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Aristolochic acid nephropathy revisited: a place for innate and adaptive immunity?

Aims: The histological features of aristolochic acid
nephropathy (AAN) consist of paucicellular interstitial
fibrosis, severe tubular atrophy, and almost intact
glomeruli with media lesions of interlobular arteries. As
an early phase of interstitial inflammation preceded
peritubular fibrosis in the rat model of AAN, the aim
was to investigate the presence of inflammatory cells in
human AAN.
Methods and results: Reports of confirmed cases and
case series of AAN were reviewed in terms of intersti-
tial inflammation and found to have very conflicting
results. This prompted us to search for and characterize
inflammatory cells within the native kidneys provided
from four end-stage AAN patients. Prior aristolochic
acid exposure was attested by the intrarenal presence

of the typical aristolactam I-derived DNA adduct.
Besides the tubulointerstitial lesions usually seen in
the cortex, a massive infiltration of macrophages,
T and B lymphocytes was detected by immunohisto-
chemistry in the medullary rays and in the outer
medullae with some extension to the upper cortical
labyrinth.
Conclusions: In parallel with histological findings
reported in the rat model, inflammatory cells are
present preferentially in the interstitium of the
medullary rays and of the outer medulllae in renal
interstitium from human AAN cases, even in the
terminal stages. Further studies must be undertaken to
determine the respective roles of innate and adaptive
immunity in the progression of AAN.
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Abbreviations: a-SMA, alpha-smooth muscle actin; AA, aristolochic acid; AAI, aristolactam I; AAN, aristolochic
acid nephropathy; ATP, adenosine triphosphate; CS, corticosteroid; ESRD, end-stage renal disease; FVIII, factor
VIII ⁄ von Willebrand factor; IM, inner medullae; Mn ⁄ Mu, monocytes ⁄ macrophages; NEP, neutral endopeptidase;
OM, outer medullae; PTEC, proximal tubular epithelial cell(s); TGF-b, transforming growth factor-beta;
Th, T-helper

Introduction

Aristolochic acid nephropathy (AAN) is a rapidly
progressive tubulointerstitial nephritis of toxic origin
characterized by extensive renal fibrosis resulting in
end-stage renal disease (ESRD).1 The clinical syndrome

of so-called ‘Chinese-herb nephropathy’ was originally
described in 1993 in Belgian women who had ingested
root extracts of Aristolochia fangchi for slimming
purposes over a mean time period of 15 months.1–3

Since that time, many cases have been reported around
the world in relation to long-term traditional use of
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†C.D. is a senior research associate with the Belgian Research Found for Fundamental Research (FNRS, Belgium).

� 2010 The Authors. Journal compilation � 2010 Blackwell Publishing Limited.

Histopathology 2010, 56, 449–463. DOI: 10.1111/j.1365-2559.2010.03509.x



medicinal herbs containing Aristolochia species.4 The
detection of DNA adducts formed by metabolites of
aristolochic acid (AA) aristolactams in tissue samples of
kidneys and ureters removed from AAN patients
confirms prior exposure to AA.5–8 These specific
adducts are known to induce carcinogenesis and
mutagenesis by activation of H-ras proto-oncogene in
rats and by p53 gene mutation in humans.9 p53
protein tissue overexpression10 is related to atypia, as
well as the onset of multifocal transitional cell car-
cinoma in end-stage AAN patients.6,10–13

Until now, the unique pathological picture of AAN
has been of a diffuse, ‘paucicellular’ interstitial fibrosis
with decreasing cortico-medullary gradient and mar-
ked tubular atrophy. Some vascular lesions (thickening
of the intima and media of interlobar arteries) and
urothelial atypia may also be present.12,14

Actually, the pathophysiological mechanisms of the
rapid progression of AAN to ESRD15 remain unclear.
We investigated the time course of AA-induced tubulo-
interstitial lesions in a AAN rat model.16 Daily subcu-
taneous AA injections induced early and transient
necrosis of proximal tubular epithelial cells (PTEC)
(acute phase, days 4–5) followed by tubular atrophy
and interstitial fibrosis (chronic phase, days 7–35).17

All tubulointerstitial lesions were limited to the exter-
nal parts of medullary rays corresponding to the pars
recta of proximal tubules (S3 segment).17,18 Interest-
ingly, the acute phase was marked by interstitial foci of
mononuclear cells around the necrotic tubules.19

Activated monocytes ⁄ macrophages (Mn ⁄ M/) and
cytotoxic CD8+ and CD4+ T lymphocytes clearly
preceded fibrotic lesions but were still present during
the chronic phase.17,19 These findings underline the
involvement of immune cells in the progression of
experimental AAN.

