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Glomerular C4d Deposition Indicates in situ Classic
Complement Pathway Activation, but is not a Marker for

Lupus Nephritis Activity

Se Hoon Kim and Hyeon Joo Jeong

Department of Pathology, Yonsei University College of Medicine, Seoul, Korea.

This study was designed to evaluate whether glomerular
C4d deposition may be a useful marker of lupus nephritis
activity. Twenty-one patients diagnosed as having lupus
nephritis (WHO class III: 4 cases; IV: 12 cases; V: 5 cases)
were included. Mean patient age was 29.3 = 13.5 years
(range: 7-55 years). The presence and intensity of glomerular
C4d deposition were compared with the corresponding
histologic activity index for each case. Immunofluorescence for
C4d showed diffusely granular staining along glomerular
capillary loops, in all cases examined (1+, in 8 cases; 2+, in
7 cases; 3+, in 6cases). In eight cases, C4d deposition was
found in the absence of capillary or mesangial C4 deposits.
Moreover, the intensity of C4d deposits correlated with those
of capillary IgG, IgA, C4, Clq, and fibrinogen deposits.
However, C4d staining intensity did not correlate with the
lupus nephritis activity index. Although glomerular capillary
C4d deposition is a sensitive marker of classic complement
pathway activation, it is not a sensitive marker for active lupus
nephritis.
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INTRODUCTION

Several clinical and histologic parameters have
been reported to be related to disease activity in
SLE patients. Some investigators have suggested
that hypocomplementemia is a marker of disease
activity.”® Ricker et al.’ reported that serum C3
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and C4 levels correlate with the degree of SLE
activity, whereas others have suggested that com-
plement split products are more sensitive indica-
tors of disease activity than the conventionally
measured C3 and C4.”" Muso et al.” reported
that glomerular deposition of C3d in patients
with lupus nephritis is significantly correlated
with disease activity, and Senaldi et al.” demon-
strated that serum C4d levels correlate with the
degree of disease activity in lupus patients.
However, the correlation between tissue C4d
deposition and disease activity in lupus nephritis
has not been studied. C4d is a degradation
product of complement factor C4, which is typi-
cally activated during the classical complement
cascade. The classic pathway of complement
activation is characteristically initiated by confor-
mational changes in immunoglobulin molecules
after binding to specific antigens,"™"” which is
followed by the cleavage of most C4 domains
into C4a and C4b, thus exposing a reactive
short-lived thiolester group in C4b, which
covalently binds to nearby molecules. C4b is then
cleaved by C3bINA in the presence of C4b-
binding protein into C4c and C4d,” and the latter
covalently binds to endothelial surfaces and
basement membranes via a proteolytically ex-
posed thiolester group.” We questioned whether
C4d deposition may be a useful marker of lupus
nephritis activity by examining C4d immuno-
fluorescence staining in renal biopsy tissues from
21 patients with lupus nephritis and by cor-
relating the results obtained with clinical and
histologic parameters.
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MATERIALS AND METHODS

Twenty-one patients diagnosed as having lupus
nephritis in the Department of Pathology, Yonsei
University College of Medicine between Decem-
ber 1999 and July 2002 were the subjects of this
study. All patients met the American Rheumatism
Association’s revised criteria for the classification
of this disease.”” The indications of renal biopsy
were; for evaluation of nephrotic syndrome with
(2 patients) and without nephritic syndrome (19
patients). The mean age of the patients was 29.3 +
13.5 years (range: 7-55 years), and 18 patients
were female. Six patients had high serum creati-
nine levels (normal reference range: 0.5-1.4 mg/

Table 1. Clinical and Histological Data of Lupus Nephritis

dl). Eight patients had nephrotic-range (> 3.0 g/
day) proteinuria. Because two patients had not
been previously checked for 24-hour urine protein
excretion, a random urine protein/creatinine ratio
was applied as a substitute.” At the time of
biopsy, nineteen patients had low serum C3 levels
(normal reference range: 90-180mg/dl) at the
time of biopsy and 17 patients had low C4 levels
(normal reference range: 10 - 40 mg/dl) (Table 1).
Biopsied cores were sectioned under a dissecting
microscope into three parts: one was inserted into
formalin for light microscopic examination,
another into glutaldehyde for electron microscopic
examination, and the remainder was embedded in
optimal cutting temperature (OCT) compound

