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Tenascin (TN), an extraceliular matrix (ECM) protein
wmdependently described by manv laboratories between
=1983 and 1983, is a large oligomeric glvcoprotein com-
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Abstract

Tenascin, a large oligomeric glvcoprotein, is a recent addition to a list of
increasing extracellular matrix proteins. Previous studies have documented
the strong expression of tenascin in embrvonic 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 tubulointer-
stitial nephritis, s not known: on the other hand. a detailed knowledge of the
structural components of interstitial fibrosis is essential for further studies on
other fundamental aspects of this biologicallv and clinically important pro-
cess. In this study, the expression of tenascin in the renal interstitium was
immunohistochemically evaluated in 208 renal specimens including normal
kidney (23 cases), acute tubular necrosis (8), acute tubulointerstitial nephritis
(8), chronic primary tubulointerstitial nephritis (30), tubulointerstitial nephri-
11s secondary to glomerular diseases of mild (46) and severe (55) degree, isch-
emic damage (24), and rejection (14). It was found that in normal kidney ten-
ascin expression was limited to the medullary interstitium. In kidney with
tubulointerstitial nephritis, tenascin was ubiquitously and constantly ex-
pressed in any areas with tubulointerstitial damage regardless of diagnosis,
etiology, the cortical vs. medullary location of the lesions. stage of the fibroge-
netic process, density of fibroblasts, or severity of interstitial inflammation in
the affected areas. Indeed, strong tenascin expression was 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 selectivelv expressed in the
medullary interstitium in normal kidneyv, and ubiquitously present in areas
with interstitial fibrosis.
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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 1s composed of a proximal domain of 13 epider-
mal growth factor-like homologous repeats, a middle do-
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Table 1. Cases used for the staining of tenascin

Normal kidney 23
Adjacent to renal cell carcinoma

[}
w

From autopsy
Acute tubular necrosis 8
Acute TIN 8

Drug-induced 4

Associated with uveitis 1

1diopathic
Chronic primary TIN 30

Idiopathic

Congenital

Chronic pyelonephritis

Chronic cvclosporin toxicity

Lithium toxicity

Cast nephropathy associated with myeloma

Analgesic abuse

Sarcoid

Mitochondrial DNA dcletion
Chronic secondary TIN. secondary to glomerular or
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vascular discases 101
Mild! 46
Moderate-severe” 33

Ischemic damage 24
Renal artery stenosis 3
Arterio/arteriolonephrosclerosis 11
Kidney tissue adjacent 1o renal tumor 10

Rejection 14
Acute 9
Chronic S

Total 208

V' Involvement of less than 30% of the tissue surface area.
> Involvement of more than 30% of the tissue surface area.

main of §-15 fibronectin type III homologous repeats,
and a distal domain with homology to the 8- and y-chains
of fibrinogen [1-3].

Tubulointerstitial nephritis (TIN) is characterized
morphologicaily by various degrees of tubular atrophy,
interstitial fibrosis, edema and inflammation. TIN may
be secondary 1o 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 tvpes of collagens including collagen tvpes I and
I11. fibronectin and proteoglycans [5-8]. More recently,
several new ECM proteins have been described including
undulin, osteonectin, thrombospondin and TN [9-11].
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Although there is some work on the distribution o
ECM proteins in kidney tissue {9-11], to the best of oug
knowledge, no study has focused specificallv op theig
expression and roles in renal interstiial fibrosis. A de
tailed knowledge of the structural components O““Wrsu.
tial fibrosis would be essential for further understangjy,
of this frequent and clinically important process.

We, therefore, undertook a systematic evaluatiop of
the distribution of TN in the interstitium of norma} Kig.
neyv with various types of TIN. Our findings demonstralC g
that TN is ubiquitously expressed in renal imersmial
fibrosis. =

g

Materials and Methods

Materials

208 cases (167 renal biopsies and 41 nephrectomy SDCCimens)
from the Departments of Pathology, The Methodist Hospital, Bavipr 3
College of Medicine, Houston; University of Texas, Houston apq = {
Columbia University, New York, were selected for the study, The -
diagnoses of the cases are summarized in table 1.

Tissue Preparation

Tissue used for this study was either fresh frozen or fixed. For
frozen tissue, {resh tissue blocks were embedded in OCT mounting
medium and snap-frozen at ~70 °C. For fixation. tissue was fixed ip
either 10% buffered formalin, Zamboni fluid (containing picric acig
and formaldehyde), or BS fixative (containing 1.0 A/ formaldehvde,
0.3 M glyoxal and 6% methanol) for up to 10 h, and embedded in
paraffin. In all cases, 4-um sections were cut and submitted to stain-
ing.

