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Abstract TGFb1 is one of several cytokines produced by
proximal tubular and renal cancer cells. Previous studies
have been mainly focused on determining plasma or
serum TGFb levels, its effect on RCC cultures, and the
expression of TGFb mRNA. Cancerous and autologous
normal kidney samples were obtained from 24 patients
treated by radical nephrectomy. TGFb1 expression was
determined using a semi quantitative Western blot
analysis and immunohistochemistry. Blot densities and
immunohistochemical expression intensities in normal
and neoplastic tissue were compared, and subsequently
correlated to tumor stage, histological type and nuclear
grade. All tissue samples examined expressed TGFb1;
mean tumor to non-involved kidney spot density ratio
correlated with advancing stage and higher nuclear
grade. The overexpression of TGFb1 in certain RCCs
may partially explain their resistance to the growth
suppression action of TGFb. The correlation with tumor
stage and grade indicates a possible role in the devel-
opment of metastatic potential as well as in host’s im-
mune response modulation.
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Introduction

Renal cell carcinoma (RCC) is the third most common
genitourinary tumor, accounting for more than 2% of
adult cancers today [19]. It is rather resistant to che-
motherapy and radiotherapy and can often be cured if it
is diagnosed and treated surgically when still localized to
the kidney and to immediately surrounding tissue [34].
There are five distinct types of RCC currently accepted:
conventional, papillary, chromophobe, collecting duct
and unclassified [36]. As far as prognosis is concerned,
stage and grade are considered the main prognostic
factors along with tumor size, cell type, DNA content
and nuclear morphometry, although they often fail to
predict the clinical behavior of these tumors [38].

Transforming growth factor b1 (TGFb1) is among
several immunomodulators that have been reported to
be produced by proximal tubular and renal cancer cells
[16, 29]. TGFb1 is the prototype of a large family of
multifunctional peptides of which five isoforms termed
TGFb1, TGFb2, TGFb3, TGFb1.b2 and TGFb1.b3
have been identified in mammals [25]. It is usually se-
creted by normal cells in a biologically inactive or latent
form [26] from which is produced the 25 kDa mature,
active form of TGFb1. TGFb1 is multi-potent, with
marked and sometimes opposing effects on cell prolif-
eration, differentiation, adhesion and migration, extra-
cellular matrix production, immunomodulation, and
other activities, depending on the cell type and micro-
environmental conditions [4, 20, 33]. Although TGFb is
one of the most potent inhibitors of normal cell growth,
many malignancies of epithelial and hematopoetic origin
are resistant to it, suggesting that developing resistance
to growth inhibitory cytokines plays an important role
in tumorigenesis [30].

Previous studies on the role of TGFb in RCC
tumorigenesis and biological behavior have been mainly
focused on the serum [13, 40] or plasma [11, 14, 41],
TGFb concentration, TGFb production by and effect on
RCC cultures in vitro [1, 5, 8, 10, 31], and the presence
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of TGFb mRNA in tumor samples [6, 9, 28]. To further
elucidate the role of TGFb1 in renal neoplasms we
studied its protein level expression in neoplastic and
autologous normal tissue specimens in relation with
other clinicopathological parameters.

Materials and methods

Patients and tissue samples

Primary RCC tumors and autologous non-involved
kidney samples were obtained from 24 consecutive
patients treated by radical nephrectomy. There were 16
males and eight females with a mean age of 64±12
(mean±SD) years (range, 40–77 years). Tumors were
graded according to the World Health Organisation
classification, and the stage was based on the TNM
staging classification of the International Union Against
Cancer, 1997 [36]. Of the 24 patients studied, RCC was
diagnosed as stage T2N0M0 in 11, T3N0M0 in ten, and
T3N+M0 in three individuals. Three tumors were clas-
sified as nuclear grade I, 13 of them as grade II, and
eight as grade III. Tissue samples were specifically
encoded in order to disclose patients’ identity.

