
Abstract. To identify new target marker genes in renal cell
carcinoma (RCC), we compared the gene expression profiles
of clear cell RCC (cc-RCC) and normal kidney tissue using
serial analysis of gene expression. Our results revealed that the
transforming growth factor ß induced 68 kDa protein (TGF-ßI:
ß ig-h3 (BIGH3), plasminogen activator inhibitor-1 (PAI-1)
and transforming growth factor ß1 (TGF-ß1) genes are up-
regulated in cc-RCC. To further assess the role of BIGH3 in
RCC, we investigated the mRNA expression levels of BIGH3,
TGFß1, PAI-1 and also of TGF-ß1 related genes in 53 RCC
and 30 normal kidney tissues by quantitative real-time RT-PCR
(QRT-PCR). We further determined the BIGH3 protein levels
in 52 cc-RCC paraffin-embedded tissue samples by immuno-
histochemistry. BIGH3 mRNA was found to be highly
overexpressed in cc-RCC compared with normal tissues with
an average ratio of 27. The mRNA levels of TGF-ß1 and PAI-1
were also detected at significantly elevated levels in these
cancers. Immunohistochemical analysis of BIGH3 also
revealed strong staining in the majority of the cc-RCC samples.
In addition, the up-regulation of BIGH3 and PAI-1 was found
to correlate with the clinicopathological parameters associated
with a poorer patient outcome, whereas TGF-ß1 expression
was determined to be unrelated to cancer progression. Strong
BIGH3 staining thus tended to be associated with a poor
prognosis. BIGH3 was also induced in some RCC cell lines
by TGF-ß1 stimulation and this correlated well with PAI-1 up-
regulation, suggesting that these enhancements are regulated
by a similar mechanism in these tumors.

Introduction

Renal cell carcinoma (RCC) is the most common malignancy
of the adult kidney, for which clear cell RCC (cc-RCC) is the

most common subtype and accounts for 75 to 80% of all cases
(1). The prognosis for RCC is based on tumor stage and
histopathological grade (2) and the survival of the affected
patients with metastases remains quite poor, in spite of the
available adjuvant immunotherapies involving interferon
and/or interleukin-2 administration (1). In contrast, localized
RCC can be successfully treated by radical surgery, though
~30% of such patients with apparently non-metastatic disease
at the time of diagnosis suffer from subsequent metastases and
usually die from cancer recurrence (3).

Although the tumor stage and grade provide quite reliable
prognostic information in cases of RCC, the behaviour of these
cancers is often unpredictable. New prognostic markers are
therefore desirable for a better prediction of patient outcomes
and are likely to provide novel insights into the pathophysio-
logy of this disease. In an attempt to identify new biomarkers
of RCC, we analyzed and compared the gene expression
profiles of a cc-RCC primary tumor (pT4, M1) and normal
adjacent renal cortex tissue using serial analysis of gene
expression (SAGE).

From our SAGE experiments, ~70 genes were found to be
up-regulated by more than 3-fold in RCC compared with
normal kidney tissue. Among these genes, three transforming
growth factor ß (TGF-ß) related genes: plasminogen activator
inhibitor-1 (PAI-1), TGF-ß-induced 68 kDa protein (TGF-ßI)
and TGF-ß1 were found to be up-regulated by 21-, 12- and
7-fold, respectively, in RCC compared with normal kidney
tissue. TGF-ßI is referred to as ‘ß ig-h3’ (BIGH3) hereafter to
avoid confusion with TGF-ß1. In general, TGF-ß binds to the
TGF-ß receptor and then signals one or more downstream
effectors, of which the Smads are the best characterized (4).

TGF-ß1 is a potent inhibitor of normal epithelial cell
growth, however, its role in human malignancies is complex,
as evidence shows by both its positive and negative influences
on cancer development at several levels (4). In RCC, TGF-ß1
is overexpressed and this is associated with cancer progression
(5). In contrast, the TGF-ß type II receptor (TGF-ßRII) is
down-regulated with cancer progression (6,7). Cancer cell
escape from the growth suppressive effects of TGF-ß1 can
thus be partly explained by this down-regulation of TGF-ßRII.
The roles of the Smads, which are intermediates of TGF-ß
signalling, have not been well examined in RCC. In general,
however, SMAD4 acts as an agonist, whereas SMAD7 acts as
an antagonist, of TGF-ß signalling (4,8).

BIGH3 encodes a small polypeptide that was initially
isolated from the A549 lung adenocarcinoma cell line as an
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up-regulated gene following TGF-ß1 treatment (9,10).
Missense mutations in the BIGH3 gene destabilize this
protein resulting in the formation of ‘amyloidogenic
intermediates’ that are deposited in the cornea and cause a
hereditary corneal dystrophy (11). Most of the studies of
BIGH3 have focused on this disease. BIGH3 harbours an
RGD sequence that can serve as a ligand recognition site for
several integrins and that also influences both cell attachment
and migration (10,12). This suggests its involvement in
cellular adhesion and a possibly significant role in tumor
progression.

