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Abstract

We treated a female patient suffering from immunoglo-
bulin A (IgA) nephropathy and congenital deficiency of the
ninth component of the complementsystem (C9). She was
admitted with hematuria and proteinuria, and the C9 defi-
ciency was diagnosed based on the low hemolytic activity
of 50%of the hemolytic unit of the complements (CH50)
and the normal C3 level in the plasma. Renal biopsy re-
vealed mild mesangial proliferation, and immunofluores-
cence examination revealed mild mesangial deposits of IgA
and C3 with the same distribution. We discuss the patho-
genesis of IgA nephropathy and the role of the complements
in its progression.
(Internal Medocine 40: 52-55, 2001)
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Introduction

IgA nephropathy is among the most commonforms of glo-
merulonephritis (1). Patients with IgA nephropathy typically
present microscopic hematuria. Optical microscopic examina-
tion of renal biopsy specimens typically shows mesangial ex-
pansion with an increased matrix size and numbersof cells.
The diagnostic finding is the presence of mesangial deposits
of IgA, which are detected by immunofluorescence micros-
copy. The IgA deposits in the glomerular mesangiumhave been
suggested to act as antibodies against viral, bacterial, or di-
etary agents (2-9). The antibodies are probably produced as
part of the specific host immuneresponse to various environ-
mental antigens.

The C5b-9 terminal complement complex, also referred to
as the membraneattack complex (MAC), is knownto have
cytotoxic activity (10). Immunofluorescencestudies on ne-
phritic tissue obtained from humans with IgA nephropathy have
shown the presence of MACin glomerular immunedeposits

(ll, 12). MACis considered to be one of the factors contribut-
ing to the severity and progression of the disease (13).
Wereport here the case of a patient with IgA nephropathy
and congenital C9 deficiency, and consider the mechanisms
underlying the development of IgA nephropathy.

Case Report
A 40-year-old womanpresenting with hematuria and pro-
teinuria was admitted to our hospital in October 1997. She had
been asymptomatic and was discovered to have proteinuria in
1974 and hematuria in 1994 in urinary screening tests. She
was referred to our hospital for evaluation of urinary abnor-
mality. A low hemolytic activity of CH50was found in our
outpatient clinic in August 1997. The family history was non-
contribu tory.
On examination, the pulse was regular at 72 beats /min, and
the blood pressure was 118/74 mmHg.The lungs, heart, abdo-
men, and musculoskeletal system were normal. Urinary tests
revealed proteinuria and hematuria. Microsopical observation
of the urine sediment showed 5-7 erythrocytes, 0-1 leukocytes
and 1-2 hyaline casts per high-power field. The 24-hour uri-
nary protein excretion was 250 mg. The creatinine clearance
was calculated to be 101 ml/min/1.48m2. The electrocardio-
gram was normal, and radiographs of the chest and abdomen
revealed no abnormalities.
Hematological and biochemical findings are shown in Table
1, which were all within normal limits. Tests for the presence
of hepatitis B and C viruses using serological markers were
negative. Immunological test results are presented in Table 2.
The concentration of IgA was 390 mg/dl, and the patient was
negative for the presence of anti-nuclear antibody (ANA), anti-
DNAantibody and cryoglobulin. The CH50 activity was 17.5
units/ml. The serum concentration of each complement is shown
in Table 3. The concentrations ofClq, C3, C4, C5, C6, C7 and
C8 were all within normal limits. The concentration of C9 was
less than 0.5 mg/ml.
In the ethylenediaminetetraacetic acid (EDTA) test, the
CH50activity was decreased to 24. 1 units/ml, and the concen-
tration of C9 was less than 0.5 mg/ml. Consequently, the pos-
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Table 1. Laboratory Data on Admission
Peripheral blood

W h it e  ce l l  c o u nt       6, 6 00 / m m3
R ed  ce ll  co un t     4 , 50 0, 0 00 /m m 3
H e m o g l o b i n         1  3 . 5  g / d l
H e m a t o c r i t              3 9 . 8 %
P l at e l et  c ou n t       2 2 9, 0 0 0 /m m 3

