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Summary

Mesangioproliferative glomerulonephritis (MsPGN) is a disease of high inci-
dence in humans. Rats with Thy-1 nephritis (Thy-1 N) are used as an animal
model for studying MsPGN. Although several studies have demonstrated that
many pathological factors could cause the injury of glomerular mesangial
cells (GMCs) in Thy-1 N, changes of profile and the molecular mechanism of
the disease (i.e. the role of transcription factors) at intervals remain unclear.
The purpose of this study was to identify the changes in gene expression
profile and to observe the role of nuclear factor kappa B (NF-kB) on the
pathological change of renal tissue in Thy-1 N rats. Our results showed that
the pathological changes of GMCs in Thy-1 N included three phases: apop-
tosis (40 min), necrosis (24 h) and proliferation (7 days). Concomitantly, at
40 min and on day 7, the up-regulation of 341 genes and 250 genes were
observed, while 392 genes and 119 genes were down-regulated in Thy-1 N.
Expression of interleukin (IL)-1b, IL-6, proliferating cell nuclear antigen,
a-smooth muscle actin, collagen type IV and excretion of urinary protein was
increased in rats with Thy-1 N and decreased in pyrrolidine dithiocarbamate-
treated rats with Thy-1 N. These data indicated that the significant changes in
the gene profile were coupled with the pathological changes of Thy-1 N, and
activation of NF-kB may contribute to the pathogenesis of GMCs apoptosis,
proliferation, extracelluar matrix accumulation and proteinuria in Thy-1 N.
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Introduction

Mesangioproliferative glomerulonephritis (MsPGN), char-
acterized by the production of a variety of cytokines, glom-
erular mesangial cells (GMCs) damage and extracelluar
matrix (ECM) accumulation, is a disease of high incidence in
humans. Thy-1 nephritis (Thy-1 N), induced by Thy-1 anti-
body binding to the corresponding antigen on the mem-
brane of GMCs, is a well-known model of human MsPGN
[1]. Previous studies of Thy-1 N have revealed that glomeru-
lar injury is complement-dependent and neutrophil-
independent. The complement C5b-9 complexes induced
injury of GMCs by increasing several inflammatory media-
tors or cytokines [2–4]. However, a comprehensive overview
on the mechanism governing the initiation and progression
of MsPGN has not been well elucidated.

Microarray analysis is a powerful technique that allows the
simultaneous detection of thousands of differently expressed

genes [5,6]. The value of evaluating gene expression profiles
has been documented in animal models of several diseases
[7]. Microarray analysis can be applied to kidney disease in
providing more efficient tools in clinical glomerulonephritis
[6–8]. In this study, we first created large-scale gene expres-
sion profiles for a rat MsPGN model to find pathological
genes which are potential contributors to GMC dysfunction
in Thy-1 N. Up-regulation of the nuclear factor kappa B
(NF-kB) gene was found in the process of Thy-1 N. NF-kB is
a pivotal transcription factor that regulates genes that control
multiple immune and inflammatory responses, as well as cell
proliferation and apoptosis [7]. NF-kB is activated in several
forms of experimental and human glomerulonephritis,
including immune complex kidney disease [8–11], crescentic
glomerulonephritis [12] and lupus nephritis [9]. We then
explored the role of NF-kB on the pathological changes
including GMC apoptosis, necrosis, proliferation, ECM accu-
mulation and proteinuria of rats with Thy-1 N.
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Materials and methods

Induction to Thy-1 N and experimental protocols

Thy-1 antibody against Thy-1 antigen of rat thymocyte was
prepared as documented previously [1]. Using the immuno-
histochemical method, the titre of Thy-1 antibody was
assessed to be 1:320 [1].

