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SUMMARY: A proposed analogy between atherosclerosis and glomerulosclerosis suggests that factors that contribute to the
development of atherosclerosis, ie, oxidatively modified (lipo)proteins, may also participate in glomerular injury. Although the
nature of the in vivo oxidants has not been clearly identified, increasing evidence suggested the myeloperoxidase (MPO)-H2O2-
halide system to be responsible for the damage observed in leukocyte-dependent glomerulonephritis. MPO, a heme protein
secreted by activated phagocytes, may generate modified/oxidized proteins in vivo via intermediate formation of hypochlorous
acid (HOCl)/hypochlorite. HOCl, a reactive oxygen species and powerful oxidant, can convert (lipo)proteins into atherogenic
forms in vitro and in vivo. Here we demonstrate the presence of HOCl-modified proteins in glomeruli of patients with membranous
glomerulonephritis using monoclonal antibodies that do not cross-react with other oxidative modifications. Immunostaining for
HOCl-modified epitopes in human minimal change glomerulopathy revealed glomeruli that were unreactive, although the number
of MPO-positive cells/glomerulus was slightly increased in comparison to controls. In contrast to minimal change glomerulopathy,
a pronounced infiltration of mononuclear cells/glomerulus in membranoproliferative glomerulonephritis is in line with pronounced
staining for HOCl-modified epitopes. Immunostaining was detected in intracapillary cells and immune complex deposits within
the glomerular basement membrane. In human membranous glomerulonephritis (Stages I to III), staining for HOCl-modified
proteins was localized at the basement membrane and podocytes. Staining of serial sections revealed colocalization of
HOCl-modified epitopes and MPO in glomerular peripheral basement membranes. Subsequently, tubulointerstitial staining for
HOCl-modified epitopes was observed in foam cells at the border of the cytoplasm and in damaged tubular epithelia in focal
advanced chronic lesions. Our results indicate that oxidative modification of the basement membrane structure by phagocyte-
derived HOCl may be of importance for glomerular defects. The observed colocalization of HOCl-modified proteins and MPO in
podocytes and adjacent basement membranes strengthens the assumption that the MPO-H2O2-halide system contributes to
glomerular dysfunction in patients with membranous glomerulonephritis. (Lab Invest 2002, 82:5–14).

M embranous glomerulonephritis (MGN) is an
immune-complex glomerulonephritis charac-

terized morphologically by subepithelial antigen de-
posits and clinically by significant glomerular protein-
uria with nephrotic syndrome. Antigens causing this
immune complex disease may be viral (eg, hepatitis B
virus), drug-related (eg, gold salts), or tumor-
associated (Ehrenreich and Churg, 1968). In compar-
ison to other glomerulonephritides, the number of
glomerular and inflammatory cells infiltrating the glo-
merular convolute do not seem to increase apprecia-
bly. The antigen-antibody complexes lead to activa-
tion of the complement system (Couser, 1990), and

the membrane attack complex C5a-9 has been doc-
umented in glomerular basement membranes (GBMs)
(Schulze et al, 1989).
The molecular mechanisms that may instigate a loss

of membrane permselectivity have partly become un-
raveled in passive Heymann nephritis (PHN), an estab-
lished rat model of human MGN. Subepithelial depo-
sition of immune complexes in the GBM caused
complement activation and the synthesis of reactive
oxygen species (ROS) (Heymann et al, 1965; Kerjas-
chki et al, 1989; Shah, 1988). The expression of
cytochrome b558, a component of the membrane-
bound NADPH-oxidase complex (responsible for ROS
generation), is significantly increased in podocytes
(Neale et al, 1993). Adducts of the lipid peroxidation
products malondialdehyde (MDA)- and 4-hydro-
xynonenal were detected in the noncollagenous do-
main of type IV collagen of the GBM (Neale et al,
1994). Because type IV collagen is the major structural
protein of the GBM, its oxidative modification may
alter pore width and electrical charge of the GBM; loss
of permselectivity and proteinuria may ensue. Pre-
treatment of PHN rats with oxygen scavengers did not
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reduce formation of immune deposits (Neale et al,
1994; Shah, 1988), although proteinuria was reduced.
This strengthens the hypothesis that glomerular dys-
function is mediated by ROS derived from leukocytes
and residential glomerular cells (Yoshioka and
Ichikawa, 1989).