Blood chemical examination
C  r ea c ti ve  pr ot e in      0. 3  m g/ dl
t ot a l  p r o te i n          7.  1 g / d l
a l b u m i n           4 .  1  g / d l
bl o od  u r ea  n i tr og e n     l O  m g/ d l
c r e a t i n i n e          0 . 6  m g / d l
u r i c  a c i d          4 . 9  m g / d l
s o d i u m           1  3 8  m E q / /
p o t a s s i u m          3 . 5  m E q / /
c h l o r i d e          1  0 0  m E q / /
c a l c i u m          1 0 . 2  m g / d l
p h o s p h a t e          4 . 0  m g / d l
l ac ta te  d ehy dr og en as e    1  45  U /l
aspartate a minotransfe rase   1 6  U//
alani ne am inotr ansf erase       6 U/ /
7-glu tamyl-tran speptidase    1 3 U/dl
alka lin e phos ph ata se     1 1 5  U/ /
t o t al  b il i ru b i n       0. 7  mg / d l
d ir ect  b il ir ub in       0.  1  mg /d l
t ot a l ch o le st e ro l      2 05  m g /d l
t r i g l y c e r i d e         9 2  m g / d l
g l u c o s e           1  0 7  m g / d l
c re a ti ne  ph os p ho ki n as e    46  U/ /
t hy mo l  t ur b id it y  t e st       2 . 4 U
zi nc su lfate  turb idit y tes t     8 U
c ho l i ne s t e ra s e           2 7 8  U / /

sibility of the presence of autoimmunediseases, e.g., systemic
lupuserythematosus,whichconsumecomplements,wasex-
cluded, and it was suggested that the low hemolytic activity of
the complementsystem was due to the decreased production
of complements.The serumtransaminaselevel was within
normallimits, and there wasno evidenceof liver disease. Labo-
ratory data were thus strongly suggestive of congenital C9 de-
f ic iency.

Analysis of a percutaneousbiopsy specimenof the kidney
showedmild expansionof the mesangiumwith an increased
matrix size, by periodic acid-methenaminesilver (PAS) stain-
ing (Figs. 1 and 2). No glomerular crescents or necrotic glo-
meruli wereapparent, and the small arteries showedno abnor-
malities. There was no interstitial fibrosis. Immunofluorescence
staining revealed apparently segmental IgA deposits in the

Table 3. Protein Concentrationof Complements
w i t h o u t  E D T A * i n  E D T A t

C H 5 0  ( U / m l) 1 7 . 5 2 4 . 1 ( 3 0 .0 - 4 0 .0 )

C l q  ( m g / d l ) 1 5 . 4 l l. 9 ( 8 .8 - 1 5 .3 )

C 3   ( m g / d l ) 1 0 9 1 0 4 ( 8 4 - 1 5 1 )

C 4  ( m g / d l ) 3 6 3 6 (  1  7 - 4 0 )

C 5   ( m g / d l ) 1 6 . 8 1 3 . 6 ( 8 .0 - 1 5 .0 )

C 6  ( m g / d l ) 5 .7 5 . 8 ( 2 .5 - 4 .5 )

C 7  ( m g / d l ) 6 .5 6 . 5 ( 2 .4 - 4 .6 )

C  8   ( m g / d l ) 8 .9 1 0 .3 ( 5 .5 - 8 .9 )

C 9  ( m g /d l ) 0 . 5 0 . 5 ( 2 .7 - 7 .3 )

EDTA:ethylenediaminetetraacetic acid. *The concentration of
each complement was measured without EDTA.tPThe concentra-
tion of each complementwas measured in EDTA.

Table 2. Immunological Test
r h e um a t oi d  f ac t o r          3  I U / m l
an t i  s t re p t ol y s in - O        4 2 I U /m l
i m mu no g lo b ul in  G      1  , 7 3 1 m g/ d l
i m m u n o g l o b u l i n  A       3 9 0  m g / d l
i m m u n o g l o b u l i n  M       1  8 2  m g / d l
a n t i  n u c l e a r  a n t i g e n          x 4 0
a n t i  D N A  a n t i b o d y           ( - )
a n ti  s m oo t h mu s cl e a nt ib o dy      ( -)
a nt i mi to ch on dr ia l an ti bo dy      ( -)
a n t i  s m  a n t i b o d y           ( - )
a n t i  R N P  a n t i b o d y           ( - )
a n t i  S S - A  a n t i b o d y           ( - )
a n t i  S S - B  a n t i b o d y          ( - )
a n t i  s c l - 7 0  a n t i b o d y          ( - )
cytoplasmic anti neutorophil antibody (-)
a nti c ardi oli pin B 2GP 1 an tibo dy   (-)
c r y o g l o b l i n e m i  a            ( - )

