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Cloning of the Rat Homologue of the von Hippel-Lindau Tumor Suppressor Gene

and Its Non-somatic Mutation in Rat Renal Cell Carcinomas
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Recently, von Hippel-Lindau (VHL) gene mutations were detected in non-inherited, sporadic human
renal cell carcinomas (RCs) at a high frequency. In order to determine whether or not the VHL gene
is also a critical gene in rat RCs, we cloned and sequenced the rat homologue of human VHYI. gene and
searched for mutations of the VHL gene in rat RCs. Mutations in the VHL gene were not detected in
spontaneons RCs of the Eker rat model or in ferric nitrilotriacetate-induced rat RCs using the
polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) method. These
data indicate that mutation of the VHL tumor suppressor gene is not an event in rat renal carcino-

genesis, at least in our present systems.
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von Hippel-Lindau (VHL) disease, a rare autosomal
dominant disorder, is associated with multiple lesions,
including central nervous system hemangioblastomas,
pheochromocytomas and renal cell carcinomas (RCs).
Recently, the predisposing VHL gene, located on human
chromosome 3p25-26, was isclated by positional clon-
ing." Mutation analyses suggested that this gene is in-
volved in development of not only the VHL-related RCs,
but also sporadic non-papillary RCs.”? Thus, the VHL
gene appears to play a key role in human renal carcino-
genesis.

On the other hand, rat models have been utilized to
analyze spontaneous and chemically induced RCs in
greater detail and have proved to be excellent tools for
studying the sequence of cellular changes during renal
carcinogenesis.”™ Therefore, in this study, we cloned the
rat homologue FHL gene and determined the organiza-
tion of the entire rat VHL ¢DNA and genomic DNA in
order to analyze intragenic mutations in spontaneous and
chemically-induced rat RCs using the polymerase chain
reaction-single strand conformation polymorphism
(PCR-SSCP) method. In particular, using the Eker rat
model of dominantly inherited RC carrying a germline
mutation of Tsc2 gene,® we examined whether or not the
VHL gene is an additional genetic target during RC de-
velopment and/or progression, because rat chromosome
4, where the rat VHL gene is located [our unpublished
data obtained by using hybrid panels and cytogenetic
data™], is frequently changed in Eker rat RC cells.”

* To whom correspondence should be addressed.
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A rat kidney cDNA (AZAP II vector) derived from an.
adult male (Long Evans strain, Kiwa Breeding Labora-
tory)®? was screened with a human VHL ¢cDNA clone
g7 (gift of Dr. B. Zbar, National Cancer Institute).)
Hybridization and washing were carried out as described
earlier.” A rat genomic cosmid library (provided by Dr.
T. Oda, Hamamatsu University School of Medicine)'?
was also screened with g7.

Ten RCs having Eker mutation from F1 hybrids (Eker
rat X Long Evans strain, Kiwa) were used for DNA
extraction; LK8A [male, 89 weeks (w)], LK8B (male,
104 w), LK20b (female, 91 w), LK17B (male, 103 w),
LK18D (male, 101 w), LK19D (male, 97 w), LK12g
(female, 97 w), LK19b (female, 99 w), LK15B (male,
95 w), and LK 15¢ (female, 95 w). To obtain chemically
induced rat RCs, male Wistar rats (6-7 weeks old)
(Shizuoka Laboratory Animal Center) were given 10 mg
Fe/kg body weight of ferric nitrilotriacetate (Fe-NTA)
twice a week for 3 months and killed 9 months after the
completion of the last injection.'? A portion of the renal
tumors was dispersed with collagenase, and cells were
maintained in Iscovez’s modified Dulbecco’s medium
with 20% fetal bovine serum. The cells that proliferated
were polygonal epithelioid cells. The DNAs were ex-
tracted from a frozen primary tumor (T1), and two cul-
tured RCs (T2 and T3) at second passage. Histologically,
Eker rat spontaneous and Fe-NTA induced RCs were
both of non-papillary, granular type and were basically
the same, in spite of their different etiology.!!!»