Besides ROS, oxidatively modified (lipo)proteins are
contributing factors to inflammatory diseases. In par-
ticular, oxidized low-density lipoprotein (ox-LDL) that
is present in glomeruli (Lee and Kim, 1998) may
contribute to glomerular injury in a similar manner as
shown during development of atherosclerosis. Bind-
ing and uptake of ox-LDL by human mesangial cells
has been reported (Coritsidis et al, 1991). However,
native (lipo)proteins may also be internalized (Gröne et
al, 1990), undergoing modification via intermediate
formation of ROS derived from podocytes and mes-
angial cells (Keane et al, 1993). Recently, apolipopro-
teins B and E have also been detected within the

subepithelial immune deposits of PHN (Exner et al,
1996). However, apolipoproteins from glomeruli of
PHN rats showed degradation and oxidative adduct
formation similar to apolipoproteins from oxidized
lipoproteins in atherosclerotic lesions, suggesting
lipid-peroxidation derived from reactive compounds
(Exner et al, 1996).

The initial pathway for oxidant generation involves a
membrane-associated NADPH oxidase that reduces
oxygen to superoxide anion, which then dismutates to
form H2O2. H2O2 and/or its metabolites seem to be
important ROS in polymorphonuclear cell-dependent
glomerulonephritis (Rehan et al, 1985). The mecha-
nisms of H2O2 nephrotoxicity apparently involve the
myeloperoxidase (MPO)-H2O2-chloride system (John-
son et al, 1987). MPO (E.C. 1.11.1.7), a secreted heme
protein (for review see Kettle and Winterbourn, 1997),
amplifies the toxic potential of H2O2 by producing
hypochlorous acid (HOCl)/hypochlorite in the pres-

Figure 1.
Immunohistologic detection of monocyte/macrophages and myeloperoxidase (MPO)-positive cells present in glomeruli of regular kidney (controls), minimal change
glomerulopathy (MCGP), membranoproliferative glomerulonephritis (MPGN), and membranous glomerulonephritis (MGN). Tissue sections were incubated with
mouse anti-human myeloid/histiocyte antigen L1 or calprotectin (A to D) and rabbit polyclonal anti-human MPO IgG as primary antibodies (E to H). For detailed
incubation conditions see “Materials and Methods.” Staining was performed by the anti-alkaline phosphatase techniques (APAAP) method. Representative sections
of tissues of Table 3 are shown. A, Staining of monocyte/macrophages in glomerulus of controls; no positive staining in glomerulus but in periglomerular capillary
(arrow). B, Singular L1-antigen-positive cell in capillary of the glomerulus (arrow) of MCGP. C, Many L1-antigen-positive cells in capillaries and mesangium in MPGN;
pronounced overlapping stain in left part of glomerulus. D, Few L1-antigen-positive cells in the glomerulus (arrowheads) of MGN. E, MCGP without MPO positivity
in glomerulus. F, Several MPO-positive cells in glomerular convolute of MPGN. G and H, Staining for MPO in MGN; mononuclear cells within capillaries (arrows) and
glomerular basement membranes (GBM) (arrowheads): G, overview of glomerulus; H, detail.
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ence of chloride ions. HOCl itself may disrupt adhesive
properties of the subendothelial matrix (Vissers and
Thomas, 1997) and in turn may react with a wide range
of target molecules, including lipids and proteins (Win-
terbourn, 1985), to form N-Cl derivatives—com-
pounds that in turn may exert oxidizing properties
(Thomas et al, 1986). In the kidney the MPO-H2O2-
halide system leads to halogenation of the GBM, a
process apparently caused by neutrophil adherence
and subsequent generation of ROS, including HOCl
(Vissers et al, 1985; Yoshioka and Ichikawa, 1989).
The predominant in vivo sources for MPO released
during the oxidative burst are neutrophils and mono-
cytes, in which MPO makes up to 5% and 1% of the
total cell protein content, respectively. Therefore,
MPO is often used as a marker enzyme for measuring
leukocyte accumulation in tissue samples after acute
inflammatory reaction.