Protein extraction

Tissue samples (minimum weight 5 g) from the neo-
plastic and adjacent non-neoplastic parts of the excised
kidney were weighed and diced into very small
(<5 mm) pieces. These were homogenized in NP-40
lysis buffer (50 mM Hepes, 0.05 mM ZnCl2, 2 mM
EDTA, 1% NP40) in the presence of proteinase
inhibitors (1 mM PMSF, 0.5 mg/ml leupeptin, 50 mg/
ml pepstatin A, 15 mg/ml benzamidine, 2 mg/ml ap-
rotinin) [12]. The temperature was maintained at 4�C
through all procedures. Samples were sonicated (Soni-
prep 150, MSE) prior to centrifugation at 5,000 rpm
for 30 min at 4�C. The protein concentration of su-
pernatants was determined by the bicinchoninic acid
method (Sigma) [35].

Immunoprecipitation and Western blot analysis

Total protein (1 mg) was immunoprecipitated with 5 ll
antibody against TGFb1 (mouse IgG1 monoclonal
antibody, RD Systems). The mixture was incubated
overnight at 4�C on a rotary mixer. Next morning, 30 ll
of protein A–Sepharose CL-4B beads (Pharmacia) was
added in each sample and the mixture was incubated for
3 h at 4�C on a rotary mixer. Immunoprecipitates were
collected by centrifugation at 2,500 rpm for 5 min at
4�C. The pellet was washed three times with 0.5 ml
washing buffer for beads (50 mM Hepes, 1% Triton X,
0.1% SDS, 150 mM NaCl, 100 mM NaF, 2 mM
NaVO4, pH 7.4) and resuspended in 40 ll Laemli buffer.

Samples were boiled for 5 min and loaded on 10%
polyacrylamide gel [21]. Electrophoresis was performed
according to the method of Laemli [18], and the gels
were equilibrated in Towbin’s transfer buffer (25 mM
Tris, 192 mM glycine, 20% methanol, pH 8.3) [37].
Proteins were transferred to a nitrocellulose membrane
(0.45 lm) (Amersham) by electroblotting at 15 V for
50 min using a BioRad semi-dry system. The membrane
was washed briefly twice with TBS (Tris buffered saline,
pH 7.5) and the blocking of the unspecific binding of
antibody was performed by incubating the membrane
for 1.5 h at room temperature with blocking solution
(50 mM Tris, 150 mM NaCl, 0.2% Tween 20 pH 7.4,
5% w/v skim milk powder). The blots were probed with
2 lg/ml of primary antibody solution (as determined by
dot blot analysis) by incubating overnight at 4�C. The
membrane was then washed four times with TBST
(TBS-Tween 20). TGFb1 protein levels were detected by
the alkaline phosphatase-labeled antibody mixture. The
optimum concentration was 650 mU/ml as determined
by dot blot analysis [22]. The dot blot analysis used a
reaction of immunoglobulins and incubation with ready
to use substrate according to manufacturer’s instruc-
tions (Boehringer Mannheim).

Immunohistochemistry

Immunohistochemistry for TGFb1 was performed on
paraffin-embedded, formalin-fixed tissue sections. The
sections were deparaffinized in xylene and rehydrated
with a graded alcohol series. Endogenous peroxidase
activity was inactivated by incubating in 3% H2O2 for
10 min. Antigen retrieval was performed by immersing
the tissue sections in 0.1 M citrate buffer (pH 6.0) and
microwaving at 800 W for 15 min. The tissue was then
incubated with the primary antibody against TGFb1
(the same used for immunoprecipitation and Western
blot analysis) at 1:100 concentration in a humidified
chamber at 4�C overnight. After applying the secondary
antibody, reactivity was visualized with an avidin-biotin
complex immunoperoxidase system (Dako).

Evaluation of blots and slides, and statistical analysis

TGFb1 expression was measured in human RCC and
non-involved renal tissue samples using a semi quanti-
tative Western blot analysis. Tumor to non-involved
kidney spot density ratios were calculated after mea-
suring the corresponding spot densities with a computer
program (Image-Pro Plus).

Immunohistochemistry specimens were classified
based on the intensity of staining as follows: weak or
absent staining (<10% of cells), intermediate (10–25%),
focally strong (25–50%), and strong (>50% of cells).