In the present study, we first sought a description of
inflammatory cells in published cases of human AAN.
We secondly took the opportunity to evaluate by
immunohistochemistry the pattern and localization of
interstitial inflammation in renal tissue samples from
four AAN patients. Based on our pathological findings,
we confirm the presence of an immune response to AA
intoxication within the human kidney and propose a
unifying physiopathological hypothesis of AAN pro-
gression involving innate and adaptive immunity.

Materials and methods

l iterature review

We reviewed all case reports or case series of AAN
published in the literature written in English. The

articles were selected on the following criteria: (i) the
pathological aspects were well described; (ii) previous
exposure to AA was demonstrated either by the
detection of AA-DNA adducts in the kidney and ⁄ or
the presence of AA in the herbal preparation ingested
by the patients.

patients and kidney tissue collection

According to an internal policy in our Nephrology
Department, the surgical removal of native kidneys and
ureters was proposed for all our end-stage AAN
patients, considering the high risk of upper tract
urothelial carcinoma.6 The present study focused on
four unpublished cases: patients 1–3 (B…, S.; G…, A.
and C…, F.) ingested slimming pills containing Chinese
herbs (formula 2 regimen as described in the original
publication1 where the so-called Stephania tetrandra
was inadvertently replaced by A. fangji); patient 4 (Y…,
Q.) regularly ingested Chinese herbal tea bought in a
Shanghai market over many years.

As positive controls of renal interstitial infiltration,
we used tissue samples of kidney allograft provided
from three patients (P…, M., L…, G. and D…, A.)
suffering from chronic allograft rejection.

As negative controls, we used tissue samples avail-
able from three normal kidneys. All tissue samples were
fixed in 4% paraformaldehyde and embedded in para-
ffin for morphological and immunohistochemical eval-
uations. In AAN patients, an additional sample of renal
cortex was frozen and stored at )80�C for subsequent
DNA isolation.

detection of aa-dna adducts in renal tissue

samples from aan patients

The DNA isolation from renal cortex tissue was
performed by a standard phenol extraction method
and analysed by the nuclease P1 enrichment version of
the 32P-postlabelling method.5 Briefly, DNA (12.5 lg)
was digested with micrococcal nuclease (750 mU) and
spleen phosphodiesterase (12.5 mU) in digestion buffer
(20 mM sodium succinate, 8 mM CaCl2, pH 6.0) for
3 h at 37�C in a total volume of 12.5 ll. Digests
(2.5 ll) were removed and diluted 1:1500 to determine
the amount of normal nucleotides. Digests (10 ll) were
enriched for adducts by incubation with 5 lg (5 U) of
nuclease P1 for 30 min at 37�C. Labelling mix (4 ll)
consisting of 400 mM bicine (pH 9.5), 300 mM
dithiothreitol, 200 mM MgCl2, 10 mM spermidine,
100 lCi c-32P-adenosine triphosphate (ATP) (15
pmol), 0.5 ll 90 lm ATP and 10 U T4 polynucleotide
kinase was added. After incubation for 30 min, 20 ll
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was applied to a polyethylenimine-coated cellulose
thin-layer chromatography plate (Macherey-Nagel,
Düren, Germany) and chromatographed as described.5

Adducts and normal nucleotides were detected and
quantified by an Instant Imager (Packard Inc., Canb-
erra, Australia). Count rates of adducted fractions were
determined from triplicate maps after subtraction of
count rates from adjacent blank areas. Excess c-32P-
ATP after the post-labelling reaction was confirmed.
Adduct levels were calculated in units of relative
adduct labelling, which is the ratio of cpm of adducted
nucleotides to cpm of total nucleotides in the assay and
were expressed as DNA adducts per 108 normal
nucleotides.