The importance of MPO as a potential in vivo
oxidant is underlined by the presence of enzymatically
active MPO in human lesion material (Daugherty et al,
1994). Most importantly, and of strong support for the
involvement of the MPO-H2O2-chloride system in the
development of atherosclerotic lesions, specific oxi-
dation markers were identified. Both mass spectrom-
etry analysis (Hazen and Heinecke, 1997) and immu-
nohistochemical studies (Hazell et al, 1996; Malle et al,
2000) demonstrate that HOCl-generated protein oxi-

dation products are present in human atherosclerotic
lesions.

Because the MPO-H2O2-halide system is involved
in inflammatory conditions, the aim of this study was
to identify MPO and HOCl-modified proteins in glo-
meruli and GBMs in human MGN. The monoclonal
antibodies (mAbs) used specifically recognized HOCl-
modified (lipo)proteins and were not cross-reactive
with other oxidative modifications. We herein report
immunohistochemical colocalization of MPO and
HOCl-modified epitopes in human podocytes and
adjacent basement membranes. Our results indicate
that an oxidative modification of the basement mem-
brane structure by HOCl—generated only by the
MPO-H2O2-halide system—may be of importance for
glomerular defects in general, particularly in human
MGN.

Results

Renal tissues from controls and diseased patients
embedded in paraffin were examined for the presence
of monocytes/macrophages and MPO-positive cells
and for the presence of immunoreactive HOCl-
modified epitopes. The results of biopsies are de-
picted in Figures 1 and 2 and Tables 1 and 2. The
histologic findings in Figures 1 and 2 are representa-
tive of all the kidney specimens examined.
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The number of glomeruli/biopsy specimen did not
significantly differ between controls and diseased
tissues from minimal change glomerulopathy
(MCGP), membranoproliferative glomerulonephritis

Figure 2.
Immunohistologic detection of hypochlorous acid (HOCl)-modified proteins and MPO in glomeruli of regular kidney (controls), MCGP, MPGN, and MGN. Tissue
sections were incubated with monoclonal (mAb) 10A7H9 (A to D) or 6E10E11 (E to J) as primary antibodies (for detailed incubation conditions see “Materials and
Methods”). Staining was performed by the APAAP method (A to H) or the immunogold-silver enhancement (IGSE) method (I and J). Representative sections from
Table 3 are shown. A, Regular glomerulus from healthy controls. B, MPGN with part of glomerulus; staining for HOCl epitopes in capillaries and basement membranes
(arrows). C to H, MGN (Stages I to III) with different extent and location of HOCl-modified epitopes: C, overview of glomerulus (Stage II MGN) with staining in the
membrane (arrowheads); D, a parallel section to that shown in C, where the primary antibody was preabsorbed with a molar excess (100:1) of HOCl-bovine serum
albumin (BSA); E, part of glomerulus (Stage II MGN) demonstrating staining for MPO in basement membranes (arrowheads) and in podocytes (arrows); F, a parallel
section to that shown in E without primary antibody; G and H, MGN (Stage III G, Stage II H; see C for overview) with intramembranous granular label (arrowheads)
for HOCl-modified epitopes corresponding to immune deposits and MPO label in Figure 1E. I, Tubulointerstitial staining in focally advanced chronic tubulointerstitial
lesions showing positive flattened epithelia in ectactic tubules (arrows) and mononuclear cells (arrowheads) in MGN. J, Interstitial foam cells with pronounced staining
at border of cytoplasm in MGN.

Table 1. Monocytes/Macrophages and MPO-Positive
Cells in Glomeruli of Controls and Patients

n
Number of

glomeruli/biopsy A B

Controls 3 9.8 � 2.0 1.7 � 0.4 0.9 � 0.4
MCGP 6 9.5 � 1.5 2.4 � 0.5 1.1 � 0.3
MPGN 5 10.5 � 1.3 33.0 � 10.6* 13.0 � 2.5*
MGN 30 12.5 � 3.0 4.0 � 0.8* 2.4 � 0.4*

A, number of L1-antigen positive cells per glomerulus; B, number of
MPO-positive cells per glomerulus. Values are given as mean � SEM.

