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Abstract. This study was done to ascertain whether complexes of plasma fibronectin 
(PFn) and immunoglobulins (Igs) are normally present in plasma. PFn preparations 
from plasmas of six random human donors were analyzed for IgG, IgM, and IgA by 
competitive ELISA procedures. To look for direct evidence of circulating complexes, 
two of the plasma samples were chromatographed on Sephacryl S-300. PFn prepared 
from a pool of three plasmas by cryoprecipitation was studied by crossed Immuno- 
electrophoresis to detect PFn-Ig complexes. 

The lg content of PFn ranged from 0.78% to 9.0% IgG; 0.25% to 4.9% IgM, and 
0.15% to 0.71% IgA. The relative amounts were IgG > IgM > IgA in every sample, but 
the total lg content of PFn varied with the plasma donor. The Sephacryl S-300 chro- 
matogram of the plasma from which Ig-rich PFn was made showed distortion of the 
PFn peak by Ig peaks. PFn prepared by cryoprecipitation contained PFn- 
immunoglobulin complexes. 

Plasma from adult beagle dogs was used to prepare canine PFn. IgM was de- 
tected in canine PFn by SDS-Page and by double diffusion experiments against an- 
tiserum to canine lg M. By crossed immunoelectrophoresis, a PFn-IgM complex was 
detected in canine plasma. The cryoprecipitate recovered from a Sephacryl S-300 
chromatogram of canine plasma contained equivalent amounts of IgM and PFn. 

These data suggest that complexes of Igs with PFn are normally present in 
plasma. [P.S.E.B.M. 1994, Vol 2071 

lasma fibronectin (PFn), a high molecular 
weight glycoprotein, forms noncovalent associ- P ations in vitro with molecules of diverse chem- 

ical composition, among them fibrinogen and fibrin, 
collagen, certain glycosaminoglycans, and cell surface 
proteins (for review see Ref. 1). Recently, PFn has 
been shown to bind to components of the immune sys- 
tem (e.g., CIq [2-4], immune complexes [ 5 ] ,  myeloma 
immunoglobulin G [IgG] [6], modified polyclonal IgG 
[7, 81, and to IgM and IgA [9]). 

In the course of our studies on tissue fibronectin 
(10-14), many preparations of fibronectin were made . 
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from plasma (human and canine) for use as antigens 
for the preparation of antisera. We consistently ob- 
served in immunoelectrophoresis experiments that the 
antisera contained antibodies to immunoglobulins as 
well as to fibronectin (but not to albumin) and had to 
be absorbed free of anti-Ig antibodies before use. 
Thus, the PFn preparations all contained Igs, and the 
suggestion was made that an association between PFn 
and Igs exists in vivo in normal plasma (15). Evidence 
for such an association has been demonstrated in 
plasma from patients with a variety of connective tis- 
sue, lymphoproliferative , and myeloproliferative dis- 
orders (16-21) and in primary IgA nephropathy (22). 
One could envision that the presence of complexes 
between PFn and Igs in these diseases is an exagger- 
ation of the normal occurrence of the complexes ordi- 
narily present in small amounts or that form only in 
response to a special need, for example, the need to 
remove modified Ig molecules from the circulation via 
the reticuloendothelial system in which PFn is known 
to participate (23). 

In the present study we have asked whether or not 
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PFn-Ig complexes are normally present in plasma. We 
have quantified IgM, IgA, and IgG in affinity-purified 
human PFn specimens stored in the laboratory. PFn 
that had been prepared under conditions that would 
preserve associations (i.e., ammonium sulfate precip- 
itation and cryoprecipitation), was examined by 
crossed immunoelectrophoresis. Intact plasmas were 
examined by gel permeation chromatography to look 
for evidence of overlap of the PFn peak with Ig peaks. 

Canine PFn was examined by sodium dodecyl sul- 
fate polyacrylamide gel electrophoresis (SDS-Page) 
and in double diffusion experiments against an antise- 
rum to canine IgM. Plasma from adult beagles was 
studied in crossed immunoelectrophoresis experi- 
ments and by gel permeation chromatography. A cry- 
oprecipitate recovered from the chromatography frac- 
tions was analyzed for IgM and PFn content. 