The ectopic expression of BIGH3 in asbestos-induced
tumorigenic cells inhibits cell growth in vitro, and the
tumorigenicity of these cells in nude mice (13). The
transfection of BIGH3 into CHO fibroblasts was also found to
reduce the ability of these cells to form tumors in nude mice
(10). These findings further suggest a possible tumor
suppressor role for BIGH3.

Recently, the overexpression of BIGH3 has been shown in
both RCC tissues (14-16) by the result of gene array analysis
and in other tumors including lung cancer (17), oesophageal
cancer (18), pancreatic carcinoma (19) and colon cancer (20).
BIGH3 mRNA expression in RCC has not been well
characterised, however, and we therefore analysed the BIGH3
and TGF-ß1 pathway-related mRNA levels (TGF-ßRII,
SMAD4, SMAD7, PAI-1) in cc-RCC tissues in our current
study by quantitative real-time reverse transcription PCR
(QRT-PCR). PAI-1 is an additional down-stream target of
TGF-ß1. Our findings were examined in the context of the
available clinicopathological information for the corresponding
patients, and were further complemented by immunohisto-
chemical investigations using a polyclonal anti-BIGH3
antibody. In addition, we surveyed the levels of BIGH3
expression and its inducibility by TGF-ß1 in several RCC cell
lines.

Materials and methods

Patients. Cc-RCC and adjacent kidney tissue samples were
collected from 53 patients, who had undergone a nephrectomy.
All samples were immediately snap-frozen in liquid
nitrogen and stored at -80˚C until use. All of the patients had
confirmed RCC of the clear cell type and were treated at the
National Defense Medical College (NDMC) Hospital from
2000 to 2003. The NDMC Ethics Committee approved this
study and each patient gave prior informed consent. Clinico-
pathological factors were determined after surgery according
to the 1997 TNM system (21) and the General Rules for
Clinical and Pathological Studies on Renal Cell Carcinoma of
the Japanese Urological Association, 3rd Edition, 1999 (22).
Clinicopathological data for patients with renal tumors
studied in the mRNA analysis are listed in Table I. For
immunohistochemical analysis, we used 52 paraffin-
embedded tissue samples. The patients consisted of 38 men
and 14 women. The mean patient age was 60.4±11.0 years
(range 39-78). The histological grade contained only G1 and
G2 elements in 37 and G3 elements in 15 samples. The T
stage (based on the TNM staging system) was T1 in 29, T2 in
5, T3 in 17 and T4 in 1. The clinical stage was Stage I in 26,
Stage II in 4, Stage III in 7 and Stage IV in 15.

Cell lines. The human RCC cell lines ACHN and A498 were
purchased from the American Type Culture Collection
(ATCC) (Manassas, VA, USA). The RCC cell lines SKRC44
and SKRC49 were obtained from the Memorial Sloan
Kettering Institute (New York, NY, USA). All RCC lines
were maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 2 mM glutamine, 1% non-
essential amino acids, 100 U/ml streptomycin and penicillin
and 10% foetal calf serum (FCS). Human renal proximal
tubular epithelial cells (RPTEC) were purchased from ATCC
and grown in Renal Epithelial Cell Basal Medium (REBM,
Clonetics, San Diego, CA) supplemented with REGM
complex (0.5 μl/ml hydrocortisone, 10 pg/ml hEGF, 0.5 μg/ml
epinephrine, 6.5 pg/ ml triiodothyronine, 10 μg/ml transferrin,
5 μg/ml insulin, 1 μg/ml gentamycin sulphate and 0.5% FCS).

Cell proliferation assay. Cell growth was assayed using the
CellTiter 96 nonradioactive cell proliferation assay (Promega,
USA). Briefly, RCC cell lines were plated overnight at
5x103 cells/well and RPTECs at 1x104 cells/well in 96-well
plates. The following day, the media were exchanged and
treated in the absence or presence of 10 ng/ml TGF-ß1
(Sigma, USA). On day three of the treatment, cell growth
was determined by adding MTT solution (50 μg/well) for 4 h.
Subsequently, MTT assay products were solubilized with
acidic isopropanol and the optical densities were measured at
570 nm with a plate reader.

TGF-ß1 treatments. The RCC cell lines A498, SKRC49 and
RPTEC were exposed to 10 ng/ml TGF-ß1 for 12, 24, 48 and
72 h, followed by expression analysis of BIGH3 and PAI-1 by
QRT-PCR (see below). Maximal stimulation of these genes by
TGF-ß1 was found to occur after 48 h, as reported in a
previous study (9), and the expression of these genes in
untreated cells at this timepoint was thus considered to
represent the basal levels. We subsequently evaluated all of the
treated cell lines after 48 h exposure to TGF-ß1. A498,
SKRC44 and ACHN cells were plated overnight at 5x104 cells/
well and SKRC49 at 3x104 cells/well, in 12-well plates.
RPTECs were plated at 4x105 cells/well in 6-well plates. The
following day, the media were exchanged and the cells were
further cultured in the absence or presence of 10 ng/ml TGF-ß1.
After 48 h treatment, RNA was extracted and the PAI-1 and
BIGH3 mRNA levels were evaluated, as described below.

