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Abstract. Some studies have demonstrated the involvement of nuclear factor-kappa B (NF-kB) in the pathogenesis of glomeru-
lonephritis. The aim of our study was twofold: (1) to analyze the prognostic value of NF-kB expression in primary IgA nephropa-
thy (IgAN) and (2) to compare the results of NF-kB expression by immunohistochemistry (IHC) and southwestern histochemistry
(SWH). We analyzed 62 patients diagnosed with IgAN from 1987 to 2003. We used monoclonal antibodies to CD68 and mast
cell tryptase and polyclonal antibodies to TGF-31, a-SMA and NF-kB p65. We used SWH for the in situ detection of activated
NF-kB. The results showed that NF-kB expression (mainly by SWH) correlated with clinical and histological parameters. An
unfavorable clinical course of IgAN was significantly related to tubular NF-kB expression by SWH, but not by IHC. The Kaplan-
Meier curves demonstrated that increased NF-kB expression, which was measured by IHC and SWH, decreased renal survival.
In conclusion, the increased expression of NF-kB in the tubular area may be a predictive factor for the poor prognosis of patients
with IgAN. Compared with IHC, NF-kB expression determined by SWH was correlated with a larger number of parameters of
poor disease outcome.
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1. Introduction ar factor-kappa B (NF-kB), have been shown to reg-
ulate many genes involved in the progression of renal
disease [6].

Prior to activation, NF-kB remains in an inactive
form in the cytoplasm, where it binds to inhibitory IkB
proteins. The hallmark of NF-kB activation is the nu-
clear translocation of dimeric Rel protein transcription
factors. Once activated, NF-kB, activates the transcrip-
tion of target genes involved in inflammation, immu-
nity, apoptosis, cell proliferation and differentiation [8,
16]. Using southwestern histochemistry (SWH), some
previous studies demonstrated that NF-kB played a piv-
otal role in proteinuric nephropathy, such as minimal
change disease, idiopathic membranous nephropathy,
diabetic nephropathy and lupus nephritis [10,11,22].
Indeed, proteins have been shown to activate tubular
expression of chemokines, mainly MCP-1, in proximal
tubules through an NF-kB-dependent mechanism [6].

IgA nephropathy (IgAN) remains the most common
form of glomerulonephritis (GN) worldwide and may
cause end-stage renal disease (ESRD) [2]. The pro-
gression of chronic renal failure in GN is characterized
by the development of renal fibrosis. This process has
been shown to be associated with phenotypic changes in
glomerular and interstitial cells, and can be recognized
by expression of smooth muscle actin (a-SMA) [1].
A large number of cytokines, inflammatory mediators
and growth factors produced by macrophages and oth-
er cells, such as mast cells (MCs), are related to re-
nal fibrosis [4,6]. Transcription factors, such as nucle-
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To understand the regulatory mechanism of gene ex-
pression, we used SWH to study in sifu expression of
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activated NF-kB. In addition, we combined this method
with standard immunohistochemistry (IHC). Our aim
was to analyze whether the expression of NF-kB could
be associated with inflammatory mechanisms and clin-
ical parameters, which would predict an unfavorable
renal clinical course in patients with IgAN. The results
of the expression of NF-kB by SWH and IHC were also
compared.

2. Subjects and methods
2.1. Patients and clinical evaluation

We studied renal biopsies from 62 patients with
IgAN. Clinical and laboratory data were obtained from
the medical records of the patients. The following clas-
sifications of IgAN outcome were considered during
clinical follow-up [18]: (i) clinical remission (CR),
which was proteinuria below 200 mg/day with normal
renal function; (ii) clinical improvement (CI), which
was regression of nephrotic or nephritic syndrome or
reduced proteinuria with stable renal function; (iii)
unchanged (UC), which was unchanged clinical and
laboratory data during the course of the disease, (iv)
clinical worsening (CW), which was aggravation of
nephrotic or nephritic syndrome or increased protein-
uria with normal renal function; and (v) chronic re-
nal insufficiency (CRI), which was serum creatinine of
1.5 mg/dL or more and/or creatinine clearance of less
than 90 mL/min per 1.73 m2, or the need for dialysis
or renal transplant (ESRD). We considered remission,
clinical improvement and unchanged condition to in-
dicate a favorable clinical outcome, whereas clinical
worsening and chronic renal insufficiency indicated an
unfavorable clinical outcome.