Case Sex/age Stage Activity Chronicity ~ Serum Cr  Serum C3/C4 24hr-u.rinary protein
No. Index(Al) Index(CI) (mg/dl) (mg/dl) excretion (mg/24hr)
1 F/15 v 7 1 0.9 37.9/3.28 266.4
2 F/36 v 16 2 1.6 20.7/2.95 1912
3 F/10 11 1 0 0.8 47.5/2.14 171
4 E/7 v 6 1 0.5 112.0/17.80 438.7
5 F/36 v 15 2 1.6 33.3/3.93 5302.8
6 M/13 \Y 6 0 0.8 18.4/1.62 858
7 F/29 v 12 4 3.2 72.0/2.80 2039.5
8 F/11 m 7 2 0.6 98.7/21.7 1039.8
9 F/51 v 4 2 1.2 17.3/3.67 11467.8
10 F/32 \Y 2 0 0.8 58.5/16.08 2090.9
11 M/24 11 8 0 0.7 30.0/4.24 2415.3
12 F/23 v 7 0 0.6 349/431 1502
13 F/55 v 16 2 1 21.9/2.45 7742.8
14 F/42 v 11 2 1.8 20.2/5.07 5294.7
15 F/34 \Y 7 0 0.8 42.0/9.18 19200
16 F/40 v 12 0 2 22.3/5.96 1082.0/43*
17 F/28 m 7 1 1.6 29.4/5.22 836.5/43*
18 F/29 v 13 2 0.8 43.8/5.07 3951
19 F/43 \Y 7 1 0.9 58.0/16.20 2616
20 M/38 v 12 1 1.8 20.5/3.14 915
21 F/20 \Y 9 2 0.8 33.6/6.00 816.4

*random urine protein/creatinine ratio.
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(Miles Laboratories, Elkhart, IN, USA) for immu-
nofluorescence (IF) stain. Formalin-fixed tissue
sections were routinely stained with hematoxylin
and eosin, periodic acid Shiff, trichrome, and
methenamine silver. Fresh frozen tissue was
stained with FITC-conjugated polyclonal anti-
bodies directed against human IgG, IgM, IgA, C3,
C4, Clq and fibrinogen (DAKO, Glostrup, Den-
mark). The deposition of C4d was detected by
indirect immunofluorescence using a mouse anti-
human monoclonal antibody (dilution, 1:50; Bio-
genesis, Poole, England, UK) and an FITC- con-
jugated rabbit anti-mouse immunoglobulin anti-
body (dilution, 1:40; DAKO). Twelve cases of
essential hematuria, five cases of minimal change
disease and eight cases of membranous nephro-
pathy served as controls for C4d immunofluo-
rescence stair1ir1g.24’25 Cases of lupus nephritis
were classified as Class III (4 cases), Class IV (12
case), and Class V (5 cases) by light microscopy
according to the WHO classification.” Activity
and chronicity indices were calculated according
to the method of Austin et al.”’** (Table 1). The
intensities of immunofluorescence staining in the
peripheral capillary wall and mesangium were
classified according to the scale : -, +/-, 1+, 2+ and
3+,

Statistical analysis

To examine the validity of C4d deposition as a
marker for active lupus nephritis, the patients

were subgrouped according to lupus nephritis
activity index (Al) as high or low about the value
of 127 Spearman’s rank correlation non-para-
metric testing was used to correlate each sub-
group with respect to the intensity of C4d im-
mune deposition. Correlations were also searched
for between C4d deposition and the depositions of
other capillary and mesangial immunoglobulins
and fibrinogen. Results were considered statis-
tically significant when the corresponding p value
was < 0.05. Data were analyzed using dBSTAT
4.0 software (dBSTAT, 2002).

