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Mast cells and type VIil collagen in human diabetic nephropathy
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Summary Renal injury in diabetes mellitus is associ-
ated with progressive interstitial fibrosis and extracel-
lular matrix accumulation. However, the phenotypes
of cells forming the interstitial infiltrate in diabetic
nephropathy have not been precisely defined. There
is increasing evidence for the association of mast cells
with angiogenesis, chronic inflammatory conditions
and fibrosis. We have recently shown that human
mast cells can produce the non-fibrillar short chain
type VIII collagen in vivo. Using immunohistochem-
istry, in situ hybridisation and reverse transcriptase-
polymerase chain reaction, we examined the contri-
bution of mast cells and type VIII collagen to the fi-
brotic changes occurring in biopsy-proven diabetic
nephropathy. We observed that the number of inter-
stitial mast cells was significantly increased in dia-
betic nephropathy compared with normal kidney tis-
sue. In specimens from diabetic subjects, intense im-
munohistochemical staining for type VIII collagen

was detected in mast cells, on periglomerular fibres
and in perivascular and interstitial sites. The expres-
sion of type VIII collagen in periglomerular and in-
terstitial sites coincided with that of alpha smooth
muscle actin, a marker for myofibroblastic differenti-
ation. mRNA for type VIII collagen was detected by
reverse transcriptase-polymerase chain reaction in
diabetic nephropathy and in a human mast cell line.
By in situ hybridisation the transcripts for type VIII
collagen were localised to renal mast cells. The in-
creased number of mast cells and the elevated type
VIII collagen deposition in human diabetic nephrop-
athy provides a potential link between the extracellu-
lar matrix accumulation and the fibrosis observed in
this condition. [Diabetologia (1996) 39: 1215-1222]
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Diabetic nephropathy (DN) is characterised by a
complex accumulation of extracellular matrix pro-
teins, resulting in diffuse glomerular sclerosis and
progressive tubulointerstitial fibrosis [1]. In diabetes
there is an increased production and a reduced degra-
dation of extracellular matrix constituents leading to
their overall accumulation [2]. Many studies of DN
have aimed at defining intraglomerular changes [3—
6], but the mechanisms of tubulointerstitial matrix
abnormalities have been infrequently considered [2].
Although several studies have attempted to define
the nature of the components of extracellular matrix
which accumulates in a variety of experimental and
human nephropathies [1, 7-10], knowledge in this
area is still rudimentary. Furthermore, the pheno-
types of cells forming the interstitial infiltrate in DN
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have not been precisely defined. Previously mast cells
(MC) have been identified only rarely in the kidney
[11, 12]. MC have been implicated in fibrosis in rheu-
matoid arthritis, some forms of pulmonary fibrosis,
and inflammatory bowel disease [13, 14]. It has been
reported that murine MC can produce basement
membrane components [15], and in a recent study
[16] we have shown that human MC are capable of
producing type VIII collagen in vivo.

Type VIII collagen is a non-fibrillar short-chain
collagen that forms a specialised polymeric network.
It was first identified in cell culture medium of bovine
aortic endothelial cells [17] and is the principal com-
ponent of the hexagonal lattice in Descemet’s mem-
brane of the eye [18]. It is also expressed in sclera
and choroid, optic nerve sheath, periosteum, peri-
chondrium, meninges, and the subendothelial layer
of blood vessels [19-21]. In angiogenesis, type VIII
collagen is believed to facilitate the assembly of en-
dothelial cords and tubes [22, 23], and its synthesis
precedes or coincides with that of type I procollagen
[24]. In the rat kidney type VIII collagen is expressed
by mesangial cells, and it has been suggested that it
polymerises and interacts with other matrix compo-
nents [25].

Based on the increasing evidence that MC are in-
volved in angiogenesis and fibrosis and on our previ-
ous finding that they are able to produce type VIII
collagen in vivo, we have investigated the contribu-
tion of MC to the tubulointerstitial changes and col-
lagen deposition associated with human DN.