The data suggest that PFn-Ig complexes are nor- 
mally present in plasma. 

Materials and Methods 
Human Fibronectin Preparations. Human 

plasma, outdated 5 days or less, was obtained from the 
blood bank and was kept frozen at - 70°C. 

Preparations 1-6 (Human). Preparations 1-6 
were prepared by affinity chromatography of individ- 
ual human donor plasmas (2040 ml) on a 19- to 30-ml 
column of gelatin-Sepharose (24) obtained from Bio- 
Rad Laboratories (Richmond, CA), or prepared in this 
laboratory. After washing out nonbound plasma pro- 
teins, the PFn was eluted with 0.2 M glycine, pH 2 . 6  
2.8, or 4 M urea in 0.05 M Tris buffer, pH 7.5. Samples 
were dialyzed against 0.05 M Tris, pH 7.5, containing 
0.1 M NaCl, and were stored at -70°C. Except where 
noted, all solutions contained phenylmethylsulfonyl 
fluoride (PMSF) to prevent proteolysis of PFn during 
preparation. The concentration of PFn in mg/ml was 
calculated by subtracting the optical density at 320 nm 
from that at 280 nm and dividing by 1.28 (25). 

Preparation 7 (Human). Three units of plasma 
were combined and centrifuged at 27,OOOg. To 550 ml 
of the clear mixture (cooled to -4°C [ice-salt bath]), 
was added 70.9 g ammonium sulfate in small portions 
with stirring (approximately 18% saturation). The pre- 
cipitate was collected by centrifugation at 27,OOOg and 
was washed twice with 25% saturated ammonium sul- 
fate. The washed precipitate was dissolved in 100 ml of 
0.05 M phosphate containing 0.01 M ethylenediamine- 
tetraacetic acid (EDTA), pH 6.7 at 37°C. The solution 
was cooled to - 2°C (ice-salt bath), whereupon a large 
amount of cryoprecipitate formed. This precipitate 
was collected by centrifugation at 27,OOOg and was 
dissolved in 100 ml of 0.01 M Tris, pH 7.4 containing 
0.1 M NaCl. Fibrinogen was removed as fibrin formed 
upon the addition of 100 units of bovine thrombin in 

0.05 M Tris, pH 8,  containing 0.002 M CaCl,. The clot 
(fibrin) was removed after 15 min, and the supernatant 
was centrifuged at 27,OOOg to remove any small pieces 
of fibrin. The clear supernatant in a plastic tube was 
cooled to -10°C (ice-salt bath) and was kept at that 
temperature for several hours. The white precipitate 
which formed on the walls of the centrifuge tube was 
collected by centrifugation at 2000g at 0°C and was 
dissolved in 25 ml of 0.01 M Tris, pH 7.4 containing 0.1 
M NaC1. This was a true cryoprecipitate in that it came 
out of solution upon standing at 4°C and readily redis- 
solved at 37°C. Fibrinogen was shown to be absent by 
immunoelectrophoresis and immunodiffusion experi- 
ments with antifibrinogen. 

Canine Fibronectin Preparations. Canine blood 
was obtained from healthy, adult purpose-bred beagles 
from Marshall Farm, Inc. (North Rose, NY). They had 
been vaccinated against canine distemper, hepatitis, 
parvo viruses, and leptospirosis, and were also heart 
worm negative. These dogs were used in an acute ex- 
periment and were deeply anesthetized with pentobar- 
bital sodium (35 mg/kg) intravenously. A butterfly 
catheter was inserted into the cephalic vein for both 
anesthesia administration and blood collection. For 
blood collection the butterfly was connected into a 
20-ml syringe containing 2 ml of a mixture of 3.8% 
sodium citrate and 5 mM benzamidine hydrochloride. 
The amount of blood collected varied from 60 to 100 
ml, depending on the protocol for each experiment. 
After centrifugation at 2000g to settle rbc, white cells, 
and platelets, clear plasma was removed and stored at 
-70°C until used. 