RESULTS
C4d, immunoglobulins, and fibrinogen deposition

Staining was absent or minimal in the mesan-
gium and glomerular capillary wall in essential
hematuria and minimal change disease.”* In the
case of membranous nephropathy, granular
deposition of C4d was present along the capillary
loop.” In all 21 cases of lupus nephritis, C4d was
detected predominantly along the glomerular
capillary loops with a coarsely granular pseudo-
linear staining pattern, involving the entire
capillary circumference (1+, in 8 cases; 2+, in 7
cases; and 3+, in 6 cases) (Fig. 1). Mesangial
staining of C4d was barely detectable in all of the
21 cases. Renal structures other than glomeruli
were not stained. Mesangial immunoglobulin or

Fig. 1. A, B, C: A glomerulus (case 3)
shows minimal mesangial prolifera-
tion (A, PAS X 400). Immunofluo-
rescence staining in case 3 showing
mild C4d deposition along the capil-
lary loops (B, x 400) and moderate
C3 deposition in the mesangium (C,
X 400). D, E, F: A glomerulus (case
14) showing severe mesangial pro-
liferation (D, PAS X 400). Immuno-
fluorescence staining in case 14
showing moderate granular C4d im-
mune deposition along the capillary
loops (E, X 400). mild C4 deposition
along the capillary loops with trace
deposition in the mesangium (F, X
400).

Yonsei Med J Vol. 44, No. 1, 2003



78 Se Hoon Kim and Hyeon Joo Jeong

complement deposition was present in all but
three cases of membranous lupus nephritis. Capil-
lary IgG deposition was present in 90.4%(19/21),
IgA in 66.7%(14/21), IgM in 66.7%(14/21), C3 in
85.7%(18/21), C4 in 571%(12/21), and Clq in
61.9%(13/21) of the 21 cases, with varying degrees
of staining intensity (Table 2). Intensities of the
other capillary immune depositions increased as
those of C4d deposition increased. Increased
intensity of C4d deposition was significantly
correlated with those of capillary IgG (r=0.644,
p=0.002), capillary IgA (r=0.458, p=0.037), capillary
C4 (r=0.742, p=0.0001), capillary Clq (r=0.550, p=
0.001), and capillary fibrinogen (r=0.582, p=0.006)
deposition.

Lupus nephritis activity index (AI), 24-hour
urinary protein and C4d deposition

No significant correlation was found between
the intensity of C4d immunofluorescence staining

Table 2. Glomerular Immunofluorescence Findings

and a low (n=14) or high (n=7) lupus nephritis
activity index (r=0.071, p=0.760)(Table 3) or any
parameter of lupus nephritis Al (glomerular proli-
feration, leukocyte exudation, karyorrhexis/fibri-
noid necrosis, hyaline deposits, or interstitial in-
flammation).

DISCUSSION

In the normal kidney, C4d was detected in the
glomerular mesangium, in GBM and in the walls
of some renal arterioles.” The patterns of positive
glomerular staining reaction were granular and
segmental in the mesangium and linear along the
peripheral capillary loops. However, the other
vascular compartments and the tubules were
consistently negative No C4d was found in
peritubular capillaries in normal or diseased
kidneys except in transplanted kidneys.” Zwirner
et al™ first described C4d immunostaining in

