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Abstract
Tenascin, a large oligomeric glycoprotein,
is a recent addition to a list 01
increasing extracellular matrix proteins, Previous studies have documented
the strong expression oftenascin in embryonic kidney and in both normal and
abnormal mature glomeruli implicating an important role of this extracellular
matrix protein in nephrogenesis
and glomerular scarring. Whether tenascin
plays any role in interstitial fibrosis, a common final pathway of tubulointerstitial nephritis, is not known: on the other hand. a detailed knowledge of the
structural components 01 interstitial fibrosis is essential for further studies on
other fundamental
aspects of this biologically and clinically important process. In this study, the expression of tenascin in the renal interstitium
\\,'as
immunohiswchemically
evaluated in 208 renal specimens including normal
kidney (23 cases), acute tubular necrosis (8), acute tubulointerstitial
nephritis
(8), chronic primary tubulointerstitial
nephritis (30), tubulointerstitial
nephritis secondary to glomerular diseases of mild (46) and severe (55) degree, ischemic damage (24), and rejection (14). It was found that in normal kidney tenascin expression was limited to the medullary interstitium,
In kidney with
tubulointerstitial
nephritis,
tenascin was ubiquitously
and constantly
expressed in any areas with tubulointerstitial
damage regardless of diagnosis,
etiology, the cortical vs. medullary location of the lesions. stage of the fibrogenetic process, density of fibroblasts, or severity of interstitial inflammation
in
the affected areas. Indeed, strong tenascin expression \vas seen in areas where
there was only interstitial edema or inflammation
as judged by routine light
microscopic preparations.
In summary, this study systematically
documents
tenascin as a novel extracellular matrix protein selectively expressed in the
medullary interstitium
in normal kidney, and ubiquitously
present in areas
with interstitial fibrosis.
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Introduction
Tenascin (TN), an extracellular matrix (ECM) protein
dependently
described by many laboratories
between
~~:1983 and 1985, is a large oligomeric glycoprotein
com-
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posed of six identical subunits connected at their amino
terminus by disulfide bonds to a central globular domain,
Each subunit with a molecular weight ranging from 180 to
320 kD is composed of a proximal domain of 13 epidermal growth factor-like homologous repeats, a middle do-
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Table 1. Cases used for the staining oftenascin
vascular diseases
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10
359I 20
II41
46
55

8
13
30
8
101
14
24
208

}.;ormal kidney

Although there is some work on the distribution

ell

th

~

ECM proteins in kidney tissue (9-11], to the best of ;:
knowledge, no study has focused specifically on the'
expression and roles in renal interstitial fibrosis. A de:
taIled knowledge of the structural CO III ponen ts of intcrsr'
tial fibrosis would be essential for further understandin\- .
of this frequent and clinically important process.
g
We, therefore, undertook a systematic evaluation or·"'"
the distribution of TN in the interstitium
of normal kid--.
ney with various types of TIN. Our findings demonstrate'~
that TN is ubiquitously
expressed in renal interstitial ~
fibrosis.:;;

Materials

and Methods

Mater/als
208 cases (167 renal biopsies and 4 I nephrectomy specimens)
from the Departments of Pathology, The Methodist Hospital, BaYlor
College of Medicine, Houston; University of Texas, HOUSton and
Columbia University, New York, were selected for the study. The
diagnoses of the cases are summarized in table I.

Involvement
Involvement

ofless than 30% of the tissue surface area.
of more than 30% of the tissue surface area.