Preparation 1 (CI). Canine plasma (25 ml) was 
chromatographed on a column of gelatin-Sepharose 
with a resin bed volume of 30 ml. After washing out 
nonbound plasma proteins the PFn was eluted with 0.2 
M glycine, pH 2.6, and was dialyzed against 0.05 M 
Tris, pH 7.4 containing 0.1 M NaC1. All buffers con- 
tained PMSF (1 mM). 

Preparation 2 (C2). The procedure of Vuento and 
Vaheri (26) was adapted. All buffers were made in 0.05 
M Tris, pH 7.5, containing 5 mM benzamidine HCl 
(Tris). The plasma (50 ml) was first passed through a 
column of Sepharose 4B (100 ml resin bed equilibrated 
with Tris -0.02% sodium azide) to remove plasma 
proteins which might bind nonspecifically to Sepha- 
rose 4B and was then chromatographed on gelatin- 
Sepharose 4B (preeluted with 1 M arginine) to which 
PFn adhered. The column was washed sequentially 
with Tris, Tris containing 1 M NaCl and then Tris 
containing 0.2 M arginine, and these washes were dis- 
carded. The first fraction of PFn was eluted with Tris 
containing 1 M arginine. Twenty-five percent of the 
PFn remained adherent to the gelatin-Sepharose after 
the 1 M arginine elution step. This PFn (C2) was eluted 
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with Tris containing 8 M urea and was dialyzed against 
0.05 M Tris, pH 7.5, containing 0.1 M NaCl. 

Preparations C l  and C2 were examined by SDS- 
Page and in double immunodiffusion experiments and 
were used to immunize rabbits. 

Antisera. Antisera to selected human PFn prepa- 
rations and to canine PFn preparations C l  and C2 
(urea eluate) were raised in rabbits and were absorbed 
with fibronectin-free plasma, which had been insolu- 
bilized (27), until the only antibodies detectable in im- 
munoelectrophoresis experiments were to fibronectin. 
Rabbit anti-human IgG (heavy and light chains) was 
obtained from Cappel (Organon Teknika-Cappel 
Corp., Durham, NC) as was goat anti-canine IgM (p 
chain specific). Rabbit anti-human fibrinogen was ob- 
tained from Dr. Konrad Hsu of Columbia University 
and from Hyland Laboratories. 

ELISA Reagents. Human IgG, IgM, and IgA 
were obtained from Cappel. Alkaline phosphatase 
conjugates of antibodies to human IgG, IgA, and IgM 
were obtained from Sigma Chemical Co. (St. Louis, 
MO), a s  was the substrate disodium p-nitrophe- 
nylphosphate. 

Quantification of Immunoglobulins. The immu- 
noglobulin content of the human PFn preparations was 
determined by a competitive ELISA assay. For IgG 
each flat-bottom well of a polystyrene microtiter plate 
(Costar tissue culture clusters; Costar, Cambridge, 
MA) was coated with the antigen, human IgG (Cappel) 
by incubation with 0.2 ml of IgG at 2000 ng/ml in so- 
dium carbonate-bicarbonate coating buffer, pH 9.6, 
overnight in a moist chamber at 4°C. Excess antigen 
was removed, and the wells were rinsed three times (3 
min/rinse) with 1% bovine serum albumin (BSA) con- 
taining 0.9% NaCl, and 0.05% Tween-20. Unreacted 
sites on the plastic were blocked by filling the wells 
with 5% BSA containing 0.9% NaCl, and 0.05% 
Tween-20, and incubating the plate for 30 min at room 
temperature. After removal of the blocking solution, 
the wells were rinsed three times as above. 

Competition of known amounts of antigen (stan- 
dard curve) or unknown samples for anti-human IgG 
alkaline phosphatase conjugate was carried out in trip- 
licate wells of another plate which had been blocked 
with BSA and rinsed as above. To 110 pl anti-human 
IgG-alkaline phosphatase conjugate (1 + 1000 dilu- 
tion) was added 110 pl of human IgG of known con- 
centration or 110 pl of an appropriate dilution of the 
sample being analyzed or of PBS-Tween (control). The 
mixtures were incubated in a moist chamber at 4°C 
overnight, and 0.2 ml of each mixture was transferred 
to a well of the antigen-coated plate, and the plate was 
incubated for 2 hr at 25°C. The competition mixture 
was removed, and the plate was rinsed as before. 
Bound alkaline phosphatase conjugated anti-human 
IgG was detected by incubation with the substrate di- 

