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Re cent ev i dence sug gests a role for mast cells in the

pathogenesis of re nal scar ring in various glomeru lo pa -

thies, there fore the pres ent study was un der taken to eval -

u ate whether mast cells have a role in tubulointer stitial

fi bro sis in rebiopsied pa tients with id io pathic me sangial

proliferative glomerulonephritis (MPG) and to ex am ine

a pos si ble re la tion ship be tween mast cells and in ter sti tial

α-smooth mus cle actin (α-SMA) ex pres sion as well as in -

ter sti tial in fil trates. Sev en teen pa tients with id io pathic

me sangial proliferative glomerulonephritis, in whom re -

nal bi op sies were re peated and for whom light and elec -

tron mi cros copy as well as immunofluorescence mi cro-

 scopy and full clin i cal data were avail able were ex am ined

quan ti ta tively. Morphometric in ves ti ga tions were perfor -

med by means of a com puter im age anal y sis sys tem. The

study re vealed that at the rebiopsy pro teinuria was sig nif i -

cantly lower as com pared with the first bi opsy. On the

other hand, the mean val ues of the in ter sti tial tryptase

pos i tive cells, ex pres sion of α-SMA, in ter sti tial volume

and CD68+ cells were at rebiopsy sig nif i cantly in creased.

The mean val ues of CD45RB+, CD43+ and CD20+ cells

did not dif fer sig nif i cantly in these groups. In both ini tial

bi opsy and rebiopsy groups there were sig nif i cant pos i tive

cor re la tions be tween in ter sti tial tryptase pos i tive cells and 

in ter sti tial ex pres sion of α-SMA, in ter sti tial vol ume, and

CD68+ cells. The pres ent quan ti ta tive study may sug gest

that de spite of the clin i cal im prove ment at rebiopsy, MPG

is a pro gres sive glo mer u lar dis ease, and point to a role of

mast cells in this pro cess.

In tro duc tion

Mesangial proliferative glomerulonephritis (MPG) is

a morphologic en tity that is de fined by light mi cros copy,

and is char ac ter ized by glo mer u lar mesangial hypercellu -

larity usu ally af fect ing all lob ules [3], and an in con sis tent

in crease in mesangial ma trix. Cap il lary lu mina are pat ent

and cap il lary walls re main nor mal [20]. By immuno fluo -

rescence glomeruli show mesangial de po si tion of IgM ei -

ther alone or as the dom i nant im mu no glob u lin with or

with out com ple ment. Elec tron dense mesangial de pos its are 

a vari able ultrastructural fea ture [19]. Most of the MPG

cases have been as so ci ated with the nephrotic syn drome or

with per sis tent proteinuria, while hematuria was re ported in

a mi nor ity of these pa tients [1, 27]. The prog no sis of these

id io pathic forms of MPG is un cer tain, al though some will

prog ress to chronic re nal fail ure [2, 26].

Al though semiquantitative and quan ti ta tive ob ser va -

tions made by light mi cros copy re vealed that glo mer u lar

mor phol ogy in se ri ally biopsied MPG pa tients did not cor re -

spond to the clin i cal out come [4, 5, 28], they proved that the

in ter sti tial vol ume was at the sec ond re nal bi opsy sig nif i -

cantly in creased [5].

A great num ber of cytokines and growth fac tors pro -

duced by the in ter sti tial leu ko cyte subpopulations are pro -

bably in volved in tubulointerstitial fi bro sis [31]. Re cent

evi dence also sug gests a role for mast cells in the patho -

genesis of re nal scar ring in var i ous glomerulopathies [11,

14, 15, 29]. Mast cells con tain in flam ma tory me di a tors

such as his ta mine, pros ta glan din, leukotriens, platelet ac -

ti vat ing fac tors and ba sic fibro blast growth fac tor [11, 21,

29]. The in volve ment of mast cells in the pro cess of re nal

in ter sti tial fi bro sis has not been in ves ti gated, be cause

these cells are not eas ily de tected by rou tine histochemical 

stain ing [15]. Re cently, it is sug gested that immuno stai n -

ing with anti-tryp tase monoclonal an ti body de tects al most 

all the mast cells in the re nal interstitium [11, 16, 30].