renal histopathology

Semiquantification of tubulointerstitial injury was per-
formed on haematoxylin ⁄ eosin, periodic acid–Schiff,
Goldner’s trichrome and Red Sirius-stained sections as
detailed previously.14 Total kidney samples were anal-
ysed with a light microscope (Carl Zeiss, Oberkochen,
Germany) using a ·20 magnification lens by three
investigators (A.A.P., W.M. and I.J.S.). The scoring
systems were defined as follows: tubular necrosis – 0,
absent; 1, one group or a single necrotic tubule; 2,
several clusters of necrotic tubules; 3, confluence of

necrotic clusters; tubular atrophy – 0, normal tubules;
1, one group or a single atrophic tubule; 2, several
clusters of atrophic tubules; 3, confluence of atrophic
tubular clusters; lymphocytic infiltrate – 0, absent; 1, few
scattered cells; 2, group of lymphocytes; 3, dense
widespread infiltrate; interstitial fibrosis – 0, absent;
1, mild diffuse fibrosis; 2, moderate fibrosis (less than
one-third of the microscopic field); 3, severe fibrosis
(more than one-third of the microscopic field). The scores
given by the nephrologists and the pathologist were
compared. If differences occurred, the sections were
re-examined until a consensus was obtained. Urothelial
tumours were graded and staged according to the 2004
Word Health Organization Classification and the 2002
Union of International Cancer Classification-Tumour
Node Metastasis Classification, respectively.13

immunohistochemistry

Tubular atrophy of proximal cells was attested by the
expression of neutral endopeptidase (NEP) using mono-
clonal mouse anti-CD10 (LabVision, Fremont, CA,
USA). Tubulointerstitial fibrosis was evaluated by
immunostaining of collagen type I using monoclonal
mouse anti-collagen I antibody (Abcam, Cambridge,
UK). Mesenchymal cell and myofibroblast localization
was determined by the use of monoclonal mouse

Table 1. Primary antibodies used for immunohistochemistry

Antibodies Clone Laboratory Dilution Pre-treatment

CD4 1F6 LabVision, Fremont, CA, USA 1:50 MW: EDTA 3·

CD8a C8 ⁄ 144B Novocastra, Newcastle, UK 1:200 MW: citrate 2·

CD20 L26 Dako, Heverlee, Belgium 1:100 MW: citrate 2·

CD45 RP2 ⁄ 18 Novocastra 1:100 –

CD68 KP11 Dako 1:800 MW: citrate 2·

CD34 QBEND ⁄ 10 BioGenex, San Ramon, CA, USA 1:30 –

Collagen I COLL-1 Abcam, Cambridge, UK 1:300 MW: citrate 2·

FVIII Rabbit polyclonal Dako 1:400 Proteinase K:10 min

Granzyme GZB01 LabVision Prediluted MW: citrate 2·

Ki67 MIB-1 Dako 1:1000 MW: citrate 3·

NEP 56C6 LabVision 1:300 MW: citrate 2·

A-SMA a-sm1 Novocastra 1:50 –

Vimentin V9 Biogenex 1:200 –

EDTA, Ethylenediamine tetraaceticacid.
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Table 2. Review of histological data of published cases or series concerning aristolochic acid-related renal injury

First author, year
Cases
(n)

Interstitial inflammation

Interstitial fibrosisPMN EO MA Mn ⁄ M/ LYM PL

Acute renal injury
Yang, 2007 8 ) ) ) ) ) ) TGF-b in

mononuclear cells

Fanconi syndrome
Tanaka, 2000 2 0 0 0 0 0 0 Paucicellular

Tanaka, 2000 4 0 0 0 0 0 0 CM gradient

Tanaka, 2001 5 0 0 0 0 0 0 CM gradient

Yang, 2002 1 ) ) ) ) ) ) Acellular

Lee, 2004 1 ) ) ) ) ) ) Severe

Hong, 2006 1 ) ) ) ) ) ) Inflammatory
cell infiltration

Chronic renal injury
Reginster, 1997 2 0 0 0 0 0 ) Diffuse

Vanherweghem,
1993 and 1994

8 ) ) ) ) ) ) Extensive fibrosis

Jadoul, 1993 1 ) ) ) ) ) ) Diffuse, CM gradient,
mild inflammation

Schmeiser, 1996 5 ) ) ) ) ) ) Extensive, hypocellular

Bieler, 1997 6 ) ) ) ) ) ) Extensive, hypocellular

Cosyns, 1999 10 ) ) ) ) ) ) )

Ubara, 1999 1 ) ) ) ) ) ) Marked with mild
inflammation

Gillerot, 2001 1 ) ) ) ) ) ) Extensive hypocellular

Cronin, 2002 2 ) ) ) ) ) ) Cortical

Nortier, 2003 1 ) ) ) ) ) ) Interstitial

Kanaan, 2003 2 ) ) ) ) ) ) Acellular, infiltration of
medullary rays

Hoshino, 2003 1 ) ) ) ) ) ) Extensive tubulointerstitial,
scant cell infiltration