sodium p-nitrophenylphosphate at 1 mg/ml in 0.05 M 
sodium carbonate and 1 mM magnesium chloride, 
pH 9.8, for 15 min, and the reaction was stopped by 
the addition of 50 pl 3 M NaOH to each well. Opti- 
cal densities were read on a microelisa minireader 
(Dynatech). IgM was determined by the same proce- 
dures using pooled myeloma IgM as antigen and alka- 
line phosphatase-conjugated anti-human IgM as anti- 
body. Likewise, for IgA determination the antigen was 
IgA and the antibody was anti-human IgA-alkaline 
phosphatase conjugate. The coefficients of variation of 
the procedures were always less than 10%. 

Crossed lmmunoelectrophoresis (28) of Prep- 
aration 7. In the first dimension, the samples (15 p1 of 
isolated PFn [Preparation 71) were electrophoresed 
into agarose at pH 8.6. For the second dimension, the 
strips of agarose were positioned so that the compo- 
nents would migrate into agarose (12 ml) containing 
antifibronectin (50 p1) (Fig. 1, left panel) or into aga- 
rose (12 ml) containing the same antifibronectin (50 pl) 
admixed with 50 pl of antiserum to both the heavy and 
light chains of IgG (Fig. 1, right panel). After soaking 
to remove reagents other than those in immune pre- 
cipitates, the plates were dried and stained with 
Coomassie Brilliant Blue R250. Tracings were made of 
the peaks, and these tracings were cut out and 
weighed. 

Crossed lmmunoelectrophoresis of Canine 
Plasma. Canine plasma (5  pl) was electrophoresed in 
the horizontal dimension. In the vertical dimension the 
separated components were electrophoresed through 
an intermediate gel containing either goat anti-canine 
IgM (50 p1/4 ml agarose) or 50 pl buffer14 ml agarose, 
and then into agarose containing a monospecific rabbit 
antibody to canine fibronectin (75 p1/8 ml agarose). 
The plates were soaked to remove components not 
bound in immune precipitates and were dried and 
stained as above. 

SDS-Page. All PFn preparations were examined 
in SDS-PAGE experiments by the procedure of Furth- 
mayer and Timpl (29). 

Chromatography of Plasma on Sephacryl 
S-300. Plasma 1 (2.5 ml) and 6 (3 ml) were separately 
chromatographed on a column of Sephacryl S-300 of 
1-cm radius and 87-cm height (273-m1 volume), and 
fractions (2.4 and 2.7 ml, respectively) were collected. 
Aliquots of the fractions were analyzed for PFn, IgM, 
IgA, and IgG by quantitative immunodiffusion (30). 

Canine plasma (25 ml containing citrate and benz- 
amidine) was chromatographed on the same column in 
0.05 M Tris containing 0.1 M NaC1, pH 7.6, and 6.4-ml 
fractions were collected. The cryoprecipitate that 
formed in fractions of the IgM and PFn regions (109- 
154 ml) was collected by centrifugation at 2000g at 2°C 
and was washed three times with the buffer and was 
dissolved in 5-ml buffer by warming to 37°C. PFn in 
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the cryoprecipitate was determined by an ELISA 
method (14) and the IgM present by quantitative im- 
munodiffusion (30). 

Results 
Human PFn. Quantitation of immunoglobulins 

in human PFn preparations. IgM, IgA, and IgG were 
all present in PFn obtained from plasma of six random, 
individual donors by affinity chromatography on gela- 
tin-Sepharose. These data are presented in Table I as 
the percentage of total protein in the isolated PFn 
preparation and are arranged in order of increasing Ig 
content. Overall, the content varied as follows: IgG, 
0.78%-9.0%; IgM, 0.25%-4.9%; and IgA, 0.15%- 
0.71%. In every sample, there was more IgG than IgM, 
and more IgM than IgA. 