Twenty-four normal female Sprague–Dawley rats (180–
200 g) with normal complement activity were maintained in
the laboratory animal centre of Nanjing Medical University
under controlled-environment conditions and were given
access to food and water ad libitum. They were divided ran-
domly into three groups (eight in each group), as follows: (i)
in the Thy-1 N model group, the rats were administered
Thy-1 antibody (0·5 ml/100 g body weight) by a single intra-
venous injection; (ii) in the pyrrolidine dithiocarbamate
(PDTC) + Thy-1 N group, the rats were treated intraperito-
neally with PDTC (12 mg/100 g body weight; Sigma, St
Louis, MO, USA) prior to Thy-1 antibody injection and were
then given the same dose each day from days 1–7; (iii) in the
control group the rats were injected with normal rabbit
serum (0·5 ml/100 g body weight).

Samples of the rat renal cortices were obtained at 40 min,
24 h or on day 7 (7 days) by kidney biopsies under ether
anaesthesia. Some samples were collected and pooled for
microarray analysis and reverse transcription–polymerase
chain reaction (RT–PCR), and others were embedded in
octreotide (OCT), paraffin and Epon 812 respectively.

Microarray analysis

Total RNA isolation, cDNA synthesis, in vitro transcription
and microarray analysis were performed as reported previ-
ously [13]. Briefly, total RNA from rat renal cortices with or
without Thy-1 N was extracted and sent to Shanghai Gene
Company for analysis. The chips were scanned by an Agilent
scanner and read with Imagene software to analyse the inten-
sities of the fluorescent signals. The data were normalized by
Genespring, and the Cy3/Cy5 ratios of the two groups (Thy-1
N and control) were obtained to screen out differently
expressed genes: the down-regulated genes with a ratio of
lower than 0·5 and the up-regulated genes with a ratio higher
than 2.

Reverse transcription–polymerase chain reaction

The mRNA levels of renal tissue in rats with Thy-1 N at
40 min, 24 h and on day 7 after administration of Thy-1
antibody were assayed by RT–PCR. As described above,
equal amounts of total RNA (2 mg) from each sample were
converted to cDNA. The RT reaction was subject to PCR
amplification in a 20-ml reaction volume with 0·5 mmol/l of
each primer. The primer sequences were as follows: inter-
leukin (IL)-1b, forward primer, 5′-CTGCAGCTGGAGA

GTGTGG-3′ and reverse primer, 5′-CAT CCC ATA CAC
ACG GAC AAC TAG-3′; IL-6, forward primer, 5′-AGA GGA
TAC CAC CCA CAA C-3′ and reverse primer, 5′-GTT TCG
GTC TCA GTA AGT C-3′; and b-actin, forward primer
5′-TGA CGT TGA CAT CCG TAA AG-3′ and reverse primer
5′-ACA GTG AGG CCA GGA TAG AG-3′. PCR was per-
formed at 94°C for 10 min followed by 28 cycles of denatur-
ation, annealing and extension at 94°C for 30 s, 58°C for 30 s
and 72°C for 1 min, respectively, and the final extension at
72°C for 10 min. PCR reactions for each sample were per-
formed in duplicate. Amplication products were run on 1%
agarose gel. Ratios for IL-1b and IL-6/b-actin mRNA were
calculated for each sample.

Immunohistochemical examination

The paraffin-embedded samples of the tissues from renal
cortices (4 mm) were examined to detect NF-kB p65, prolif-
eratiny cell nuclear antigen (PCNA), a-smooth muscle actin
(a-SMA) and collagen type IV (CL-IV) protein at 40 min,
24 h and on day 7 by indirect immunohistochemistry [14]. In
order to investigate NF-kB activation, we used a monoclonal
antibody (anti-NF-kB, p65 subunit: MAB3026; Chemicon
International, Inc., Temecula, CA, USA) that recognizes spe-
cifically an epitope on the p65 subunit that is masked by
bound IkB. Several studies have shown that this antibody
detects activated NF-kB exclusively, because it recognizes p65
only in the absence of IkB [15–17]. In brief, the sections were
incubated with monoclonal antibodies of NF-kB p65 (1:150),
PCNA (1:75; Dako, Copenhagen, Denmark), a-SMA (1:50;
Sigma) or CL-IV (1:40; Neumarker, Fremont, CA, USA) and
followed incubation with horseradish peroxidase-conjugated
secondary antibody (1:500; Jackson, West Grove, PA, USA) or
biotinylated anti-mouse IgG for 30 min and visualized by
avidin–biotin peroxidase reaction (Vector, Philadelphia, PA,
USA). Negative controls were incubated without primary
antibody. NF-kB p65-positive and PCNA-positive cells were
counted in 20 glomeruli from each section. The semiquanti-
tative analysis on optical density (OD) value of a-SMA and
CL-IV staining by immunohistochemistry was completed by
NYD-1000 colour picture analysis through detecting the OD
value of 20 glomeruli per section densitometry under micro-
scope. These proteins were determined by calculating the
mean OD value from all specimens in the three groups.