Lo, 2005 1 ) ) ) ) ) ) Hypocellular

Depierreux, 1994 33 Nearly
absent

) ) ) Clusters around
atrophic tubules

) Paucicellular, CM gradient

Cosyns, 1994 3 Rare ) ) ) Scattered, in
the cortex

Diffuse, paucicellular,
CM gradient
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anti-vimentin (Biogenex, San Ramon, CA, USA) and
antialpha-smooth muscle actin (a-SMA) (Novocastra,
Newcastle, UK) antibodies, respectively. Vessels were
identified by factor VIII ⁄ von Willebrand factor (FVIII)
and CD34 endothelial expression (polyclonal rabbit
anti-FVIII from Dako, Heverlee, Belgium and monoclo-
nal mouse anti-CD34 from BioGenex, respectively).
Infiltrating Mn ⁄ M/, total leucocytes, B lymphocytes,
T-helper (Th) lymphocytes, T cytotoxic ⁄ suppressor
lymphocytes and natural killer cells were identified
using the respective following monoclonal mouse
primary antibodies: anti-CD68 (Dako), antiCD45
(Novocastra), antiCD20 (Dako), antiCD4 (LabVision)
and antiCD8a (Novocastra). The cytotoxic T lympho-
cyte granzyme B was assessed by mouse monoclonal
antigranzyme B (LabVision). Cell proliferation was
evaluated by Ki67 expression (mouse monoclonal
antiKi67 from Dako).

Immunohistochemistry with all primary antibodies
was performed on longitudinal paraffin-embedded sec-
tions (5 lm) attached to poly-L-lysine pretreated slides
(Sigma-Aldrich, Bornem, Belgium) (Table 1). Avidin–
biotin complex enzyme revealing technology immuno-
histochemistry was performed as previously described
(specific conditions for immunohistochemistry are
detailed in Table 1).17,20 Diaminobenzidine ⁄ hydrogen
peroxide was used as the chromogene substrate
producing a brown end-product. All reagents were
provided from Vector Laboratories (Burlingame, CA,
USA). Counterstaining with haematoxylin completed

the processing. After dehydration through alcohols and
toluene, the slides were immediately mounted in
permanent, organic mounting medium (DPX; VWR
International, Leuven, Belgium) and covered with a
glass coverslip.

The specificity and the pattern of each antibody were
tested on positive control tissue samples according to
the manufacturers’ technical data.

We used negative controls of two types for each
labelling. A normal horse serum (5% solution) instead
of primary antibody (used in order to exclude non-
specific kit reagent staining) and mouse IgG, mouse
IgM or rabbit IgG immunoglobulin isotypes (used in
order to exclude non-specific staining of immunoglob-
ulin binding sites). None showed any positive staining.

semiquantitative evaluations

Evaluation of all immunochemistry was performed by
two investigators (A.A.P. and W.M.).

Semiquantification of NEP and of vimentin, a-SMA
and type I collagen immunoreactivity reflecting tubular
atrophy and interstitial fibrosis, respectively, were
performed as follows: 0, absence of fibrosis; 1, scattered
fibrotic areas (less than one-third of the microscopic
field); 2, moderate fibrosis (less than two-thirds of the
microscopic field); 3, extensive fibrosis (more than two-
thirds of the microscopic field). Total kidney samples
were analysed with a light microscope (Carl Zeiss)
using a ·20 magnification lens.

Table 2. (Continued)

First author, year
Cases
(n)

Interstitial inflammation

Interstitial fibrosisPMN EO MA Mn ⁄ M/ LYM PL

Vanherweghem,
1995

1 ) ) ) ) Scattered, around
atrophic tubules

) )

Lord, 1999 1 ) ) ) ) Mononuclear cell
infiltration in
the cortex

) Paucicellular,
CM gradient

Meyer, 2000 1 0 ) ) ) Focal lymphocyte
infiltration

) Extensive

Nishimagi, 2001 1 ) ) ) ) Focal lymphocyte
infiltration

) Severe

Lo, 2004 1 + + ) ) In the interstitium + Significant

Yang, 2006 1 ) ) ) ) Moderate
inflammatory
cell infiltration

) Diffuse

n, number; PMN, polymorphonuclear cell; EO, eosinophil; MA, mast cells; Mn ⁄ M/, monocyte ⁄ macrophage; LYM,
lymphocyte; PL, plasmatocyte; ), unavailable; +, presence; 0, absence; CM, corticomedullary.
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Positively stained interstitial mononuclear cells were
counted with a ·40 magnification lens in 50 fields
corresponding to 2.88 lm2 (50 · 0.058) of tissue area.
Results were expressed as the average number of
positively stained cells per field.