Mean spot ratio variance between groups was esti-
mated using the ANOVA test. Categorical data were
analyzed using the v2-test.
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Results

All tissue samples (neoplastic and non-neoplastic)
examined expressed TGFb1. Mean spot density ratio
ranged from 1.0 to 3.5 (mean±SE: 1.97±0.16). Western
blot analysis was successfully reproduced in eight ran-
domly chosen tissue sample pairs. Repeated spot density
measurements showed negligible variability. A repre-
sentative immunoblot showing marked overexpression
of TGFb1 in tumor specimens is shown in Fig. 1. Mean
spot density ratio increased significantly with advancing
stage (F=3.6, =0.045) and nuclear grade (F=4.98,
P=0.017) (Table 1). In clear cell carcinomas, the tumor
to non-involved kidney TGFb1 expression density ratio
was 2.08±0.17 (range 1.0–3.5). The corresponding val-
ues for the other subtypes were 1.0 for papillary and
chromophobe, and 1.0 and 2.8 for the two cases of
unclassified tumors, respectively.

A representative result of the immunohistochemistry
for TGFb1 in non-involved and cancerous tissues is
shown in Fig. 2. In the normal kidney tissue, positive
immunoreactivity was observed in the cells of proximal
and distal convoluted tubules but not in glomeruli. In
cancerous tissue TGFb1 was found either in the cyto-

plasm or on the plasma membrane of the neoplastic
cells. Staining intensity was intermediate in 11, focally
strong in four, and strong in nine cases. Staining inten-
sity in tumor specimens was not independent of tumor to
non-involved kidney density ratio (v2=18.1, P=0.001).
Moreover, mean spot density ratio increased signifi-
cantly with staining intensity (F=18.96, P<0.001)
(Table 1).

Discussion

Cytokines are multifunctional peptides with many bio-
logical activities, being synergistic or antagonistic with
one or more cytokines. Several potent immunomodula-
tory cytokines, such as TGFb1 or IL-6, are produced by
proximal tubular cells or cell cultures derived from RCC
of proximal tubuli origin (conventional RCC) [5, 16, 29].
These cytokines may exert tumor-promoting and
immunosuppressive effects [2, 30]. TGFb1 is one of the
mammalian TGFb isoforms which are homologous
peptide growth factors that act by binding to a single
common receptor complex. TGFb family proteins are
implicated in many biological processes including
embryogenesis, tissue repair, and the regulation of
hematopoesis and the immune response. An interesting
feature is that TGFb family proteins are potent growth
suppressors of different normal cell types, while, on the
other hand, many tumors are resistant to TGFb [23]. In
this regard, we investigated the expression of active
TGFb1 in RCC samples using a semi-quantitative
Western blot analysis, immunohistochemistry, and pos-
sible correlation with pathological data.

While most studies have been focused on the presence
of TGFb1 mRNA in RCC samples [6, 9, 28], the
detection of TGFb1 as a protein product was reported
only recently [3, 31]. We were able to confirm these
studies by using both immunohistochemistry and Wes-
tern blot analyses. Since TGFb has been shown to play
an important role in maintaining the renal histological
structure as well as tubular function, the constant
expression in normal renal samples was of no surprise.
However, the fact that renal carcinoma cells also express
TGFb1 shows that it is potentially a regulator of both
normal and neoplastic cellular activity. We and others

Fig. 1 Representative immunoblots for TGFb1 in tumor speci-
mens (T) and autologous clinically normal tissue (N) derived from
three patients. TGFb1 is overexpressed in tumor specimens. M
Marker lane; the mature-active form of TGFb1 has a molecular
weight of 25 kDa

Table 1 Correlation of tumor
to non-involved blot density
ratio to tumor stage, nuclear
grade and TGFb1
immunohistochemical staining
intensity

No. of patients Mean±SE Range Statistics (ANOVA)

Stage
T2N0M0 11 1.61±0.25 1.00–3.50
T3N0M0 10 2.11±0.21 1.00–3.00
T3N+M0 3 2.83±0.18 2.60–3.20 F=3.6, P=0.045

Nuclear grade
I 3 1.26±0.26 1.00–1.80
II 13 1.77±0.21 1.00–3.20
III 8 2.56±0.22 1.40–3.50 F=4.98, P=0.017

Staining intensity
Intermediate 11 1.32±0.10 1.00–2.00
Focally strong 4 2.10±0.41 1.00–2.80
Strong 9 2.71±0.17 1.90–3.50 F=18.96, P<0.001
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[3] showed that in certain RCC samples TGFb1
expression was more intense in comparison with the
corresponding autologous non-involved renal tissue.
This may partially explain the resistance of these tumors
to the growth suppression autocrine action of TGFb. In
vitro studies using renal cancer cell lines indicated that
some of these are resistant to the growth inhibitory
action of TGFb. This was attributed to possible changes
in the expression of TGFb receptors and its signaling
molecules [17, 31]). The fact that TGFb1 expression
varied significantly between normal and tumor samples
indicates that TGFb1 accumulation is related only to
individual tumor characteristics and not to differences in
the metabolic status between normal and cancerous
tissues.