2.2. Morphological evaluation

The samples were analyzed using common light and
immunofluorescence microscopy. The tissues obtained
by renal biopsies from the 62 IgAN patients and con-
trol sections were stained with hematoxylin and eosin,
Masson’s trichrome and methenamine silver. Intersti-
tial fibrosis was assessed in a semiquantitative manner:
absent, < 10% of the total area; mild, 10 to 25% of
the total area; moderate, 26 to 50% of the total area;
and severe, > 50% of the total area. Frozen renal tis-
sue specimens were prepared for immunofluorescence
microscopy.

2.3. Immunohistochemical studies

This assay was performed according our previous
description [18]. We used primary antibodies provid-
ed by Novocastra®, Santa Cruz Biotechnology® and
DAKO Corporation®: a polyclonal antibody for NF-
kB (1:200), a monoclonal mouse antibody for human
macrophage CD68 (1:150), a monoclonal antibody for
human MCs tryptase (1:30), a polyclonal antibody
for human TGF-$1 (1:250), and a monoclonal anti-
body for human -SMA (1:1000). Chromogen devel-
opment was performed with 3,3’ — diaminobenzidine
(DAB) (Sigma), and the material was counterstained
with methyl green prior to dehydration and mounting.

Quantification of MCs and macrophages was per-
formed, and the number of cells/mm? was counted us-
ing a light microscope with a 10X magnification ob-
jective and an automatic image analyzer (KS 300 Kon-
tron Imaging System, Eching bei Miinchen, Germany).
Glomerular expression of a-SMA and TGF-§1 was
graded semi-quantitatively [18]: O, no staining; 1, trace
mesangial staining; 2, weak segmental mesangial stain-
ing; 3, strong segmental mesangial staining; and 4,
strong diffuse mesangial staining. The a-SMA and
TGF-(1 immunoreaction in the tubulointerstitium as
well as the tubular NF-kB (SWH and IHC) of the re-
nal cortex were scored as follows: 0, absent staining;
1, weak staining with focal distribution; 2, moderate
staining with focal distribution; 3, strong staining with
focal distribution or weak and diffuse; and 4, strong
and diffuse.

2.4. Southwestern histochemical analysis

The non-radioactive in situ detection of NF-kB in
paraffin-embedded kidney tissue preparations was per-
formed by the SWH method, which has been previous-
ly described [8], using digoxigenin labeling and detec-
tion kits (Roche Applied Science, Indianapolis, USA).
Synthetic sense DNAs (Imprit Genetics Corporation,
Hialeah, USA), which contained the NF-kB sequence,
were used as the probe. After annealing with the com-
plementary sequence, the DNA probe was labeled with
digoxigenin. The sections were then incubated with
the labeled probes for 12 h at 37°C. Slides were then
incubated with an anti-digoxigenin antibody conjugat-
ed with alkaline phosphatase and detected using an
NBT/BCIP solution. The slides were then mounted
with glycerol. A mutant form of the probe labeled with
digoxigenin was used as a negative control.
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Table 1
Clinical outcome of 62 patients with IgAN
Clinical outcome %
Clinical remission(CR) 7 (11%)
Clinical improvement(CI) 17 (27%)
Unchanged(UC) 4 (7%)
Favorable course 28 (45%)
Clinical worsening(CW) 4 (7%)
Chronic renal failure(CRF) 12 (19%)
End-stage renal disease(ESRD) 18 (29%)
Unfavorable course 34 (55%)

2.5. Statistical analysis

When data distribution was normal, the values were
expressed as mean + standard deviation. Proportions
were determined using the standard chi-square test (x?)
with Yates correction or Fisher’s exact test. Correla-
tions between non-continuous variables were calculat-
ed by Spearman’s correlation coefficients. A signifi-
cant difference was accepted if p < 0.05.

Survival analysis was performed to test the associa-
tion between renal failure and NF-kB (SWH and THC).
Survival times from the first clinical assessment to the
last follow-up were obtained for each patient. Univari-
ate comparisons of renal survival rates were made by
Kaplan-Meier curves and the log-rank test.

