
Abstract The distribution pattern of extracellular ma-
trix (ECM) components in transplant glomerulopathy
was studied in relation to light microscopic features, ac-
tin expression of mesangial cells, and intraglomerular
inflammatory cells. Nine cases of mild (group I) and
nine cases of severe (group II) transplant glomerulopa-
thy were stained with antisera against fibronectin (FN),
tenascin (TN), collagen types III and IV, smooth muscle
actin, CD45RO, CD68, and Ki-67 antigen. The compo-
sition of ECM was similar in the two groups. The ex-
panded mesangium was diffusely stained by type-IV
collagen, FN and TN, and focally and weakly stained by
type-III collagen and smooth muscle actin. Type-IV col-
lagen was linearly stained along the capillary walls, im-
parting a double-contour feature, whereas FN and TN
showed granular staining along the capillary walls.
CD68 positive cells were increased in severe transplant
glomerulopathy, but this increase was not related to
ECM deposition. These findings suggest that increased
glomerular deposition of normal and abnormal ECM
components participate in the evolution of transplant
glomerulopathy.
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Introduction

Transplant glomerulopathy is characterized by mesangial
widening and thickening of glomerular capillary walls in
chronically rejecting renal allografts [10]. Extracellular
matrix (ECM) may accumulate in the glomeruli of trans-
plant glomerulopathy; however, little is known about the
composition of ECM [6, 18]. Deposition of various ECM
components has been reported in the glomeruli of pre-
eclamptic nephropathy, showing similar light microscopic
features to transplant glomerulopathy [4, 13]. In contrast
to the resolution of increased matrix after delivery in
pre-eclamptic nephropathy, the glomerular lesion in
transplant glomerulopathy persists and may even pro-
gress to complete obsolescence of glomeruli. It is un-
clear whether this progress to glomerulosclerosis is relat-
ed to the deposition of abnormal matrix or the persis-
tence of injury. Fibronectin (FN) and tenascin (TN) are
normal components of the glomerular mesangium,
whereas the deposition of type-III collagen is considered
to be abnormal [5, 17]. In addition to increased matrix,
intraglomerular hypercellularity is occasionally found in
transplant glomerulopathy. It may be related to a transi-
tion from transplant glomerulitis to transplant glomeru-
lopathy or intraglomerular proliferative activity. It may
also be related to the deposition of ECM by either a di-
rect or indirect mechanism. We studied the glomerular
staining pattern of type-III and -IV collagens, FN and
TN in transplant glomerulopathy, and sought a possible
link between light microscopic features and ECM depo-
sition, actin expression of mesangial cells, and intraglo-
merular infiltrate.

Materials and methods

A total of 670 renal allograft biopsies were examined between
1 July 1992 and 31 December 1997 in the Department of Pathology,
Yonsei University College of Medicine. Transplant glomerulopa-
thy was diagnosed in 54 cases. Biopsies containing less than six
nonsclerotic glomeruli per section, or cases with overlapping glo-
merulonephritis (four cases of IgA nephropathy, one case each of
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membranous nephropathy and membranoproliferative glomerulo-
nephritis) were excluded. Among the remaining cases, nine cases
of mild (group I: less than 25% of nonsclerotic glomeruli involved
by transplant glomerulopathy) and nine cases of severe (group II:
more than 50% of nonsclerotic glomeruli involved) transplant glo-
merulopathy were randomly selected. There was no significant
difference between the two groups with regard to the age and gen-
der of donors and recipients, HLA match, and serum creatinine
level. However, 24-h urinary protein excretion at the time of biop-
sy was significantly higher in group II (Table 1). Allograft biop-
sies were diagnosed according to the Banff schema [14]. The de-
gree of tubular atrophy, interstitial fibrosis and interstitial inflam-
mation were graded semi-quantitatively on a scale from 0 to 3
(0 negative; 1 <25% of cortex involved; 2 <50% cortex involved;
3 ≥50% of cortex involved). The number of glomeruli and the
percentages of global and segmental sclerosis were recorded.

Stains for type-III and -IV collagens, FN, TN, and smooth
muscle actin were performed on formalin-fixed, paraffin-embed-
ded 4-µm-thick renal sections, using the LSAB kit (Dako, Glos-
trup, Denmark). The extent and intensity of staining were graded
as follows: 0 negative; 1+ weakly positive; 2+ positive; and 3+
strongly positive. For the identification of intraglomerular inflam-
matory cells and proliferating cells, antibodies against CD45RO,
CD68, and Ki-67 antigens were used. The number of positive cells
were counted and expressed as mean±SD per nonsclerotic glomer-
ulus. As controls, six cases of renal tissue unaffected by renal cell
carcinoma and two cases of idiopathic hematuria were used. Com-
parison of data was performed using the Mann-Whitney test and
Kruskal Wallis test, andP value <0.05 was considered significant.