Subjects, materials and methods

Samples. Renal biopsy tissue, evaluated by an independent pa-
thologist, was available from 20 patients with DN and from
five non-diabetic control subjects without diagnostic abnor-
malities. Sixteen of the DN patients had non-insulin-depen-
dent diabetes mellitus (NIDDM; 11 male, age range 39-
68 years, mean 54 years), while four had insulin-dependent di-
abetes mellitus (IDDM; 2 male, age range 33-57 years, mean
46 years). Duration of diabetes ranged up to 15 years (mean 4
years) and four patients had been recently diagnosed. Serum
creatinine ranged from 80 to 1230 mmol/l, while proteinuria
ranged from 1 to 19 g/day. Histological changes in DN biopsies
were scored according to severity of interstitial and periglom-
erular fibrosis: fibrosis was severe in 11 cases, moderate in 5
cases, and mild in 4 cases.

Biopsy cores were divided, one part was fixed in 4 % forma-
lin and embedded in paraffin, while a second was snap-frozen
in liquid nitrogen and stored at —70°C. All subjects gave in-
formed written consent and the study was approved by the
Ethical Committee of the Wellington Area Health Board.

Cells. The human mast cell line, HMC-1 (kindly provided by
J.H.Butterfield, Mayo Clinic, Rochester, Minn., USA) [26]
was cultured in Iscove’s medium supplemented with 10 %
heat-inactivated calf serum (Hyclone, Logan, Utah, USA)
and 1.2 mmol/l alphathioglycerol (Sigma, St.Louis, Mo.,
USA) at 5% CO,, 37°C.
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Antibodies. A monoclonal antibody (mAb) to the al-chain of
type VIII collagen (a1(VIII) collagen), 9H3 (gift of H. Sawada,
Yokohama Medical School, Yokohama, Japan) diluted 1 : 100,
was used to study the expression of type VIII collagen [18].
The deposition of interstitial collagens I, IIT and V was exam-
ined using goat polyclonal antibodies to human/bovine colla-
gens (Southern Biotechnology, Birmingham, Ala., USA) at di-
lutions 1 : 100, 1 : 400 and 1 : 100 respectively. MC phenotyping
was performed using mAbs with specificity for human tryptase
{1:2000 dilution) and chymase {1 : 200 dilution) (Chemicon,
Temecula, Calif., USA), c-kit (1 : 500 dilution) (gift of L. Ash-
man, The Hanson Centre for Cancer Research, Adelaide, SA,
Australia) and the high affinity receptor for IgE, FceR1, clo-
nel5AS (1:200 dilution) (gift of R. Chizzonite, Hoffman-La-
Roche Inc., Nutley, N.J,, USA) [27]. HHF35 (Enzo, New
York, N. Y., USA), a mAb reactive with alpha smooth muscle
actin (aSMA), diluted 1: 6000, was used to demonstrate the
differentiation of fibroblasts into myofibroblasts [28]. All anti-
bodies were diluted in 50 mmol/l Tris HCL, pH 7.5/1 % bovine
serum albumin (BSA).

Immunohistochemistry. Immunostaining on formalin-fixed,
paraffin-embedded biopsies was performed as previously re-
ported [16]. The sections were de-waxed and endogenous perox-
idase activity quenched with 0.3 % hydrogen peroxide. For the
detection of type VIII collagen and MC tryptase, tissues were
pre-digested at 37 °C with 3850 U/l pepsin (Sigma) in 10 mmol/l
HCI for 1 h. For all other antibodies, 0.05 % protease XXIV
(Sigma) in 50 mmol/l Tris HCI pH 7.5, for 10 min at 37°C was
used. Control sections were further digested with 1 mg/ml puri-
fied collagenase (type VII, Sigma) in 100 mmol/l NaCl for 1 h
at 50°C. The sections were incubated with the primary antibod-
iesfor1 h atroom temperature, or overnightat4 °C. Controls in-
cluded omission of primary antibody and substitution with anir-
relevant mAb of the same isotype, or with normal rabbit or goat
serum for polyclonal antibodies. mAb binding was detected with
a sensitive three-step immunoperoxidase technique, using per-
oxidase-conjugated rabbit anti-mouse 1gG (DAKO, Carp-
interia, Calif., USA), and peroxidase-conjugated swine anti-
rabbit IgG (DAKO), both diluted 1 : 20 with 50 % heat-inacti-
vated human serum. The reactivity of polyclonal antibodies
was revealed using swine anti-rabbit or rabbit anti-goat immu-
noglobulins (DAKO) (1 : 100) as bridging reagents followed by
rabbit or goat peroxidase anti-peroxidase (PAP) (DAKO)
(1 : 50) respectively. The sections were exposed to 0.05 % diami-
nobenzidine in 50 mmol/l Tris HCI, pH 7.5, counterstained with
haematoxylin, dehydrated, and mounted in DPX mounting
medium (DPX) (BDH, Poole, Dorset, UK). For frozen ace-
tone-fixed tissues the pre-digestion steps were omitted, and the
secondary reagents were used in 1 : 100 dilution.