3. *Results

Sixty-two patients were included in the present
study: 32 men (51.6%) and 30 women (48.4%). The
distribution of the 62 patients according to clinical out-
come is shown in Table 1. For purposes of statistical
analysis, we classified 28 (45%) patients as having a fa-
vorable clinical course and 34 (55%) patients as having
an unfavorable clinical course. The average follow-up
times were very similar between the two groups: 76.32
=+ 47.84 months for the patients with an unfavorable
course and 73.29 + 50.85 months for the patients with
a favorable course.

3.1. NF-kB detected by SWH

Using SWH, NF-kB was detected in cortical tubular
epithelial cells and sparsely in some glomerular cells.
This pattern of activated NF-kB was observed in the
renal sections of most IgAN patients, but it was absent
in the normal renal specimens of the controls (Fig. 1).

There were significant correlations between the his-
tological scores for NF-kB expression measure by
SWH in the tubular area and the magnitude of protein-

Table 2
Clinical outcome of 62 IgAN patients as a function of NF-kB by
SWH score in tubular area

NF-kB SW Clinical outcome Total
Score CR CI UC CW CRI ESRD
0 4 1 9 1 2 1 18
1 2 2 6 3 6 12 31
2 1 1 2 0 4 5 13
Total 7 4 17 4 12 18 62

Legend: CR, Clinical remission; CI, Clinical improvement; UC,
Unchanged; CW, clinical worsening; CRI, Chronic renal insuffi-
ciency; ESRD, end-stage renal disease.

Comparing (CR+CI4-UC and CW+CRI+ESRD) versus (0 and
142): X2Test, p = 0,003.

uria at the time of biopsy (p = 0.02) and at the end
of the follow-up (p < 0.01). There were also corre-
lations between NF-kB expression measured by SWH
and serum creatinine at the time of biopsy and at the
end of the follow-up (p < 0.01). Similarly, significant
correlations were found between the same scores for
tubular NF-kB expression measured by SWH and the
presence of arterial hypertension at the time of biopsy
and at end of the follow-up (p < 0.01).

We observed a significant correlation between tubu-
lar NF-kB expression and the clinical course (Table 2).
Indeed, the absence of NF-kB expression (SWH score
0) indicated a favorable clinical course (CR+CI+UC)
and the presence of NF-kB expression (SWH score 1
or 2) was correlated with an unfavorable clinical course
(CW+CRIH+ESRD) (p = 0.01).

Tubular activated NF-kB expression was correlated
with the degree of tubulointerstitial lesion and the pres-
ence of vascular injury (p < 0.01). There were no
significant correlations between tubular activated NF-
kB expression measured by SWH and interstitial and
glomerular TGF-£1 or glomerular and tubulointersti-
tial a-SMA expression. The expression of NF-kB mea-
sured by SWH did not show a positive correlation with
the infiltration of MCs (p = 0.11). It did tend to corre-
late with macrophages in the interstitial compartment
(p =0.07).

3.2. NF-kB detected by IHC

Using IHC, normal epithelial tubular cells in control
sections demonstrated weak cytoplasmic staining for
NF-kB, which was regarded as the baseline staining.
Most of our IgAN cases showed stronger cytoplasmic
staining than baseline (sometimes focal or diffuse). No
nuclear staining was observed in the present study, and
some slides were also prepared without counterstain to
prove that (Fig. 1).
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Fig. 1. Southwestern histochemistry (SWH) and Immunohistochemistry (IHC) for NF-kB. SWH: (A) the absence of staining in a preserved area
of cortex, (B) moderate staining in tubules and weak staining in the glomeruli. THC: (C) the baseline staining in preserved areas of the renal
cortex, (D) foci of strong staining in preserved tubules in areas of interstitial fibrosis (A: objective 10x; B, C, D: objective 40x). )

Table 3
Clinical outcome of 62 IgAN patients as a function of NF-kB IHC
score in tubular area

NF-kB THC Clinical outcome Total
Score CR CI UC CW CRI ESRD
0 2 1 2 1 2 0 8
1 3 1 8 3 2 4 21
2 2 2 6 0 7 12 29
3 0 0 1 0 1 2 4
Total 7 4 17 4 12 18 62

Legend: CR, Clinical remission; CI, Clinical improvement; UC,
Unchanged; CW, clinical worsening; CRI, Chronic renal insuffi-
ciency; ESRD, end-stage renal disease.
Comparing (CR+-CI4-UC and CW+CRI+ESRD) versus (041
and 2+3): Fisher exact test, p = 0,17.