These data were used to estimate the fraction of 
PFn molecules that could have been present as PFn-Ig 
complexes. It was assumed that every Ig molecule in 
the PFn preparation was complexed with PFn at the 
time the plasma was applied to gelatin-Sepharose and 
that PFn-Ig complexes have the same affinity for gel- 
atin-Sepharose as  does free PFn. The molecular 
weights used were 440 kDa for PFn, 150 kDa for IgG, 
1000 kDa for IgM, and 160 kDa for IgA. For Prepara- 
tion la from Plasma 1 ,  there were 18 molecules of IgG, 
1 of IgM, and 3.2 of IgA for 776 molecules of PFn. 
Thus, around 3% of the PFn molecules could have 
been complexed with Ig. For Plasma 6, however, for 
every 193 molecules of PFn there were 60 of IgG, 5 of 
IgM, and 4 of IgA, which amounted to 36% of the PFn 
molecules. Since these donors were randomly chosen 
and no other information was available on them, we 
can not explain this variation in total Ig content be- 
tween the donors. 

Evidence for PFn-lg complexes in cryoprecipi- 
table PFn. In PFn Preparation 7, prepared by ammo- 

nium sulfate precipitation and cryoprecipitation of 
PFn, the yield of PFn was only 25% theoretical, but 
the content of Ig was increased as indicated by the 
analysis for IgG (11% IgG). IgM was shown to be 
present in the preparation by immunoelectrophoresis 
(not shown), but quantitative data for IgM and IgA are 
not available. In this preparation, complexes between 
PFn and Igs were detected by crossed immunoelectro- 
phoresis (Fig. 1). In both panels of Figure 1 ,  PFn 7 was 
first electrophoresed at pH 8.6 in the horizontal direc- 
tion. The separated components were then electropho- 
resed in the vertical direction into agarose containing 
(Fig. 1 ,  left panel) monospecific anti-human PFn or 
(Fig. 1 ,  right panel) a mixture of the anti-PFn and anti- 
human IgG. In the left panel, a large peak at the ex- 
pected location for PFn was present. Additionally, the 
peak had a shoulder of partial identity on the cathodal 
edge. By planimetry, 30% of the PFn was in the shoul- 
der. The fact that the shoulder of partial identity was 
cathodal to the PFn peak suggests that the PFn was 
complexed with IgG which, when free, migrates 
cathodal to the origin. In the complex, the net negative 
charge of PFn was reduced by the positive charges on 
IgG . 

The pattern of peaks detected with anti-PFn (Fig. 
1 ,  left panel) was markedly changed by the presence of 
the antibodies to Igs (Fig. 1, right panel). The width of 
the main peak was broadened and by planimetry had 
an area of 10.58 units compared with an area of 9.44 
units with anti-PFn only (Fig. 1 ,  left panel). Thus, all 
the fibronectin reactive material was accounted for in 
the peak, and additional material was detected by the 
anti-IgG. More importantly, there was no crossing 
over of the precipitin lines, suggesting reactive species 
to both antisera were present in the same component 
(a complex). 

Knowing that the preparation contained 11% IgG 

Table 1. Immunoglobulin Content of Fibronectin Preparations from Human Plasma 

Immunoglobulins 
Plasma donor Preparation Method Eluent (“w 

Ig G IgM IgA 

1 

2 
3 

4 
5 

6 
7-gb 

1 aa 
l b  
2” 
3a 
3b 
4 
5a 
5b 
6” 
7 

A 
A 
A 
A 
A 
A 
A 
A 
A 
C 

G 
G 
G 
G 
G 
U 
G 
G 
U - 

0.78 
ND 
1.8 
3.7 
2.7 
3.8 
ND 
5.4 
9.0 

11 

0.29 
0.34 
0.25 
1.3 
0.57 
0.69 
0.39 
0.59 
4.9 
ND 

0.1 5 
0.1 7 
0.20 
0.58 
0.52 
ND 
0.24 
ND 
0.71 
ND 

Note. A, affinity for gelatin-Sepharose (24); G, glycine (0.2 M, pH 2.6-2.8); U, urea (4 M in 0.05 M Tris, pH 7.5); C, cold insolubility; ND, 
not determined. 
a No PMSF. 