Renal histological examination

The samples of the renal cortices of each rat were obtained at
40 min, 24 h and on day 7 by kidney biopsy and embedded
in OCT, Epon 812 or paraffin. For light microscopy (LM),
histological sections (4 mm) of all samples were stained with
haematoxylin and eosin, and the glomerular cellularity was
evaluated by counting the total number of nuclei in 10
representative glomeruli from each section. With electron
microscopy (EM), ultrathin sections of all samples were
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stained with uranyl acetate and lead citrate, and the ultra-
structural changes were examined.

Measurement of urinary protein

Urine samples from the three groups of rats were collected at
-24 h, 24 h and on day 7 after different treatments. The
concentration of urinary protein was detected by total protein
UC FS kit (DiaSys Diagnostic Systems, Holzheim, Gemany).

Statistical analysis

All results are given as means � standard deviation. Statisti-
cal analysis was performed by one-way analysis of variance
with simultaneous multiple comparisons between groups by
the Scheffé method. The P-value of < 0·05 was considered to
be statistically significant.

Results

Gene expression profile of renal tissues in rats with
Thy-1 N

To draw a composite map of the gene expression profile, we
performed microarray experiments for the MsPGN model
(Thy-1 N) at 40 min and on day 7. Of 10 002 clone spots 341
genes were up-regulated, 392 genes were down-regulated at

40 min and 250 genes were up-regulated, and 119 genes were
down-regulated on day 7 after administration of Thy-1 anti-
body. Some up-regulated genes involved in the progression of
Thy-1 N were presented in Table 1. Based on searches of the
biological functions in PubMed, the up-regulated genes
which may be associated with the development of Thy-1 N
were categorized into six groups: (i) genes related to apoptosis
and necrosis, such as nerve growth factor induced protein I-B,
growth arrest and DNA-damage-inducible protein 45 gamma
(Gadd45g); (ii) genes related to cell proliferation, such as
regucalcin, microtubule-associated protein 1a, cyclin D3; (iii)
genes related to fibrosis, such as S100 calcium-binding
protein A4 (S100A4), connective tissue growth factor (CTGF)
and collagen, type 1, alpha 1; (iv) genes related to monocyte
cytokines, such as IL-1b and IL-6, tumour necrosis factor
(TNF)-a, small inducible cytokine family such as monocyte
chemoattractant protein-1 and chemokine receptors (Ccr2
and Ccr3); (v) genes related to transcription factors, such as
NF-kB, interferon regulatory factor 1 and activating tran-
scription factor 3; and (vi) others.

Activation of NF-kB in renal tissues of rats with
Thy-1 N

The mRNA transcripts of NF-kB were found to be
up-regulated slightly at 40 min and up-regulated signifi-

Table 1. Genes up-regulated during the progression of Thy-1 nephritis (Thy-1 N).