Reverse transcriptase-polymerase chain reaction (RT-PCR). To-
tal RNA from seven snap-frozen DN biopsies and from three
control kidneys were extracted using TRIzol Reagent
(GIBCO, BRL, Gaithersburg, Md., USA). RNA was similarly
isolated from an HMC-1 cell line and treated with heparinase
I (Sigma) according to the method of Tsai et al. [29]. RNA was
amplified using the Perkin Elmer Tth RT-PCR kit (Norwalk,
Ct, USA), with a 10-min RT step followed by 50 cycles of
three-stage PCR (annealing at 52°C) in a Perkin Elmer 9600
machine. PCR products were electrophoresed on 2 % agarose
gels in tris acetate ethylene diamine tetraacetic acid (TAE).
Exon-spanning primers were designed to amplify a1{VIII) col-
lagen mRNA (sense S-GCTTACCATTTCCCTGAGTTCC-
3’ and anti-sense 5-CCAATTTCCCCTTTCTGTCC-3’, pre-
dicted product 522 base pairs (bp) and synthesized by Operon
Technologies (Alameda, Calif., USA).
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Fig.1. Type VIII collagen expression in diabetic nephropathy. body against a1(VII) collagen. (Immunoperoxidase staining;

Interstitial cells (A, arrows) and periglomerular, perivascular A, paraffin embedded tissue, B, frozen tissue; magnifica-
and interstitial fibres (B, arrows) were labelled with an anti- tion x 175; g, glomerulus; v, vessel)

Fig.2. Immunohistochemical phenotyping of MC in diabetic arrows, identifying them as MC. Note the MC in periglomerular
nephropathy. Interstitial cells expressed human tryptase (A), areas. (Immunoperoxidase staining; A, B paraffin embedded
human chymase (B), c-kit (C) and FceR1 (D), as indicated by tissue; C, D frozen tissue; magnification x 175; g, glomerulus)
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Prior to assessing the presence of al{VIII) collagen mRNA
in renal tissue, the amount of mMRNA coding for a housekeep-
ing gene was equalised in each sample by competitive RT-
PCR [30]. Briefly, exon-spanning primers were designed (sense
5-CCTTTGGGCGGATTGTTGT-3* and anti-sense 5'-
TITTTITTTTTITTAAATTTTITGGGAAT-3", predicted
product 395 bp) to amplify mRNA coding for hypoxanthine
phosphoribosyl transferase (HPRT), a constitutively-ex-
pressed gene present at constant low copy number [31]. A
DNA fragment which amplified as a 380-bp product using the
HPRT primers was generated by low stringency PCR of chim-
panzee genomic DNA, followed by purification with glass
milk (Prepagene, BioRad, Richmond, Calif., USA) after
agarose gel electrophoresis [32]. Serial dilutions of each RNA
sample were subjected to RT-PCR for HPRT in the presence
of a fixed dilution of the DNA fragment, which acted as a com-
petitor template. After establishing the dilution of each RNA
sample required to generate an equivalent signal to the DNA
competitor, these dilutions were subjected to RT-PCR for
ol(VIII) collagen.

In situ hybridisation. Oligonucleotide probes based on the pub-
lished human al(VIII) collagen sequence [33] were used as
previously reported [16]. The probes were 3-labelled with dig-
oxigenin using the Boehringer Mannheim oligonucleotide tail-
ing kit (Boehringer Mannheim, Mannheim, Germany).