Peripheral capillary wall Mesangium
Case G A M C3 C4  Clqg F Cad G A M C3 C4  Clqg F
1 + - - 2+ - + - 1+ 3+ 1+ + 1+ - 2+ =T
2 3+ 3+ 2+ 3+ - - - 1+ 3+ 3+ 1+ 3+ - -
3 - =+ - - - - - 1+ 3+ 2+ 1+ 2+ - 1+ -
4 =+ - - =+ - - - 1+ 1+ - =+ =+ - =+ 1+
5 1+ - 1+ 3+ - 1+ - 1+ 3+ - 1+ - -
6 1+ - + + - + - 1+ 3+ 1+ 2+ 2+ - 3+ -
7 - - - - - - - 1+ 3+ + 1+ 1+ - + 1+
8 2+ =+ =+ =+ =+ =+ =+ 1+ - - - - -
9 1+ =+ 1+ =+ 2+ 3+ 3+ 3+ 2+ 2+ 3+ 3+
10 2+ - - - - - - 2+ 1+ - + 2+ - * -
11 3+ 2+ 1+ 2+ 2+ 2+ 2+ 2+ 3+ * 2+ 1+ 1+ 2+ 2+
12 3+ 2+ 2+ 2+ 1+ 2+ 1+ 2+ 3+ 2+ 2+ 2+ 1+ 2+ 1+
13 3+ + + + 1+ - 1+ 2+ 3+ 3+ 3+ 3+ 3+ 3+ -
14 2+ 2+ =+ 2+ =+ 1+ 1+ 2+ 3+ =+ 1+ =+ =+ - =+
15 3+ 2+ 2+ 1+ + 2+ 2+ 2+ - - - 1+
16 3+ 1+ 2+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 2+ 3+ 1+ 2+ 3+
17 3+ 3+ 2+ 2+ 3+ 3+ 3+ 3+ 3+ 1+ 2+ =+ 1+ 3+ 3+
18 1+ - - 1+ - - - 3+ 3+ 1+ 1+ 2+ 1+ 1+ 2+
19 3+ 2+ 1+ 1+ 1+ 2+ - 3+ 2+ 1+ - 1+ + + -
20 3+ 1+ 1+ 2+ 2+ 3+ 3+ 3+ 3+ 3+ 3+ 3+ 1+ 3+ 3+
21 3+ 2+ 1+ 3+ 2+ 1+ 1+ 3+ - - - - - - =+
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Table 3. Correlations between Glomerular C4d Deposition, Lupus Nephritis Activity Index(Al) and 24hr-urinary Protein

Excretion by Spearman’s Rank Correlation

Subgroups r p
Activity Index < 12 (N=14)

> 12 (N=7) 0.071 0.760
24hr-urinary protein excretion < 3.0g/day (N=13)

> 3.0g/day (N=8) 0344 0127

lupus nephritis as a strong, diffuse, granular
pattern, and Senaldi et al.” reported that serum
C4d level and C4d/C4 ratio provided a sensitive
measurement of disease activity in SLE. In the
present study, we evaluated the validity of C4d
immunofluorescence staining as a useful marker
of lupus nephritis activity. Glomerular epithelial
crescents, fibrinoid necrosis, karyorrhexis, glo-
merular capillary deposits and the presence of
vasculitis have been were reported to be histologic
features of active lupus nephritis.”” Austin et
al” proposed the lupus nephritis Al, which
mostly focused on glomerular pathology. They
reported that Al more strongly predicted renal
failure than the individual active features of the
biopsy specimen.” Abraham et al.*’ reported that
a high AI was predictive of progression to end
stage renal failure in patients with diffuse proli-
ferative lupus nephritis. In the present study, no
correlation was found between lupus nephritis Al
and C4d glomerular capillary deposition. The
intensity of C4d deposition correlated with those
of capillary IgG, IgA, C4, Clq and fibrinogen. The
coexpression of C4d, together with IgG and early
classic complement components (C4 and Clq)
suggests the activation of the classic complement
pathway in the kidney."® Regardless of the pre-
sence or absence of capillary or mesangial
immunoglobulins and fibrinogen deposition, all
cases of lupus nephritis showed C4d deposition
along the capillary loops. In our results, 12 cases
(57.1%) and 13 cases (61.9%) showed C4 and Clq
deposition along the glomerular capillary, respec-
tively. These results indicate that C4d deposition
seems to be a more sensitive marker of classic
complement pathway activation than C4 or Clq
deposition. However, C4d deposition does not
seem to be a sensitive marker of present disease
activity. The reason for C4d deposition predo-

minantly along the capillary loops in lupus
nephritis is unclear. More rapid degradation and
clearance of C4d in the mesangium and a higher
affinity of C4d to the peripheral capillary loops
may be explanations. Mitjavila et al.”" reported a
strong correlation between the lupus nephritis Al
with proteinuria. In our study, C4d immune depo-
sition was found to be correlated neither with
proteinuria (24hr-urinary protein excretion) (Table
3) nor with the serum C3 or C4 levels. In conclu-
sion, capillary C4d deposition does not indicate
present disease activity in lupus nephritis.
However, it may provide useful evidence for prior
activation of the classic complement pathway.