RNA extraction and reverse transcription. Total RNA was
extracted from kidney specimens using an Isogen kit
(Nippon Gene, Japan) according to the manufacturer's
instructions and further purified with an RNeasy Mini kit
(Qiagen, Tokyo, Japan). Total RNA was extracted in the same
manner from both the RCC cell lines and RPTEC cells.
Reverse transcription of RNA (1 μg) was performed in a final
volume of 20 μl containing 5xRT buffer, 0.1 M DTT, 200 U of
SuperScriptII enzyme (Invitrogen), 10 mM dNTP and
oligo(dT)18. The reaction mixture was then incubated at 42˚C
for 50 min, and the reverse transcriptase was inactivated by
heating at 70˚C for 15 min.

Quantitative real-time RT-PCR (QRT-PCR). PCR reactions
were performed in a final reaction volume of 25 μl containing
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Table I. Clinicopathological data obtained in the RCC patients for whom mRNA analysis was performed.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. Age Sex Gradea Diameter (cm) PTb Stageb Site of metastasisb

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 58 m G1>G2 1.7 1a I

2 66 m G1>G2 2.0 1a I

3 62 f G2 2.2 1a I

4 43 m G1>G2 2.3 1a I

5 73 f G2 2.3 1a I

6 72 f G2>G1 2.5 1a I

7 54 m G2 2.5 1a I

8 62 m G2>G1 2.6 1a I

9 72 f G1>G2 2.8 1a I

10 49 m G2>Gl 3.0 1a I

11 43 m G1>G2 3.5 1a I

12 62 f G1 3.6 1a I

13 48 m G1>G2 3.8 1a I

14 40 f G1>G2 4.0 la I

15 39 f G1>G2 4.0 la I

16 68 f G2>G1 4.0 la I

17 75 m G2>G3 4.0 la I

18 71 m G2>>G3 4.2 Ib I

19 54 m G2>G1 4.4 Ib I

20 76 m G>>G1>G3 4.5 Ib I

21 67 f G2 4.7 Ib I

22 39 f G1>G2 5.0 Ib I

23 79 m G1>G2 5.0 Ib I

24 73 m G2>G1 5.0 Ib I

25 44 m G2>G1 5.0 Ib I

26 69 m G2>G1 5.0 Ib I

27 60 f G2>G3 5.0 Ib I

28 61 f G1>G2 5.5 Ib I

29 57 m G2>G3 5.5 Ib I

30 66 m G2>>G3 5.6 Ib I

31 46 m G2>G1 6.8 Ib I

32 68 m G2>G3 6.8 Ib I

33 77 f G3=G2 7.0 2 II

34 53 m G2>G3 7.1 2 II

35 61 f G2>G1 7.5 2 II

36 51 f G2>>G3 8.5 2 II

37 49 m G2>>G3 9.3 2 II

38 51 m G2>G1 11 2 II

39 66 m G2 4.8 3a III

40 76 m G2>G1 7.4 3a III

41 77 m G2>G3 8.9 3a III

42 72 f G2>G3 9.8 3a III

43 73 f G2>G3 11 3a III LN (N1)

44 81 m G2>G1 6.5 3b III

45 71 m G3>G2 4.0 la IV Lung

46 70 m G2>>Gl 5.4 Ib IV Lung, LN, bone

47 57 m G2>>G3 6.5 Ib IV Bone, chest wall, adrenal gl.

48 55 m G2>G1 9.2 2 IV Lung, brain, spinal cord

49 65 m G1>G2 7.0 3a IV Lung, bladder

50 69 m G2>G3 7.0 3a IV Bone (Th3)

51 70 m G3>G2 8.0 3a IV Lung

52 42 m G2>G1>>G3 10 3b IV Lung

53 61 m G3>>G2 18 4 IV LN (N2), lung, liver invasion
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aTumor grade was determined according to the General Rules for Clinical and Pathological Studies on Renal Cell Carcinoma of the Japanese Urological Association, 3rd
Edition, 1999. bTumor stage was determined after surgery, according to the 1997 TNM system. The site of metastasis at surgery is also described.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Applied Biosystems' Assay-on-Demand 2xUniversal Master
Mix and 20xTarget and endogenous control Assay Mix
(containing each primer and the Taq Man MGB probe).
Products were detected using the GeneAmp 5700 Taq Man
PCR detector system (PE Applied Biosystems). The following
Target assay mixers (PE Applied Biosystems) were used:
Hs00165908-ml for BIGH3, Hs00171257-ml for TGF-ß1,
Hs00559661-ml for TGFßRII, Hs00232068-ml for SMAD4,
Hs00178696-ml for SMAD7, Hs00167155-ml for PAI-1 and
endogenous control Assay Mix: Hs99999903 for Actin-ß
(ACTß).