Formalin-fixed paraffin sections were digested with 1.5 pg/
ml proteinase K (Boehringer Mannheim) for 1 h at 37°C,
post-fixed in 0.4 % paraformaldehyde in phosphate buffered
saline (PBS) for 20 min at 4°C and acetylated for 10 min in
0.25% acetic anhydride in triethanolamine. Control slides
were incubated with 100 pg/ml RNase A (Boehringer Mann-
heim) for 1 h at 37°C. Pre-hybridisation for 1 h at 37°C was
followed by overnight hybridisation at 37°C, either with
200 ng of the two anti-sense probes (in an equimolar mixture),
or with 200 ng of the sense probe. After several stringency wa-
shes with 2X standard saline citrate (SSC) and 0.2XSSC at
22°C, the hybridised probes were detected using alkaline phos-
phatase-labelled anti-digoxigenin antibody diluted 1: 500 in
Tris buffer/BSA for 1 h at room temperature, and nitroblue
tetrazolium/alkaline phosphate (NBT/X-phosphate) substrate
according to the manufacturer’s instructions (Boehringer
Mannheim). Slides were counterstained with neutral red, air
dried, and mounted in DPX.

Statistical analysis

Cells positive for tryptase, chymase and type VIII collagen
were counted in five medium power fields (x 50) using a 25-
point Zeiss (Jena, Germany) integrating grid. Statistical evalu-
ation was carried out using Student’s z-test.

Results

All 20 biopsies studied by immunohistochemistry
contained a variable number of interstitial cells that
stained for type VIII collagen (Fig.1 A). Immunohis-
tochemical phenotyping identified these cells as MC.
Most contained the two serine proteases tryptase
and chymase (Fig.2 A,B), a characteristic feature of
human connective tissue type MC [34]. These MC
also expressed c-kit, the receptor for stem cell factor
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Table 1. Number of mast cells (tryptase, chymase positive)
and type VIII collagen (9H3) positive cells in diabetic nephro-
pathy and normal human kidney tissue

Diabetic nephro- Normal p-value
pathy (n = 20) (n=5)
Tryptase 127195 1.6x04 (<0.01)
positive (range 2-33) (range 0-3)
Chymase 102+ 84 1.0£0.5 (<0.05)
positive (range 2-28) (range 0-3)
Type VIII collagen 97146 1.4+05 (<0.01)
positive (range 2-30) (range 0-3)

Values are n cells/five fields + SD

(Fig.2C), and FceR1, the high affinity receptor for
IgE (Fig.2D). Degranulating MC could be observed
frequently (Fig.3). MC were often detected in peri-
glomerular areas, but not within glomeruli (Fig.2 A).
There was a significant increase of total MC number
(tryptase positive) in DN compared to normal biop-
sies as well as an increased number of MC expressing
type VIII collagen (Table 1). In addition, 10 DN bi-
opsies expressed type VIII collagen on periglomeru-
lar fibres, in interstitial areas and around blood ves-
sels (Fig.1B). No differences were evident between
tissue samples from patients with IDDM and
NIDDM. There was no correlation between peri-
glomerular and interstitial type VIII collagen staining
and any clinical characteristic (age, gender, duration
of diabetes, serum creatinine concentration, or de-
gree of proteinuria). Periglomerular and interstitial
type VIII collagen staining was generally associated
with more severe overall interstitial fibrosis. How-
ever, this was an imperfect association, since some se-
verely fibrosed specimens did not stain for type VIII
collagen in these locations.

Samples without diagnostic abnormalities showed
type VIII collagen staining only around blood vessels
(Fig.4) and contained only occasional MC. Collage-
nase treatment of control and DN tissue sections com-
pletely abrogated staining with 9H3 antibody, but did
not affect the reactivity with tryptase antibody, thus
confirming the collagenous nature of the antigen
(Fig.5). Staining for type I collagen showed a similar
distribution to type VIII collagen in the extracellular
matrix, but was not observed in MC (data not shown).
Type I and V collagens were also absent from MC,
but showed increased interstitial deposition in DN
(data not shown), confirming previous reports [5, 35].