The nucleotide sequences of recombinant clones were
determined by the dideoxy chain termination method
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12A 5-AACGAGCGTCCGGTTCCAAT-3'

204bp
11B 3'-GCTGAGGCTCACCATCAAAG-3'
14A 5'-GCGTCGTGCTGCCTTTGTGG-3'

178bp
14B  5-TGAGTAGGGACCTGGTGCTC-3'
21A 53-ACTGCTGTTGCCTTGCTCAG-3'

302bp
21B 5'-TCCTCAGCCCCAAGGTCTTA-3'
31A 5'-TGACTGGAGCCTGCCTCAGA-3'

284bp
31B S5'-TCAATTTCAGACCATCAAGG-3

Fig. 1. The primers that were used in PCR-SSCP analysis.

(A) and (B) indicate forward and reverse primers, respec-
tively; the primer sets were 12A and 11B, 14A and 14B, 21A
and 21B, and 31A and 31B. The right column shows the size
of PCR products.

using a SequiTherm Sequencing kit (Epicentre Tech-
nologies).

Primers were designed using genomic DNA sequence
data (Fig. 1) and made with a DNA synthesizer
(Milligen/Biosearch, Division of Miilipore). All PCR
reactions were carried out with Tth DNA polymerase
(Pharmacia-Biotech) in a volume of 25 41 containing 100
ng of the template DNA, 25 pmol of each primer, 200
M dNTPs, 1.5 mM MgCl, 0.185 MBq of [a-**P]dCTP
{ > 3000 Ci/mmol, Amersham), and the supplied buffer.
Reactions were carried out using a QTII or QTPI ther-
mal cycler (Nippon Genetics) as follows; at 92°C for 3
min, followed by 35 cycles of 92°C for 1 min, 58°C (exon
1) or 55°C (exon 2 and 3) for 1 min, and 72°C for 2
min, terminated with a final extension at 72°C for 5 min.
Following PCR, the samples were diluted fifty-fold using
dilution buffer containing 95% formamide, 20 mM
EDTA, 0.19% BPB and 0.1% XC. Diluted samples were
denatured for 5 min by boiling, then 1 1 was taken and
run on 6% polyacrylamide gels containing 109% glycerol
and 1> TBE buffer in an AE-6160 Genoquencer SSCP

CGTAAACCCGCACGTCGCGCCGCCCACGTCCAGCTCGCGAACGAGCGTCCGGTTCCAATA

ATGCCCCGGAAGGCAGCTAGTCCAGAGGAGGCAGAAAGGATGCCGGGCTCTGAAGAGATA

1 MetProArglysAlaAlaSerProGluGluAlaGluArgMetProGlySerGluGlulle 20
GAGGCTGGGCGGCCGCGGCCGGTTTTACGCTCTGTGAACTCGCGCGAACCCTCTCAGGTC

21 GluAlaGlyArgProArgProValleuArgSerValAsnSerArgGluProSerGlnVal 40
ATCTTCTGCAACCGCAGCCCGCGCGTCGTGCTGCCTTTGTGGCTCAACTTTGATGGTGAG

41 IlePheCysAsnArgSerProArgvalvalleuProleuTrpleuAsnPheAspGl yGl u 60
CCTCAGCCCTACCCGACCTTACCACCGGGCACCGGCCGCCGCATCCACAGCTACCGAGGT

6l ProGlnProTerroThyLeuProProG]yThyGlyArgArgIleHisSerTyrArgGly 80
CACCTTTGGCTCTTCAGGGATGCGGGGACCCATGATGGACTTCTGGTTAACCAAACGGAA

81 HisLeuTrpleuPheArgAspAlaGlyThyHisAspGliyLeuLleuValAsnGlnThyGlu 100
CTGTTTGTGCCATCCCTCAATGTTGATGGACAGCCTATTTTTGCCAACATCACATTGCCA

101 LeuPheValProSerLeuAsnValAspGlyGlnProllePheAlaAsnlleThyLeuPro 120
GTGTATACCCTGAAAGAGCGGTGCCTTCAGGTTGTACGGAGCCTGGTCAAGCCTGAGAAC

121 ValTyrThylLeulysGluArgCysleuGlnValValArgSerLeuVallysProGluAsn 140
TACAGGAGGCTGGACATCGTCAGGTCGCTCTATGAAGACTTGGAAGACCACCCAAATGTG