* p � 0.05 to controls.

Table 2. Staining for HOCl-Modified Epitopes in Different
Stages of MGN Using mAb 6E10E11 as a Primary
Antibodya

Intensity of
staining n

Stage

I II III IV

Slight,
segmental

8 4 2 2 0

Moderate 14 0 10 4 0
Pronounced 8 2 4 2 0
a Classification of stages I to IV is given according to Ehrenreich and Churg

(1968). The same staining pattern was obtained when mAb 10A7H9 was used
as primary antibody.

b No case with stage IV was evaluated. Thus 22 (73%) of 30 patients
showed a significant positivity for hypochlorite-modified protein staining in the
glomerulus, this compared with 100% of biopsy specimens in MPGN and 0%
in MCGP and healthy controls.
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(MPGN), and MGN (Table 1). After immunohisto-
chemistry, the number of monocytes in MCGP did
not significantly differ from controls (Fig. 1, A and B).
Positive staining could be observed in the periglo-
merular capillary as well as in capillaries of the
glomerulus. However, many L1-antigen- and CD68-
positive cells were seen in capillaries and mesan-
gium in MPGN (Fig. 1C). In comparison with con-
trols, the amount of L1-antigen- and CD68-positive
cells in glomeruli of MPGN was increased by ap-
proximately 20-fold (Table 1). Although, by conven-

tional light microscopy the number of glomerular
mononuclear cells was not tremendously increased
in MGN (compared with controls), a significant rise
in monocytes/macrophages could be demonstrated
by immunohistology in the glomerulus (Fig. 1D,
Table 1).

In the next series of experiments, staining and
localization of MPO in kidney biopsy specimens was
performed; the identification of MPO-positive cells in
glomeruli of biopsy specimens from controls and
diseased kidney was comparable to that obtained with
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anti-L1-antigen or anti-CD68 IgG. In both the glomer-
uli of controls and MCGP, no cellular staining for
immunoreactive MPO could be detected (Table 1, Fig.
1E), whereas many MPO-positive cells were present in
the glomerular convolute of MPGN biopsy specimens
(Fig. 1F, Table 1). Staining for MPO in kidney biopsy
specimens with MGN revealed staining of mononu-
clear cells within capillaries and the GBM (Fig. 1, G
and H). Table 1 summarizes the number of L1-/CD68-
and MPO-positive cells in control and diseased tissue
sections. From these findings we may conclude that
L1-positive cells do apparently represent the major
source for MPO in MPGN.

Next we studied whether HOCl-modified proteins
are present in glomeruli of controls and patients and
whether staining is associated with other cells/tissues.
Immunoreactive HOCl-modified epitopes could not be
identified in either glomeruli from healthy controls (Fig.
2A) or in glomeruli from biopsy specimens with MCGP
(data not shown). However, all biopsy specimens with
MPGN showed irregular glomerular staining for HOCl-
modified proteins. Staining could be observed in cap-
illary membranes but also in the subendothelial space
(Fig. 2B).

In the next series of experiments, the presence of
HOCl-modified proteins was followed in glomeruli of
biopsy specimens from patients with different Stages
(I to III) of MGN. In 22 (73%) of 30 patients, a
significant label could clearly be seen. In the remaining
eight biopsy specimens, the HOCl label was segmen-
tal and weak to very weak. In kidney biopsy speci-
mens from patients with Stage I MGN, the main area
stained for HOCl-modified proteins was the glomeru-
lus. Staining was associated with intracapillary leuko-
cytes and basement membranes (Fig. 2, C and H). The
same staining pattern was obtained when mAb
10A7H9 was used as a primary antibody. Omission of
the primary antibody (data not shown) or competition
of the primary antibody with authentic HOCl-LDL ( Fig.
2D) prevented antibody binding. Also in Stage III MGN,
staining for HOCl-modified epitopes was associated
with the GBM and podocytes (Fig. 2G). Omission of
the primary antibody (Fig. 2F) or replacement of the
corresponding mAb with an IgG isotype control
(IgG2bk) eliminated all staining, demonstrating that the
staining observed was a result of the mAbs rather than
nonspecific effects. Also, competition with authentic
HOCl-LDL or HOCl-bovine serum albumin (BSA) (at
molar ratios of 1/20) but not with native LDL or BSA
prevented antibody binding in glomeruli at basement
membranes, podocytes, and tubular epithelia (not
shown), demonstrating that the staining was specific
for HOCl-modified epitopes generated in vivo by the
MPO-H2O2-halide system.