Antibodies

The anti-TN antibody is a mouse monoclonal antibody directed >
against purified human TN obtained from cultured U251 glioma cells .. E.
(Dako Corporation, Carpinteria, Calif., USA). The specificity of this
antibody for TN has been confirmed by immunoblotung and absorp- ’
tion studies as previously described [12]. Briefly, the immunoblotiing =
study showed that the antibody selectively reacted with TN extracted . E&.
from normal human kidney and aortic wall, but did not detect either
fibronectin or laminin. The absorption study showed that immunore-
activity was lost when the antibody was absorbed with 25 pg/ml of
purified TN (Chemicon, Temecula, Calif., USA) before siaining.

Staining Technigues

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 onlv possible in fixed
tissue. The siandard avidin-biotin-peroxidase complex technigue 1
was used [13]. Briefly, the staining procedure included: (a) rehydra-
tion; (b) suppression of endogenous peroxidase activity with 1.5%
H,0; in methano! for 15 min; (¢) digestion with type XIV protease
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2. St. Louis. Mo.. USA)Y. {0.02% protease in 0.03 3 Tris buffer.
7.6.0.023% CaCl. 7 min at 37°C): (d) treatment with 10% nor-
=] horse serum in PBS for 30 min to prevent nonspecific staining:

£ incubation with primary antibody diluted 10 1/100 in PBS for 1 h
Y room temperature; ({) incubation with secondary antibody di-

“ ed against mouse immunoglobulins (Vector Laboratories. Burlin-
e, Calif., USA) at 17100 ditution for 1 h at room temperature:
incubation with avidin-biotin-peroxidase complex (Vector Labo-
ories) at 1/100 dilution for 1 b at room temperature: (h) color
evelopment with diaminobenzidine (Sigma). 50 mg% for 6 min at
~om temperature; (i) counterstaining with 4% methyl green for
=15 min at room temperature.

e Tissue sections from a decubitus ulcer were used as a positive

- Methods of Evaluation
- Correlation of the staining characteristics of TN with other
 parameters of TIN including diagnostic categories. severity of inter-
“stitial inflammation. the density of interstitial fibroblasts, and the
histologic types of interstitial fibrosis (which may be classified as pre-
rxdominantly edema, or ‘voung' cellular connective tissue, or ‘'mature’
2 poorly cellular connective tissue) was donc.

¥,
- Expression of TN in Renal Interstitium
- Normal Kidney. Most of the cortical interstitium was not

presenting age-related changes, were seen especially in
the superficial portion of the cortex; the interstitium in
these areas showed strong staining (fig. 1). The medullary
interstitium displayed strong, diffuse staining (fig. 1).

edematous interstitium characteristically seen in ATN
Fdisplayed strong, diffuse staining (fig. 2).

Acute TIN. Regardless of etiology, foci of interstitial
edema/early fibrosis showed diffuse staining; this staining
was intense regardless of variations in the degree of inter-
stitial inflammation between specimens or in different
Frvareas of the same specimen. The TN staining highlighted
= the extensively connecting network of fine fibers, even in
areas where light microscopic examination of routine-
ained sections showed only edema (fig. 3).

Chronic Primary TIN. In each case, all the areas with
interstitial damage displaved strong staining. whereas the
adjacent or distant areas with intact interstitium showed
no staining. Thus, this differential expression of TN not
only faithfully reflected the topography of interstitial
changes seen by light microscopy but also represented a
ensitive marker for these changes (fig. 4a, b). Although
TN staining was noted in all phases of interstitial fibrosis,

enascin and Renal Interstitium

Fig. 1. Normal kidneyv. Diffuse staining for tenascin is noted in
the meduliary 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 medulia
and the colummn of Bertin (b). There is diffuse, global staining of glo-
meruli, which, on higher magnification, is limited to the mesangium.-
Smooth muscle of an arcuare artery (2) and an arcuate vein (v) as well
as smaller cortical vessels also express tenascin. Immunoperoxidase.
% 8.5.

staining patterns differed as follows: in areas of interstitial
edema/early fibrosis, the pattern was similar to that seen
n the case of acute TIN; in areas of mature or organized
fibrosis, the staining was somewhat weaker but recapitu-
lated the coarse, fibrillary pattern of interstitial fibrosis
seen by light microscopy (fig. 4a). There was no correla-
tion between the degree of staining and the density of
interstitial fibroblasts, or the severity or type of interstitial
mmflammation (fig. 4a,b). An exception was a peculiar pat-
tern of TN expression in areas of severe chronic intersti-
tial 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 hght-microscopic preparations, a
distinctive network of fibers stained strongly
for tenascin is noted. Diffuse mesangial
staining is also present. Immunoperoxidase.
x 800.