Results

l iterature review

Almost all published histological findings are related
to pre-terminal or end-stage AAN (summarized in
Table 2). Nephrotoxicity of AA in Japan seems to be
limited to a Fanconi syndrome without any malig-
nancy of the urinary tract.21–26 Only one study
demonstrated acute AA tubulotoxicity.24,27 The
absence of inflammatory cells has been reported in a
few publications.15,21–23 In the majority of
pathological reports, interstitial inflammation has not
been assessed.1–3,5,7,10,24–26,28–36 In some reports

taking into account interstitial inflammation,12,14,37–41

characterization of the infiltrating cells was not
available.

clinical characteristics

None of our AAN patients considered in the present
study was a regular user of analgesics or anti-inflam-
matory non-steroidal drugs. Except for patient B…,S.,
who had a left reflux, none had a personal or family
history of renal disease, cardiovascular disease, sys-
temic hypertension, diabetes mellitus or hypercholeste-
rolaemia (Table 3). All patients with chronic allograft
rejection were treated for hypercholesterolaemia and
hypertension.

aa-dna adducts

The specific AA-DNA adduct, 7-(deoxyadenosin-N6-
yl)-aristolactam I (dA-AAI), was identified in renal

Table 3. Clinical data from studied patients

Characteristics ⁄ variables B…, S. G…, A. C…, F. Y…, Q. P…, M. L…, G. D…, A.

Age (years) 50 65 59 51 57 42 45

Risk factors for renal disease
Familial No No No No No No No

Personal Reflux left No No No No No No

Diabetes mellitus No No No No No No No

Hypertension No No No No Yes Yes Yes

Hypercholesterolaemia No No No No Yes Yes Yes

Mesotherapy Yes Yes Yes No No No No

Analgesics intake No No No No No No No

NSAID intake No No No No No No No

Period of exposition
for AA (months)

2 12 8 >120 No
exposure

No
exposure

No
exposure

Current treatment KTx KTx HD CAPD HD KTx HD

Total ingested dose of
Aristolochia fangchi (g)

120 84 66 Unknown 0 0 0

dA-AAI DNA adducts
(per 108 normal
nucleotides)

3.5 ± 1.45 1.9 ± 0.9 6.25 ± 0.57 44.3 ± 11.1 ND ND ND

AAN, Aristolochic acid nephropathy; Cr, creatinine; GFR, glomerular filtration rate estimated by Cockroft–Gault formula;
KTx, kidney transplantation; HD, haemodialysis; CAPD, continuous ambulatory peritoneal dialysis; dA-AAI, 7-(deoxyadenosine-
N6-yl) aristolactam I; NSAID, non-steroidal anti-inflammatory drugs.
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tissue samples from our AAN patients, indicating
permanent lesions within the genomic DNA (Table 3).

pathological findings from removed kidneys

Macroscopically, the native kidneys from AAN cases
were shrunken with a significantly reduced size of the
cortex. The pelvis and ureters were unremarkable. No
papillary necrosis, hydronephrosis or periureteral fibro-
sis were detected.

Microscopically, all kidney tissue samples disclosed
the same type of alterations. Upon light microscopy, the
capsula was thickened. An intense interstitial fibrosis

containing completely solidified glomeruli were pre-
dominantly seen in the cortex with a corticomedullary
gradient (Figure 1A–D). Relatively spared glomeruli
showing signs of ischaemia were found in the renal
cortical labyrinth. Thickening of Bowman’s capsula
was the rule.

Severe interstitial fibrosis and massive tubular
atrophy resulted in the disappearance of tubules
between the glomeruli, particularly in the cortex. All
segments of tubules were affected. Atrophic tubules
were still visible in the zones corresponding to the
medullary rays and to the outer medullae (Figure
1A–D).

CL

CL*

*
AA

*

MR MR

CL

MR

MR

AA

A B

C D

Figure 1. Photomicrographs showing representative lesions of the renal parenchyma from end-stage aristolochic acid nephropathy patients.