Definitive positive staining for HOCl epitopes in
mesangial areas was an infrequent finding (data not
shown). However, it is worth mentioning that areas of
the GBM positive for HOCl-modified epitopes were
often also positive when anti-human MPO IgG was
used in parallel sections. These findings are indicative
for the colocalization of MPO with HOCl-modified
proteins (Fig. 2, E, G, and H). In general it could be

observed that the higher the mean number of mono-
cytes/macrophages or MPO-containing cells per glo-
merulus, the stronger the intensity of the glomerular
staining for HOCl-modified epitopes. In biopsy spec-
imens from Stage I MGN, staining was either very faint
to slight or showed a segmentally accentuated posi-
tivity (Table 2). In biopsy specimens from Stage II and
III MGN, the staining was more pronounced, showing
positivity for HOCl-modified epitopes in between
moderate and intensive in the majority of patients.

Positive staining for HOCl-modified proteins could
also be found in atrophic tubules. However, interstitial
mononuclear cells and foam cells also showed stain-
ing for HOCl-modified epitopes (Fig. 2, I and J),
findings that are in accordance with our previous data
in which HOCl-modified proteins were identified in
human interstitial nephritis (Malle et al, 1997).

Discussion

The results presented here show that HOCl-modified
proteins are present in glomeruli of patients with
MPGN and MGN. Using specific IgG mAbs, HOCl-
modified epitopes generated in vivo by the MPO-
H2O2-halide system were detected by immunohisto-
chemistry in human podocytes and intracapillary cells
and extracellularly in basement membranes. In paral-
lel, immunohistochemical localization of HOCl-
modified proteins was observed at sites at which
MPO, the only enzyme known to generate HOCl, could
be detected. Because ROS are contributing factors to
kidney damage in vivo (Baud and Ardaillou, 1986), we
may conclude from our findings that the MPO-H2O2-
halide system is relevant for glomerular dysfunction in
different forms of human glomerulonephritis.

Several lines of evidence indicate that lipoproteins
are among the list of factors that contribute to the
development of glomerulosclerosis, perhaps mimick-
ing some pathways leading to atherosclerosis (Dia-
mond and Karnovsky, 1988; Gröne et al, 1994). Cu2�–
ox-LDL, a convenient experimental model of
physiologically important LDL modification, binds to
mesangial cells (Coritsidis et al, 1991). Ox-LDL may be
taken up by macrophage scavenger receptor-
dependent pathways, leading to cholesterol engorged
foam cells in the kidney. Once internalized, the mod-
ified particles may stimulate the synthesis of growth
factors, cytokines, and other mediators of matrix-
protein synthesis and even activate extracellular
signal-regulated kinases (Ha et al, 1998; Jenkins et al,
2000; Kamanna et al, 1996; Tan et al, 1997). Indeed,
ox-LDL has been identified in experimental focal glo-
merulonephritis in hypercholesterolemic rats in vivo
(Magil et al, 1993). However, glomerular staining for
IgG mAbs (raised against lysine adducts of arachi-
donic acid-mediated products or MDA-LDL) appeared
stronger and more extensive than that for IgM mAbs,
recognizing ox-LDL (Magil et al, 1993). Immunohisto-
chemical identification of modified LDL by another
IgM mAb (cross-reacting with MDA- and Cu2�–ox-
LDL epitopes) revealed staining in nonsclerotic glo-
meruli (intracellularly and extracellularly), in the scle-
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rotic segments of a glomerulus, and in foam cells of
rats in which nephrosis was induced by puromycin
aminonucleoside (Lee et al, 1997). Subsequently, the
presence of lipid peroxidation products in kidney from
PHN rats, an animal model of human MGN, gives
further credence to the effect of ROS in the formation
of glomerular lipid peroxidation products (Exner et al,
1996; Neale et al, 1994). In human renal tissues,
immunoreactivity supposedly showing peroxidation
products, ie, MDA adducts, was documented in ex-
panded mesangial areas in early diabetic nephropathy
but also in lesions of focal segmental glomeruloscle-
rosis and mesangial areas (Horie et al, 1997; Lee and
Kim, 1998).