Fig. 3. Acutc tubulomterstitial nephritis.
A network of fibers strongly stained for TN
1s noted diffusely in the interstitium, en-
sheathing interstitial inflammatory cells. Im-
munoperoxidase. x 1,600.

Fig. 4. Primary, chronic tubulointersti-
tial nephritis. a Coarse, compact fibers
strongly stained for tenascin are noted in the
lower field, which displavs features of ma-
ture {1ibrosis as judged by routine light micro-
scopic preparation. Noted in the upper field
1s an interconnecting fiber network, which
stains strongly for tenascin and ensheathes
many interstitial inflammatory cells. b Dif-
fuse interstitial deposition of tenascin, with
sparing of the granulomas (G) in this case of
sarcoidal chronic tubulointerstitial nephri-
t1s. Immunoperoxidase. x 800.

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

Chronic, Secondary TIN. Secondary tubulointerstitial
damage 1s frequently seen in a large variety of glomerular
or renal vascular diseases and, in general, quantitatively
correlates with the severity of the primary lesions. Re-
gardless of diagnostic categories, each area of interstitial

w
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damage, even mild or focal, displaved interstitial accumu-
lation of TN: moreover, this accumulation showed an
exquisite correlation with the topography of the mniersti-
tial damage (fig. 3). Other features of TN staining were
similar to those seen in cases of primary chronic TIN.
Ischemic Damage. The tubulointerstitium with isch-
emic damage as seen in renal artery stenosis, arierio/arie-

3

Truong/Foster/Barrios/D’Agati/Verani/
Gonzalez/Suki




Fig. 5. Chronic secondary tubulointerst-
‘nephritis in a case of 1gA ncphropathy.
Srong interstitial expression of tenascin 1s
Feaited Lo the areas with tubular atrophy and
™ rstitial widening. Incidentally, there is
“pal mesangial staining of a glomerulus.
- munoperoxidase. x 8§00.

Fig. 6. Ischemic damage 1n a case of seg-
2 atal renal artery sienosis. Only the area
th ischemic damage (lcft) displays ten-
“in accumulation. contrasting with ab-
~ace of interstitial expression of tenascin in
he adjacent intact area. Incidentally. there is
~esangial staining of an intact glomerulus
nd global staining for the two globally
erotic glomerull (s). immunoperoxidase.
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is with scanty mononuclear inflammaio-
cell infiltrate (upper), merging into an-area

znascin accumulates in both areas, remark-
by different staining patterns are noted.
;Incidentally. a glomerulus with features of
nic transplant glomerulopathy expresses
%ﬁpheral staining for tenascin. Immuno-

Jaxperoxidase. x 800,

olonephrosclerosis and in kidney tissue adjacent to renal Rejection. TN expression in the interstitium of these
nmors showed characteristic changes including uniform-  cases was even more pronounced than that seen in other

atrophic, simplified tubules with disproportionately  diagnostic categories. Kidney with either acute or chronic
Id interstitial fibrosis and inflammation. The intersti- rejection diffusely expressed interstitial TN in areas of
in these areas displaved strong TN expression, con-  either interstitial edema, mature interstitial fibrosis or
ting sharply with absence of TN staining in adjacent 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 inflammation.
Indeed, in the most severe cases, sfaining was seen in
renal capsular or peripelvic soft tissue, where inflamma-
tion was noted.

Expression of TN in Renal Tubules
Staining was not seen in cytoplasm or basement mem-
brane of either normal or affected tubules in any cases.

Discussion

To the best of our knowledge. the distribution of TN in
human kidney tissue was previously addressed in six arti-
cles and three abstracts, none of which systematically
evaluated the participation of TN in nterstitial fibrosis
[12.14-21].