There were significant correlations between histo-
logical scores for NF-kB expression by IHC in the tubu-
lar area and both the magnitude of proteinuria at the
end of the follow-up (p = 0.01) and serum creatinine
at the time of biopsy (p < 0.01). There were not sig-
nificant correlations, however, between NF-kB expres-
sion, determined by IHC, and urinary protein excretion
at the time of biopsy (p = 0.32) or serum creatinine at
the end of the follow-up (p = 0.28). Although there
was not a significant correlation between NF-kB scores
measured by IHC and the presence of arterial hyper-
tension at the time of biopsy (p = 0.45), there was a
correlation between NF-kB and the presence of arterial
hypertension at end of the follow-up (p < 0.01). No
significant correlations were observed between clinical

course and NF-kB expression measured by IHC (Ta-
ble 3, p = 0.28).

Tubular NF-kB expression measured by IHC was
correlated with the degree of tubulointerstitial fibro-
sis and the presence of vascular injury (p < 0.01).
There were no significant correlations, however, be-
tween tubular NF-kB measured by IHC and interstitial
and glomerular TGF- 31 or glomerular and tubuloint-
erstitial a-SMA expression. The expression of NF-kB
measured by IHC showed positive correlations with the
infiltration of MCs and macrophages in the interstitial
compartment (p = 0.01 and p < 0.01, respectively).
The Spearman correlation coefficients between tubular
expression of NF-kB (SWH and IHC), and both inter-
stitial MCs and macrophages are shown in Fig. 2.

Figure 3 shows that the expression of NF-kB, mea-
sured by both IHC and SWH was correlated with renal
survival in subsequent months, which was demonstrat-
ed by the Kaplan-Meier curves. After analysis with
the log-rank test, high scores for NF-kB measured by
both IHC and SWH predicted poorer survival of renal
function (p < 0.01).

4. Discussion

Mezzano et al. detected NF-kB expression, measured
by SWH, in cortical tubular epithelium and sparsely in
podocytes of a few glomeruli. THC was also able to
detected NF-kB in tubular epithelial cells (cytoplasm
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Fig. 2. (A) Spearman’s correlation coefficients (r) between MCs and NF-kB measured by SWH and IHC; (B) Spearman’s correlation coefficients

(r) between macrophages and NF-kB measured by SWH and THC.
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Fig. 3. This figure shows the renal survival of patients with IgAN (n = 62) as a function of NF-kB measured by IHC and SWH. The score of 0
or 1 was considered to be low, and a score of 2 or 3 (not found in NF-kB measured by SWH) was considered to be high. The end point for renal
survival was defined as ESRD requiring dialysis or transplant. Vertical hatched marks on the survival curves indicate the end of follow-up for

patients who did not develop ESRD.

and nucleus) [10,11]. The use of SWH in the present
study showed a distribution of NF-kB staining similar
to that described above. For IHC, staining was only
found in the cytoplasm, which means that NF-kB was in
an inactive form. Activation of NF-kB in renal tubular
cells has been implicated in tubulointerstitial injury in
a proteinuria-induced model in rats [15]. In a study of
various human glomerulopathies, including IgAN, the
expression of NF-kB, measured by SWH, was mainly
present in patients with proteinuria [10]. These findings
were similar to those from our study, which found a
positive correlation between initial proteinuria and NF-
kB (SWH) and final proteinuria and NF-kB (SWH and
IHC).

