
Abstract An increased number of mast cells (MCs) is
found in renal specimens of patients with diseases asso-
ciated with persistent chronic inflammation. MCs prolif-
eration is partly dependent on the presence of T lympho-
cytes. Both chronic inflammation and T-lymphocytes are
essential in the development of chronic rejection (CR),
and probably for the infiltration of MCs. MC-derived
products such as heparin, histamine, and serine proteases
may be responsible for endothelial proliferation and ex-
cess collagen production by fibroblasts. In this study, a
quantitative evaluation of the MCs infiltration in kidney
allografts with CR is performed. The extent of renal fi-
brosis was analysed in samples stained with Masson’s
trichrome. To evaluate the potential relationship between
MCs and fibrosis in CR we analysed 30 kidneys with CR
(25 from nephrectomies and 5 from autopsies). Ten
transplanted kidneys obtained from patients died by
causes not related with rejection were used as controls.
CR was graded according to the Banff schema, which as-
sesses the degree of vasculopathy, tubular atrophy, inter-
stitial fibrosis and transplantation glomerulopathy. Giem-
sa-stained sections and immunohistochemistry using an-
ti-MC tryptase and c-kit monoclonal antibodies were
used to detect MCs. The mean number of MCs per 20
high-power fields (HPF) in the transplanted kidney with
CR was 101.8±15.3 in the renal cortex and 46.60±6.52
in the medulla. MCs were significantly more numerous
in CR with respect to normal kidneys, both in the cortex

(P<0.01; Mann-Whitney U test) and in the medulla
(P<0.01; Mann-Whitney U test). There was a positive
correlation between the number of MCs and extent of fi-
brosis (P<0.01; Kruskal-Wallis one-way anova test) and
tubular atrophy (P<0.01). These results suggest that MCs
may play a role in the process of development of intersti-
tial fibrosis in CR.
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Introduction

Renal transplantation is the treatment of choice for most
patients with end-stage renal disease. Chronic rejection
(CR) is the main cause of long-term graft failure and ac-
counts for 50–80% of the patients who return to dialysis
[19, 33]. CR of renal allografts is probably the result of a
persistent immune response directed towards the endo-
thelium [25] and mediated by cytotoxic T-lymphocytes
[3]. Probably other, nonimmunological, mechanisms,
such as the loss of organ mass, ischaemia–reperfusion
damage, hypertension, hyperlipidaemia or the effect of
cytomegalovirus on the renal allograft [8], are involved
in the development of CR.

Characteristically, CR shows interstitial fibrosis and
hyalinization of the artery wall with narrowing of the lu-
men. Renal architecture is altered by interstitial fibrosis,
which causes marked tubular atrophy with basement
membrane thickening and progressive replacement of
tubules by fibrous tissue. Glomeruli show expansion of
the mesangial matrix, hypercellularity, and basal mem-
brane thickening [32]. Tubulo-interstitial fibrosis is a
common pathway for progressive renal injury in most
nephropathies. Indeed there is a close correlation be-
tween the level of tubulo-interstitial fibrosis and the de-
gree of chronic renal dysfunction in most renal diseases
[10, 30].

Mast cells (MCs) are bone marrow-derived cells that
show a wide distribution [18]. MCs are well known for
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their role in anaphylactic hypersensitivity reactions, in
which they release histamine, heparin, proteases and
other mediators which induce multiple proinflammatory
effects [14]. The role of MCs in delayed-type hypersen-
sitivity reactions is still poorly understood. T-helper
lymphocytes have been characterized by the production
of gamma interferon, interleukin (IL)-2, tumour necrosis
factor beta (lymphotoxin alpha), IL-4, IL-5, IL-6 and 
IL-10 and the ability to stimulate production of MCs,
eosinophils and IgE [39–41]. In addition to their in-
volvement in the pathogenesis of hypersensitivity reac-
tions, MCs are implicated in many other biological re-
sponses, including wound repair [16], atherosclerosis
[2], and reactions to neoplasms [7]. They are also be-
lieved to be involved in the pathogenesis of a variety of
chronic inflammatory diseases, including scleroderma,
rheumatoid arthritis, certain forms of pulmonary fibro-
sis, chronic graft-versus-host disease, and inflammatory
bowel diseases [13]. Several reports have suggested that
MCs may be involved in kidney fibrosis in certain pri-
mary glomerulonephritis (GN) [17], IgA nephritis [9],
diabetic nephropathy [34] and acute cellular kidney re-
jection [24].