RT-PCR revealed the presence of al(VIII) col-
lagen mRNA in DN biopsies, producing the pre-
dicted 522 bp band. This band was absent from speci-
mens without diagnostic abnormalities, although
these samples generated an equivalent signal from
the housekeeping gene HPRT in competitive RT-
PCR (Fig.6). Heparinase pre-treatment of RNA
from the HMC-1 cells enabled the detection of
al(VIII) collagen mRNA (Fig. 6). By non-isotopic in
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Fig.3. Degranulating MC in diabetic nephropathy. Anti-trypt-
ase antibody staining revealed the presence of degranulating
MC in the interstitium of diabetic nephropathy renal biopsy
tissue. (Immunoperoxidase staining; magnification x 875)

situ hybridisation type VIII collagen transcripts were
localised to cells with size, shape, and distribution
consistent with MC (Fig.7). Sense probe and RNase
pre-treatment controls were negative, confirming
specificity.

aSMA was detected in interstitial and periglomer-
ular myofibroblasts and was closely associated with
the surrounding type VIII collagen-containing fibres
(Fig.8).

Discussion

Tubulointerstitial fibrosis is an important pathologic
feature of diabetic nephropathy, particularly in those
patients with associated renal insufficiency [2]. The
phenotypes of cells forming the interstitial infiltrate
in DN have not been precisely defined to date, most
previous studies having concentrated on the glomeru-
lar changes taking place in the course of the disease
process [3-6, 10]. In this paper we have demonstrated
a tenfold increase in the number of MC within the in-
terstitium in DN compared with normal Kidney tis-
sue. MC were often found in periglomerular and peri-
tubular locations, but never within glomeruli.
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Fig.4. Type VIII collagen expression in normal human kidney
tissue. The expression of al(VIII) collagen in normal kidney
tissue was localized to perivascular fibres (arrows). Periglom-
erular and interstitial areas showed no reactivity with the
anti-al(VIII) collagen antibody. (Immunoperoxidase staining;
magnification x 130; g, glomerulus; v, vessel)

Fig.5. Tryptase and type VIII collagen staining on sequential
diabetic nephropathy sections. Tryptase positive mast cells
(A) also expressed al{VIII) collagen (B, sequential section to
A), demonstrating that mast cells in diabetic nephropathy ex-
press type VIII collagen. After collagenase treatment tryptase
staining was maintained (C), but no staining for a1(VIII) col-
lagen (D) could be detected. (Immunoperoxidase staining;
magnification x 260)

Most work on MC has concentrated on their famil-
iar role in acute allergic and parasitic diseases [36].
However, MC are also increasingly recognized as im-
portant fibrogenic agents [15], acting on extracellular
matrix, and also influencing fibroblast activity. Hence
the greatly increased number of MC observed in the
interstitium in DN may be integral to the initiation
and maintenance of fibrosis. Most MC in DN tissue
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Fig.6. RT-PCR for al(VIII) collagen mRNA. Ethidium bro-
mide stained agarose gel analysis of RT-PCR products ob-
tained with specific primers for the control housekeeping
gene, HPRT and al(VIII) collagen. Lanes 1-5: Competitive
RT-PCR demonstrating equal HPRT mRNA in normal human
kidney (lane2) and in diabetic nephropathy biopsy RNA
(lanes 3-5); water control (lane 1) showed only the 380-bp
competitor product, while all others exhibited both the com-
petitor and the 395-bp mRNA product, at equivalent concen-
trations. Lanes 6-10: al(VIII) collagen RT-PCR of human re-
nal RNA at the same concentrations used in lanes 2-5. The ex-
pected 522-bp band was amplified from the diabetic nephropa-
thy biopsy RNA (lanes 8-10) while normal human kidney
RNA (lane 7) and a water control (lane 6) were negative.
Lane 11: 123-bp DNA ladder. Lanes 12-13: al(VIII) collagen
RT-PCR of HMC-1 RNA before and after heparinase treat-
ment, respectively

were of the connective tissue phenotype and stained
intensely for type VIII collagen. This is consistent
with our earlier observation that MC expressing type
VIII collagen are predominantly of the connective
tissue phenotype [16].