ACKNOWLEDGEMENT

The authors would like to thanks Haeryoung
Kim M.D. for her assistance with the English
manuscript.

REFERENCES

1. Hunsicker LG, Ruddy S, Carpenter CB, Schur PH,
Merrill JP, Muller-Eberhard H]J, et al. Metabolism of the
third complement component (C3) in nephritis.
Involvement of the classic and alternate (properdin)
pathways for complement activation. N Engl ] Med
1972;287:835-40.

2. Goldstein IM. Clinical applications of complement
measurements in rheumatic disease. Am ] Med Sci
1975;269:173-82.

3. Morrow WJW, Isenberg DA, Todd-Pokropek A, Parry
HF, Snaith ML. Useful laboratory measurements in the
management of systemic lupus erythematosus. Q J
Med 1982;51:125-38.

4. Valentiin RM, van Overhagen H, Hazvoet HM,
Hermans J, Cats A, Daha MR, et al. The value of
complement and immune complex determinations in

Yonsei Med J Vol. 44, No. 1, 2003



80

10.

11.

12.

13.

14.

15.

16.

17.

Se Hoon Kim and Hyeon

monitoring disease activity in patients with systemic
lupus erythematosus. Arthritis Rheum 1985;28:904-13.

. West CD. The complement profile in clinical medicine.

Inherited and acquired conditions lowering the serum
concentrations of complement components and control
proteins. Complement Inflamm 1989;6:49-64.

. Ricker DM, Hebert LA, Rohde R, Sedmak DD, Lewis

EJ, Clough JD. Serum C3 levels are diagnostically more
sensitive and specific for systemic lupus erythematosus
activity than are serum C4 levels. The Lupus Nephritis
Collaborate Study Group. Am J Kidney Dis 1991;18:
678-85.

. Buyon JP, Tamerius ], Belmont HM, Abramson SB.

Assessment of disease activity and impending flare in
patients with systemic lupus erythematosus. Com-
parison of the use of complement split products and
conventional measurements of complement. Arthritis
Rheum 1992;35:1028-37.

. Falk RJ, Dalmasso AP, Kim Y, Lam S, Michael A.

Radioimmunoassay of the attack complex of comple-
ment in serum from patients with systemic lupus
erythematosus. N Engl ] Med 1985;312:1594-9.

. Senaldi G, Makinde VA, Vergani D, Isenberg DA.

Correlation of the activation of the fourth component
of complement (C4) with disease activity in systemic
lupus erythematosus. Ann Rheum Dis 1988,47:913-7.
Gawryl MS, Chudwin DS, Langlois PF, Lint TF. The
terminal complement complex, C5b-9, a marker of
disease activity in patients with systemic lupus
erythematosus. Arthritis Rheum 1988;31:188-95.
Belmont HM, Hopkins P, Edelson HS, Kaplan HB,
Ludewig R, Weissmann G, et al. Complement activa-
tion during systemic lupus erythematosus. C3a and
CbBa anaphylatoxins circulate exacerbations of disease.
Arthritis Rheum 1986;29:1085-9.

Hopkins P, Belmont HM, Buyon ], Philips M,
Weissmann G, Abramson SB. Increased levels of
plasma anaphylatoxins in systemic lupus erythema-
tosus predict flares of the disease and may elicit
vascular injury in lupus cerebritis. Arthritis Rheum
1988;31:632-41.