141 TyrArgArgleuAsplleValArgSerlLeuTyrGluAspLeuGluAspHisProAsnval 160
CCGGAAAGACATACAGCGGCTGACCCAAGAGCACCTCGAGAATCAGGCCCTGGGAGAGGAG

161 ArglysAsplleGlnArgleuThyGlnGluHisLeuGluAsnGlnAtalLeuGlyGl uGlu 180
CCTGAAGGAGTCCACTGAGATTACTGGTCCTGAATTTCGGCCCTTGATGGTCTGAAATTG

181 ProGluGlyValHis * 185

Fig. 2. The nucleotide and deduced amino acid sequences of *VHL1 coding region. The nucleotide numbers start from the 1st

AUG ¢
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odon in the VHL mRNA.'? % indicates stop codon.



The Rat VHL Gene

MPRRAENWDEAEVGAEEAGVEEYGPEEDGG EHS c[alE[Hs]c p] 40

human 1
rat i MPR
mouse 1 MPR

KAASPEEAERMPG|S 17
KAASPEEAAGEPGP 17

human 41 EESGPEELGAEEE|MEAGRPRPVLRSVNSREPSQ_VIFCNRS 80

rat 18 [EE IIEAGRPRPVLRSVNSREPSQVIFCNRS| 46
MEAGRPRPVLRSVNSREPSQVIFCNRS| 46

mouse 18 |EE

human 81
rat 47
mouse 47

PRVVLPMWLNFDGEPQ_PYPTLPPGTGRRIHS YRGHLWL F R|120
PRVVLPLWLNFDGEPQPYPTLPPGTGRRIHSYRGHLWLFR| 86
PRVVLPLWLNFDGEPQPYPmLPPGTGRRIHSYRGHLWLFR 86

huyman 121 DAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLKE|160

rat 87
mouse 87

DAGTHDGLLVNQTELFVPSLNVDGQPIFANITLPVYTLKE|126
DAGTHDGLLYVNQTELFVPSLNVDGQPIFANITLPVYTLKE126

human 161 RCLQVVRSLVKPENYRRLDIVRSLYEDLEDHPNVI_C_}IKDLEEZOO
rat 127|RCLOVVRSLVKPENYRRLDIVRSLYEDLEDHPNVRKDIQR|1l66
mouse 127 |RCLOQVVRSLVKPENYRRLDIVRSLYEDLEDY|P|SVRKDIQR[166

human 201 (L T QER I AHQRMGD 213
rat 167 LTQEHLENQALGEEPEGVH 185
mouse 167 |L|S|[QEHL E[S|QH L EJEEP 181

Fig. 3. A comparison of the predicted amino acid sequences of human, rat and mouse VHL gene products. The boxed arcas
show the homologies. Underlining indicates the pentamer repeat sequences in the case of human VHL,

(Atto Corp.) at 40 W for 6 h. The gels were dried and
exposed to X-ray films overnight.

Two ¢cDNA clones (2.5 kb and 2.9 kb in length) were
isolated in plaque hybridization using human VHL g7
clone as a probe. The 5" end of the 2.5 kb ¢cDNA clone
was sequenced using the primer in the plasmid. Then,
sequencing-specific primers were designed. The positive
genomic DNA clones were digested completely with
EcoRI and subcloned into pHGS298. Two positive sub-
clones were isolated, with lengths of 4.0 kb and 2.5 kb,
respectively. The 2.9 kb ¢cDNA and two genomic DNA
subclones were sequenced using the sequencing-specific
primers (exon 1 and exon 2/3 were determined from 4.0
kb subclone and 2.5 kb subclone, respectively).

The entire nucleotide and dedoced amino acid se-
quences of the cDNA, named rat VHL (¢VHLI), are
shown in Fig. 2. The cDNA has an ORF corresponding
to 185 amino acids. A comparison of the amino acid
sequence among the predicted human,"” mouse'® and rat
gene products is shown in Fig. 3." The rVHLI cDNA
shares a high homology with the mouse VHL cDNA:
92.1% (500/543) sequence identity at the mucleotide
level and 93.49% (169/181) at the aminc acid level.