Diluted cDNA templates were used for quantitative PCR
(10 min at 95˚C, followed by 40 cycles of 15 sec at 95˚C and
1 min at 60˚C). Each sample was analyzed in duplicate. A
standard curve was constructed using 10-fold serial dilutions
of cDNA obtained from the A498 RCC cell line. For each
experimental sample, the amount of the targets and the
endogenous reference (ACTB) were determined from the
standard curve. The target amounts were then divided by the
endogenous reference amount to obtain a normalized target
value. ACTB was selected as the endogenous reference gene
as its expression between RCC and kidney tissue was found to
be nearly equivalent in our SAGE analysis.

Polyclonal antibody production and purification. The BIGH3
protein sequence was obtained from UniProt and a synthetic
peptide corresponding to human BIGH3542-554 (PTNEAFRAL
PPRE) was synthesized. An antibody was raised against this
peptide in rabbits by KOHJIN-BIO (Sakado, Saitama, Japan)
using the following immunization schedule: an initial injection
of 0.3 mg followed by 4 injections of 0.3 mg every 2 weeks.
For affinity purification of the raised antibody, the same
peptide was immobilized on a Sulfolink coupling gel (Pierce).
Antiserum was passed over the column, which was then
washed with PBS (~5 column volumes). Bound antibody was
eluted with 100 mM glycine (pH 2.7), immediately neutralized
with 1 M Tris base (pH 9.0) and adjusted to a concentration of
1.0 mg/ml before storage at -20˚C.

Immunohistochemistry. For immunohistochemical analysis,
formalin-fixed, paraffin-embedded tissue sections 4 μm in
thickness were deparaffinised in xylene, rehydrated in a graded
ethanol series and autoclaved for 15 min with 10 mmol/l
sodium citrate buffer (pH 6.0) prior to staining. The
endogenous peroxidase activity was inactivated by incubation
in 3% H2O2 for 10 min. Tissue sections were then incubated
with polyclonal anti-rabbit BIGH3 antibody (1:50 dilution,
KOHJIN-BIO) for 60 min at room temperature. All sections
were sequentially treated using the Envision+ method (Dako
Cytomation, Glostrup, Denmark) for 60 min and then with
3,3'-diaminobenzidine in the presence of hydrogen
peroxidase. The sections were then lightly counterstained
with hematoxylin. As a negative control, the anti-BIGH3
antibody was replaced with non-immune rabbit serum.

BIGH3 antigen expression was assessed in tumor samples
(containing normal tissue components) from 52 cc-RCC
patients. Subsequent evaluations of the results were
independently performed by two observers (Y.K. and F.K.) in
a blinded fashion. In cases where significant discrepancies
were found between the judgments of these observers, a

discussion was held and a consensus was reached. A semi-
quantitative scale from 0 to 3+ was used for BIGH antigen
staining as follows: 3+, intensely positive in both the
cytoplasm and membrane of the RCC cells; 2+, positive
cytoplasmic but weak membrane staining; 1+, weakly positive
but stronger than normal; 0, negative staining or as weak as
normal.

Statistics. A paired t-test and a Mann-Whitney U test were
used to test for differences in the distribution between the
groups. Correlations were examined using the Spearman's
rank correlation coefficient. Cause-specific survival rates of
patients were determined by the Kaplan-Meier method and
the differences were assessed using the log-rank test. All
statistical analyses were performed using Stat View 5.0
software (Abacus Concepts, Berkeley, CA, USA). Statistical
significance was taken at a P-value of <0.05.

Results

Comparisons between the mRNA expression levels of BIGH3
and TGF-ß1 pathway-related genes in cc-RCC and adjacent
normal kidney tissue samples. The mRNA expression levels of
BIGH3 and of the TGF-ß1 related genes in cc-RCC (T) were
compared with those in adjacent normal kidney tissue samples
(N) by QRT-PCR of 30 normal kidney tissues and 53 cc-RCCs
using a Taq Man PCR detection system. The mean ± SD of the
mRNA levels of each target gene (BIGH3, PAI-1 and TGF-ß1)
was normalized to that of ACTB (Fig. 1A). The mRNA levels
of the additional genes analysed in the T and N sample groups
were 5.22±3.22 and 5.36±2.16 for TGF-ßRII, 2.27±1.27 and
1.73±0.49 for SMAD4, 3.92±2.33 and 2.48±1.13 for SMAD7,
respectively.