Symbol Gene description Gene accession

Ratio (Cy3/Cy5)

40 min 7 days

NGFI-B Nerve growth factor-induced protein I-B NM_024388 15.62 1.00

Gadd45g Growth arrest and DNA-damage-inducible protein 45 gamma AB0202978 5.40 0.96

TNFR1a Tumour necrosis factor-receptor, member la NM_013091 5.20 3.71

PCD 6 Programmed cell death 6 BC026823 2.41 0.87

C-fos c-fos oncogene X06769 4.85 6.39

CCND3 Cyclin D3 NM_012766 4.01 5.26

MAP1a Microtubule-associated protein la NM_030995 6.32 3.25

EGR1 Early growth response 1 NM_012551 2.22 1.21

IGFBP1 Insulin-like growth factor binding protein 1 NM_013144 3.60 2.95

Regucalcin Regucalcin NM_031546 4.29 5.82

CL1A1 Collagen, type 1, alpha 1 M12199 1.50 3.33

CL8 Procollagen, type XIII XM_122043 3.01 4.21

S100A9 S100 calcium-binding protein A9 NM_053587 2.14 3.11

CTGF Connective tissue growth factor NM_022266 10.56 1.40

Laminin receptor 1 Laminin receptor 1 NM_017138 3.48 3.26

IL-1b Interleukin-1b NM_031512 2.00 4.80

IL-6 Interleukin-6 NM_012589 2.20 2.50

Ccr2 Chemokine (C-C motif) receptor 2 NM_053647 2.12 2.81

Ccr3 Chemokine (C-C motif) receptor 3 U22414 1.90 2.31

ScyA2(MCP-1) Small inducible cytokine A2/monocyte chemoattractant peptide-1 NM_031530 8.57 5.76

ScyA4 Small inducible cytokine A4 NM_U06434 3.25 2.19

NF-kB Nuclear factor kappa B AA858801 0.52 2.01

ATF-3 Activating transcription factor 3 NM_012912 2.40 1.73

IRF-1 Interferon regulatory factor 1 NM_012591 2.00 0.54

etc.
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cantly on day 7 by microarray experiments compared with
the control group. In order to ensure the location of the
activation NF-kB protein, the NF-kB p65 was detected by
immunohistochemistry in renal tissues of rats with Thy-1 N.
The NF-kB p65 protein began to express in nuclei at 40 min,
then increased gradually at 24 h and peaked on day 7
(Fig. 1a). However, in the control group, only faint positive
staining was visible at the same time. Quantitative analysis of
the NF-kB p65-positive cells in renal tissue revealed that the
number of NF-kB p65-positive cells in the Thy-1 N group at

40 min, 24 h and on day 7 was much greater than in the
control group (Fig. 1b). The protein expression of NF-kB
p65 by immunohistochemistry was consistent with the
results of the microarray. These results implied that tran-
script factor NF-kB was activated consistently along the
whole Thy-1 N progression including apoptosis, necrosis
and proliferation.

Effects of PDTC on NF-kB, IL-1b and IL-6 production
in renal tissue of rats with Thy-1 N

Pyrrolidine dithiocarbamate is a potent and specific inhibi-
tor of NF-kB. PDTC administered to rats with Thy-1 N
inhibited the NF-kB activation in glomeruli. Immunohis-
tochemistry showed that there was significant reduction of
NF-kB-positive cells in the PDTC + Thy-1 N group at
40 min, 24 h and on day 7 compared with the Thy-1 N group
(Fig. 1). To investigate expression of the NF-kB-dependent
genes IL-1b and IL-6 in Thy-1 N rats and PDTC-treated rats,
RT–PCR for IL-1b and IL-6 mRNA was performed on glom-
erular RNA. Densitometry showed a significant increase of
IL-1b and IL-6 in Thy-1 N rats compared with the control
rats, and a marked decrease in PDTC-treated rats compared
with Thy-1 N rats on day 7 (Fig. 2).