In models of kidney disease caused by tacrolimus,
the activation of NF-kB was increased, and it was as-

sociated with decreased renal function and increased
tubulointerstitial injury [19]. In vivo and in vitro stud-
ies have suggested that the transcription factor NF-kB
plays a role in tubulointerstitial injury. Indeed, both
IHC and SWH demonstrated that the activation of NF-
kB was related to tubulointerstitial injury and deteri-
oration of renal function [3,22]. These findings were
similar to those from our study, which found posi-
tive correlations between NF-kB expression (SWH and
IHC) and serum creatinine at the time of biopsy as
well as NF-kB (SWH) expression and serum creati-
nine at the end of the follow-up. In experimental GN,
the expression of NF-kB was higher in areas where
there were increased numbers of macrophages and my-
ofibroblasts [8]. These data suggested that activation
of interstitial fibroblasts was attenuated by inhibition
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of NF-kB in this experimental model. In the present
study, there was no correlation between the expression
of glomerular or tubulointerstitial «-SMA and tubular
NF-kB (SWH and IHC). It is important to remember
that a-SMA is only expressed in the early stage of fi-
brosis, and cases with more favorable courses of [gAN
were not present in our series.

In rats, the suppression of endothelial NF-kB, mea-
sured by IHC, showed a decrease in renal injury-
induced arterial hypertension [7]. In human renal dis-
ease, there has not been any histologic evidence of NF-
kB activation in vascular cells [10,11,17,22]. Although
we also failed to find vascular expression of NF-kB
by SWH or IHC, our study showed that NF-kB, mea-
sured by both SWH and IHC, was correlated with the
presence of vascular injury. In addition, we observed
positive correlations between hypertension at the time
of biopsy and NF-kB expression by SWH as well as
hypertension at the end of follow-up and NF-kB ex-
pression by SWH and IHC. The correlation between
vascular injury and tubular NF-kB expression can be
explained because NF-kB activation has been demon-
strated in all phases of renal disease, even in late stage
of diseases, which there is hypertension and vascular
injury [17].

Transcription factors have been shown to induce the
activation of TGF-( [24,33]. Indeed, the activation of
NF-kB has been demonstrated to be concomitant with
the expression of proinflammatory (MCP-1, RANTES,
OPN) and pro-fibrogenic genes (TGF-3) [10]. These
data supported the theory that NF-kB induces activa-
tion of proinflammatory and profibrogenic genes. In
our patients, we did not found a correlation between
glomerular or tubulointerstitial TGF-3 and NF-kB ex-
pression (SWH and IHC). These results may be due
to the low number of cases expressing TGF-£, but it
is also possible that IHC was not sensitive enough to
evaluate renal TGF-( [5,18].

Several studies have shown the involvement of in-
flammatory cells in renal fibrosis. One study showed
a correlation between the activation of NF-kB and in-
terstitial infiltration of macrophages in lupus nephri-
tis [22]. In addition, recent studies have suggested that
the signaling pathway of NF-kB was involved in the
activation of macrophages [21]. In our study, we on-
ly found a correlation between macrophage infiltration
and NF-kB measured by IHC. Although the role of
NF-kB in the activation of mast cells has been demon-
strated, none of these studies examined this relation-
ship in renal disease [12]. We found a correlation be-
tween NF-kB, measured by IHC, and the number of
MCs infiltrating the interstitium of patients with IgAN.

NF-kB participates in the regulation of gene tran-
scription by binding to a specific sequence of nucle-
ar DNA known as a response element. To better un-
derstand the operation of this transcriptional factor, an
analysis of the expression at the individual cell level is
required. In IHC, NF-kB was detected whether or not
it was bound to the response element. In SWH, howev-
er, NF-kB was only detected when it was unbound or
weakly bound to the response element. Because these
methods provide complementary results to each other,
they can be used to characterize the physiological state
of NF-kB [9]. In our study, there was no correlation
between SWH and IHC, which can be explained by
the fact that IHC and SWH detect different forms of
NF-kB. Moreover, NF-kB is a family that integrates an
intricate network of signaling pathways, and the func-
tional consequences of this variability are not fully un-
derstood. None of the techniques used in the litera-
ture offer a fully comprehensive description of NF-kB
activation and function [17].

In conclusion, renal biopsies of patients with IgAN
showed that NF-kB expression evaluated by SWH cor-
related with a higher number of parameters of poor
prognosis than NF-kB expression measured by THC.
However, NF-kB detected by IHC showed more sig-
nificant correlations with inflammation (macrophages
and mast cells), which is a key factor in the progression
of glomerulopathies. The differences between the two
techniques reflected the variability and complexity of
NF-kB action in human renal injury [13]. Therefore,
they are complementary techniques and both serve as
markers of IgAN disease progression.
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