The mRNA levels of BIGH3, TGF-ß1, PAI-1 and SMAD7
were found to be significantly higher in the cc-RCC specimens
compared with normal kidney samples (p<0.0001 for BIGH3,
TGF-ß1 and PAI-1, p=0.0042 for SMAD7). The mean fold
changes in the T/average N values for TGF-ß1, PAI-1 and
SMAD7 were 4.4, 4.5 and 1.6, respectively. The mean fold
change of the T/average N of BIGH3 was 27.0. The BIGH3
expression levels changed >2-fold in 49/53 (92.5%)
specimens and ≥10-fold in 28/53 of these samples (52.8%).
The expression of TGF-ßRII and SMAD4 was found to be
comparable between tumors and normal kidney tissues.

The association between the expression of BIGH3 and TGF-ß1
pathway-related genes and the clinicopathological parameters
obtained for the cc-RCC patients. We compared the mRNA
expression levels of BIGH3 and the TGF-ß1 related genes in
our cc-RCC sample cohort with some of the clinico-
pathological data obtained for these corresponding patients
(Table II). The average gene expression levels in the 30
normal kidney tissue samples were assigned a value of 1, and
the individual gene expression levels in the 53 cc-RCC
samples was calculated relative to the normal average as
T/average N.

As shown in Table II, the expression of TGF-ß1 showed no
correlation with any of the clinicopathological parameters. In
sharp contrast, however, the down-regulation of TGF-ßRII
showed a significant correlation with each of these parameters.
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The expression of PAI-1 was found to be higher in the larger
tumors (>5 cm), (p=0.0025), whereas that of SMAD4 was
found to be reduced in both the larger and high-grade tumors
(containing a G3 element), (p=0.0062 and 0.0076,
respectively). The down-regulation of SMAD7 was also
evident in patients with large tumors and high-stage tumors
(stage III+IV), (p=0.012 and 0.04, respectively). Furthermore,
the expression of BIGH3 was found to be significantly
increased in high-grade tumors (p=0.0179).

We further examined the correlation between the selected
genes (BIGH3, PAI-1 and TGF-ß1) in individual cc-RCC
samples (n=53) (Fig. 1B). Although the expression levels of
BIGH3 and PAI-1 varied widely, a significant correlation
between BIGH3 and PAI-1 expression was evident (Spearman
rank correlation coefficient =0.443, p=0.0014, Fig. 1C). The
TGF-ß1 expression levels remained relatively constant
regardless of the cancer stage, and no significant correlation
was observed between BIGH3 and TGF-ß1 expression
(Spearman rank correlation coefficient =0.039, p=0.7817, data
not shown). There was also a significant correlation found
between the expression of TGF-ßRII and SMAD4 (Spearman
rank correlation coefficient =0.721, p<0.0001, data not
shown).

Analysis of BIGH3 expression by immunohistochemistry. We
further examined the expression and cellular distribution of
BIGH3 in 52 cc-RCC paraffin-embedded tissue samples by
immunohistochemistry (IHC) using a polyclonal anti-BIGH3
antibody. Thirty-nine of these cases differed from those used
in our earlier mRNA analysis and 13 cases overlapped
between the two experiments. The mean follow-up period for
the patients in this cohort was 50.9 months (range 1-125
months). The IHC staining intensities were scored as
described in the Materials and methods section.

Positive cytoplasmic staining of BIGH3 was observed in
the tumor cells in the majority of the RCC samples (Fig. 2B
and area denoted by ‘T’ in Fig. 2D). In contrast, only weak
staining was evident in normal kidney tissue samples (region
denoted by ‘N’ in Fig. 2D). Strong BIGH3 staining was noted
in the cytoplasm and also at the membrane in some RCC cases
(Fig. 2A), and negative or weaker staining was observed in
other samples (Fig. 2C). Weak staining was also observed in
the proximal tubular cells, which are thought to be the origin
of cc-RCC and negative staining was detected in the
glomerulus (Fig. 2D). Non-specific staining was observed in
the distal tubules and collecting ducts. The results of these
analyses were consistent with the mRNA expression data as 45

ONCOLOGY REPORTS  19:  865-874,  2008 869

Figure 1. Comparison of the gene expression levels of BIGH3, PAI-1 and TGF-ß1 between cc-RCC (T) and adjacent normal kidney tissue samples (N), and
their relationship to cc-RCC. (A) Determination of the expression levels of BIGH3, PAI-1 and TGF-ß1, normalized to ACTB, in 53 cc-RCCs (T) and 30 normal
kidney tissue samples (N) by QRT-PCR. The mean fold changes in the T/average N values are indicated in each panel. (B) Relative mRNA expression levels
of the indicated target genes for each of the cc-RCC samples in the current patient cohort (n=53) compared with the average values in adjacent normal kidney
control specimens (n=30). (C) Positive correlation between BIGH3 and PAI-1 expression (Spearman rank correlation coefficient =0.443, n=53, p=0.0014).
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(86.5%) cases were positive (score 1-3) and 34 (65.4%) cases
were strongly positive (score 2-3) for BIGH3.