Figure 1. Three glomeruli showing mild mesangial prolifera-
tion. Neither a tubular nor vascular lesion was observed(PAS
staining, x84).
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Figure 2. Mild mesangial proliferation was observed. Neither
glomerular crescent formation nor capsular adhesion was ob-
served (PAS staining, x320).

mesangial area and along the capillary walls (Fig. 3). IgG and
C3 deposits were observed in the same area. The intensity of
IgA immunostaining was moderate and codominant compared
with those of IgG and C3 immunostaining. There was no evi-
dence for the presence of knownassociated diseases which
show IgA mesangial deposits, such as Henoch-Schonlein
purpula or systemic lupus erythematosus. The diagnosis of IgA
nephropathy with congenital C9 deficiency was thus estab-
lished.

Discussion

IgA nephropathy is characterized by the presence of
mesangial proliferative glomerulonephritis and IgA deposits
in the mesangial area. Fifty percent of the patients have an
increased serum IgA level, mainly in the polymeric form, at
some time in the course of the disease, with a shift towards the
predominance of subclass IgAl (14). IgA antibodies against
dietary components (8, 9) and infectious agents, such as her-
pes viruses, H. parainfluenzae and adenoviruses, may be found
in some patients with IgA nephropathy (2-7). Abnormalities
in the production and catabolism of IgA are thought to play an
important role in the etiology and pathogenesis of IgA ne-
phropathy ( 15). Circulating IgA or IgG antibodies react either
with the mesangial matrix in some patients with IgA nephr-
opathy, or with a cytoplasmic antigen in cultured human
mesangial cells in others (16, 17). This suggests the possibility
of an autoimmunereaction to a mesangial antigen.
Immunoflourescencestudies on tissues from humanswith

IgA nephropathy have shown the presence of MACin the glom-
erular immune deposits ( 1 1 , 12, 1 8). IgA nephropathy frequently
displays a high intensity of immunostaining for alternative
pathway complement components (e.g., properdin and C3) and

Figure 3. IgA immunostaining was mainly observed in the
mesangial area (stained by goat anti-human IgA antibody).

terminal complement components (e.g., C5, C9 and MAC). In
contrast, the immunostaining for the early classical pathway
complement components (e.g., C lq and C4) is often absent or
low in intensity (1 1). However, the importance of immune de-
posits and the role of the complementsystem in renal injury
remain unkown.
MAChas a hydrophobic external face and a hydrophilic
internal channel. Disruption of the lipid bilayer leads to the
destruction of the pathogens. It is thought that MACmediates
glomerular injury in several models of experimental nephritis
(19). MACis also considered to be a noninflammatory media-
tor of glomerular injury in some models (19-21). In support of
this view, MAChas been shown in cultured mesangial cells to
release such cytokines as interleukin 1 (IL- 1), tumor necrosis
factor, basic fibroblast growth factor (bFGF), and platelet-de-
rived growth factor (PDGF) (22-26).
The clinical significance of glomerular MACdepositon is
questionable. It is thought that the intensity and distribution of
immunostaining for S protein and the terminal complement
componentsmaycontribute to the pathological and clinical
severity (27, 28). In congenitally C9 deficient patients, it is
thought that defects in local MACformation may be associ-
ated with a rather mild course of IgA nephropathy. However,
Tagami et al reported a Japanese patient with IgA nephropathy
and congenital C9 deficiency, whose clinical features were se-
vere (29). A retrospective study of renal biopsies from patients
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with IgA nephropathy did not show a relationship between the
severity of glomerular MACdeposition and any of the clinical
parameters including proteinuria, hematuria, or plasma creati-
nine at the time of biopsy (30). It is suggested that MACis not
necessary for the development of hematuria and IgA ne-
phropathy (29, 3 1). It is thus debatable whether MACis related
to the progression of IgA nephropathy.
Some cases of IgA nephropathy with a congenital Clq, C3,
C4a, C4b or C9 deficiency have been reported (32-36). Clq
binds to antibody molecules to trigger the classical pathway of
complement activation. C3b is a large cleavage fragment of
C3, and initiates the activation of complement-mediated lysis
via an alternative pathway. The existence of such cases sug-
gests that there maybe an unknowncomplementactivation
mechanismthat does not require these complements.
In the present case, the histological features such as diffuse
proliferative glomerular lesions, focal and segmental glomerular
sclerosis or tubular atrophy, arteriolar sclerosis, and interstitial
fibrosis were not apparent, indicating a favorable prognosis. It
is currently unknown whether the lack of C9 contributes to
these mild histological changes. However, if MACwere in any
way related to the progession of IgA nephropathy, we would
have to monitor the patient morecarefully.
In summary,we report the case of a middle-aged woman
with IgA nephropathy and congenital C9 deficiency, and show
that the formation of MACis not essential for the induction of
IgA nephropathy. The precise interplay among mechanisms
underlying IgA nephropathy remains unclear. Further accumu-
lation of case studies is necessary to resolve this issue.