Results

Light microscopy

The percentage of segmental sclerosis was significantly
higher in group II than in group I (P<0.01). However, the
degree of tubulointerstitial lesion was similar between the
two groups (Table 2). Four cases showed increased inflam-
matory cells in a few glomeruli. Three cases contained
mononuclear cell infiltration and the remaining case
showed a mixed mononuclear and polymorphonuclear cell
infiltrate, which was not associated with either acute tub-
ulointerstitial rejection or glomerular endothelial swelling.

Immunohistochemistry

The glomeruli of control kidneys showed diffuse, linear
staining of type-IV collagen along the glomerular base-
ment membrane. It was also minimally present in the
mesangium. Type-III collagen was negative in the glo-

meruli. FN was weakly stained along the glomerular
capillary walls and in the mesangium, whereas TN was
mostly negative or weakly positive near the vascular hi-
lum. There were only a few CD45RO and CD68 positive
cells in the glomeruli.

In the glomeruli showing characteristic features of
transplant glomerulopathy, type-IV collagen was positive
in the mesangium and along both the original and newly-
formed subendothelial basement membrane. Most inten-
sive staining for type-IV collagen was present in areas of
capillary collapse. Type-III collagen was weakly positive
in the mesangium, but was strongly positive in the scle-
rotic glomeruli. FN was diffusely and strongly stained
along the capillary walls and in a coarsely granular pat-
tern in the mesangium. Globally sclerotic glomeruli were
minimally stained for FN. Mesangial TN staining was
roughly parallel to that of FN, but less in its intensity and
extent. TN was strongly positive in the subendothelial
area of thickened capillary walls in five cases in group I
and in four cases in group II. There was no significant
difference in the intensity between the two groups. The
subendothelial hyalin and sclerotic area were not stained
by TN. The glomerular mesangium was stained weakly
with smooth muscle actin. A variable but increased de-
position of ECM was also present in the apparently nor-
mal glomeruli in the sections of transplant glomerulopa-
thy (Table 3). CD45RO and CD68 positive cells were
occasionally present in the glomerular capillaries, where-
as CD68 and Ki-67 positive cells were mainly noted in
areas of parietal epithelial proliferation (Table 4).

In addition to glomerular staining, ECM deposition
was present in other tissue components. Type-IV collagen
was present along the tubular basement membrane and in
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Table 1 Demographic findings
Group I Group II

Number of cases 9 9
Age, gender ratio (male:female) 36.7±11.6, 8:1 41.3±11.0, 8:1
Proteinuria (g/24 h) 2.0±1.2* 7.8±6.3*
Serum creatinine at time of biopsy (mg/dl) 2.2±0.8 3.3±6.3
Time to biopsy (months) 67.3±37.9 82.5±71.8

HLA match
A 1.1±0.3 1.3±0.5
B 0.2±0.3 0.6±0.5
DR 0.9±0.3 1.1±0.4

* P<0.05

Table 2 Light microscopic findings

Group I Group II

Number of cases 9 9
Number of glomeruli 12.2±4.2 12.1±7.7
% Global sclerosis 21.2±21.4 17.6±16.3
% Segmental sclerosis 7.7±7.8* 25.7±17.6*

Injury score
Interstitial inflammation 1.1±0.8 1.1±0.6
Tubular atrophy 1.1±0.6 1.4±1.2
Interstitial fibrosis 1.3±1.0 1.7±1.1

* P<0.01



the vessels of normal and chronically rejecting kidneys.
Interstitium and blood vessels were also strongly positive
for type-III collagen, FN and TN in cases with transplant
glomerulopathy. The staining intensity of TN in the inter-
stitium was not proportional to the severity of inflamma-
tory infiltrate. Vascular TN reactivity was prominent
mostly in the perivascular connective tissue and minimal-
ly in the mural stroma. Smooth muscle actin was positive
not only in the vessels, but also in the fibrotic interstiti-
um. The interstitial infiltrate was positive for CD45RO or
CD68, as well as for Ki-67 antigen. Ki-67 positive cells
were occasionally found in tubular epithelium.

Correlation between light microscopic
and immunohistochemical findings

There was no significant relationship between the severi-
ty of glomerular lesion and ECM deposition. The num-

ber of CD68 positive cells showed statistical significance
among controls, group I, and group II, being the highest
in group II. There was a minimal increase of smooth
muscle actin staining in the glomeruli of group II.