To then investigate the association between tumor BIGH3
protein levels and patient survival outcomes, we divided the
52 RCC patients into two groups depending on the intensity of
their BIGH3 immunostaining. Tumors with staining levels of
≤1+ (18/52 tumors, 34.6%) were considered to be low for
BIGH3 and staining intensities >2 (34/52 tumors, 65.4%) were
considered to be high for BIGH3. No significant association
was found between the BIGH3 levels and cause-specific-
survival (log-rank test p=0.101), however, there was a
tendency for high BIGH3 staining intensity to be associated
with poor survival (estimated 5-year survival rate: 83.3% for
low BIGH3 and 55.9% for high BIGH3).

Messenger RNA expression levels of TGF-ß1, TGF-ßRII,
SMAD4, SMAD7, PAI-1 and BIGH3 in untreated RCC cells.
We investigated BIGH3 mRNA expression and the
relationship with TGF-ß1 related genes including TGF-ß1,
TGF-ßRII, SMAD4, SMAD7 and PAI-1 in RCC cell lines and a
‘normal’ reference cell type, RPTEC (n=5). The basal levels of
BIGH3 were measured at 2.35±0.51, 0.64±0.14, 0.59±0.30,
0.37±0.04 and 0.33±0.07 in SKRC44, SKRC49, ACHN,
A498 and RPTEC, respectively. For PAI-1, these values were
0.58±0.26, 0.02±0.006, 0.02±0.006, 0.09±0.04 and

0.80±0.55, respectively and for TGFßRII were calculated to be
0.47±0.33, 0.79±0.48, 1.15±0.25, 0.57±0.14 and 3.12±1.79,
respectively. We found no appreciable differences in the basal
levels of TGF-ß1, SMAD4 and SMAD7 (data not shown).
BIGH3 expression was detectable in all of the cell lines tested,
although these expression levels were not increased in the
majority of the RCC cells compared with RPTEC, except for
SKRC44. PAI-1 was also detectable in each cell line,
although at much lower levels in the SKRC49, ACHN and
A498 cells. The basal levels of BIGH3 expression were found
not to correlate with those of TGF-ß1 or PAI-1 (Spearman
rank correlation coefficient =0.268 and 0.029, p=0.189 and
0.8861, for TGFß1 and PAI-1, respectively).

Relative expression changes of BIGH3 and PAI-1 after
TGF-ß1 treatment. The induction of BIGH3 by TGF-ß1 was
detectable in SKRC44, A498 and RPTEC cells, whereas much
lower effects following this treatment were apparent in
SKRC49 and ACHN cells. In a similar manner to BIGH3,
PAI-1 was found to be significantly induced by TGF-ß1 in
SKRC44, A498 and RPTEC cells, but either poorly or not
induced at all in SKRC49 and ACHN cells (Fig. 3A). The
profile of BIGH3 induction by TGF-ß1 thus resembles that of
PAI-1, suggesting that they are regulated by a similar
mechanism in RCC cell lines.

ONCOLOGY REPORTS  19:  865-874,  2008 871

Figure 2. Immunohistochemical analysis of BIGH3 expression in paraffin-embedded RCC and kidney tissue samples. Tissue sections were immunostained
using a polyclonal antibody raised against BIGH3 and counterstained with hematoxylin. (A) Representative RCC tissue section with a score of 3+. Strong
BIGH staining is evident in the cytoplasm and membrane of the tumor cells. (B) Representative RCC tissue section with a score of 2+. Staining of BIGH3 is
observed in the cytoplasm only. (C) Representative RCC tissue section that is BIGH3-negative (score 0), in which negative or weaker staining than normal
can be observed. (D) Representative tissue section containing both RCC (T) and normal kidney cells (N). This specimen shows a marginal area of RCC, a
pseudocapsule and a normal kidney area. Only the region containing RCC is intensely stained. The inset shows a higher magnification of the normal area;
arrows indicate a glomerulus (below) and tubules (above). Original magnifications: A, B, C, and inset in D x200; D x100.
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Effects of TGF-ß1 on cell proliferation in RCC cell lines. The
proliferative properties of the four RCC cell lines under study
and the RPTEC control following treatment with TGF-ß1 were
assessed using an MTT assay (n=12). The proliferation of the
SKRC44, A498 and RPTEC cell types was found to be
inhibited by TGF-ß1, whereas SKRC49 cells exhibited a slight
stimulation and the ACHN cells showed no change under
these conditions (Fig. 3B).

Discussion

Our present study represents the first evaluation of the mRNA
and protein expression profile of the BIGH3 gene in both RCC
tissues and cell lines. The changes in the expression of this
gene form part of the fundamental alterations in the activity of
TGF-ß1 during the onset of RCC, as revealed by general
changes in other genes investigated herein and in previous
reports.