These three plasmas were pooled. 
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Figure 1. Evidence for an IgG-PFn complex in fibronectin Prep- 
aration 7. The second-dimension electrophoresis (anode at top) 
was run into agarose gel that contained anti-PFn (Left Panel) or 
a mixture of anti-PFn and anti-human IgG (Right Panel). The 
shoulder on the fibronectin peak in the left panel indicates the 
presence of a substance giving a reaction of partial identity with 
anti-PFn. The position of the shoulder and its distortion by anti- 
IgG (Right Panel) suggests the shoulder was a complex of fi- 
bronectin with IgG. 

and that the molecular weight of PFn is 440 kDa and 
that of IgG is 150 kDa, it can be estimated that in the 
peak of partial identity, in which 30% of the fibronec- 
tin was present, one molecule of PFn was complexed 
with one molecule of IgG. 

The new peak, which was more anodal than PFn, 
is another Ig-related component detected by antibod- 
ies to the light chains of IgG which would also react 
with the light chains of IgA and IgM. These data dem- 
onstrate that the IgG in Preparation 7 was present as a 
complex with PFn and that at least one other PFn-Ig 
complex was present. 

Gel permeation chromatography of human 
plasmas. Two of the plasma specimens-1 (least Ig 
content in PFn) and 6 (highest Ig content in PFn+ 
were chromatographed on Sephacryl S-300. The elu- 
tion patterns of PFn, IgM, IgA, and IgG are presented 
in Figure 2. In Panel A (Plasma l), the shape of the 
PFn peak was symmetrical, and this indicates it was 
not affected by the Igs in the plasma. However, small 
amounts of Igs especially aggregated IgA, were under 
the peak. In Panel B (Plasma 6), the PFn peak was 
distorted, and the shape of the PFn peak mimics both 
the trailing edge of IgM and a peak of higher molecular 
weight IgA. There is also more high molecular weight 
IgG under the PFn peak. The distortion of the peak 
indicates the PFn was interacting with something else 
in the plasma. The locations of the shoulder over IgM, 
of the spike over aggregated IgA, and of the entire PFn 
region over aggregated IgG suggest the interaction is 
with Igs, and this is reasonable when one considers 
that the PFn prepared from Plasma 6 had the highest 
content of all Igs. 

Canine PFn. As was true for all the human PFns, 
the canine PFns, including C2, also elicited antibodies 
to canine Igs as well as to canine PFn, but not to 
albumin, when injected into rabbits. 

Detection of immunoglobulins in canine PFn. 

Volume eluted (ml) Volume eluted (ml) 

Figure 2. Elution profile of human plasma chromatographed on 
Sephacryl $300. By immunodiffusion against specific antisera 
fractions were screened for PFn (solid line), IgM (-), IgA 
(A-A-A), and IgG (cc.). (Panel A): Plasma from Donor 1; 
(Panel 6): plasma from Donor 6. In Panel A, the PFn peak is 
symmetrical and appears not to be affected by the Igs. In Panel 
B, the PFn peak is distorted. It has a shoulder overlying an IgM 
shoulder. The main PFn peak is directly over a peak of high 
molecular weight IgA. High molecular weight IgG is under the 
entire PFn area. Thus, PFn appears to be interacting with all 
three classes of lg in Plasma 6. 

By SDS-PAGE under reducing conditions (Fig. 3) it 
could be seen that C l  (gel on the left) contained pep- 
tides with the mobility of immunoglobulin light chains 
and the p chain of IgM. That IgM was present was 
confirmed in double diffusion experiments with anti- 
canine IgM specific for the p chain (not shown). The 
quantity of Igs in C2 (urea eluate) was too small to 
detect by these methods, but, as noted above, this PFn 
also elicited antibodies to Igs. The plasma from which 
PFn C2 was made contained a complex of PFn with 
IgM as detected by crossed immunoelectrophoresis 
(see below). 