Porcel JM, Ordi ], Castro-Salomo A, Vilardell M,
Rodrigo MJ, Gene T, et al. The value of complement
activation products in the assessment of systemic lupus
erythematosus flares. Clin Immunol Immunopathol
1995;74:283-8.

Kerr LD, Adelsberg BR, Spiera H. Complement activa-
tion in systemic lupus erythematosus: a marker of
inflammation. ] Rheumatol 1986;13:313-9.

Rother E, Lang B, Coldewey R, Hartung K, Peter HH.
Complement split product C3d as an indicator of
disease activity in systemic lupus erythematosus. Clin
Rheumatol 1993;12:31-5.

Negi VS, Aggarwal A, Dayal R, Naik S, Misra R.
Complement degradation product C3d in urine: marker
of lupus nephritis. ] Rheumatol 2000;27:380-3.

Muso E, Sekita K, Doi T, Kuwahara T, Yoshida H,
Tamura T, et al. Immunopathological correlation

Yonsei Med J Vol 44, No. 1, 2003

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Joo Jeong

between mesangial C3d-deposition and C3d-fixing
circulating immune complexes in lupus nephritis. Clin
Immunol Immunopathol 1984;32:351-8.

Ziccardi R]. Activation of the early components of the
classical complement pathway under physiologic
conditions. ] Immunol 1981;126:1769-73.

Campbell RD, Gagnon J, Porter RR. Amino acid
sequence around the thiol and reactive acyl groups of
human complement component C4. Biochem ] 1981;
199:359-70.

Press EM, Gagnon J. Human complement component
C4. Structural studies on the fragments derived from
C4b by cleavage with C3b inactivator. Biochem ] 1981;
199:351-7.

Feucht HE, Opelz G. The humoral immune response
towards HLA class II determinants in renal trans-
plantation. Kidney Int 1996;50:1464-75.

Hochberg MC. Updating the American College of
Rheumatology revised criteria for the classification of
systemic lupus erythematosus. Arthritis Rheum 1997;
40:1725.

Ginsberg JM, Chang BS, Matarese RA, Garella S. Use
of single voided urine samples to estimate quantitative
proteinuria. N Engl J Med 1983;309:1543-6.

Zwirner ], Felber E, Herzog V, Riethmuller G, Feucht
HE. Classical pathway of complement activation in
normal and disease human glomeruli. Kidney Int 1989;
36:1069-77.

Kusunoki Y, Itami N, Tochimaru H, Takekoshi Y,
Nagasawa S, Yoshiki T. Glomerular deposition of C4
cleavage fragment (C4d) and C4-binding protein in
idiopathic membranous glomerulonephritis. Nephron
1989;51:17-9.

McCluskey RT. Lupus nephritis. In: Summers SC,
editor. Kidney Pathology: decennial. New York:
Appelton & Lange; 1975. p.456-9.

Austin HA III, Muenz LR, Joyce KM, Antonovych TT,
Balow E. Diffuse proliferative lupus nephritis:
Identification of specific pathologic features affecting
renal outcome. Kidney Int 1984;25:689-95.
Morel-Maroger L, Mery JP, Droz D, Godin M, Verroust
P, Kourilsky O, et al. The course of lupus nephritis:
contribution of serial renal biopsies. Adv Nephrol
Necker Hosp 1976;6:79-118.

Collins AB, Schneeberger EE, Pascual MA, Saidman SL,
Williams WW, Tolkoff-Rubin T, et al. Complement
activation in acute humoral renal allograft rejection:
diagnostic significance of C4d deposits in peritubular
capillaries. ] Am Soc Nephrol 1999;10:2208-14.
Abraham MA, Korula A, Jayakrishnan K, John GT,
Thomas PP, Jacob CK. Prognostic factors in diffuse
proliferative lupus nephritis. ] Assoc Physicians India
1999;47:862-5.

Mitjavila F, Pac V, Moga I, Poveda R, Vidaller A,
Carrera M, et al. Clinicopathological correlations and
prognostic factors in lupus nephritis. Clin Exp Rheuma-
tol 1997;15:625-31.