There fore, the pres ent study was un der taken to as cer -

tain whether mast cells have a role in tubulointerstitial fi -

bro sis in rebiopsied pa tients with MPG and to ex am ine
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a re lationship be tween mast cells and in ter sti tial α-smooth 

mus cle actin (α-SMA) ex pres sion as well as in ter sti tial in -

fil trates.

Ma te rial and Meth ods

Pa tients

Sev en teen pa tients with id io pathic MPG (10 males

and 7 fe males, mean age at the ini tial bi opsy 25.6±10.7)

were ex am ined by percutaneous re nal bi opsy. For the pres -

ent study only pa tients in whom re peated re nal bi op sies

were per formed were se lected. The bi op sies were car ried

out at in ter vals from 1 to 7.5 years, mean 3.9 years. In all pa -

tients in di ca tions for re nal rebiopsy were re lapses af ter

immunosuppressive treat ment (as re lapses were re garded

ep i sodes of re cur rent pro teinuria or/and hematuria af ter

clin i cal re mis sion). In each case mor pho log i cal di ag no sis of

MPG was es tab lished in de pend ently by two ex pe ri enced

nephropathologists and based on light micros copy, im mu -

no fluorescence and elec tron mi cros copy at the time of the

first bi opsy as well as at the rebiopsy. This study in cluded

only cases in which pre dom i nant mesangial IgM de pos its

were seen by immuno fluorescence.

Light mi cros copy

Tis sue spec i mens were em bed ded in par af fin, sec tions cut 

pre cisely at 4 µm and stained by hematoxylin and eosin, pe ri -

odic acid-Schiff (PAS)-alcian blue, trichrome light green

(Masson), and by sil ver im preg na tion (Jones). Thick ness of

each sec tion was con trolled ac cord ing to the method de -

scribed by Weibel [32]. For this study bi op sies con tain ing less 

than 10 nonsclerotic glomeruli were ne glected.

Immunofluorescence mi cros copy

A tis sue was snap frozen, sec tioned at 5 µm and fixed in

95% al co hol for 10 min. Sec tions in cu bated with FITC-an ti -

sera (Hoechst) to hu man IgG, IgA, IgM and com ple ment (C3)

were viewed in Olym pus BX41 mi cro scope, us ing proper fil ters.

Elec tron mi cros copy

A tis sue was fixed in glutaraldehyde, post-fixed in 1% os -

mium tetroxide, em bed ded in epon and sec tioned on a LKB

ultratome. Sec tions were stained by lead ci trate and ura nyl ac -

e tate, and viewed in a JEM 100B elec tron mi cro scope. 

Immunohistochemistry

The prep a ra tion and stain ing of tis sue sec tions for im -

munohistochemistry (an in di rect StreptABComplex/HRP

tech nique) was car ried out as it was de scribed pre vi ously [6].

The monoclonal an ti bod ies (DAKO) em ployed, their spe cific

re ac tiv i ties and di lu tions are listed in the Ta ble 1.

Tis sue con trol for immunostaining

For each MoAb and for each sam ple a pos i tive con trol was

pro cessed (for mast cells par af fin-em bed ded sec tions of a na sal

polyp where mast cells were found with toluidine blue stain ing,

par af fin-em bed ded sec tions of sur gi cally re moved lymph node

for in ter sti tial leu ko cyte in fil trates and vas cu lar smooth mus cle

cells of the re nal bi opsy spec i mens for myo fibroblasts). More -

over, the fol low ing neg a tive con trols were used: 1) omis sion of

pri mary an ti body, 2) in cu ba tion with ap pro pri ately di luted

mouse IgG (DAKO) as a first layer. The sam ples were pre pared 

by the same method as de scribed above. Spec i fic ity of la bel ing

was shown by lack of stain ing in these sam ples.

Morphometry

Histological morphometry was per formed by means

of im age anal y sis sys tem con sist ing of a IBM-com pat i ble

com puter equipped with an op ti cal mouse, Indeo Fast card

(frame grab ber, true-col our, real-time), pro duced by Indeo

(Tai wan), and col our TV cam era Panasonic (Ja pan) linked

to a Carl Zeiss Jenaval mi cro scope (Ger many). This sys tem

was pro grammed (pro gram MultiScan 8.08, pro duced by

Com puter Scan ning Sys tems, Poland) to calculate:
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TABLE 1
Monoclonal an ti bod ies em ployed and their spec i fic ity

Monoclonal antibody Specificity Source Dilution

Anti-tryptase (AA-1) Mast cells Dako 1 : 100

α-SMA Myofibroblasts, smooth muscles Dako 1 : 50

CD45RB All leukocytes Dako 1 : 100

CD43+ Pan-T cells Dako 1 : 100

CD20+ Pan-B cells Dako 1 : 100

CD68+ Monocytes / macrophages Dako 1 : 100



– the num ber of ob jects (semi au to matic func tion);

– the sur face area of a struc ture us ing stereological net

(with reg u lated num ber of points).