Ventimiglia et al. [14] used Western and Northern
blotting, respectively, to study normal kidney tissue ob-
tained from two autopsies. Koukoulis et al. [15], 1n a gen-
eral review of TN distribution in a wide variety of abnor-
mal human tissues, briefly mentioned an increased TN
staining in ‘glomerulopathies’ and ‘interstitial nephri-
tides’. Gould et al. [16], in an immunohistochemical
study of 26 renal transplant biopsies described ‘strong dif-
fuse vs. uneven’ staining of the interstitium in acute or
chronic rejection; mesangial and vascular staining was
also noted. Bourdon et al. [17] immunostained two nor-
mal 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 al. [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 cvstic disease [19-
211

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 medullia, 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 [22]
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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medulla. which contrasted sharply with a neguipve
ing of the contiguous peripelvic soft tissue, il\d\ga\'\n
exquisitely site-specific expression of TN with p, ¢
functional implications,

In kidney with TIN, we found that TN is ubiqu‘“o F
and constantly expressed 1 any areas with tubuloinger
tial damage regardless of diagnosis, etiology, 10Cation &
the lesions, stage of the fibrogenetic process. density of : Z
fibroblasts, or severity of the interstitial inﬂammau%
the affected areas. We and others have establisheq ..
TN synthesis 1s increased in glomeruli affected with
wide variety of diseases [12, 15, 18]; the interstitia] 4
mulation of TN in areas of tubulointerstitial damage ;2
even more pronounced than that seen in glomeruli, gjp 3
In several cases, where glomerular staining was totally o}
partially lost by fixation, TN 1 interstitium 1s stil] re&di}yf
detectable (fig. 3). Whether this difference 1s related 1o the:
amount of TN accumulated or 10 a site-Specific differs
ential expression of TN isoforms {2, 3] with variable reg;
tance to fixation and sensitivity to the utilized anti-TN
antibody remains unsettled. e

The findings from our study are of significance, sines
they may potentially facilitate better understanding of
TIN, a common and functionally important componeng
of most renal diseases [4]. Tubulointerstitial damage i
not only the predominant lesion of primary TIN but ig 321
also a nearly constant accompaniment of any renal dig. 2
ease, with the possible exception of minimal change dis.
ease [4]. Moreover, repeated studies have established that
regardless of the types of primary renal diseases, it is the 3
tubulointerstitial damage that correlates best with the =
decreased renal function, and most accurately predicts 5%
renal outcome [23-25]. On the other hand, it is obvious
that a detailed knowledge of the structural basis of inter-
stitial 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
studving TIN includes the complex interaction of inflam-
matory cells, tubular epithelium, interstitial fibroblasts,
biologically active hormones and growth factors svnthe-
sized by these cells, and interstitial ECM proteins includ-
ing collagen types 1, I11, V, fibronectin and glvcoproteins
[5-8]. Findings from our study suggest that any future
work on the pathogenesis and evolution of TIN must take
the ubiguitous expression of TN in renal interstitum into
consideration.

The cell types responsible for the svnthesis of intersti-
tial TN in normal or pathologic conditions are not known
but are probably interstitial fibroblasts. Fibroblasts cul-
tured from chicken embrvo and nonrenal human tissue

«
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shown to synthesize and secrete TN [13]. whercas
lmelial cells have not been known as a source of TN
_In normal kidnev, the remarkable divergence of
mcal and medullary expression of TN supports the role
"1 mtersmxal fibroblasts to svmhesxze TN, since it has
2 o well established that interstitial fibroblasts in normal
=tex and medulla, respectively. are morphologically,
Nd probably, functionally distinct [22]. It has also been
wn that interstitial fibroblasts cultured from renal tis-
P with interstitial fibrosis differentiate into several phe-
'oiypes with varlous response to cytokines as well as
' 'Versitv in their capability to svnthesize ECM proteins
g 126, 27). It is, therefore. conceivable that renal intersti-
'alﬁbroblasts regardless of location, acquneanew capa-

*hbrosis have been shown to synthesize and secrete several
ECM proteins, a process influenced by various hormones
end growth factors, most prominent among which is
GE-B1 [8, 26, 27]. In two models of interstitial fibrosis

8 Rodemann HP. Muller GA: Characterization 13

in rat and rabbit. respectivelyv. interstitial accumulation of
ECM proteins was associated with increased mRNA for
TGEF-B [28. 29]. Although TN, being emphasized only
recently. was not included in the ECM protems evaluated
in these studies (8, 28, 29]. its synthesis is probably simi-
larly influenced by TGF-B. Indeed. cultured chicken em-
brvo fibroblasts respond to exogenously administered
TGF-f by a dramatic increase in TN synthesis at both the
mRNA and protein levels [30]. Although TGF-B has been
repeatedly identified in normal and pathologic glomeruli
[31-34]. its presence in renal mnterstitium 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 1s shown to be a constant constituent of iterstitial
fibrosis throughout its various phase of development and
regardless of its etiology. The functional significance of
this ubiquitous expression remains (o be evaluated.
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