Both inflammation and T-lymphocytes are essential in
acute rejection, which is among the most recognizable
immunological risk factors for CR [21, 28]. To deter-
mine whether MCs are involved in tubulo-interstitial in-
jury of CR, we evaluated MC infiltrate in patients who
underwent nephrectomy after graft loss for CR and ex-
amined the relationship between the extent of MCs infil-
tration and tubulo-interstitial fibrosis.

Patients and methods

Patients

From October 1969 through December 1998, 525 renal transplan-
tations were performed in the Clínica Universitaria de Navarra,
University of Navarra, Spain. Nephrectomy was performed in 47
of the 525 patients (8.2%), 39 of whom had a primary diagnosis of
CR. Nine of these were excluded: 5 had large infarcts, 2 had se-
vere acute rejection, 1 had cytomegalovirus infection, and 1 had
aspergillosis.

Medical records of the 30 remaining CR patients were avail-
able for review. The mean age of the renal allograft recipients at
the time of transplantation was 36.17±2.73 (range, 12–63 years).
The diseases leading to transplantation were diabetes mellitus 
(10 cases), chronic pyelonephritis (8 cases), IgA nephropathy 
(5 cases), other glomerulopathies (3 cases), and unknown causes
in 4 cases. All grafts were from adult cadaver donors. Five pa-
tients who are included in the study with CR died of unrelated
causes, such as myocardial infarction (2 patients), lymphoprolifer-
ative disease or an infectious disease (2 patients). The time that
elapsed between the transplantation and the nephrectomy ranged
from 11 to 139 months (median 50.41±7.12). Demographic data
are presented in Table 1.

Biopsies

We fixed the 30 renal allografts removed in 10% formaldehyde.
Six samples of each kidney were embedded in paraffin to obtain
4-µm-thick sections and were stained with haematoxylin-eosin,

periodic acid–Schiff (PAS), Masson’s trichrome, Giemsa and orce-
in techniques. Control sections were obtained from 10 transplant-
ed kidneys (19–76 years old, mean age 51 years, mean time after
transplantation 49 days) without any history of acute or chronic
rejection, which were obtained from autopsies following death
from causes not related to the transplant.

Immunohistochemical analysis

Immunohistochemical analysis was done on 4-µm sections of 
formalin-fixed, paraffin-embedded tissue. Immunohistochemistry
was performed on an automated immunostainer (TechMate 500;
Dako, Copenhagen, Denmark) with the “EnVision+” system
(Dako), in which the secondary antibody is coupled with a dex-
tran polymer linked to peroxidase molecules. Endogenous peroxi-
dase activity was quenched by treatment with 5% hydrogen per-
oxide in methanol for 30 min at room temperature. Antigen retri-
eval by microwave oven was performed for 15 min in an 800-W
microwave. The primary antibody was an anti-MC tryptase
monoclonal antibody (Chemicon no. MAB1222, Temecula, Ca-
lif.) diluted 1:1000, or a polyclonal CD117 antibody (the c-kit
proto-oncogene product) diluted 1:400 (Santa Cruz Biotechnolo-
gy, Santa Cruz, Calif.), both applied for 120 min at room temper-
ature. The sections were then rinsed with washing buffer at room
temperature. The next step was addition of EnVision+ system re-
agents and incubation for 30 min at room temperature. The slides
were rinsed with washing buffer and treated with a solution con-
taining 0.05% diaminobenzidine hydrochloride and 0.1% hydro-
gen peroxide in 0.05 mol/l TRIS-buffered saline, pH 7.4, at room
temperature for 5 min. After rinsing in distilled water for 3 min,
the slides were counterstained with modified Harris haematoxy-
lin, dehydrated, and mounted. For negative controls, incubation
with normal goat serum instead of primary antibody was used.
Omission of the primary antibody likewise gave no background
staining. Slides of a skin biopsy with urticaria pigmentosa were
used as positive controls.