Discussion

The deposition of ECM has been reported in the context
of chronic renal allograft rejection, mostly in the inter-
stitium and large vessels [1, 12, 15]. Glomerular deposi-
tion of ECM largely accords with that of the interstiti-
um. The glomeruli showing features of transplant glo-
merulopathy were stained intensely with type-IV colla-
gen, FN and TN, both in the glomerular capillary walls
and in the mesangium. A double-contour feature of
glomerular capillary walls was evident with staining
against type-IV collagen, suggesting a prolonged injury
to endothelial cells enough to produce new basement
membrane material. Glomerular mesangial and endothe-
lial cells can synthesize several types of ECM, including
collagens, laminin, and TN [3, 9]. Presence of type-III
collagen in the glomeruli with intact Bowman’s capsule
supports the fact that type-III collagen is produced by
the mesangial cells [16]. Moreover, trapping of plasma
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Fig. 1 Immunohistochemistry of transplant glomerulopathy (A–D,
×400). Note a double-contour feature of type-IV collagen (A) and
tenascin staining (B) along the peripheral capillary wall. Strong
staining of fibronectin (C) and weak staining of type-III collagen
(D) are noted in the glomerular mesangium



protein may be involved in the glomerular lesion. IgM
and C3 were deposited in the glomeruli in 55.6% and
22.2% of our cases, respectively. Taken together, in-
creased glomerular deposition of normal and abnormal
ECM components as well as plasma proteins partici-
pates in the evolution of transplant glomerulopathy and
may lead to glomerulosclerosis. In addition to glomeruli
showing features of transplant glomerulopathy, appar-
ently normal glomeruli also showed increased deposi-
tion of ECM, which suggests a rather widespread glom-
erular injury in chronic rejection [8] and also a way to
more serious glomerular pathology.

As a marker of mesangial alteration, smooth muscle
actin staining was used. Actin expression has been re-
ported in the mesangial cells in various conditions, either
with mesangial proliferation or with increased matrix de-
position [2, 7], as well as in chronic rejection [11]. Actin
staining was localized in the glomerular axial area and
its staining was slightly increased in group II. Although
increased glomerular staining for smooth muscle actin
correlated with poor graft function [8], shrinkage of me-
sangial cells and mesangial sclerosis in an advanced
glomerular lesion may actually lessen the staining degree
and its extent.

It is difficult to speculate on the role of inflammatory
cells in ECM deposition in transplant glomerulopathy.
Although CD68 positive cells tended to increase in se-
vere glomerular lesions, they showed neither a specific
pattern nor were they associated with an increased ECM
deposition. Since Ki-67 positive cells were limited in ar-
eas of parietal epithelial proliferation, intraglomerular
proliferative activity seemed to be minimal.

References

1. Abrass CK, Berfield AK, Stehman-Breen C, Alpers CE,
Davis CL (1999) Unique changes in interstitial extracellular
matrix composition are associated with rejection and cyclo-
sporine toxicity in human renal allograft biopsies. Am J
Kidney Dis 33:11–20

2. Alpers CE, Hudkins KL, Gown AM, Johnson RJ (1992)
Enhanced expression of “muscle-specific” actin in glomerulo-
nephritis. Kidney Int 41:1134–1142

3. Foidart JM, Foidart JB, Mahieu PR (1980) Synthesis of collagen
and fibronectin by glomerular cells in culture. Renal Physiol
3:183–192

4. Foidart JM, Nochy D, Nusgens B, Foidart JB, Mahieu PR,
Lapiere CM, Lambotte R, Bariety J (1983) Accumulation of
several basement membrane proteins in glomeruli of patients
with preeclampsia and other hypertensive syndromes of
pregnancy. Possible role of renal prostaglandins and fibronectin.
Lab Invest 49:250–259

5. Funabiki K, Horikoshi S, Tomino Y, Nagai Y, Koide H (1990)
lmmunohistochemical analysis of extracellular components in
the glomerular sclerosis of patients with glomerulonephritis.
Clin Nephrol 34:239–246

6. Gould VE, Martinex-Lacabe V, Virtanen I, Sahlin KM,
Schwartz MM (1992) Differential distribution of tenascin and
cellular fibronectins in acute and chronic renal allograft
rejection. Lab Invest 67:71–79

7. Johnson RJ (1994) The glomerular response to injury:
progression or resolution? Kidney Int 45:1769–1782

8. Ko YJ, Sugar L, Zaltzman J, Paul LC (1997) Alpha-smooth
muscle actin and collagen deposition in dysfunctional renal
transplants. Transplantation 63:156–158