Effects of PDTC on glomerular PCNA, a-SMA and
CL-IV expression in renal tissue of rats with Thy-1 N

Cytokine expression plays a key role in the pathogenesis
of kidney disease, which is involved in tissue remodelling
and repair by mesangial cell proliferation and ECM
accumulation. PCNA and a-SMA are two of the most exten-
sively investigated parameters of GMCs proliferation, and
their up-regulation in renal tissue of rats with Thy-1 N were
confirmed using immunohistochemistry (Fig. 3a). On day 7,
ECM proteins were accumulated in the glomeruli (Fig. 4).
CL-IV protein was increased in renal tissue of rats with
Thy-1 N, as shown by immunohistochemistry (Fig. 3a).
However, in the PDTC + Thy-1 N group, the number of
PCNA-positive cells was markedly less than that in the Thy-1
N group at 24 h and on day 7, but at 40 min there were no
significant differences in the three groups. Semiquantitative
analysis indicated that at 40 min and 24 h, the relative levels
of a-SMA and CL-IV protein were not obviously lower in
the PDTC + Thy-1 N group compared with that in the Thy-1
N group. On day 7, however, there were clear reductions in
the PDTC + Thy-1 N group compared with the Thy-1 N
group (Fig. 3b).

Effect of PDTC on the renal damage in Thy-1 N rats

Following the previously described protocols, signs of glom-
erular morphological changes were observed in the control
group, the Thy-1 N group and the PDTC + Thy-1 N group.
Using LM, the glomerular cells began to decrease at 40 min
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Fig. 1. Results of immunohistochemical staining for nuclear factor

kappa B (NF-kB) p65. The rats were administered rabbit serum

intravenously (control) or Thy-1 nephritis (Thy-1 N) antibody, or

treated intraperitoneally with pyrrolidine dithiocarbamate (PDTC)

prior to Thy-1 antibody injection and were then given the same dose

each day from days 1–7 (PDTC + Thy-1 N). (a) Representative

micrographs of glomeruli showed changes of NF-kB p65 by

immunohistochemistry at 40 min, 24 h and on day 7 (7 days) in

control rats or Thy-1 N rats or PDTC-treated rats on day 7. In Thy-1

N rats, the NF-kB p65 protein began to express in nuclei and

staining-positive cells presented at 40 min, then increased gradually at

24 h and peaked on day 7, compared with the control group. Fewer

positive cells were seen in the PDTC + Thy-1 N group rats (¥400). (b)

Quantitative analysis of the NF-kB p65-positive cells in glomerulus

shows that the number of NF-kB-positive cells was clearly increased

at 40 min, 24 h and on day 7 in the Thy-1 N group compared with

the control group (**P < 0·01), and there were fewer positive cells in

the glomeruli of PDTC + Thy-1 N group rats at the corresponding

time, compared with the Thy-1 N group (�P < 0·05, ��P < 0·01).
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and decreased significantly 24 h after administration of
Thy-1 antibody. However, glomerular focal hypercellularity
was remarkable on day 7 (Fig. 4a). Using EM, GMCs of rats
with Thy-1 N exhibited clear condensation of nuclear chro-
matin and gathering at the nuclear margins at 40 min, dem-
onstrating that the mesangial cell had entered apoptosis. At
24 h, some GMCs began to lyse and showed a reduction of
electron density in the mesangial region. On day 7, the glom-
eruli were enlarged with mesangial hypercellularity and
accumulation of ECM. However, in the PDTC + Thy-1 N
group, there was less mesangial hypercellularity and ECM
accumulation in the glomeruli (Fig. 4b). Rats in the control
group at the same phases showed normal glomerular
histology. The results of glomerular cell counts indicated

that there was no significant difference in the three groups at
40 min and an obvious reduction at 24 h in Thy-1 N group,
compared with the PDTC + Thy-1 N group. With the
progress of Thy-1 N, on day 7 the number of glomerular cells
in the PDTC + Thy-1 N group were significantly fewer than
in the Thy-1 N model (Fig. 4c).

Effect of PDTC on the urinary protein excretion of rats
with Thy-1 N

Administration of PDTC reduced NF-kB activation in Thy-1
N rats, as mentioned above, so its effect on the development
of proteinuria was also examined. The level of urinary
protein excretion in the PDTC + Thy-1 N group was much
lower than in the Thy-1 N model group at 24 h and at 7 days
(Fig. 5).