Immunosuppression

Patients were immunosuppressed with azathioprine, methylpred-
nisolone and cyclosporine (CsA), which was kept at a blood con-
centration of 300 g/l (specific monoclonal radioimmunoassay,
Sandimmun kit, Sandoz, Basel, Switzerland) immediately after
transplantation, and between 50 and 100 g/l for 6 months after the
transplant.

Assessment of CR

We diagnosed CR following the criteria of Burke et al. [4] and
Solez et al. [37]. We graded CR according to the International His-
tologic Standards of Banff [37, 38]. We excluded subcapsular
scars and cases with acute rejection.

We diagnosed CR in biopsies with concentric intimal prolifera-
tion and arterial fibrosis, and/or morphological signs of chronic
ischaemia in the absence of other factors known to produce these
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Table 1 Characteristics of 30 patients undergoing renal transplant
nephrectomies

No. of cases 30
Age at nephrectomy (years) 36.17±2.73 (range, 12–63 years)
Donor age 51.5±5.3
Cold ischaemia time 21+5
Acute rejection episodes 0.6+1.1
Time (months)  50.41±7.12

before nephrectomy
Male/female 21/9
Hypertension 4 (13.7%)



lesions [4]. All cases had one or several previous biopsies with
normal vessels and absence of lesions of chronic ischaemia.
Glomerular, tubular, interstitial and vascular lesions were semi-
quantitatively evaluated in four categories: 0 absence of lesion, 
+ slight, ++ moderate, +++ severe lesions.

Interstitial fibrosis was measured in Masson’s trichrome-
stained sections, using image analysis software (Olympus Micro-
image, version 2.0), connected to an Olympus Provis microscope:
the fibrosis was graded 1+ when it extended over 6–25% of the
cortical area; 2+ when it involved 26–50% of the cortical area; and
3+ when it involved more than 50% of the cortical area.

Tubular atrophy was scored according to the following criteria:
1+ when the tubular atrophy involved less than 25% of the cortical
area; 2+ when it involved 26–50%; and 3+ when the tubular atro-
phy involved more than 50%.

Vascular changes were characterized by fibrous intimal thick-
ening, with or without breach of the internal elastic lamina or
presence of foam cells or occasional mononuclear cells. These al-
terations were segmental in distribution. These changes were
scored in the artery with most severe features. They were graded
with the haematoxylin-eosin and orcein stains. A score of 1+ cor-
responded to up to 25% narrowing of the vascular luminal area of
arteries; 2+, to a narrowing of the vascular luminal area by
26–50%; 3+ meant narrowing of the vascular luminal area by
more than 50%.

Transplant glomerulopathy [27, 32] was diagnosed when a me-
sangial matrix expansion with associated basement membrane
thickening, with or without double contours in capillary loops,
was seen. These changes were graded using the following criteria:
grade 1+ affecting up to 25% of nonsclerotic glomeruli; grade 2+
changes as above, but more pronounced, involving 26–50% of
nonsclerotic glomeruli; and grade 3+ classic transplant glomeru-
lopathy in more than 50% of nonsclerotic glomeruli.

The overall degree of CR was calculated by adding the scores
for the other four parameters (interstitial fibrosis, tubular atrophy,
vascular changes and transplant glomerulopathy). We recorded
grade I when the total score was less than 4; grade II when the
score ranged from 5 to 8; and grade III when the score was >8.