9. Lenz O, Striker LJ, Jacot TA, Elliot SJ, Killen PD,
Striker GE (1998) Glomerular endothelial cells synthesize
collagens but little gelatinase A and B. J Am Soc Nephrol
9:2040–2047

10. Maryniak RK, First MR, Weiss MA (1985) Transplant glomeru-
lopathy: evloution of morphologically distinct changes.
Kidney Int 27:799–806

11. Pedagogos E, Hewitson TD, Walker RG, Nicholis KM,
Becker GJ (1997) Myofibroblast involvement in chronic trans-
plant rejection. Transplantation 64:1192–1197

12. Shihab FS, Yamamoto T, Nast CC, Cohen AH, Noble NA,
Gold LI, Border WA (1995) Transforming growth factor-
beta and matrix protein expression in acute and chronic
rejection of human renal allografts. J Am Soc Nephrol 6:
286–294

13. Shiiki H, Nishino T, Uyama H, Kimura T, Nishimoto K,
Hashimoto T, Fujii Y, Dohi K (1996) Alterations in extracellular
matrix components and integrins in patients with preeclamptic
nephropathy. Virchows Arch 427:567–573

14. Solez K, Axelsen RA, Benediktsson H, Burdick JF,
Cohen AH, Colvin RB, Croker BP, Droz D, Dunnill MS,
Halloran PF, Hayry P, Jennette JC, Keown PA, Marcussen N,
Mihatsch MJ, Morozumi K, Myers BD, Nast CC, Olsen S,
Racusen LC, Ramos EL, Rosen S, Sachs DH, Salomon DR,
Sanfilippo F, Verani R, von Willebrand E, Yamaguchi Y

72

Table 3 Extracellular matrix components. Sources and dilutions
of antisera used: type-IV collagen (Dako, Glostrup, Denmark), dilu-
tion 1:50; type-III collagen (Southern Biotech Associates Inc,
Birmingham, Ala.), dilution 1:20; fibronectin (Dako), dilution 1:200;

tenascin (Dako), dilution 1:100.GCW glomerular capillary wall;
Mes mesangium;0 negative;1+ weakly positive;2+ positive;
3+ strongly positive

Control Group I Group II

GCW Mes GCW Mes GCW Mes

Type-IV collagen 1+ 1+ 2+~3+ 1+ 2+~3+ 1+
Type-III collagen 0 0 0 0~1+ 0 0~1+
Fibronectin 0~1+ 1+ 2+~3+ 3+ 2+~3+ 3+
Tenascin 0~1+ 1+ 2+~3+ 1+ 2+~3+ 1+

Table 4 Intraglomerular inflammatory cells, proliferating cells,
and mesangial actin reactivity. Sources and dilutions of antisera
used: CD45RO (Dako), dilution 1:75; CD68 (Dako), dilution
1:75; Ki-67 (Immunotech, Marseille, France), dilution 1:100;
smooth muscle actin (Dako), dilution 1:50.0 negative;1+ weakly
positive;2+ positive

Control Group I Group II

CD45RO 0.5±0.3* 0.4±0.8 1.0±1.6
CD68 0.3±0.3** 1.0±1.3** 1.9±1.4**
Ki-67 0.1±0.0 0.2±0.3 0.4±1.1
Smooth muscle actin 0~1+ 1+ 1+~2+

* Number of positive cells per nonsclerotic glomerulus
** P<0.05



(1993) International standardization of criteria for the histo-
logic diagnosis of renal allograft rejection: the Banff working
classification of kidney transplant pathology. Kidney Int
44:411–422

15. Tanabe S, Ueda M, Han YS, Nakatani T, Kishimoto T, Suzuki
S, Amemiya H (1996) Increased tenascin expression is an
early feature of the development of transplant renal
arteriopathy in humans. Transpl Int 9[suppl 1]:S45–S48

16. Throckmorton DC, Brogden AP, Min B, Rasmussen H,
Kashigarian M (1995) PDGF and TGF-β mediate collagen

production by mesangial cells exposed to advanced glycosylation
end products. Kidney Int 48:111–117

17. Troung LD, Majesky MW, Pindur J (1994) Tenascin is
synthesized and secreted by rat mesangial cells in culture and
is present in extracellular matrix in human glomerular disease.
J Am Soc Nephrol 4:1771–1777

18. Troung LD, Pindur J, Barrios R, D’Agati V, Lechago J, Suki W,
Majesky M (1994) Tenascin is an important component of the
glomerular extracellular matrix in normal and pathologic
conditions. Kidney Int 45:201–210

73