Diffuse cortical atrophy with significant reduction of medullary rays (MR). Paucicellular interstitial fibrosis extending from the superficial cortex

to the medullae. Solidified (arrows) and ischaemic glomeruli (arrowheads). Atrophic tubules present in the medullae. Foci of interstitial infiltrate

around tubules in the pyramids and inner medullae (stars). Severe fibrous intimal thickening of arcuate artery (AA) A, H&E. B, Periodic

acid–Schiff. C, Goldner’s Trichrome staining. D, Picro Sirius staining.
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All vessels exhibited major lesions of the intima and
media. Marked thickening of the walls resulted in
lumen reduction in the arcuate and interlobular
arteries (Figure 1B,C).

In the medullary rays and in the outer medullae (MR
and OM), atrophic tubules were surrounded by clusters
of interstitial mononuclear cells (Figure 1A). No
neutrophilic or eosinophilic polymorphonuclear cells

as well as mast cells were found. No necrosis of tubular
epithelial cells was present.

Extensive fibrosis, marked tubular atrophy and
interstitial inflammation were evident, as assessed
by the semiquantitative score of tubulointerstitial
injury (Table 4). Mild to moderate urothelial dyspla-
sia of the upper part of the right ureter was observed
in Patient B…, S. In Patient Y…, G, carcinoma in

Table 4. Histopathological evaluations of tubulointerstitial injury and infiltrating cells

Variables

Negative controls AAN Positive controls

C1 C2 C3 B…, S. G…, A. C…, F. Y…, Q. P…, M. L…,.G D…, A.

Semiquantitative score of tubulointerstitial injury (0–3)
Tubular necrosis 0 1 0 0 0 0 0 0 0 0

Lymphocytic infiltration 0 0 0 3 3 3 3 3 3 3

Tubular atrophy 0 0 0 3 3 3 3 3 2 3

Interstitial fibrosis 0 1 0 3 3 3 3 3 2 3

Semiquantitative scores of tubular atrophy (0–3) evaluated by NEP expression
NEP 3 2 3 1 1 1 1 2 1 0

Semiquantitative scores of mesenchymal cells, myofibroblasts and collagen immunoreactivity (0–3) evaluated by expression
of following antigens

Vimentin 0 0 0 3 3 3 3 3 3 2

a-SMA 1 1 1 3 3 3 3 3 2 2

Collagen type I ND ND ND 3 3 3 3 3 2 2

Quantification of interstitial mononuclear cell infiltrates and proliferation assessment (average number of
immunopositive cells ⁄ field)

CD68 0.88 0.86 0.44 6.10 27.8 13.9 4.16 35.1 33.6 40.8

CD45 0.04 0.40 0.76 24.3 27.6 39.2 92.5 134 129 135

CD20 0.00 0.02 0.00 18.6 33.7 16.6 137 18.7 27.9 39.2

CD4 0.00 0.06 0.30 44.7 38.5 49.3 138 63.9 66.0 76.1

CD8a 0.24 0.46 0.90 77.3 84.9 41.6 69.9 54.1 63.4 56.2

Ki67 0.04 0.02 0.00 1.92 0.46 1.92 0.08 2.92 0.12 30.2

AAN, Aristolochic acid nephropathy; NEP, neutral endopeptidase; a-SMA, alpha-smooth muscle actin.

Figure 2. Renal expression of neutral endopeptidase (NEP), vimentin, alpha-smooth muscle actin (a-SMA) and type I collagen in controls and

in aristolochic acid nephropathy (AAN) patients. In control kidney, the expression of NEP is limited to the brush border of proximal tubular

epithelial cells (PTECs) and to the epithelium of Bowman’s capsule (A). Marked loss of NEP from PTEC after aristolochic acid exposure (B).

Vimentin expression by the Bowman’s capsule and endothelial cells in a control kidney (C) contrasting with the enhanced vimentin

expression by renal interstitial cells from an end-stage AAN patient (D). a-SMA expression by vessel walls in a control kidney (E) and

dramatically enhanced a-SMA immunoreactivity in renal interstitial cells and vessels from an end-stage AAN patient (F). Compared with a

control kidney (G), extensive collagen type I accumulation in the renal cortex from a representative AAN patient (H).
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situ was detected along the upper part of the right
ureter.

tubular atrophy and interstit ial scarring

The NEP immunostaining reflecting the integrity of the
PTEC brush border was almost absent, confirming severe
atrophy (Figure 2A,B). Extensive vimentin expression

reflected the interstitial accumulation of mesenchymal
cells: fibroblasts and probably lympho,haematopoietic
cells (Figure 2C,D). Strong a-SMA expression confirmed
the accumulation of interstitial myofibrobasts in the
cortex (Figure 2E,F) associated with extensive type I
collagen immunoreactivity (Figure 2G,H).