Cell count

The MCs were counted on the Giemsa-stained slides and immuno-
histochemistry using anti-MC tryptase or c-kit monoclonal anti-
bodies on at least one set of randomly chosen 20 high-power fields
(HPFs), in the medulla and in the cortex. Every high-power field
corresponds to 0.55 mm2 of surface area. Though the differences
between the two techniques were not significant, the mean of the
values was used. We did not consider occasional collections of
metachromatic granules not associated with identifiable cells.

Statistics

Data were reported as mean ± standard error of the mean in 20
HPFs. Statistical analysis for comparison of means was performed
by the Mann-Whitney U-test, the Wilcoxon signed-ranks test and
the Kruskal-Wallis one-way anova test, using SPSS 7.5 for Win-
dows. Correlation studies were also performed using the SPSS 7.5
and the Spearman test. A P-value less than 0.05 was considered
statistically significant.

Results

According to the Banff schema, 3 cases of CR were
classed as grade I, 10 cases as grade II, and 17 cases as
grade III.

MCs could be identified in the cortex and medulla of
all kidneys in slides stained with Giemsa stain and with

immunohistochemistry with MC-tryptase or c-kit anti-
bodies. The majority of the MCs were located diffusely
throughout the interstitium without relation to inflamma-
tory cell aggregates. MCs were more frequent in areas
with a higher degree of fibrosis. The MCs were round or
oval, with abundant metachromatic granules (Fig. 1).
Some MCs had cytoplasmic processes or elongations
(Fig. 2). No intratubular MCs were observed, but some
intraglomerular MCs were identified in 1 case.

The number of MCs in the renal cortex of patients
with CR was significantly higher than in control speci-
mens (101.08±15.3 MCs/20 HPF vs 10.60±2.33 MCs/20
HPF; P<0.01). A similar difference was found between
the medulla of CR and that of control kidneys
(46.6±6.52 MCs/20 HPF vs 14.67±2.98 MCs/20 HPF,
P=0.008). When we compared the number of MCs in the
cortex and in the medulla of kidneys with CR we found
the former significantly higher (P<0.01). The differences
between the two areas were not significant in control
kidneys.
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Fig. 1 Interstitial mast cells in a patient with grade III chronic re-
nal rejection. Giemsa, original magnification ×450

Fig. 2 Mast cells stained with anti-MC triptase in a renal allograft
61 months after transplantation. Original magnification ×400



The number of MCs increased with the degree of CR
in the renal cortex and in the medulla, especially in
moderate and severe CR (Table 2: r=0.755, P<0.01 in
the cortical kidney; r=0.571, P<0.01 in the medulla).
We did not find any correlation between the time that
had elapsed since transplantation and the number of
MCs.

We found a significant correlation between the num-
ber of MCs and the degree of interstitial fibrosis
(P<0.01; Fig. 3) and tubular atrophy (P<0.01) both in the
cortex and in the medulla. There was no correlation be-
tween the number of MCs and the presence of transplant
glomerulopathy or the grade of transplant vasculopathy.
The relationship between the number of MCs and the de-
grees of tubular atrophy and interstitial fibrosis was es-
pecially significant in severe CR (P<0.01).

We found no correlation between the number of MCs
and those of other inflammatory cells, including eosino-
phils, which were present in 17 cases in percentages that
varied between 1% and 6% of the inflammatory infil-
trate.

Discussion

The anti-MC tryptase monoclonal antibody used in this
study has been reported to be a good method for the 
detection of MCs in formalin-fixed paraffin-embedded
renal tissues, as has been shown by others [22, 24]. The
c-kit gene product (CD117) is known to be expressed in

a variety of normal human tissue cell types, including
breast epithelium, germ cells, melanocytes, immature
myeloid cells, and mast cells [1]. The strong membrane
reactivity for CD117 seen in mast cells may be useful in
the diagnosis of mast cell disorders. We have not found
statistically significant differences in the detection of
MCs using Giemsa stain or immunohistochemistry with
triptase or c-kit antibodies. Moreover, endogenous per-
oxidase activity is characteristic of MCs and is associat-
ed with the ability of the cells to synthesize PGD2. In
this respect, MCs are well visualized with any immuno-
histochemical technique based on peroxidase activity
[11, 12].