Furthermore, type VIII collagen was localised to
periglomerular fibres and areas of interstitial fibrosis.
Accumulation of MC in periglomerular areas of DN
tissue was also clearly demonstrated, suggesting that
MC could be the source of the type VIII collagen-
positive periglomerular fibres. Fibres staining for
type VIII collagen were frequently associated with
aSMA expression, suggesting a close relationship
with activated fibroblasts. However, type VIII col-
lagen was not observed within fibroblasts, in contrast
to the strong staining evident in MC.

Type VIII collagen co-localised in fibrotic DN tis-
sue with type I collagen. Previous work suggested
that type VIII collagen production precedes or coin-
cides with type I procollagen synthesis [24], so the
co-localisation observed is consistent with the hy-
pothesis that type VIII collagen is an early compo-
nent of new fibrotic tissue in DN. It also supports an
earlier report that type VIII collagen can form a mo-
lecular scaffold for the deposition of other matrix
components [25].

In diabetic biopsies RT-PCR confirmed the pres-
ence of al(VIII) collagen mRNA, which was local-
ised by in situ hybridisation to interstitial cells with
characteristics of MC. Our failure to detect al(VIII)
collagen mRNA in normal kidney is possibly related
to the small number of MC present [11, 12]. Rat
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Fig.7. In situ hybridization for ol(VII) collagen mRNA.
Non-isotopic in situ hybridization with digoxigenin labelled
oligonucleotides specific for al(VIII) collagen mRNA. Type
VIII collagen transcripts within interstitial MC (arrows) were
labelled as shown by the dark blue reaction product. (Neutral
red counterstain; magnification x 175; inset magnification
x 875)

al(VIII) collagen mRNA has reportedly been de-
tected in isolated glomeruli, but copy number was
low [25]: differences in the amount of tissue available
for analysis may account for this apparent discrep-
ancy, rather than any physiological difference be-
tween the species.

We also demonstrated by RT-PCR for the first
time that a human MC line expresses al(VIII) col-
lagen mRNA in vitro. The detection of MC-derived
al(VIII) collagen mRNA from HMC-1 was facili-
tated by heparinase treatment, confirming interfer-
ence of MC heparin with the RT-PCR reaction as de-
scribed previously [29]. Thompson et al. [15] reported
that murine MC synthesise and secrete the extracel-
lular matrix proteins type IV collagen and laminin
B1 and y1 chains. We have observed in this study
that human MC both in vivo and in vitro express a
connective tissue protein. MC may therefore contrib-
ute directly to extracellular matrix accumulation in
DN.
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pression (A) and a1(VIII) collagen expression (B) on consecu-
tive sections of diabetic nephropathy renal biopsy: aSMA
positive cells were surrounded by type VIII collagen-positive
fibres. (Immunoperoxidase staining; magnification x 260; g,
glomerulus)

MC can also indirectly influence fibrosis by inter-
acting with fibroblasts. MC can enhance fibroblast
migration and proliferation in vitro [37]. MC-derived
heparin may be an important factor in this regard.
Heparin can induce fibroblast proliferation, and be-
ing angiogenic could assist in the formation of granu-
lation tissue [38]. Heparin also influences the expres-
sion of aSMA in fibroblastic cells both in vivo and in
vitro [39], confirming a strong effect on fibroblast ac-
tivation. Our observation of numerous degranulating
MC within the interstitium in DN indicates the re-
lease of MC mediators, presumably including hepa-
rin, which is a normal component of MC granules. It
therefore seems likely that the increased number of
MCin the interstitium in DN will substantially upreg-
ulate fibroblast activity, accounting for the increased
expression of aSMA observed in periglomerular re-
gions. It is also possible that fibroblasts in DN may fa-
cilitate the differentiation of MC precursors to ma-
ture MC and help determine their phenotype, since
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fibroblasts can influence MC differentiation and
function in vitro [36, 40].

There have been few reports concerning MC in re-
nal tissue [11, 12]. In DN, the number of MC in the in-
terstitium is greatly increased, and it appears that
these MC may be actively modulating fibroblast func-
tion, as well as directly contributing to the assembly
of new extracellular matrix. The interaction between
MC and fibroblasts, and the importance of MC prod-
ucts such as type VIII collagen in the pathogenesis
of nephropathies associated with fibrosis in general
and DN in particular, are under further investigation.
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