Interestingly, rat and mouse VHL gene products lacked
the eight copies of an acidic tandemly repeated pentamer
Gly-X-Glu-Glu-X, which was seen in the human case
and which resembles a pentamer {Gly-Pro-Glu-Glu-Pro)
in the procyclic surface membrane protein of Trypano-
soma brucei.? In the region after codon 20, the rPHL]
¢DNA shares high homology with the human VHL
cDNA: 82.3% (395/480) sequence identity at the nucle-
otide level and 91.9% (147/160) identity at the amino
acid level. In VHL-related and human sporadic RCs,
nucleotide substitutions, deletions, insertions, and non-
sense mutations were detected in this counterpart of
human VHL gene.” Four codons (182, 183, 184 and 185)
were not reported in human or mouse VHL gene (Fig. 2).
A schematic organization of the rPHLI gene structure
including the sequences at the intron-exon boundaries,
and the positions of PCR-SSCP primers are shown in
Fig. 4.

All RC DNAs were tested using four overlapping sets
of PCR products; RVSS (rVHL primers for SSCP anal-
ysis) 12A and 11B, 14A and 14B, 21A and 21B, 31A and
31B. These four products covered the entire coding
region of rat VHL gene, including splicing donor and
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a.
EXON 1 EXON 2' EXON 3
ATG TGA
— # H e —
> -«
12A11B21A 21B
> - > -
14A 148 31A 31B
b.

AGCTACCGAGgtacgagacgcgegetagge-—-
—intron 1--
--tectetgtttecattgacagGTCACCTTTG

ACATTGCCAGgttgatagtcaatcttacat--
--intron 2—
--ttggtttcctacctttgcagTGTATACCCT

Fig. 4. The structure of the rPHLI gene (a) and nuclectide
sequences at exon-intron junctions (b). Capital letters; exon
sequences, lower-case letters; intron sequences.

acceptor sites. All RC DNAs showed the normal wild-
type pattern (Fig. 5). The results indicate that there were
non-somatic mutations of the VHL gene in 10 spontane-
ous and 3 chemically induced RCs derived from 10 Eker
rats and 3 Fe-NTA-treated Wistar rats, respectively.
Although the function of human VHL gene is not yet
understood, the homology between human and mouse/
rat VHL genes suggest that the VHL gene might have a
significant role in rodents, too. In this study, however,
mutations in *FHL] gene were not detected by the
PCR-S8CP method or by conventional Southern blot
anailysis (data not shown). Thus, *FHLI gene mutation
does not appear to be a high frequency event in the devel-
opment of rat RCs. At the present time, we do not know
the functional role of the pentamer repeats present in the
human VHL gene, but not in rat or mouse VHL gene.
The human RCs have been classified into papillary,
tubular or solid growth of clear or granular cells, or a
mixture of these. Recently, a new classification of human
RCs based on the genetic alterations has been pro-
posed.'” The common type is the non-papillary, clear cell
RCs which are characterized by the loss of human chro-
mosome 3p, where human VHL gene is located. The
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Fig. 5. Representative PCR-SSCP analysis. The primer set
was 14A and 14B. There were no band shifts from the normal
control.

various types of RCs apparently originate from different
segments of this system (e.g., from the proximal tubule
and the collecting duct system). It is evident from several
studies in rats that the clear cell RCs are similar to the
predominant cell types of human RCs that arise from the
collecting duct system,” while human clear cell type RCs
originate from the proximal tubule.' This is an intrigu-
ing discrepancy between human and rat clear cell type
RCs. Atypical cysts lined by clear cells and associated
with RCs showing a similar clear cell phenotype have
been described in some VHL disease or in tuberous
sclerosis patients.'® As mentioned above, the Eker rat is
an animal model of tuberous sclerosis (Tsc2 gene) and
its RCs are granular rather than clear cell type.'® It has
been proposed that diversity in the cellular phenotypes of
RCs does not indicate an origin from a special segment
of the tubular system, but might reflect an abnormal
gene expression associated with neoplastic changes of
cell clones, or resuit from options for differentiation of a
common precursor stem cell.”

Our present findings imply a role of different genetic
events including Tsc2 gene mutations in human and rat
RCs, which are not related to the VHL gene.
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cosmid DNA library, respectively. We also thank Drs. Haruo
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cation, Science and Culture of Japan and a grant from the
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