main of 8-15 fibronectin
type III homologous
repeats,
and a distal domain \vith homology to the ~- and )'-chains
of fibrinogen [1-3].
Tubulointerstitial
nephritis
(TIN) is characterized
morphologically
by various degrees of tubular atrophy,
interstitial fibrosis, edema and inflammation.
TIN may
be secondary to a preceding vascular or glomerular lesion
(secondary TIN) or may occur as a primary process, in
which there is no significant alteration of glomeruli and
blood vessels, at least early in the disease process (primary
TIN) [4]. Interstitial fibrosis, an integral component
of
advanced TIN regardless of etiology, is characterized
by
expansion of ECM, traditionally thought to be composed
of various types of collagens including collagen types I and
[5-8). More recently,
IlL fibronectin
and proteoglycans
several new ECM proteins have been described including
undulin, osteonectin,
thrombospondin
and TN [9-11).
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Tissue Preparation
Tissue used for this study was either fresh frozen or fixed. For
frozen tissue, fresh tissue blocks were embedded in OCT mounting
medium and snap-frozen at - 70°(, For fixation, tissue was fixed in ,..,
either 10% buffered formalin. Zamboni nuid (containing picric acid
and formaldehyde), or B5 fixative (containing 1.0 M formaldehYde,
0.3 M glyoxal and 6% methanol) for up to 10 h, and embedded in
paraffin. In all cases, 4-Jlm sections were cut and submitted to stainmg.
Antibodies
The anti-TN antibody is a mouse monoclonal antibody directed
against purified human TN obtained from cultured U251 glioma cells
(Dako Corporation, Carpinteria, Calif., USA). The specificity of this
antibody for TN has been confirmed by immunoblotting and absorption studies as previously described [12J. Briefly, the immunoblotling
study showed that the antibody selectively reacted with TN extracted
from normal human kidney and aortic wall, but did not detect either
fibronectin or laminin. The absorption study showed that immunoreactivity was lost when the antibody was absorbed with 25 Jlgiml of
purified TN (Chemicon, Temecula, Calif., USA) before staining.
Staining Techniques
Staining was performed on frozen tissue only (13 cases), fixed
tissue only (66 cases) and both fresh and frozen tissue (129 cases).
Simultaneous staining for both frozen and fixed tissue was done since
although satisfactory immunolocalization
of TN was observed for
both types of tissue in most cases. unequivocal positive staining for
TN was occasionally obtained only in frozen tissue. In contrast. a
precise localization of staining was sometimes only possible in fixed
tissue. The standard avidin-biotin-peroxidase
complex technique
was used [13]. Briefly, the staining procedure included: (a) rehydration; (b) suppression of endogenous peroxidase activity with 1.5%
H202 in methanol for 15 min; (c) digestion with type XIV protease
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·grna. St. Louis. 1\10 .. L.;SA). (0.02% prOlease in 0.05.\1 Tris buffer.
7.6,0.025% Cael:- 7 min at 37°C): (u) treatmenl with 10% norhorse serum in PBS for 30 min to pre\'ent nonspecific stain in£,:
incubation with primary anlibody diluted to J/ I00 in PBS far I h
'fOOm temperature:
(I) incubation with secondary antibody di. ed against mouse immunoglobulins (Vector Laboratories. Burline, Calif., USA) at 1/\ 00 dilution for I h at room temperature:
•. incubation with avidin-biotin-pcfOxidase
complex (Vector Labotories) at 11100 diJution for I h at room temperature: (h) color
evelopment with diaminobenzidinc
(Sigma). 50 mg% for 6 min at
)om temperature: (i) counterstaining
with 4'Vt, methyl green for
5 min at room temperature.
Tissue sections from a decubitus ulcer were used as a positive
'·ntro1. The negative controls included replacement of the primary
tibody with an irrelevant antibody from the same species.

it

Methods of Evaluariol1
Correlation of the staining characteristics of TN with other
ameters of TIN including diagnostic categories. severity of inter:titial inf1ammation. the density of interstitial fibroblasts, and the
ListoJogictypes of interstitial fibrosis (which may be classified as predominantly edema, or 'young' cellular connective tissue, or 'mature'
Poorly cellular connective tissue) was done .