Refere nces
1) D'Amico G. The commonest glomerulonephritis in the world IgA ne-

phropathy. Q J Med 64: 709-727, 1987.
2) Nagy J, Uj M, Szucs G, Trinn C, Burger T. Herpes virus antigens and
antibodies in kidney biopsies and sera of IgA glomerulonephritic patients.
Clin Nephrol 21: 259-262, 1984.

3) Tomino Y, Yagame M, Omata F, Nomoto Y, Sakai H. Acase ofIgA ne-
phropathy associated with adeno- and herpes simplex viruses. Nephron

47: 258-261, 1987.

4) Lai KN, Lai FM, Lo S, Ho CP, Chan KW. IgA nephropathy associated
with hepatitis B virus antigenemia. Nephron 47: 141-143, 1987.

5) Woodroffe AJ, Gormly AA, McKenzie PE, et al. Immunologic studies in
IgA nephropathy. Kidney Int 18: 366-374, 1980.

6) Endo Y, Hara M. Glomerular IgA deposition in pulmonary diseases. Kid-
ney Int 29: 557-562, 1986.

7) Suzuki S, Nakatomi Y, Sato H, Tsukada H, Arakawa M. Haemophilus
parainfluenzae antigen and antibody in renal biopsy samples and serum
of patients with IgA nephropathy. Lancet 343: 12-16, 1 994.

8) Coppo R, Basolo B, Rollino C, et al. Mediterranean diet and primary IgA
nephropathy. Clin Nephrol 26: 72-82, 1986.

9) Laurent J, Branellec A, Heslan JM, et al. An increase in circulating IgA
antibodies to gliadin in IgA mesangial glomerulonephritis. Am J Nephrol

7: 178-183, 1987.

10) Biesecker G. Biology of disease. Membrane attack complex of comple-
ment as a pathologic mediator. Lab Invest 49: 237-249, 1983.

1 1) Rauterberg EW, Lieberknecht HM, Wingen AM, Ritz E. Complement
membrane attack (MAC)in idiopathic IgA-glomerulonephritis. Kidney
Int 35: 820-829, 1987.

12) Miyamoto H, Yoshioka K, Takemura T, Akano N, Maki S. Immunohis-

tochemical study of membraneattack complex of complement in IgA
nephropathy. Virchows Arch A Pathol Anat Histopathol 413: 77-86, 1988.

13) Brandt J, Pippin J, Schulze M, et al. Role of the complement membrane
attack complex (C5b-9) in mediating experimental mesangioproliferative
glomerulonephritis. Kidney Int 49: 335-343, 1996.

14) Mestecky J, Hashim OH, Tomana M, et al. Alterations in the IgA carbo-
hydrate chains influence the cellular distribution of IgA1. Contrib Nephrol

111:66-72,1995.15) Jennette JC. The immunohistology of IgA nephropathy. AmJ Kidney Dis
12:348-352,1988.16) Tomino Y, Sakai H, Miura M, et al. Specific binding of circulating IgA

antibodies in patients with IgA nephropathy. AmJ Kidney Dis 6: 149-
153, 1985.