An immunophenotype of mast cells and leu ko cyte in ter sti -

tial in fil tra tion was de ter mined by count ing all pos i tive cells for

each monoclonal an ti body (semi au to matic func tion) in a se -

quence of ten con sec u tive com puter im ages of 400 x high power

fields – 0.0047 mm2 each. Mast cells were scored pos i tive when

dis played cy to plas mic gran ules stai ned pos i tively with anti-tryp -

tase monoclonal an ti body. The only ad just ments of field were

made to avoid glomeruli and large ves sels. The re sults were ex -

pressed as a mean num ber of immunopositive cells per mm2. In -

ter sti tial myofibroblasts were iden ti fied by their mor phol ogy and

pos i tive stain ing with anti-α-SMA. The in ter sti tial immuno pe -

roxidase stain ing for α-SMA was mea sured us ing point-count -

ing method, which is an ad ap ta tion of the prin ci ples of Weibel

[32], the point spac ing be ing 16 µm. The to tal num ber of the

points of a net was 169, and to tal area was 36864 sq. µm. Un der

the net de scribed above, 8–10 ran domly se lected ad ja cent fields

of the re nal cor tex were in ves ti gated. Glomeruli and large blood

ves sels were ne glected. The per cent age of α-SMA pos i tive stain -

ing was an ex pres sion of the num ber of points over ly ing α-SMA

pos i tive ar eas as a per cent age of the to tal points counted.

The same method was used to es ti mate in ter sti tial vol -

ume in sec tions stained with Masson trichrome. The per cent

in ter sti tial vol ume was an ex pres sion of the num ber of

points over ly ing re nal cor ti cal interstitium as a per cent age

of the to tal points counted.

Sta tis ti cal meth ods

Dif fer ences be tween groups were tested us ing Stu -

dent’s t-test for de pend ent sam ples pre ceded by eval u a tion

of nor mal ity and Levene’s test. The Wilcoxon matched

pairs test was used where ap pro pri ate. Cor re la tion co ef fi -

cients were cal cu lated us ing Spearman’s method. Re sults

were con sid ered sta tis ti cally significant if p<0.05

Re sults

Clin i cal and lab o ra tory fea tures of the pa tients with

MPG at the time of a bi opsy are given in the Ta ble 2.

At the time of the first bi opsy 11 pa tients with MPG

showed proteinuria and an other 6 nephrotic syn drome.

Microhe maturia was pres ent in 9 cases; clin i cal re nal im -

pair ment (se rum creatinine greater than 1.5 mg/dl) was

noted in 2 patients and el e vated blood pres sure in 6. Al -

though at the rebiopsy proteinuria was still pres ent in 12

cases and an other 2 were nephrotic, it was sig nif i cantly

lower as com pared with the first bi opsy (1.75±1.7 and
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Fig. 1. Immunostaining with anti-tryptase monoclonal an ti body of a MPG

case at the time of the first bi opsy. Some mast cell be tween tu bules can be

seen. Magn. 400×.

Fig. 2. Immunostaining with anti-tryptase monoclonal an ti body in the same 

pa tient at rebiopsy. Nu mer ous po lyg o nal in shape mast cells in the area of

tu bu lar at ro phy. Magn. 400×.

TABLE 2
The clin i cal and lab o ra tory data at the time of bi opsy in cases with MPG

(n=17)
Micro-

hematuria

Gross

hematuria

Proteinuria
Nephrotic

syndrome

Renal

function

impairment
1)

Hypertension

(>90/160)<1g/24h 1–2 g/24h 2–3.5g/24h

Initial biopsy 9 – 1 5 5 6 2 6

Rebiopsy 4 1 6 4 2 2 2 4

1)Se rum creatinine >1.5 mg/dl 



3.26±1.7, res pectively, p<0.002). Hematuria was noted in

5 rebio psied pa tients, clin i cal re nal im pair ment (se rum

creatinine greater than 1.5 mg/dl) in 2 and el e vated blood

pres sure in 4.