. Expression a/TN in Rena! Interslitiul11
Norma! Kidney. Most of the cortical interstitium was not

tained. However, even in 'normal kidney', rare microscopfoci of tubular atrophy and interstitial fibrosis, probably
presenting age-related changes, were seen especially in
the superficial portion of the cortex; the interstitium in
these areas showed strong staining (fig. I). The medullary
mterstitium displayed strong, diffuse staining (fig. I).
. Acute Tubular Necrosis (A TN). The diffusely widened,
dematous interstitium characteristically seen in ATN
isplayed strong, diffuse staining (fig. 2).
. Acute TIN Regardless of etiology, foci of interstitial
demaJeariy fibrosis showed diffuse staining; this staining
yvasintense regardless of variations in the degree of imer~itial inflammation between specimens or in different
reas of the same specimen. The TN staining highlighted
e extensively connecting network of fine fibers, even in
eas where light microscopic examination of romineained sections showed only edema (fig. 3).
Chronic Primary TIN. In each case, all the areas with
..mterstitial damage displayed strong staining, whereas the
adjacent or distant areas with intact interstitium showed
o staining. Thus, this differential expression of TN not
illy faithfully reflected the topography of interstitial
hanges seen by light microscopy but also represented a
ensitive marker for these changes (fig. 4a, b). Although
staining was noted in all phases of interstitial fibrosis,
T

enascin and Renal Interstitium

Fig. 1. Normal kidney. Diffuse staining for tenascin is noted in
the medullary interstitium. The intact cortical interstitium shows no
staining; but some subcapsular scars (arrowheads). usually seen in
'normal' kidney tissue especially in old age, strongly express tenascin .
Marked differential expression of tenascin is also noted for medulla
and the column of Bertin (b). There is diffuse, global staining of glomeruli, which. on higher magnification, is limited to the mesangium.·
Smooth muscle of an arcuate artery (a) and an arcuate vein (v) as well
as smaller cortical vessels also express tenascin. lmmunoperoxidase.
x 8.5.

staining patterns differed as follows: in areas of interstitial
edema/early fibrosis, the pattern was similar to that seen
in the case of acute TIN: in areas of mature or organized
fibrosis, the staining was somewhat weaker but recapitulated the coarse, fibrillary pattern of interstitial fibrosis
seen by light microscopy (fig. 4a). There was no correlation between the degree of staining and the density of
interstitial fibroblasts, or the severity or type of interstitial
inflammation (fig. 4a,b). An exception was a peculiar pattern of TN expression in areas of severe chronic interstitial inflammation, where strongly stained fIne fibers were
seen insinuated between the inflammatory cells; these
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Fig. 2. Acute tubular necrosis. In this
case. although the interstitium shows diffuse
edema with inconspicuous fibrosis as judged
by routine light-microscopic preparations, a
distinctive network offibers stained strongly
for tenascin is noted. Diffuse mesangial
staining is also present. Immunoperoxidase.
x 800.
Fig. 3. Acute tubulointerstitial nephritis.
A network of fibers strongly stained for TN
is noted diffusely in the interstitium. ensheathing interstitial inf1ammatory cells. Immunoperoxidase.
x 1,600.

Fig. 4. Primary, chronic tubulointerstitiaJ nephritis. a Coarse, compact fibers
strongly stained for tenascin are noted in the
lower field, which displays features of mature fibrosis as judged by routine light microscopic preparation. Noted in the upper field
is an interconnecting fiber network. which
stains strongly for tenascin and ensheathes
many interstitial inf1ammatory cells. b Diffuse interstitial deposition of tenascin, with
sparing of the granulomas (G) in this case of
sarcoidal chronic tubulointerstitial
nephritis. lmmunoperoxidase.
x 800.

fibers were not apparent by routine light mIcroscopy
(fig. 4a).

Chronic, Secondary TIN. Secondary tubulointerstitial
damage is frequently seen in a large variety of glomerular
or renal vascular diseases and, in generaL quantitatively
correlates with the severity of the primary lesions. Regardless of diagnostic categories, each area of interstitial
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damage, even mild or focal, displayed interstitial accumulation of TN: moreover, this accumulation showed an
exquisite correlation with the topography of the il1lerstitial damage (fig. 5). Other fealures of TN staining were
similar to those seen in cases of primary chronic TIN.
Ischemic Damage. The tubulointerstitium with ischemic damage as seen in renal artery stenosis. anerio/ane-
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Fig. 5. Chronic
nephritis

secondary

tubulointersti-

in a case of IgA nephropathy.

