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Circulating immune complexes after splenectomy
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SUMMARY Circulating immune complexes were evaluated in 25 patients (age range 10 to 46 years)
who had undergone splenectomy for non-malignant conditions by studying a polyethylene glycol
insoluble serum fraction. Although the extent of binding to Clq was within normal limits, these
patients had increased concentrations of factor B in the immune complex serum fraction. These
findings indicate that an unusual type of circulating immune complex may be detected after
splenectomy, suggesting a possible role for the spleen in the removal of circulating immune
complexes.

Circulating immune complexes have been detected
during the course of several diseases, although not
always associated with their pathogenesis.' Once
formed in the circulation they are cleared mainly by
the mononuclear phagocyte system.2 Experimental
and clinical studies have shown that the liver is an
important site for the removal of circulating immune
complexes.34 Although there is experimental evidence
of impaired removal after splenectomy,56 immune
complexes have not been systematically evaluated in
patients who have had their spleens removed."8 This
paper describes a study of circulating immune com-
plexes in patients who had undergone splenectomy for
non-malignant conditions, to evaluate a possible role
for the spleen in the clearance of circulating immune
complexes.

Material and metbods

Twenty five subjects who had had their spleen
removed (mean age 27-4 years, range 10-46), with a
haemoglobin concentration of 11 0-15 9 g/dl (mean
14-3) and 25 sex and age matched healthy controls
were studied. Splenectomy was performed between
one and 24 years (mean 7.9) before the study. The
indications for surgery were traumatic rupture in 12
cases and hereditary spherocytosis in 13. Absence of
effective splenic function was indicated in all cases by
high pitted red cell counts.9 None of the patients or
controls had received blood transfusions for at least
two months before the study and none had had
evidence of infection in the eight weeks preceding
blood collection.
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IMMUNE COMPLEX STUDIES
A serum fraction enriched in immune complexes was
obtained by a polyethylene glycol (PEG) precipitation
method,'" with minor modifications: one volume of
serum was mixed with three volumes of isotonic
borate-edetic acid buffer (25 mM dissodium
tetraborate, 20 mM edetic acid, 150 mM sodium
chloride, pH 8-4, containing 4% PEG (molecular
weight 6000). Immunoglobulins (IgG, A, and M) and
complement components (C3, C4, and factor B) were
assayed in the PEG-insoluble fraction and in serum
by an automated nephelometric method (Beckman
Immunochemistry Analyzer II, Fullerton, California,
USA). The protein content of the PEG-insoluble
fraction was measured by Hartree's method"; while
in serum it was measured by the standard biuret
method.'2 The results of this PEG assay for circulating
immune complex were expressed as the ratio [concen-
tration in PEG-precipitate:concentration in serum]
x 100.
The determinations of Clq precipitins were carried

out as described previously.'3 Human gamma globulin
purified by passage through DEAE-cellulose
chromatography and heat-aggregated by incubation
at 63°C for 20 minutes (HAGG) was used for the
calibration of reference curves of absorption
nephelometry in a double beam spectrophotometer
(Beckman model 35). The results were Teported as ug/
dl equivalents ofHAGG.
The Mann-Whitney U-test was used for compar-

isons, with p < 0-05 taken as the level of significance.

Results

Determinations of Clq precipitins after removal of
spleen (187-6 ig/dl equivalents of HAGG, 135-7-
262-2; median, range) were not significantly different
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Table Serum concentrations (gll) and relative values ofproteins, immunoglobulins, and complement components in
circulating immune complexes as expressed by ratio (concentration in PEGprecipitate: concentration in serwn) x 100

PEG precipitate Serum

Patients with Patients with
Controls splenectomy p Value Controls splenectomy p Value

Protein 0-59 (013-1-05) 0-62 (013-0-91) 0-28 76-6 (65 9-98-0) 75-0 (66-9-120-0) 0-46
IgG 2-0 (0 6-4 0) 2-4 (1-1-5-2) 0-54 10-6 (7-3-13 6) 119 (8-1-17-0) 0 001
IgA 4-0 (1-3-9-5) 4-7 (0-3-17-3) 0 10 1-77 (1 09-3-42) 2-30 (1-04-3-76) 0-06
IgM 19-6 (7 3-38 8) 22-7 (70-69-5) 0.10 1-12 (0-61-2-28) 1.05 (0 47-2 46) 0-94
C3 7 0 (1-2-12-3) 9-1 (3-8-17-1) 0-12 1-08 (0-78-1-68) 0-98 (0-67-1-41) 0-23
C4 12-3 (2-1-25-0) 15-2 (2 5-29 7) 0-064 0-21 (0-13-0-38) 0-24 (0-12-0-71) 0-42
Factor B 14-4 (8-0-25 0) 19-6 (4-1-36-1) 0-012 0 34 (0 20-0 48) 0-31 (0-19-0-37) 015