MCs are seen along with lymphocytes and monocytes
in GN [17], and they contribute to the process of renal
deterioration in GN through tubulo-interstitial injury.
The number of MCs is higher in chronic GN, such as fo-
cal segmental GN or diabetic nephropathy, than in acute
GN, such as in rapidly progressive GN [9, 17, 34]. The
number of MCs is slightly higher in CR than in chronic
GN, including diabetic nephropathy. Comparison of
MCs in GN and in CR with similar degrees of fibrosis
would probably reveal whether MCs have a special
pathogenetic role in CR.

According to our results, MCs have an important role
in the development of interstitial fibrosis in CR of kid-
ney allografts. MCs are activated by C5a and C3a and
some cytokines (Il-5, Il-8), participate in type I hyper-
sensitivity anaphylactic reaction and in both acute and
persistent inflammatory reactions, and secrete different
primary mediators such as biogenic amines, chemotactic
mediators, enzymes and proteoglycans, and secondary
mediators such as leukotrienes, prostaglandin D2, plate-
let-activating factor and cytokines [5]. The presence of
MCs in connective tissues has been linked to the devel-
opment of fibrosis through the production of cytokines
and growth factors, such as histamine, heparin, tryptase,
basic fibroblastic growth factor, tumour necrosis factor-
α and transforming growth factor-β, which stimulate the
proliferation of myofibroblasts and fibrosis [15, 16, 31,
35]. Lajoie et al. [24] suggest that the presence of a
large number of MCs in renal allografts could indicate
an unfavourable prognosis of the allograft. Early mea-
surement of interstitial fibrosis has been demonstrated
to predict long-term renal function and graft survival
[30, 34].

Some authors [23] think that the MCs’ secretion of
interleukin 5, a eosinophil chemoattractant, induces an
eosinophilic infiltrate in acute and CR. Thus, eosinophils
and MCs would increase together in CR. Lajoie et al.
[24] suggest that the presence of a large number of eo-
sinophils in renal allografts could indicate an unfavour-
able prognosis. This hypothesis has not been proved so
far, but to our mind provides an explanation for the pres-
ence of eosinophils in cellular rejection, which were
thought to be an adverse histological feature for the out-
come in renal allografts [23]. The absence of correlation
among the number of MCs, lymphocytes and eosinophils
may be due to the long evolution of the CR, since the re-
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Table 2 Number of mast cells (MCs) per 20 high-power fields
(HPF) in control kidneys and in kidneys affected by chronic rejec-
tion (CR)

n MCs in the cortex MCs in the medulla
(MCs/20 HPF) (MCs/20 HPF)

Normal transplant 10 10.60±2.33 14.67±2.98
kidneys

CR: all grades 30 101±17.01 53.34±8.66
CR grade I 3 20.00±11.15 10.67±5.04
CR grade II 10 69.50±14.30 34.20±8.04
CR grade III 17 132.29±22.35 60.24±9.08

Fig. 3 The number of mast cells increases with the degree of in-
terstitial fibrosis both in the cortex and in the medulla. The differ-
ence is statistically significant in moderate and severe degrees of
interstitial fibrosis



lationship among these three cell types has always been
described in acute phases [3, 23, 39–41].

Immunological rejection and ischaemia are probably
the mechanisms of induction of MC infiltration in renal
allografts [6, 17, 20, 27, 36]. The relation between MCs
and rejection has been described in the heart [26], lung
[42], and intestine [40], and in graft-versus-host disease
[29] and acute cellular rejection of the human kidney
[24].

In conclusion, MCs play a part in the development of
fibrosis in CR, and should be included in any protocol of
evaluation of renal allograft biopsies.
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