- ng interstitial
expression
of lcnascin
is
lIed to the arcas ",ith tubular atrophy and
-rstitial widening.
Incidcntally,
therc is
'.bal mesangial
staining
of a glomerulus.
, unoperoxidase.
x 800.
Fig. 6. Isehcmic
tal renal artcry

damagc in a casc of scg'
stenosis. Only the arca

ih ischemic damage (Icft) displays lcn':in accumulation.
contrasting
with ab'ce ofinlerstitial
exprcssion
oftcnascin
in
eadjacent
intact arca. Incidentally.
therc is
ngial staining
of an intact glomerulus
'd global staining
for the two globally
'erotic glomeruli
(s). Immunopcroxidase.
~.sOO.

'lonephrosc1erosis and in kidney tissue adjacent to renal
ors showed characteristic changes including uniform,atrophic, simplified tubules with disproportionately
-"d interstitial fibrosis and inflammation. The intersti, in these areas displayed strong TN expression, con~ting sharply with absence of TN staining in adjacent
't histologically normal areas (fig. 6).

Rejection. TN expression in the interstitium of these
cases was even more pronounced than that seen in other
diagnostic categories. Kidney with either acute or chronic
rejection diffusely expressed interstitial TN in areas of
either interstitial edema, mature interstitial fibrosis or
organized interstitial fibrosis (fig. 7a, b). However, the
expression was more marked in acute rejection and corre-
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lated roughly wIth the degree of interstitial innammation.
Indeed, in the most severe cases, staining was seen in
renal capsular or peripc[vic soft tissue, where innammation was noted.
Expressioll o(TN in Rcna! Tubu!cs
Staining was not seen in cytoplasm or basement membrane of either normal or affected tubules in any cases.

Discussion

sharply \vith a nt'~:lll\e

ing of the contiguous peripelvic soft tissue. ind\lati
.
exquisitely site-specific expression of TN with pong
functional implications.,,:
In kidney with TIN, we found that TN is UbiqUit()'~
and constantly expressed in any areas with tubulointe
tial damage
the leSIons,
fibroblasts,
the affected

regardless
stage of the
or severity
areas. We

of diagnosis, etiology, location'
flbrogenetlc process. density of
of the interstitial inflammation'
and others have established

TN synthesis is increased in glomeruli affected with
wide variety of diseases [12, 15, 18]; the interstitial a