The data are reported as median (range).

from those of controls (1804 pg/dl equivalents of
HAGG, 35 5-216-1). Three (12%) of the patients who
had had their spleens removed, however, showed
values above the highest control level.
The amount of factor B of the alternative com-

plement pathway in the PEG precipitate was also
higher when compared with the equivalent value in
controls. In contrast, the concentrations of protein,
IgG, IgA, IgM, C3 and C4 did not differ significantly
between groups (table). The serum concentration of
these immunoglobulins and complement components
were normal except for an increased IgG concentra-
tion found in patients after splenectomy (table).

Discussion

Circulating immune complexes in the serum of
patients who had undergone splenectomy for non-
malignant conditions were evaluated by studying the
extent of the PEG-insoluble serum fraction to bind to
Clq and by a partial characterisation of the material
precipitated by PEG.
The Clq precipitin determinations in those who had

had their spleen removed did not show differences
when compared with controls. These results agree with
the findings of Kragballe et al7 and Lanng Nielsen
et al,8 who reported the presence of circulating
immune complex in about 20% of their patients.

Study of the material insolubilised by PEG showed
that only the concentration of factor B was increased
after splenectomy. Although the importance of this
finding is unclear, it has been previously reported that
in sickle cell anaemia, which also occurs with hypos-
plenism, an increased synthesis of factor B associated
with high catabolic rate of this component was shown,
suggesting continuous complement activation.'4 15
How much the spleen participates in the removal of

circulating immune complex and how much its
absence causes immunological abnormalities has not
been completely established. Previous reports have
shown that the spleen is responsible for the clearance
of particulate immune complexes"5 and that several

immune complex mediated diseases have defective
splenic clearance ofthese complexes, thus contributing
to tissue deposition and damage.'6'8 On the other
hand, increased amounts of circulating immune com-
plex, especially those containing IgA, have been found
in coeliac disease and in dermatitis herpetiformis,
both associated with splenic hypofunction and
nephropathy.'9O Patients with concomitant sickle cell
anaemia and nephrotic syndrome also have several
glomerular and mesangial abnormalities which have
been ascribed to circulating immune complex
deposition.2"`25 Finally, it has been reported that
children with primary nephrotic syndrome usually
have decreased splenic hypofunction during the
symptomatic period, which returns to normal after
remission.'
These findings would suggest that after the loss of

splenic function circulating immune complexes could
be increased, with deposition in tissues and damage-
especially in the kidneys where they are trapped. When
preformed immune complexes were administered to
rats treated with cobra venom factor, they were
initially removed from circulation by the liver and to a
lesser extent by the spleen, subsequently accumulating
in the kidneys.8 To the best of our knowledge,
however, there are no reports ofan increased incidence
of nephritis in people who have undergone splenec-
tomy.

In conclusion, our findings have shown that patients
who have had their spleens surgically removed for
non-malignant conditions have a distinctive pattern of
circulating immune complexes containing factor B.
Whether this complexed factor B remains longer in the
circulation, or whether it is deposited elsewhere
producing tissue damage, or whether it is responsible
for some of the immunological abnormalities seen in
such patients remain to be elucidated.

References

I Theofilopoulos AN, Dixon FJ. The biology and detection of
immune complexes. Adv Immunol 1979;28:89-220.

2 McDougal JS, McDuffie FC. Immune complexes in man. Detec-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.42.1.69 on 1 January 1989. D
ow

nloaded from
 

http://jcp.bmj.com/


Circulating immune complexes after splenectomy 71

tion and clinical significance. Adv Clin Chem 1985;24:1-60.
3 Inman RD, DayNK. Immunologic and clinical aspects ofimmune

complex disease. Am JMed 1981;70:1097-105.
4 Mannik M. Pathophysiology of circulating immune complexes.

Arthritis Rheum 1982;25:783-7.
5 Hosea SW, Brown EJ, Hamburger MI, Frank MM. Opsonic

requirements for intravascular clearance after splenectomy.
NEnglJ Med 1981;304:245-50.