disappearance of peritubular capillaries

In the fibrotic zones, the absence of peritubular
capillaries was attested by endothelial CD34 immuno-
reactivity (Figure 3A,B). In the deeper cortex from
AAN cases, the peritubular capillary network was still
present but only in a few zones of atrophic tubules
(Figure 3A,B).

phenotype of mononuclear inflammatory

cells

As compared to positive controls, the renal paren-
chyma from AAN patients exhibited intense infiltration
of MR and to some extent of the OM by leucocytes
(CD45+-expressing cells) around degenerated tubules,
contrasting with the absence of any infiltrate in the
cortical labyrinth (Figure 4A, Table 4). Only rare
interstitial cells expressed Ki67, whereas no prolifera-
tive activity was detected in tubular cells (Figure 4B,
Table 4). Clusters of Mn ⁄ M/ (interstitial cells express-
ing CD68 antigen) were found around degenerated
tubules in the MR and in the OM (Figure 4C, Table 3).
The interstitial accumulation in the MR and in the OM
with some extension to the superfical cortical labyrinth
of B lymphocytes and CD4+ and CD8+ subsets of
T lymphocytes (Figure 4D–F) was evident, as shown by
semiquantitative evaluation of CD20, CD4 and CD8
immunostainings (Table 4). The cytotoxicity of infil-
trating T lymphocytes was attested by the intraepithe-
lial presence of CD8+ cells (tubulitis shown in
Figure 4F), as well as the expression of granzyme B
by some interstitial mononuclear cells (Figure 4G,H).

Discussion

A striking clinical characteristic of AAN is the rapid
progression to ESRD despite discontinuation of the
AA-containing herbal medication.1 This implies that
additional mechanisms are working in addition to

1000 µm

1000 µm

A

B

Figure 3. Renal expression of CD34 in control and aristolochic

acid nephropathy (AAN) patients. Dense peritubular capillary

network (arrows) as attested by endothelial expression of CD34

(arrowhead) in a control (A). Immunopositive CD34 glomeruli (stars)

are found in control and AAN patients (B). Disappearance of

peritubular capillaries in areas of interstitial scar (arrows) and

marked rarefaction in the deeper part corresponding to areas of

atrophic tubules in AAN patients.

Figure 4. Immunohistochemistry of infiltrating mononuclear cells, Ki67 and granzyme B in renal tissue samples from aristolochic acid

nephropathy (AAN) patients. Clusters of CD45+ cells (A). A few interstitial cells exhibit Ki67 expression (arrow) (B). CD68+, CD20+ and CD4+

cells forming interstitial clusters around atrophic tubules (C, D and E, respectively). Intraepithelial CD8+ cells (tubulitis; arrows) (F).

Immunopositivity for granzyme B in mononuclear cells (arrows) (G). Positive control (human tonsil) and infiltrating renal interstitial cells

from an end-stage AAN patient (arrow) (H).
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AA direct tubulotoxicity, resulting in fibrogenesis.
According to our observation, the bridge between these
processes is the onset of an immune response. In this
respect, conflicting results are available in the literature
concerning the presence of inflammatory cells in
kidney tissue samples obtained from biopsy or nephro-
ureterectomy in pre-terminal or end-stage AAN
patients (for summary see Table 2). There is a disparity
in the description of the severity of the inflammatory
process as well as its localization. Most available
pathological data were obtained from the analysis of
a small-sized renal cortical biopsy specimen. This
limited material could explain the discrepancy in the
observations reported by different authors.

The initial histological description of AAN lesions in
patients from the Belgian cohort had already men-
tioned the presence of a lymphocytic infiltration.14 It

should be noted that, at the time of renal biopsy, serum
creatinine levels ranged from 1.4 to 12.7 mg ⁄ dl. At the
early stages of the renal disease, only sparse interstitial
inflammatory cells were found. This was observed by
others in human cases.36 In the AAN rat model, early
inflammation was also limited to the vicinity of necrotic
tubules.17,19 Three weeks later, these areas were filled
by collagen deposits concomitantly with severe tubular
atrophy.17,19