Evidence for PFn-IgM complexes in canine 
plasma: Crossed immunoelectrophoresis. The ca- 
nine plasma from which C2 was prepared was exam- 
ined by crossed immunoelectrophoresis with an inter- 
mediate gel containing antibodies to canine IgM (Fig. 
4). The canine plasma was first electrophoresed at pH 
8.6 into agarose in the horizontal direction. The sepa- 
rated components were electrophoresed through an in- 
termediate gel containing anti-canine IgM (Fig. 4, left 
panel) or buffer only (Fig. 4, right panel) and then into 
agarose containing monospecific anti-canine PFn. The 
right panel shows that the PFn peak trails cathodically 
to the point of origin, where a definite peak was 
formed with anti-PFn. Contact with anti-canine IgM in 
the intermediate gel (Fig. 4, left panel) removed the 
peak at the origin and much other material from the 
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Figure 3. Demonstration by SDS-PAGE (5% disc gels) that Prep- 
aration C1 (canine PFn) contained subunits of the same molec- 
ular size as immunoglobulin light chains and p chains. Dithio- 
threitol was present during denaturation to reduce disulfide 
bonds. The samples electrophoresed were (Left Gel) canine PFn 
C1 and (Right Gel) immunoglobulin fraction from canine serum. 

main PFn peak. The material removed in the interme- 
diate gel contained IgM and PFn, suggesting the IgM 
and PFn were present together in complexes. 

Further evidence: Gel permeation chromatog- 
raphy. When a large sample (25 ml) canine plasma 
was chromatographed on the same column used for 
human plasma a cryoprecipitate formed in the IgM and 
PFn region (109-154 ml). The washed precipitate was 
dissolved in 5 ml of buffer and by analysis the solution 
contained 124 pg IgM/ml and 62 pg/ml of PFn (i.e., a 
ratio of 2.0). The ratio of the molecular weights of IgM 
(1000 kDa) and PFn (440 kDa) is 2.27. Thus, the cry- 
oprecipitate contained nearly equivalent amounts of 
PFn and IgM. Only 2.5% of the plasma IgM was 
present in the cryoprecipitate. 

Discussion 
The data in this study clearly show that all the PFn 

preparations contained Igs. Although the presence of 
Igs in PFn preparations has been noted before, the 
extent of their presence (up to 9% IgG and 4.9% IgM) 
may not have been appreciated. 

Because of the high concentrations of Igs in nor- 

Figure 4. Evidence for an ISM-PFn complex in canine plasma. 
Canine plasma (5 pl) was electrophoresed into agarose at pH 8.6 
in the horizontal dimension. In the vertical dimension, the sep- 
arated components were electrophoresed through an interme- 
diate gel containing (Left Panel) goat anti-canine IgM (50 pl/4 ml 
agarose) or (Right Panel) buffer (50 pV4 ml agarose) and then for 
both panels into agarose containing a monospecific rabbit an- 
tibody to canine PFn (75 pV8 ml agarose). 

ma1 human serum (IgG: 8-16 mg/ml; IgA: 1 .44 .2  mg/ 
ml; IgM: 0.5-1.9 mg/ml) (31), it is a reasonable first 
assumption that any Ig present in PFn preparations is 
merely a contaminant. The data presented here do not 
rule out that interpretation since all three classes of Ig 
were present in each preparation and IgG was present 
in the highest concentrations. There were, however, 
indications that the presence of Igs reflected the pres- 
ence of complexes between PFn and Igs in the plasmas 
from which the preparations were made. For instance, 
it can be seen in Table I that on a weight basis more 
IgM was present than IgA, a reversal of their concen- 
trations in plasma. The in vitro data of Rostagno, Fran- 
gione, and Gold (9) show a preferential quantitative 
binding order of PFn to the major Ig classes to be IgG 
> IgM > IgA. The correlation of the relative amounts 
of IgM and IgA in PFn preparations with this binding 
order supports the idea that the amounts of IgG, 
IgM, and IgA we have found in PFn reflects asso- 
ciations in the plasma from which the PFn was pre- 
pared. 

Secondly, antisera to the PFn preparations, all of 
which contained antibodies to Igs, did not contain an- 
tibodies to albumin. Since albumin is a good antigen, 
one can infer from this that albumin was absent from 
the PFn preparations. Thus, the preparations were not 
contaminated with other plasma components merely 
as a result of improper washing of the gelatin Sepha- 
rose column after loading on the plasma. Albumin of 
low molecular weight (67 kDa) would be one of the last 
things to be washed out of the resin, even after mono- 
meric IgG (150 kDa). 