Although we have not followed the presence of lipid
peroxidation products in human MGN, the overall
staining patterns observed for the presence of HOCl-
modified epitopes were similar to those reported for
ox-LDL (Horie et al, 1997; Lee and Kim, 1998; Lee et
al, 1997). This suggests that (lipo)protein lipid peroxi-
dation and HOCl-mediated oxidation might occur in
similar locations. Indeed, tyrosyl radicals, generated
by MPO in vivo in the absence of chloride ions, may
initiate lipid peroxidation (Savenkova et al, 1994).
Subsequently, nitrogen dioxide radicals generated by
the MPO-H2O2-nitrite system may also promote lipid
peroxidation (Hazen et al, 1999), while secondary
radicals derived from chloramines of proteins may
also contribute to HOCl-induced lipid peroxidation of
(lipo)proteins (Hazell et al, 1999). In support for this is
the observation that enhanced generation of ROS in
hyperlipidemia-induced renal damage is tightly cou-
pled with the generation of HOCl-modified epitopes
(Scheuer et al, 2000).

At the GBM, leukocytes may be stimulated by
trapped immune complexes to adhere and to produce
oxidants at the site of attachment (Yoshioka and
Ichikawa, 1989). Both hydroxyl radicals and H2O2 are
involved in depolymerization of GBM-heparan sulfate,
leading to the loss of GBM integrity and albuminuria
(Raats H et al, 1997). Neutrophil-derived MPO may be
localized, presumably on a charge basis, on the GBM
without causing demonstrable injury. However, sub-
sequent exposure to H2O2 results in severe glomerular
damage associated with halogenation of the GBM
(Johnson et al, 1988). Although we did not perform
immunoelectron microscopy to precisely locate bind-
ing sites of MPO within the GBM (because of paraffin
embedding for routine work), the light microscopy
observations suggested binding of MPO to subepithe-
lial and intramembranous immune deposits. The
epitopes generated by the MPO-H2O2-halide pathway
are primarily protein-chloramine-adducts, which in
turn may exert cytotoxicity, chemotactic and immune
modulating activities, and alterations in intracellular
calcium concentrations (Hammer et al, 2001; Thomas
et al, 1986; Woenckhaus et al, 1998; Zabe et al, 1999).
The fact that HOCl-modified lipoproteins are prefer-
ential ligands for scavenger receptors (Marsche et al,
2001) is of supporting evidence that chloramine deriv-
atives could exert profound changes in intracellular

signaling pathways in the kidney as reported for
ox-LDL (Jenkins et al, 2000).

The number of MPO-positive cells in MGN parallels
those of monocytes/macrophages, cells that contrib-
ute to glomerular injury in PHN rats (Hara et al, 1991)
and represent a source for immunoreactive MPO in
tissues. The pronounced immunohistochemical stain-
ing for HOCl-modified epitopes in glomeruli and in the
cytoplasm of podocytes is indicative for ROS and
ROS-induced development of glomerular capillary
wall damage (Schulze et al, 1989). In PHN, in which
H2O2 also accumulates within the glomerular capillary
wall, proteinuria requires formation of the complement
C5b-9 membrane attack complex, which is presum-
ably triggered by complexes of lipid antigens associ-
ating with megalin/gp330 immune complexes (Kerjas-
chki et al, 1989; Neale et al, 1994). The role of
podocytes seems to retrieve the membrane attack
complex and subsequently to inactivate these protein
complexes by endocytosis, a mechanism leading to
sublytic damage.