The morphometric data of the in ter sti tial tryptase pos -

i tive cells (Figs. 1 and 2), in ter sti tial ex pres sion of

α-SMA, in ter sti tial fi bro sis and in ter sti tial in fil trates ap -

pear from the Ta ble 3. The mean val ues of the in ter sti tial

tryptase pos i tive cells, ex pres sion of α-SMA, in ter sti tial

vol ume and CD68+ cells were at a rebiopsy sig nif i cantly

in creased in com par i son with the ini tial bi opsy. The mean

val ues of CD45RB+, CD43+ and CD20+ cells did not dif -

fer sig nif i cantly in these groups.

The cor re la tions be tween in ter sti tial tryptase pos i tive

cells and in ter sti tial ex pres sion of α-SMA, in ter sti tial vol -

ume, as well as in ter sti tial in fil trates are shown in the Ta -

ble 4. In both ini tial bi opsy and rebiopsy groups there were

sig nif i cant pos i tive cor re la tions be tween in ter sti tial tryptase 

pos i tive cells and in ter sti tial ex pres sion of α-SMA, in ter sti -

tial vol ume, and CD68+ cells. The cor re la tions be tween in -

ter sti tial tryptase pos i tive cells and CD45+, CD43+ as well

as CD20+ cells were pos i tive, but they have not reached sta -

tis ti cal sig nif i cance.

Dis cus sion

The morphometric study showed that in pa tients with

MPG who re ceived immunosuppressive ther apy in ter sti tial

vol ume was at rebiopsy sig nif i cantly in creased when com -

pared with the time of the ini tial bi opsy, whereas lab o ra tory

data re vealed clin i cal im prove ment [5]. The pres ent mor pho -

metric in ves ti ga tions on in ter sti tial mast cells have pro vided

some in ter est ing in sights into the na ture of this pheno menon.

The idea that mast cells are im por tant to the pathogenesis of

re nal in ter sti tial fi bro sis was re cently con firmed in IgA-ne -

phropathy, mem bra nous nephro pa thy, fo cal seg men tal glo -

mer u lar scle ro sis, mesangio capi llary glo merulonephritis,

ra pidly pro gres sive glome ru lone phri tis, lupus ne phri tis and

re nal amyloidosis [6–9, 11–15, 25]. To our knowl edge, how -

ever, no data have doc u mented quan ti ta tively in ter sti tial stai -

ning for mast cells in se ri ally biopsied pa tients with MPG. 

Our morphometric study showed that in MPG an av er -

age num ber of in ter sti tial tryptase pos i tive mast cells was

sig nif i cantly in creased at rebiopsy as com pared with the

time of the ini tial bi opsy. We ob served tryptase pos i tive

cells in the interstitium be tween tu bules, around glomeruli

and blood ves sels. No mast cells were found in the me -
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TABLE 3
The morphometric data of in ter sti tial mast cells, ex pres sion of α-SMA and in ter sti tial in fil trates in MPG pa tients at ini tial bi opsy
and rebiopsy

Num ber of

cases (n=17)
α-SMA (%)

Interstitial

volume (%)

Number of immunopositive cells per 1 mm2

Tryptase+ CD68+ CD45RB+ CD43+ CD20+

Initial biopsy 3.82±0.96 16.23±4.31 7.27±4.16 81.42±36.22 177.31±40.07 84.22±41.15 2.75±1.32

Rebiopsy 6.80±2.04 19.82±5.91 10.79±6.45 99.02±38.27 180.42±41.86 85.14±39.12 2.98±1.41

P value <0.001 <0.001 <0.001 <0.004 =0.21 (NS) =0.12 (NS) =0.28 (NS)

Data are ex pressed as mean ± stan dard de vi a tion

TABLE 4
The cor re la tions be tween tryptase pos i tive cells and in ter sti tial ex pres sion of α-SMA, in ter sti tial vol ume as well as in ter sti tial in -
fil trates in MPG