TGF-ß1 has been reported to be elevated in several cancer
types including RCC (5,23). In our current study, the TGF-ß1
mRNA levels were found to be significantly elevated in RCCs
compared with normal tissues. It was previously reported that
the plasma levels of TGF-ß1 are markedly up-regulated in
patients with advanced (metastatic) RCC compared with
localized tumors, suggesting an important role for this gene in
RCC progression (5). It is noteworthy, however, that no
correlation could be found between the TGF-ß1 mRNA levels
and RCC progression in our present experiments.

A correlation between the loss or down-regulation of
TGF-ßRII expression and tumor progression has also been

reported in a number of cancer types, including RCC (6).
Decreased TGF-ßRII function has also been implicated in the
escape of cancer cells from the growth inhibitory effects of
TGF-ß (4,7). This is consistent with our current finding that
TGF-ß1 is somewhat increased, whereas TGF-ßRII expression
is significantly decreased, with tumor progression.

Although no significant differences in the expression of
SMAD4 between normal renal tissue and RCC were detectable
in our present analyses, we did identify a correlation between
the down-regulation of SMAD4 and a number of progression
parameters for RCC. A concomitant down-regulation of
SMAD4 with tumor progression has also been observed in
pancreatic and colon cancers (24,25), though it has not been
reported previously in RCC. There was a significant
correlation found between the expression of TGF-ßRII and
SMAD4. Hence, in addition to the decrease in TGF-ßRII, the
down-regulation of SMAD4 may be responsible, at least in
part, for RCC progression.

SMAD7 is thought to exert inhibitory effects upon TGF-ß
signalling, and to have a negative feedback function that
regulates the intensity or duration of the TGF-ß1 response. In
our current study, SMAD7 expression was observed to be
up-regulated in RCC, but to be down-regulated with the onset
of tumor progression. These observations may be explicable,
however, if the SMAD7 levels are considered to be the result of
a negative feedback of active TGF-ß1 signalling, as postulated
previously (26).

PAI-1 is an inhibitor of the plasminogen activating system
that plays a key role in the tumor-associated proteolysis
cascade. This cascade eventually leads to extracellular matrix

YAMANAKA et al:  BIGH3 IN CLEAR CELL RENAL CELL CARCINOMA872

Figure 3. Relative gene expression changes in BIGH3 and PAI-1 after TGF-ß1 treatment and their effects on proliferation in RCC cell lines. (A) Measurement
of BIGH3 and PAI-1 gene expression changes following TGF-ß1 (10 ng/ml) stimulation, relative to untreated cells, by QRT-PCR. The expression level values
were normalized to ACTB. The data shown (each cell line: n=5) represent the mean ± SD.  The BIGH3 expression levels are significantly increased in the
SKRC44, A498 and RPTEC cell types following TGF-ß1 treatment (paired t-test, p=0.0021, p<0.0001 and p=0.0066, respectively). PAI-1 expression is
significantly increased in the SKRC44, SKRC49, A498 and RPTEC cells following TGFß1 treatment (paired t-test, p=0.0069, p=0.0320, p=0.0016 and
p=0.0045, respectively). (B) Measurement of cell proliferation in the indicated RCC cell lines and normal kidney cells using the MTT assay after stimulation
by TGF-ß1 (10 ng/ml). The data represent the mean ± SD of triplicate observations (n=12). The growth of the SKRC44, A498 and RPTEC cells was found to
be inhibited by TGF-ß1, whereas SKRC49 cell proliferation was stimulated and ACHN cells showed no change following this exposure. (Paired t-test,
p=0.0001 for SKRC49, p<0.0001 for SKRC44, A498 and RPTEC and p=0.6519 for ACHN, compared with untreated cell controls in each case).
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degradation and stromal invasion. Hence, PAI-1 was
previously thought to inhibit tumor invasion and metastasis,
and thus be associated with a better prognosis. However, using
IHC analyses, several investigators have reported that the
expression of PAI-1 in cancer cells is higher than in normal
cells, and that its levels could be inversely correlated with
the survival rate in patients with a variety of carcinomas,
including RCC (27-29). At the mRNA level, PAI-1 has been
previously shown to be significantly elevated in RCC, though
not to correlate with cancer grade or TNM classification (30).
In this study, PAI-1 was found to be elevated in RCC and the
overexpression of this gene was seen to positively correlate
with certain progression parameters.

BIGH3 was originally isolated from the A549 lung
adenocarcinoma cell line following exogenous TGF-ß1
exposure and was thus recognized as one of its downstream
target genes (9). There are conflicting reports, however,
regarding its function in tumorigenesis. A possible tumor
suppressor role has been previously suggested (10,13,31), but
the overexpression of BIGH3 has been reported in several
cancer tissue samples including RCC (14-16).