In summary, we could show by immunohistochem-
istry the presence of HOCl-modified proteins in human
MPGN and in different stages of MGN. In particular,
the in situ colocalization of HOCl-modified epitopes
and MPO suggests the MPO-H2O2-halide system to
be responsible for renal hemodynamic alterations and
progressive chronic renal diseases in vivo. How HOCl-
modified proteins are formed in human MGN in vivo
could be in part by intermediate formation of lipid
peroxidation products. However, the presence of
HOCl-modified proteins in human glomerulonephritis
indicates that MPO, an enzyme present under inflam-
matory conditions, may act as a candidate for oxida-
tive modification in the kidney.

Methods

Reagents

BSA (fatty-acid free) was obtained from Sigma
(Taufkirchen, Germany). Goat anti-mouse IgG (perox-
idase conjugated) was obtained from Chemicon (Te-
mecula, California). Polyclonal antibodies (rabbit anti-
human MPO IgG fraction, rabbit anti-mouse antibody,
and mouse anti-rabbit antibody) and mAbs (mouse
anti-human CD68 and mouse anti-human myeloid/
histiocyte antigen) were obtained from Dako
(Glostrup, Denmark). Two different IgG mAbs (clone
6E10E11 and 10A7H9) raised against HOCl-modified
LDL (800 molecules of HOCl per LDL particle) were
used (Malle et al, 2000). Characterization of the mAbs
revealed them to be highly specific for HOCl-modified
epitopes and not to cross-react with other oxidative
(lipo)protein modifications, ie, peroxynitrite-LDL,
hemin-LDL, Cu2�–ox-LDL, 4-hydroxynonenal–LDL,
MDA-LDL, glycated-LDL, or acetylated-LDL. The
mAbs recognize a specific epitope present on various
proteins after treatment with hypochlorite added as
reagent or generated by the MPO-H2O2-halide
system.

For competition experiments, HOCl-LDL was pre-
pared as described (Malle et al, 1995), and HOCl-BSA
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was obtained in a similar fashion. Briefly, 1 mg of
protein (LDL or BSA) per milliliter of phosphate-
buffered saline (PBS) (pH 7.4) was incubated with
HOCl solution at 4° C up to 2 hours at pH 7.4. HOCl
was used at a ratio of 800 molecules per LDL particle
and 100 molecules per BSA particle, respectively.

Human Renal Tissues

Human renal tissue consisted of transcutaneous renal
biopsy specimens. Renal biopsy specimens were
fixed in 4% (v/v) phosphate-buffered formaldehyde
solution (99 mM NaH 2PO4, 108 mM Na2HPO4, 248
mM NaCl, pH 7.35) at 4° C for 24 hours; phosphate-
buffered formaldehyde-fixed tissues were then em-
bedded in paraffin. The specimens were primarily
used to obtain a clinicopathologic diagnosis by per-
forming (a) light microscopy stains (periodic acid-
Schiff and Goldner Trichrome) and (b) immunohistol-
ogy for immunoglobulins A, G, and M and
complement factors C3 and C1q and fibrinogen/fibrin
on protease-treated paraffin sections by the alkaline
phosphatase anti-alkaline phosphatase techniques
(APAAP, see below). In addition, (c) transmission elec-
tron microscopy on araldite-embedded ultrathin sec-
tions was performed.

Details of patients and their clinicopathologic diag-
noses of renal diseases, ie, (a) MCGP without focal
and segmental glomerulosclerosis, (b) type I MPGN,
and (c) MGN, were listed in Table 3. Control biopsy
specimens that were taken because of microhematu-
ria were regular renal parenchyma as judged by his-
topathologic techniques mentioned above. Approval
by the ethics committee of the Medical Faculty of the
University of Heidelberg was obtained to use the
embedded tissue samples for further investigation.

Immunohistochemistry

Immunohistochemistry was carried out on 5-�m sec-
tions of paraffin-embedded tissue listed in Table 3
using either the APAAP technique or immunogold-
silver enhancement (IGSE) technique.