TGFb has been found to induce angiogenesis in vivo,
possibly due to cellular migration and extracellular
deposition [32, 39]. Considering that the growth of solid

tumors such as RCC is angiogenesis-dependent, TGFb1
overexpression in certain RCCs may suggest a promot-
ing role for angiogenesis and therefore a negative impact
on patient outcome. Other studies have been focused on
the immunosuppressive role of TGFb1 [24]. These
observations have been further confirmed with other
studies [28] in which tumors continue to progress in vivo
despite the presence of tumor infiltrating lymphocytes,
suggesting an ineffective, poor host immune response to
the tumor. The suppression of tumor infiltrating lym-
phocytes’ effector function could be due to the local
over-production of the immunosuppressive TGFb1.

Our results also showed that the overexpression of
TGFb1 was related to the tumor stage and grade, indi-
cating that TGFb1, which is produced by both normal
and neoplastic cells, is implicated in malignant trans-
formation and the development of aggressive biological
behavior. Although this disagrees with a recently pub-
lished report [3], our findings comply with previous
observations on tumors acquiring resistance to TGFb
relatively late in carcinogenesis, being correlated with
the development of invasiveness [7, 15, 27]. In our study,
there was no correlation found between TGFb1
expression and histological type, confirming that TGFb1
is a ubiquitous substance.

Fig. 2 Immunohistochemical expression of TGFb1. A Normal
kidney: positive immunoreactivity is observed in the cells of
proximal and distal convoluted tubules but not in glomeruli. B–D
Renal cell carcinoma: TGFb1 is localized on the cytoplasm or on
the plasma membrane of neoplastc cells. Original magnification:
A, B ·10; C, D ·40
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Data on the specificity and sensitivity of TGFb1 used
as a tumor specific marker are rather controversial.
Increased levels of latent TGFb1 were measured in
plasma samples from patients with RCC, but only
metastatic disease resulted in significant elevation [11,
13, 41]. The issue of chronic kidney damage as the cause
of elevated TGFb1 levels was addressed by Junker et al
[14], who studied the plasma levels of latent TGFb1 in
an extended set of patients with various renal diseases.
The conclusion was that the elevated plasma TGFb1
levels are common in at least two chronic renal diseases.
The restoration of renal function normalizes the TGFb1
mRNA levels leading to speculation that the chronic
elevation of TGFb1 may predispose to renal cancer.
Although previous studies [11, 13, 14, 40, 41] have
confirmed that increased serum levels of TGFb1 are
commonly found in patients with renal cell carcinoma,
its source has yet to be determined. Various cells have
been identified to be able to secrete the latent form of
TGFb1 that can be activated by acidification or alka-
linization [40]. Thus, it is possible that tumor cells may
not be the only source of TGFb1, which may also be
secreted by adjacent and circulating cells when stimu-
lated by the tumor cells. Another question that has been
raised is whether TGFb1 is predominately secreted in
the latent form or not. Previous studies showed that
TGFb1 was secreted mainly in the active form without
excluding the possibility that it is inactive locally and the
low pH encountered within tumors is in the range nec-
essary for its activation [13].

In conclusion, our data comply with previous studies
that showed an enhanced expression of TGFb1 mRNA
and protein in tumor samples and increased serum
TGFb1 levels in RCC patients. The correlation of
TGFb1 expression intensity with tumor stage and nu-
clear grade indicates its possible role in the development
of metastatic potential as well as in modulating the
host’s immune response. More studies comparing
TGFb1 expression in tumor and normal tissue sup-
ported by adequate follow-up observation may define a
more specific relation between the overexpression of
TGFb1 and the development of aggressive biological
behavior.
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