Discussion

Rats with Thy-1 N are used as an animal model for studying
human MsPGN, characterized by a series of immunological
events [18–20]. In our experiment, at 40 min the damaged
GMCs showed typical morphological apoptotic features, and
at 24 h there was an apparent reduction in total glomerular
cellularity, indicating that necrotic degeneration began to
emerge in injured GMCs and to disappear from glomeruli.
On day 7, proliferation of GMCs and accumulation of ECM
were observed under LM and EM. These results suggest that
the course of Thy-1 N involves three phases, namely apop-
tosis, necrosis and proliferation, consistent with previous
studies [21–25].

Glomerular mesangial cells damage in Thy-1 N is associ-
ated with pathological factors such as Thy-1 antibody,
complement C5b-9 complex and inflammatory mediators,
including IL-1b or TNF-a [18,21,22,26], but the mechanism
of Thy-1 N has not been understood fully. In order to explore
the cause and pathogenesis of the disease, we used microar-
ray analysis to monitor the temporal changes in gene expres-
sion together with pathological changes of GMCs in rats
with Thy-1 N. Our data showed that, at 40 min after admin-
istration of Thy-1 antibody, the up-regulation of 341 genes
and down-regulation of 392 genes, and on day 7 the
up-regulation of 250 genes and down-regulation of 119
genes, were exhibited in 10 002 clone spots. Previous studies
on gene expression in experimental kidney disease have also
shown that renal mRNA levels for some cytokines and ECM
components can be used as a prognostic marker [27–29]. On
the other hand, NF-kB regulates the transcription of many
genes, including cytokines and proteases as well as enzymes
involved in reactive oxygen species (ROS) and prostaglandin
synthesis [30–33]. In the experiment, NF-kB gene was
up-regulated by microarray. Molecules regulated transcrip-
tionally by NF-kB have been reported to be a central
response of inflammatory models of renal diseases and
various human glomerulonephritis [34,35]. Therefore, the
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Fig. 2. Glomerular expression of interleukin (IL)-1b and IL-6 mRNA

in Thy-1 nephritis (Thy-1 N) rats and pyrrolidine dithiocarbamate

(PDTC)-treated Thy-1 N rats (PDTC + Thy-1 N, as described in

Methods) by reverse transcription–polymerase chain reaction. PCR

amplified over a spectrum of cycles. (a) Amplified products were

analysed by agarose gel electrophoresis. Representative bands showed

expression of IL-1b, IL-6 and b-actin mRNA in glomerular RNA of

control (lane 1), Thy-1 N 40 min (lane 2), Thy-1 N 24 h (lane 3),

Thy-1 N day 7 (lane 4) and PDTC + Thy-1 N day 7 (lane 5) groups.

(b) Densitomertry of bands was completed and values represented

fold expression � standard deviation of IL-1b or IL-6 to b-actin ratio.

Semiquantitative analysis showed that expression of IL-1b and IL-6 in

the Thy-1 N group at 40 min, 24 h and on day 7 after Thy-1 antibody

administration was higher than in the control group (*P < 0·05,

**P < 0·01), and there was a striking reduction of IL-1b and IL-6 in

the PDTC-treated rats in comparison with Thy-1 N rats on day 7

(��P < 0·01).
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focus of our study was to determine whether NF-kB was
activated in Thy-1 N and whether it might contribute to the
development of pathogenic progress of Thy-1 N.

As an inactive heterodimer (p50/p65), NF-kB is present in
the cytoplasm bound by an inhibitor, IkB, which prevents
the transcription factor from migrating into the nucleus.
Inflammatory signals induce phosphorylation of IkB by spe-