17) Ballardie FW, Brenchley PE, Williams S, O'Donoghue DJ. Autoimmu-
nity in IgA nephropathy. Lancet 2: 588-592, 1988.

18) Hinglais N, Kazatchkine MD, Bhakdi S, et al. Immunohistochemical study
of the C5b-9 complex of complement in human kidneys. Kidney Int 30:

399-410,1986.19) Couser WG, Baker PJ, Adler S. Complement and the direct mediation of
immune glomerular injury. Kidney Int 28: 879-890, 1985.

20) Biesecker G. Membraneattack complex of complement as a pathologic
mediator. Lab Invest 49: 237-249, 1983.

21) Quigg RJ. Glomerular injury induced by antibody and complement. Semin
Nephrol ll: 259-267, 1991.

22) Lovett DH, Haensch GM, Goppelt M, Resch K, Gemsa D. Activation of
glomerular mesangial cells by the terminal membraneattack complex of

complement. J Immunol 138: 2473-2480, 1987.

23) Schonermark M, Deppisch R, Riedasch G, Rother K, Hansch GM. In-
duction of mediator release from humanglomerular mesangial cells by
the tereminal complement components C5b-9. Int Arch Allergy Appl

Immunol 96: 331-337, 1991.

24) Cybulsky AV. Release of arachidonic acid by complement C5b-9 com-
plex in glomerular epithelial cells. Am J Physiol 261: F427-F436, 1991.

25) Lianos EA, Zanglis A. Effects of complement activation on platelet acti-
vating factor and eicosanoid synthesis in rat mesangial cells. J Lab Clin
Med 120: 459-464, 1992.

26) Benzaquen LR, Nicholson-Weller A, Halperin JA. Terminal complement
proteins C5b-9 release basic fibroblast growth factor and platelet derived
growth factor from endothelial cells. J Exp Med 179: 985-992, 1994.

27) Falk RJ, Podack E, Dalmasso AP, et al. Localization of S protein and its
relationship to the membraneattack complexof complementin renal tis-
sue. Am J Pathol 127: 182-190, 1987.

28) Tomino Y, Yagame M, Eguchi K, Nomoto Y, Sakai H. Immunofluorescent
studies on S-Protein in glomeruli from patients with IgA nephropathy.
Am J Pathol 129: 402-406, 1987.

29) Tagami T, Hara S, TiTihara Y, et al. IgA nephropathy in a man with inher-
ited C9 deficiency, (case report) The 27 Eastern Regional Meeting, Japa-
nese Society of nephrology. Nihon Jinzo Gakkai Shi (The Japanese Jour-
nal of Nephrology) 39: 622, 1997 (in Japanese).

30) Alexopoulos E, Papaghianni A, Papadimitriou M. The pathogenetic sig-
nificance of C5b-9 in IgA nephropathy. Nephrol Dial Transplant 10: 1 1 66-

1172,1995.31) Emancipator SN, LammME. The role ofIgG, IgM and C3 in experimen-
tal murine IgA nephropathy. Semin Nephrol 7: 286-288, 1987.

32) Topalogu R, Bakkaloglu A, Slingsby JH, et al. Molecular basis of heredi-
tary Clq deficiency associated with SLE and IgA nephropathy in a Turk-
ish family. Kidney Int 50: 635-642, 1996.

33) Imai K, Nakajima K, Eguchi K, et al. Homozygous C3 deficiency associ-
ated with IgA nephropathy. Nephron 59: 148-52, 1991.

34) Wopenka U, Thysell H, Sjoholm AG, Truedsson L. C4 phenotypes in IgA
nephropathy disease progression associated with C4Adeficiency but not
with C4 isotype concentrations. Clin Nephrol 45: 141-145. 1996.

35) Welch TR, Beischel LS, Choi EM. Molecular genetics of C4b deficiency
in IgA nephropathy. Hum Immunol 26: 353-363, 1989.

36) Yoshioka K, Takemura T, Akano N, et al. IgA nephropathy in patients
with congenital C9 deficiency. Kidney Int 42: 1253-1258, 1992.

Internal Medicine Vol. 40, No. 1 (January 2001) 55