The possibility of another condition causing inflam-
mation in the present cases has been excluded
(Table 2). Classical risks factors for renal diseases were
obtained from detailed retrospective analysis of the
medical records of the patients according to the same
methodology previously followed.42 Herbal remedies
were prescribed only for weight loss. Three of these four
patients were actually cared for by the same Belgian
clinic specialized in slimming regimens as the first cases
published from 1993 to 2000.6,42

Data reported here have demonstrated the persis-
tence of interstitial inflammatory cells even in end-
stage AAN kidneys, as confirmed by the specific
AA-DNA adducts in these tissue samples more than
10 years after cessation of AA exposure. For the first
time to our knowledge, immunohistochemical evidence
has led to the identification of Mn ⁄ M/ (innate immu-
nity) and T lymphocytes (adaptive immunity). Pro-
gression of AAN could be related to the presence of
cytotoxic CD8+ T lymphocytes, as attested by marked
tubulitis and granzyme B expression and significant
macrophage infiltration. Such kidney infiltration by
CD8+ T lymphocytes has been shown to be involved in
the progression of other toxic nephropathies.43–53 In
our cohort, a pilot study with corticosteroid (CS)
treatment resulted in a significant decrease in the
progression rate of renal failure.54 Other subsequent
case reports in AAN patients with mild renal failure
have confirmed the beneficial effect of CS administra-
tion in slowing down the progression of the dis-
ease.35,39,55,56 Anti-inflammatory CS properties could
be related to the preferential enhancement of Th2
lymphocyte activity, leading to the neutralization of
proinflammatory cytokines secreted by Th1 cells and
activated macrophages.57

On the other hand, our data limited to end-stage
kidneys demonstrate a dramatic decrease in peritubular
capillaries especially in the fibrotic areas. Some endo-
thelial cells of remaining capillaries adjacent to atro-
phic tubules and from thickened arteries exhibited only
weak CD34 immunoreactivity. However, suspected
endothelial dysfunction could not be fully investigated.
One study from Yang et al.36 reported similar results of
rarefaction of peritubular capillaries. Actually, changes
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Necrosis  and  Apoptosis

Tubular injury
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Figure 5. Physiopathological hypothesis of inflammatory cell

involvement in the progression of aristolochic acid (AA)-induced

renal interstitial fibrosis. Secondary to AA intoxication, the

proximal tubular epithelial cells (PTEC) undergo necrosis and

apoptosis as well as cell cycle arrest. The epithelial to mesenchymal

transition is limited to PTEC, especially from the S3 segment. These

dedifferentiated cells are the source of collagen IV. Necrotic cells and

apoptotic bodies then stimulate macrophages; these cells dedifferen-

tiate into antigen-presenting cells able to prime T cells. Damaged

PTEC and interstitial inflammatory cells both secrete transforming

growth factor-beta, which in turn activates resident fibroblasts into

myofibroblasts producing collagen I and III.
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in the vascular compartment in AAN remain a
challenge for the pathologist.

Finally, we propose the following mechanisms for
AA-related interstitial fibrosis, as schematically repre-
sented in Figure 5. In vitro and in vivo studies have
shown that PTEC are the preferential target of AA
toxicity.17,18,58–60 Marked tubular atrophy could be, in
part, secondary to AAI-induced cell cycle arrest
secondary to DNA damage (replication phase), as
recently reported by Simoes et al.61 The balance
between apoptosis and necrosis of PTEC appears crucial
in inducing immune cell interstitial infiltration. Phago-
cytosis of necrotic PTEC results in the activation of
interstitial Mn ⁄ M/ into antigen-presenting cells able to
prime a T-lymphocyte response.62,63 The innate and
adaptive immunity cell components are proposed as the
missing link between acute AA tubulotoxicity and
subsequent interstitial fibrosis. Proinflammatory and
pro-fibrosing cytokines are likely to be involved in these
processes,64–66 at least monocyte chemoattractant
protein-1 and transforming growth factor-beta
(TGF-b).67–71 In our model of AAN, PTEC and inter-
stitial cells both expressed TGF-b,17,19confirming
Yang’s data on human cases of the acute phase of
AAN.36 This persistent inflammation leads to resident
fibroblast activation.68,72–76

To summarize, the present data support the con-
cept that innate and adaptive immunity is involved in
the deleterious evolution of primarily non-immune
kidney disease. Histological criteria of AAN diagnosis
might be revisited taking into consideration the
presence of interstitial inflammation. In addition,
strategies able to modulate innate and adaptive
immunity would be of great potential therapeutic
benefit.
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