APAAP Technique

Tissue sections were deparaffinized, rehydrated, and
incubated with mAbs used at a 1:1 dilution of the
corresponding hybridoma supernatant (clones
6E10E11 and 10A7H9, containing 16.5 to 46.3 �g
IgG/ml). For competition experiments, the primary
antibody was preincubated with the competitor

(HOCl-LDL or HOCl-BSA) at the concentration indi-
cated and then added to the section. After application
of mAbs to the slides for 2 hours at 22° C, a rabbit
anti-mouse antibody (Z 259; Dako) was used at a
dilution of 1:40 at 22° C for 1 hour; alkaline-phospha-
tase–conjugated mouse mAb (diluted 1:40) was then
incubated at 22° C for 1 hour. All dilutions were done
in PBS (pH 7.6). For staining, slides were exposed to a
solution of sodium nitrite (28 mM), new fuchsin (basic
fuchsin) (21 mM), naphthol-AS-BI-phosphate (0.5
mM), dimethylformamide (64 mM), and levamisole (5
mM) in 50 mM Tris/HCl buffer (pH 8.4, containing 146
mM NaCl) for 15 minutes.

Immunohistochemical detection of MPO was done
by rabbit polyclonal anti-human IgG (diluted 1:100)
and the APAAP method by adding a polyclonal mouse
anti-rabbit antibody (M 737, diluted 1:50; Dako) before
the addition of polyclonal rabbit anti-mouse antibody
(Z 259; Dako), followed by the reaction steps de-
scribed above.

Characterization of cells was primarily performed on
the basis of their morphology as assessed by coun-
terstaining with aqueous hematoxylin before applica-
tion of gelatin mounting medium. To further charac-
terize monocytes/macrophages and to detect human
cytoplasmic antigen (L1-antigen or calprotectin) ex-
pressed in granulocytes, blood monocytes and tis-
sues histiocytes, serial sections were stained with
either monoclonal anti-human CD68 (clone KP1, di-
luted 1:50; Dako) or monoclonal anti-human myeloid/
histiocyte antigen (clone MAC 387, diluted 1:50;
Dako). The immunohistochemical procedure was per-
formed as described above.

IGSE Technique

To block unspecific binding sites, tissue sections were
incubated with skim milk (4%, w/v) in 50 mM Tris/HCl
(pH 7.6, containing 146 mM NaCl) at 22° C for 25
minutes. After incubation of tissue sections with mAbs
(clone 6E10E11 or 10A7H9) for 1 hour at 22° C, a
biotinylated goat anti-mouse antibody (Jackson Im-
munoResearch Labs, West Grove, Pennsylvania), di-
luted 1:800 in skim milk (2%, w/v, in 50 mM Tris/HCl,
pH 7.6), was applied at 22° C for 30 minutes. Then a
peroxidase-coupled streptavidin (diluted 1:2000 in the
same buffer) was used for 30 minutes at 22° C. Finally
a polyclonal antibody against horseradish peroxidase
coupled with 6-nm gold particles was added at 22° C
for 45 minutes; the antibody was diluted 1:20 in PBS
(pH 7.6) containing BSA (1%, w/v), Triton X-100
(0.01%, w/v), and Tween 20 (0.01%, w/v). After fixa-
tion of the section in PBS (pH 7.6) containing 2% (v/v)
glutaraldehyde, a silver enhancement was performed
at 22° C for about 15 minutes, stopping the reaction
depending on light microscopic appearance of stain-
ing intensity. The silver enhancement solution con-
tained citric acid (71 mM), tri-sodium citrate (12 mM),
hydrochinone (22 mM), and silver acetate (12 mM).
Thereafter slides were exposed to developing solution
(Kodak Readymatic R; Kodak, Rochester, New York).
Kernechtrot (1%, w/v) was taken as counterstain.

Table 3. Age and Sex of Patients and Histopathologic
Diagnosis of Renal Tissues Taken for Immunohistology

Histologic Diagnosis n Sex (male/female) Age* (yrs)

Controls 3 2/1 28.0 � 9.1
MCGP 6 4/2 33.3 � 8.5
MPGN 5 2/3 49.6 � 5.1
MGN 30 16/14 48.1 � 3.1

* Mean � SEM.
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Control experiments for the immunohistochemical
assays encompassed immunohistology (a) with non-
immune mouse IgG, (b) with HOCl-LDL or HOCl-BSA
as competing antigens, (c) without primary monoclo-
nal or polyclonal antibodies, (d) without secondary
antibody, or (e) without alkaline phosphatase- or
immunogold-coupled antibodies.
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