cific kinases, followed by degradation through the ubiquitin–
proteasome pathway. Activated NF-kB translocates into the
nucleus where it regulates the transcription of target genes
containing NF-kB consensus sequences in their promoter
region. Using immunohistochemistry, we found that the
NF-kB p65 protein localized in the nucleus presented at
40 min, increased gradually at 24 h and peaked on day 7 after
administration of Thy-1 antibody. The up-regulation of
NF-kB target genes [36,37] in our microarray are shown
partly in Table 1. In glomerulonephritis, activation of NF-k
B led to expression of proinflammatory genes including
inducible nitric oxide synthase (iNOS) [38], cytokines,
chemokines and adhesion molecules. Activity of the iNOS
had been identified in several models of glomerulonephritis
[39–41]. In Thy-1 N, the iNOS induction was complement-
dependent [4,42], the mRNA level of iNOS was up-regulated
by dot-blot [4] and iNOS-positive cells in glomeruli were
confirmed by double-labelled immunohistochemistry [43].
Based on these previous findings, the essential role of iNOS
in Thy-1 N was clear and we may pay attention to expression
of cytokines such as IL-1b and IL-6 to be regulated by NF-kB
in this study. RT–PCR analysis of glomerular RNA showed
increased levels of IL-1b and IL-6 mRNA at 40 min, 24 h and
on day 7 in Thy-1 N rats, and immunohistochemistry analy-
sis of glomerular protein showed significant increased
expression of PCNA, a-SMA and CL-IV on day 7. These
results indicated that NF-kB was activated in Thy-1 N and it
is possible that disruption of NF-kB-activating pathways
may effectively influence activation of GMCs and accumu-
lation of ECM. PDTC, a potent inhibitor of NF-kB activa-
tion, was used in the study. As a scavenger of free radicals and
a chelator of heavy metalions, when inhibiting the activation
of NF-kB PDTC is thought to interfere with the signalling of
intracellular hydroxyl radicals, which precedes phosphoryla-
tion of IkBa [44–47] and, to our knowledge, there is no effect
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Fig. 3. Results of immunohistochemical staining for proliferating

cell nuclear antigen (PCNA), a-smooth muscle actin (a-SMA) and

collagen type IV (CL-IV). (a) Representative micrographs of

immunohistochemical staining for PCNA, a-SMA and CL-IV in

glomerulus of Thy-1 nephritis (Thy-1 N) rats (a, b, c) or pyrrolidine

dithiocarbamate (PDTC)-treated rats (d, e, f) on day 7 (¥400).

PCNA-positive cells were decreased and a-SMA and CL-IV were

weakly positive in glomeruli of PDTC-treated rats compared with

Thy-1 N rats. (b1) Quantitative analysis of the PCNA-positive cells

disclosed that the number of PCNA-positive cells was clearly increased

at 24 h and on day 7 in Thy-1 N group compared with the control

group (**P < 0·01), and there were fewer positive cells in the

PDTC + Thy-1 N group rats at the above-mentioned time compared

with the Thy-1 N group (��P < 0·01). (b2, b3) Semiquantitative

analysis on OD value of a-SMA and CL-IV staining by

immunohistochemistry showed that the relative levels of a-SMA and

CL-IV protein in Thy-1 N group on day 7 were clearly greater than in

the control group (**P < 0·01). However, in the PDTC + Thy-1 N

group, there were striking reductions of a-SMA and CL-IV proteins

on day 7, compared with the Thy-1 N group (##P < 0·01).
�
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of PDTC on the immune response. Our study showed that
PDTC inhibited the Thy-1 antibody-induced increase of
glomerular NF-kB, followed by the inhibition of mRNA
expression of IL-1b and IL-6. PDTC also decreased expres-
sions of PCNA, a-SMA and CL-IV and prevented urinary
protein excretion in rats with Thy-1 N. From another view-
point, these results also suggested that NF-kB was activated
in Thy-1 N and might play a crucial role in the pathogenic
setting of Thy-1 N.