The explanations remaining for the presence of the 
Igs require that they be specifically interacting with 
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the PFn or with the gelatin and/or Sepharose 4B. The 
data presented in this paper demonstrate PFn-Ig inter- 
actions. (I) Under nondissociative conditions, a prep- 
aration of PFn was made in which a complex of PFn 
with IgG could be demonstrated in crossed immuno- 
electrophoresis experiments (Fig. 1). (11) The crossed 
immunoelectrophoresis experiments on intact canine 
plasma showing that an intermediate gel containing 
anti-IgM removed one peak and weakened another is 
quite good evidence for a PFn-IgM complex in canine 
plasma (Fig. 4). (111) Gel permeation chromatography 
of both human and canine plasma suggests interactions 
of PFn and Igs. For human plasma, the argument is 
based on the comparison of patterns produced by 
Plasma 6 with those produced by Plasma 1. For the 
plasma which provided Ig-rich PFn (Plasma 6), the 
PFn peak was distorted and the location and shapes of 
the shoulders of the PFn peak followed those of un- 
derlying Igs. For canine plasma the argument is even 
stronger. A cryoprecipitate was obtained from a gel 
permeation chromatogram, and this cryoprecipitate 
contained nearly equivalent amounts of IgM and PFn. 

The conditions under which the putative com- 
plexes will form are not known. From in vitro pub- 
lished experiments it appears that either the PFn or the 
Ig must be modified in some way. If the latter is the 
case, the alteration probably occurs in one of the 
shared light chains since all three classes are involved. 
Vuento et al. (32) showed that when the carboxyl 
group of a number of proteins, among them IgG, was 
altered, the proteins then readily bound to PFn. Puri- 
fied human myeloma IgG proteins of all four sub- 
classes were shown to bind to solid phase fibronectin, 
whereas polyclonal IgG had much less affinity (6). Sal- 
varrey and Rostagno (7) showed that for direct binding 
of fibronectin and polyclonal IgG to occur it was nec- 
essary that the IgG be modified (i.e., immobilized on 
Sepharose) and that binding was enhanced under non- 
physiological conditions such as low ionic strength and 
slightly acidic pH. Recently (9), that laboratory has 
demonstrated binding under physiological conditions 
to IgG, IgM, and IgA-all three to one site on the PFn 
molecule. In all cases, binding was increased when the 
ionic strength or the pH was lowered. Aggregated, but 
not monomeric, IgG competitively inhibited the bind- 
ing. From their data, the authors conclude that PFn 
has the potential to interact with immune complexes 
and aggregates of all Igs in the circulation. 

In their study of IgA-Fn complexes Davin et al. 
(33) conclude that these complexes result from a nor- 
mal binding process which is enhanced in primary IgA 
nephropathy. Under the conditions they used to study 
binding of Igs to Fn-coated plates (pH 7.5 at 37"C), the 
binding of both polyclonal IgG and polyclonal IgM was 
only about a fifth that of polymeric IgA. It is clear from 
such differences in  binding da ta  tha t  fur ther  
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study is required to define the necessary conditions for 
complex formation. 

The possible participation of other plasma compo- 
nents in the formation of circulating PFn-Ig complexes 
also needs to be addressed. Some third component 
may be required to stabilize the complex or, con- 
versely, to inhibit its formation. In this regard, Davin 
et al. (33) noted that the binding capacity of purified 
human secretory IgA or of human polymeric IgAl was 
much higher when these IgA molecules were added to 
plasma rather than to the corresponding serum. They 
suggested that a plasma cofactor(s) lacking in serum, 
may facilitate the interactions between IgA and solid- 
phase PFn. They also suggested from other evidence 
that thermolabile cofactors in normal plasma might in- 
hibit the fibronectin binding capacity of circulating 
IgA . 

The overall sense that emerges from the published 
reports and from the present study is that low levels of 
PFn-Ig complexes involving all three classes of Igs 
circulate normally in plasma and are markedly en- 
hanced in certain disorders. We can envision quanti- 
fication of Igs in PFn-easily isolated on gelatin- 
Sepharose-as another diagnostic tool in these disor- 
ders. 
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