To the best of our knowledge, the distribution of TN in
human kidney tissue was previously addressed in six articles and three abstracts, none of which systematically
evaluated the participation
of TN in interstitial fibrosis
[12.14-21].
Ventimiglia
et a!. [14] used Western and Northern
blotting, respectively, to study normal kidney tissue obtained from two autopsies. Koukoulis et a!. [15], in a general review of TN distribution in a wide variety of abnormal human tissues, brieny mentioned an increased TN
staining in 'glomerulopathies'
and 'interstitial
nephritides'. Gould et a!. [16], in an immunohistochemical
study of 26 renal transplant biopsies described 'strong diffuse vs. uneven' staining of the interstitium
in acute or
chronic rejection; mesangial and vascular staining was
also noted. Bourdon et al. [17] immunostained
two normal autopsy kidneys and noted 'strong fibrous medullary
interstitial staining', with variable mesangial staining and
no staining of the cortical interstitium.
Two other studies
by Assad et a!. [18], and by our group [12], respectively,
were more comprehensive
but limited to the glomerular
changes. Among the three abstracts referenced above, one
focused on glomeruli in crescentic GN and the other two,
on the interstitium in various forms of cystic disease [1921].
Our study clearly establishes for the first time that TN
is an ECM protein consistently present in human renal
interstitium
in both normal and pathologic conditions.
We found that in normal adult kidney, although TN was
strongly and diffusely expressed in medulla, it was not
found in cortical interstitium.
This intriguing pattern of
differential expression, has not been noted for any other
normal ECM protein component of the renal interstitium
[7, 8]. This finding supports the concept that there is
structural heterogeneity within the renal interstitium [21]
and that the medullary and cortical interstitial fibroblasts
are morphologically
and functionally
distinct [23]. We
also noted a marked immunolocalization
of TN in the
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mulation of TN in areas of tubulointerstitial
damage'
even more pronounced than that seen in glomeruli. sin
in several cases, where glomerular staining was tota!!\,
partially lost by fixation. TN in interstitium is still rea"d'
detectable (fig. 3). Whether this difference is related to
amount of TN accumulated
or to a site-specific differ.
ential expression of TN isoforms [2, 3] with variable res is,:
tance to fixation and sensitivity to the utilized anti-TNantibOdy remains unsettled.
The findings from our study are of significance, sinceof
they may potentially facilitate better understanding
TIN, a common and functionally important component
of most renal diseases [4]. Tubulointerstitial
damage is
not only the predominant
lesion of primary TIN but is
also a nearly constant accompaniment
of any renal disease, with the possible exception of minimal chan~e disease [4]. Moreover, repeated studies have established that
regardless of the types of primary renal diseases, it is the
tubulointerstitial
damage that correlates best with the
decreased renal function, and most accurately predicts
renal outcome [23-25]. On the other hand, it is obvious
that a detailed knowledge of the structural basis of interstitial fibrosis, a common final pathway of TIN of any
type, is essential for further studies on other fundamental
aspects of this process. Up until recently, the paradigm for
studying TIN includes the complex interaction of inflammatory cells, tubular epithelium,
interstitial fibroblasts,
biologically active hormones and growth factors synthesized by these cells, and interstitial ECM proteins including collagen types I, Ill, V, fibronectin and glycoproteins
[5-8]. Findings from our study suggest that any future
work on the pathogenesis and evolution of TIN must take
the ubiquitous expression of TN in renal interstitum into
consideration.
The cell types responsible for the synthesis of interstitial TN in normal or pathologic conditions are not known
but are probably interstitial fibroblasts. Fibroblasts cultured from chicken embryo and nonrenal human tissue
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shown to synthesize and secrete TN [13]. whereas
[thelial cells have not been known as a source of TN
:fe

.•J3J. In normal kidney, the remarkable divergence of
rtical and medullary expression of TN supports the role
~nterstitial

fibroblasts

to synthesize

TN, since it has

~~~n
we!!established that interstitial

fibroblasts in normal
rtex and medulla, respectively.
are morphologically,
d probably, functionally distinct [22]. It has also been
~wn that interstitial fibroblasts cultured from renal tis. with interstitial fibrosis differentiate into several phe-

types with various response to cytokines as well as
iversity in their capability to synthesize ECM proteins

726,27]. It is, therefore, conceivable that renal interstiaI fibroblasts, regardless of location, acquire a new capahity to synthesize TN in response to diverse tubulointero'tial damage, accounting for the marked TN accumulan in any areas with interstitial fibrosis.
"Mechanisms controlling the expression of TN in the
Dal interstitium
in both normal and pathologic condi'ons have not been elucidated. Interstitial fibroblasts culed from human or murine kidney with interstitial
brosis have been shown to synthesize and secrete several
eM proteins, a process influenced by various hormones
°d growth factors, most prominent
among which is
GF-~ 1 [8, 26, 27]. In two models of interstitial fibrosis
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in rat and rabbit. resrectivcly, interstitial accumulation
of
ECM proteins was associated with incrcased mR!'\A for
TGF-j3 [2S. 29J. Although TN, being emphasized
only
recently. was not included in the ECM proteins evaluated
in these studies [S, 2S, 29J, its synthesis is probably similarly influenced by TGF-f3. Indeed. cultured chicken embryo fibroblasts respond to exogenously
administered
TGF-~ by a dramatic increase in TN synthesis at both the
mRNA and protein levels [30]. Although TGF-~ has been
repeatedly identified in normal and pathologic glomeruli
[31-34]. its presence in renal interstitium and its role in
intestinal
fibrosis have just been recently recognized
[35).
In summary, this study systematically documents TN
as a novel ECM protein selectively expressed in the
medullary interstitium
in normal kidney. Furthermore,
TN is shown to be a constant constituent
of interstitial
fibrosis throughout its various phase of development
and
regardless of its etiology. The functional significance of
this ubiquitous expression remains to be evaluated.
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