BIGH3 mRNA expression in RCC tissues was observed
to be higher compared with normal kidney tissues in our
present experiments. In addition, by IHC we found strong
staining of BIGH3 in the majority (86.5%) of the RCC tissues
compared with their adjacent normal controls. Both the mRNA
and protein analyses thus demonstrated increased BIGH3
expression in the majority of the RCC samples. A correlation
between the BIGH3 and PAI-1 mRNA levels was also evident,
despite the negative correlation between BIGH3 and TGF-ß1.
These data therefore suggest that BIGH3 is regulated in a
similar manner to PAI-1 in RCC tissue samples. 

We further investigated the relationship between BIGH3
and TGF-ß1 related genes in the RCC cell lines and in normal
kidney cells (RPTEC). In the RPTEC cells, the BIGH3 and
PAI-1 expression levels were dramatically induced by TGF-ß1
treatment. In a previous study of a diabetic nephropathy
model, TGF-ß1 was found to induce BIGH3 mRNA in a
dose-dependent manner, and a significant correlation between
BIGH3 and TGF-ß1 was evident, from which it was concluded
that BIGH3 would be a useful marker of TGF-ß1 bioactivity in
the normal kidney (32).

The up-regulation of BIGH3 and PAI-1 by TGF-ß1
stimulation was observed in SKRC44 and A498, but not in
SKRC49 or ACHN cells. These data indicate that the
transcriptional induction of both BIGH3 and PAI-1 by TGF-ß1
is regulated via a similar mechanism in RCC. In addition, the
relationship between BIGH3 expression following TGF-ß1
stimulation and the resulting proliferation of RCC cells
shows that TGF-ß1 slightly inhibits cell growth in the
SKRC44 and A498 cell lines, but that the SKRC49 and
ACHN cells are resistant to these inhibitory effects of
TGFß1. Furthermore, BIGH3 was dramatically induced in
RPTEC cells, which are highly sensitive to TGF-ß1 treatment.
From these data, we thus hypothesise that increases in BIGH3
and PAI-1 expression following TGF-ß1 stimulation indicate
the anti-proliferative effects and a positive signalling
response in vitro. Since the activation of PAI-1 expression
has been used as a marker for TGF-ß-induced transcription in
vitro (33), we speculated that the TGF-ß1-induced increases

in the transcription of BIGH3 may likewise indicate a positive
TGF-ß1 signalling response in RCC cell lines as has been
previously suggested (9).

It is noteworthy, however, that conflicting results
concerning the role of BIGH3 were also obtained in our
current study. Our cell line experiments suggest that the
induction of BIGH3 and PAI-1 indicates an active response of
these genes to TGF-ß1. However, our analyses of cancer tissue
samples from RCC patients show that the increased BIGH3
expression can be correlated with parameters that indicate a
poorer prognosis and a failing response to TGF-ß1. Hence,
additional mechanisms that are independent of TGF-ß1 may
influence the activity of BIGH3, and the relationship between
TGF-ß1 and BIGH3 seems to be more complex in vivo. It is
therefore likely that BIGH3 has both positive and negative
influences on RCC progression, in a similar manner to TGF-ß1
and PAI-1.

Although our principal findings and conclusions regarding
the function of BIGH3 in RCC cells were made using the
TGF-ß1 stimulation model, we also constructed and
introduced BIGH3 small hairpin RNAs (BIGH shRNA) into
the BIGH3 overexpressing RCC cell line SKRC44 to further
clarify the function of BIGH3 itself. This BIGH3 shRNA
species produced ~70% reduction in the BIGH3 mRNA levels
compared with a GFP shRNA control, though did not have any
apparent effects upon proliferation (data not shown). Further
investigations will therefore be needed to elucidate the
function of BIGH3 in RCC cells, but our shRNA analysis does
suggest that BIGH3 itself cannot influence RCC proliferation.

BIGH3 was characterized as a gene inducible by hypoxia
and VHL alteration (34). In this study, BIGH3 was reported to
be dramatically overexpressed in 786-O cells lacking VHL.
VHL inactivation occurs in the majority of sporadic cc-RCC
and has a crucial role in cc-RCC carcinogenesis (35).
Hypoxia inducible factors (HIFs) are transcription factors
that regulate the production of a number of downstream
genes in response to hypoxia. In cc-RCC, due to VHL gene
inactivation, HIF1α is stabilized and accumulates, leading to
the induction of its down-stream gene products (36,37). Since
BIGH3 is reported to be overexpressed following VHL gene
inactivation, this gene may be a critical component of cc-
RCC in the VHL/HIF pathway.

In summary, we found that BIGH3 is highly expressed in
cc-RCC compared with normal kidney tissues and that this is
predictive of a poorer prognosis, similar to PAI-1. Our data
thus suggest that BIGH3 plays a role in cc-RCC and is a
candidate biomarker of cc-RCC progression.
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