6 Yousaf N, Howard JC, Williams BD. Studies in cobra venom
factor treated rats of antibody coated erythrocyte clearance by
the spleen: differential influence of red blood cell antigen
number on the inhibitory effects of immune complexes on Fc
dependent clearance. Clin Exp Immunol 1986;66:654-60.

7 Kragballe K, Lanng Nielsen J, Selling J, Ellegaard J. Monocyte
cytotoxicity after splenectomy. Scand J Haematol 1981;27:
271-8.

8 Lanng Nielsen J, Buskjaer L, Lamm LU, Selling J, Ellegaard J.
Complement studies in splenectomized patients. Scand J
Haematol 1983;30:194-200.

9 Zago MA, Bottura C. Splenic function in sickle cell disease. Clin
Sci 1983;65:297-302.

10 Zubler RH, Perrin LH, Creighton WD, Lambert PH. Use of
polyethylene glycol (PEG) to concentrate immune complexes
from serum or plasma samples. Ann Rheum Dis 1977;36(suppl
1):23-5.

11 Hartree EF. Determination of protein: A modification of the
Lowry method that gives a linear photometric response. Anal
Biochem 1972;48:422-7.

12 Mokrash LC, McGilvery RD. Purification and properties of
fructose-l,6-diphosphatase. J Biol Chem 1956;221:909-17.

13 Levinson SS, Goldman J. Measurement of circulating Clq
precipitable immune complexes by a nephelometric type assay
after polyethylene glycol extraction in model system. Am J Cin
Pathol 1983;79:451-7.

14 WilsonWA. Nature ofcomplement deficiency in sickle cell disease.
Arch Dis Child 19835S:236-7.

15 Chudwin DS, Korenblit AD, Kingzette M, Artrip S, Rao S.
Increased activation of the alternative complement pathway in

sickle cell disease. Clin Immunol Immunopathol 1985;37:93-7.
16 Frank MM, Hamburger MI, Lawley TL, Kimberlay RP, Plotz

PH. Defective reticuloendothelial system Fc-receptor function
in systemic lupus erythematosus. N Engl J Med 1979;300:
518-23.

17 Lockwood CM, Worledge S, Nicholas A, Cotton C, Peters K.
Reversal of impaired splenic function in patients with nephritis
or vasculitis.(or both) by plasma exchange. N Engl J Med 1979;
300:524-30.

18 Hamburger MI, Moutsopoulos HM, Lawley TJ, Frank MM.
Sj6gren's syndrome: a defect in reticulo-endothelial system Fc
receptor specific clearance. Ann Intern Med 1979;91:534-8.

19 Clarkson AR, Woodroffe AJ, Aarons I, Hiki Y. IgA nephropathy.
Ann Rev Med 1987;38:157-68.

20 Corrigan JJ, Van Wick DB, Crosby WH. Clinical disorders of
splenic function: The spectrum from asplenism to hyper-
splenism. Lymphology 1983;16:101-6.

21 McCoy RC. Ultrastructural alterations in the kidney of patients
with sickle cell disease and nephrotic syndrome. Lab Invest
1969;21:85-95.

22 Elfenbein B, Patchefsky A, Schwartz W, Weinstein AG. Pathology
of the glomerulus in sickle cell anemia with and without
nephrotic syndrome. Am J Pathol 1974;77:357-76.

23 Strauss J, Pardo V, Koss MN, Griswold W, McIntosh RM.
Nephropathy associated with sickle cell anemia: I an autologous
immune complex nephritis. Am J Med 1975;5S8:382-7.

24 Pardo V, Strauss J, Kramer H, Ozawa T, McIntosh RM.
Nephropathy associated with sickle cell anemia: II an
autologous immune complexes nephritis. Am J Med 1975;59:
650-9.

25 Strauss J, Zilleruclo G, Abitbol C. The kidney and hemoglobin S.
Nephron 1986;43:241-5.

26 McVicar M, Chandra M. Pathogenic mechanisms in the nephrotic
syndrome of childhood. Adv Pediair 1985;32:269-86.

Requests for reprints to: Dr EA Donadi, Assistant Professor,
Department of Clinical Medicine, School of Medicine,
14.048 Ribeirao Preto, SP, Brazil.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.42.1.69 on 1 January 1989. D
ow

nloaded from
 

http://jcp.bmj.com/

