggest,7 little
or no protein should be brought down from normal
sera and predominantly IgG or IgG and IgM
complexes from patients' sera. Our results suggest
this is not the case. There were substantial amounts
of PEG precipitable proteins in normal samples, the
amounts of immunoglobulins G, M, and A and
fibronectin precipitated in patients' samples showed
similar increases, and non-immunoglobulin proteins
were often precipitated. There is disagreement
about the composition of precipitates produced by
4% PEG. Chia et al claim it is a valid measure of
circulating immune complexes in pathological sera.9
Other studies have not found a close correlation
between serum and PEG precipitable immuno-
globulins.'0 11 It seems too simplistic to consider
that 4% PEG solely precipitates antibody-antigen
complexes; many other proteins are involved.
The optimal concentration of PEG for these

assays is the subject of debate. Although many
workers use 4% PEG, other groups prefer lower
concentrations, such as 2% or 2-5% PEG. In a large
initial study we evaluated the effectiveness in this
assay of four different concentrations of PEG from
1 6 to 4.0%. 5 We found that lower concentrations
of PEG are considerably less sensitive, but it has
been argued that they are more specific. Our own
view is that 4% PEG has the advantage of sensitivity
in determining the constituents of putative com-
plexes. In vitro studies with one non-immunoglobulin
protein found in PEG precipitates, fibronectin, have
shown that the purified protein alone is not preci-
pitated by 4% PEG.'6
Non-immunoglobulin proteins could be present in

PEG precipitates owing to 'trapping' or non-specific
binding to the columns, but the evidence suggests
this is not the case. The washing procedure we used
was extensive. The proteins were present in associa-
tion with immunoglobulins in high molecular weight
fractions of sera and PEG precipitates. They were
eluted from the anti-immunoglobulin column after
affinity chromatographic analysis of PEG precipi-
tates, but not from the protein A column. This last
observation makes it very difficult to argue for a
non-specific binding effect. Several studies have
shown that fibronectin is associated with circulating
immune complexes,'3 15-17 and it is widely accepted
that complement components can bind to these
complexes. The present results suggest many other
plasma proteins bind to circulating immune com-
plexes, albeit at low concentrations. This has been
reported by others,'8 "9 though it has not been fully
evaluated. How could non-immunoglobulins become
associated with circulating immune complexes? One
possibility is that these proteins are altered by free
radical2t) or enzyme damage and then become non-

specifically adherent. Alternatively, many of the
apparent circulating immune complexes in rheumatic
diseases may represent heterogeneous macro-
molecular complexes which do not have an obvious
antigen within them. Such complexes would be
expected to show rheumatoid factor activity in
rheumatoid arthritis but not in other diseases.
There were clear differences between the type of

proteins eluted from the protein A affinity column
and the anti-immunoglobulin affinity columns. It
was only with the latter columns that non-immuno-
globulin proteins were bound fromPEG precipitates.
The implication behind this finding is that non-
immunoglobulin proteins are associated with certain
immunoglobulins, but not the IgG which binds to
protein A. If sera contains circulating immune
complexes it may be that several different types of
complex are present, only some of which bind small
amounts of other plasma proteins.
There were interesting differences between sub-

groups of patients (Table 2). Rheumatoid vasculitis
differed quite markedly from the other cases of
'immune' vasculitis. Only patients with rheumatoid
vasculitis had large amounts of PEG precipitable
immunoglobulins. Clearly different pathological
mechanisms must exist in these two groups, and it is
unlikely that circulating immune complexes are the
basis of the vascular damage in patients with
conditions like polyarthritis nodosa.
Our principal objective was to reconsider exactly

what 4% PEG precipitates contain. Many non-
immunoglobulin serum proteins are precipitated by
it, and other methods like gel filtration and affinity
chromatography suggest that these proteins are
closely associated with immunoglobulins. Either
circulating immune complexes bind many different
proteins or non-specific protein aggregation is
common. In both cases the simplistic views that
PEG specifically precipitates circulating immune
complexes is incorrect.

We gratefully acknowledge the financial support given to this work
by the Arthritis and Rheumatism Council, the Joint Research
Board of St Bartholomew's Hospital, and the North East Thames
Regional Research Committee.
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