It is uncertain that the mechanism leads to activation of
NF-kB in Thy-1 N. As has been reported in other cell types,
complement injury to mensigal cells might activate NF-kB
directly [31]. However, activation of NF-kB could also occur
indirectly. Complement injury might result in stimulation of
GMCs by inflammatory mediators such as ROS [47]. There-
fore, such stimulation might activate NF-kB, amplifying
acute renal injury by increasing transcription of some cytok-
ines and chemokines regulated by NF-kB. In previous
studies on Thy-1 N, the roles of cytokines such as IL-1b [48],
IL-6 [49], platelet-derived growth factor (PDGF), basic
fibroblast growth factor (bFGF), transforming growth
factor-b (TGF-b) [50] and CTGF [28] in the mesangiopro-
liferative response have been discussed. All these cytokines
were present in various inflammatory cells and/or in GMCs
themselves, thereby allowing these factors to exert paracrine
and/or autocrine regulatory functions on GMCs. In vivo
studies have shown that PDGF, bFGF and TGF-b partici-
pated in either the GMCs proliferation directly and indi-
rectly (via macrophages), or ECM expansion that followed
GMC injury with Thy-1 antibody. In many systems, CTGF
had been shown clearly to promote ECM accumulation and
was a key promoter of fibrosis. The precise mechanism
responsible for activation of NF-kB in Thy-1 N requires
further investigation.
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Fig. 4. Glomerular morphological changes in Thy-1 nephritis

(Thy-1 N) rats and pyrrolidine dithiocarbamate (PDTC)-treated

(PDTC + Thy-1 N) rats (a). Representative micrographs show

morphological changes of glomeruli at 24 h and on day 7 in rats

(haematoxylin and eosin staining). In Thy-1 N rats, glomerular

cellularity was reduced concurrently with focal capillary destruction

and ballooning of the glomerular tuft at 24 h (b), and marked

segmental mesangial hypercellularity was found on day 7 (c). In

PDTC + Thy-1 N rats, no marked pathological changes were seen at

24 h (d) and on day 7 (e), compared with control rats (a) (¥400). (b)

Representative electron micrographs showed ultrastructural changes

of glomeruli at 40 min, 24 h and on day 7 in Thy-1 N rats and

PDTC-treated rats with Thy-1 N on day 7. (a) Irregular aggregation of

chromatin in the periphery of the nucleus and clear condensation of

the nuclear chromatin in glomerular mesangial cells (GMCs) were

shown in the Thy-1 N group at 40 min after Thy-1 antibody injection

(¥6000). (b) Mesangial cells lysised and disappeared with mesangial

matrix destruction at 24 h (¥6000). (c) Proliferation of GMCs and

accumulation of extracelluar matrix (ECM) were observed on day 7

(¥3500). (d) In the PDTC + Thy-1 N group, the glomeruli were

enlarged with less mesangial hypercellularity and ECM accumulation

compared with the Thy-1 N group on day 7 (¥4000). (c) Comparison

of the total number of glomerular cells among the three groups

indicated that the number of glomerular cells in the Thy-1 N group

was much lower than in the control group at 24 h, and remarkably

higher than that in the control group on day 7 (**P < 0·01). In the

PDTC + Thy-1 N group, the glomerular cell number was significantly

higher at 24 h and clearly lower on day 7, compared with the Thy-1 N

group (��P < 0·01).
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Fig. 5. Measurement of urinary protein level. Urinary protein

excretion is shown for 24 h and day 7 following induction of Thy-1

nephritis (Thy-1 N) rats. The amount of total urinary protein

in Thy-1 N group was higher than that in the control group at

24 h and on day 7 (P < 0·05, P < 0·01), and in the pyrrolidine

dithiocarbamate + Thy-1 N group the amount of total urinary protein

was remarkably lower at 24 h and on day 7, compared with the Thy-1

N group (�P < 0·05, ��P < 0·01).
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In summary, we have created a large-scale gene expression
profile for rat Thy-1 N model and demonstrated activation
of NF-kB in Thy-1 N. The ability of PDTC to reduce GMC
proliferation, ECM accumulation and urinary protein excre-
tion in rats with Thy-1 N suggest that NF-kB activation
might contribute to pathogenesis of Thy-1 N. These findings
provide a comprehensive overview on the mechanism gov-
erning the initiation and development of Thy-1 N for study-
ing human MsPGN in the future.
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