Correlation between: Initial biopsy (n=174) Rebiopsy (n=17)

interstitial tryptase positive cells and interstitial expression of α-SMA r=0.61, p<0.01 r=0.57, p<0.02

interstitial tryptase positive cells and interstitial volume r=0.69, p<0.003 r=0.72, p<0.002

interstitial tryptase positive cells and CD68+ cells r=0.53, p<0.03 r=0.62, p<0.008

interstitial tryptase positive cells and CD45RB+ cells r=0.44, p=0.08 (NS) r=0.25, p=0.33 (NS)

interstitial tryptase positive cells and CD43+ cells r=0.35, p=0.16 (NS) r=0.41, p=0.1 (NS)

interstitial tryptase positive cells and CD20+ cells r=0.22, p=0.57(NS) r=0.14, p=0.59(NS)



dullary interstitium and in glomeruli. Sim i lar dis tri bu tion of

mast cells was re ported in IgA nephropathy, mem bra nous

nephropathy, mesangiocapillary glomerulonephritis, lupus

ne phri tis and re nal amyloidosis [6–9, 11]. Con trary to our

re sults in proliferative glomerulopathies some mast cells

were de tected in the medullary interstitium [15]. Like wise

in other glomerulopathies [6–9, 11] in the pres ent study the

av er age num ber of mast cells was lower than the av er age

num ber of T lym pho cytes, but in con trast to the find ings of

Ehara and Shigematsu [11], the mean num ber of mast cells

was rel a tively small in com par i son with the num ber of in ter -

sti tial monocytes/macrophages. 

Whereas our re sults showed that mast cells were one of

the con sti tu tive in ter sti tial cell types in MPG, a ma jor find ing

in this study was the dem on stra tion that in both ini tial bi opsy

and rebiopsy groups were sig nif i cant pos i tive cor re la tions be -

tween the num ber of in ter sti tial mast cells and in ter sti tial vol -

ume as well as be tween in ter sti tial mast cells and in ter sti tial

ex pres sion of α-SMA. As in creased in ter sti tial α-SMA stain -

ing can be de tected be fore there ap pears sig nif i cant fi bro sis

[22], it may be spec u lated that mast cells play a role in the pro -

cess of myo fibroblast stim u la tion. Al though Ehara and

Shigematsu [11] sug gested that at the pres ent time is not pos -

si ble de cide whether or not mast cell in crease as the re sult of

fi bro sis, our re sults are con sis tent with re cent find ings of El

Nahas group [12] where mast cells in fil tra tion was found to be 

pow er ful de ter mi nant of in ter sti tial fi bro sis. The pre cise

mech a nisms of re nal in ter sti tial fi bro sis and the role of mast

cells in this pro cess are not clear [29]. Mast cells have been

shown to pro duce cytokines and growth fac tors that may con -

trib ute to fi bro sis [14, 17], whereas hep a rin and tryptase may

en hance fibroblast mi gra tion and pro lif er a tion [24, 25]. More -

over, fibroblasts and mast cells are known to in flu ence each

other [13, 21] and it is sug gested that mast cell gran ule syn the -

sis is also de pend ent on fibroblasts [10]. Fibroblasts se crete

mast cells growth fac tors, for ex am ple c-kit ligand [13]. Re -

cently, El-Nahas group [12] showed us ing dou ble-la beled

immuno histo che mistry that ex pres sion of the ligand for mast

cell c-kit re cep tor (stem cell fac tor) highly cor re lates with

mast cell in filtration. These find ings sug gest that mast cells

and its growth fac tor seem to be up-reg u lated in glomerulo -

nephri tis, and may play a role in the de vel op ment of re nal fi -

bro sis.

On the other hand, we found pos i tive cor re la tions be -

tween mast cells and monocytes/macrophages. This re la tion -

ship may de pend on the fact that some tryptase pos i tive cells

stained pos i tive with CD68 an ti body [11].

Fi nally, as there is abun dant ev i dence that the ex tent

and se ver ity of in ter sti tial fi bro sis and tu bu lar at ro phy are

the most pow er ful histological mark ers of re nal func tion

and long term prog no sis in chronic glomerulonephritis [23], 

the pres ent quan ti ta tive study may sug gest, that de spite of

the clin i cal im prove ment at rebiopsy, MPG is a pro gres sive

glo mer u lar dis ease, and point to the role of mast cells in this

pro cess.
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