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The specific chromosomal translocation t(X;1)(p11.2;
g21.2) has been observed in human papillary renal cell
carcinomas. In this study we demonstrated that this
translocation results in the fusion of a novel gene des-
ignated PRCC at 1g21.2 to the TFE3 gene at Xp1l.2.
TFE3 encodes a member of the basic helix-loop-helix
(bHLH) family of transcription factors originally identi-

fied by its ability to bind to  pE3 elements in the
immunoglobin heavy chain intronic enhancer. The
translocation is predicted to result in the fusion of the
N-terminal region of the PRCC protein, which includes

a proline-rich domain, to the entire TFE3 protein. No-
tably the generation of the chimaeric =~ PRCC-TFE3gene
appears to be accompanied by complete loss of nor-
mal TFES3 transcripts. This work establishes that the
disruption of transcriptional control by chromosomal
translocation is important in the development of kidney
carcinoma in addition to its previously established role

in the aetiology of sarcomas and leukaemias.

INTRODUCTION

some of these alterations may also be present in the surrounding
normal tissue and thus are not tumour spedijic (

Abnormalities of Xp11.2 region have often been observed in
papillary RCC. A specific and recurrent translocation between
chromosome X and 1, t(X;1)(p11.2;921.2), has frequently been
found (L0-13) while at(X;17)(p11.2;g25) and a del(X)(p11) have
been found in two separate cask§1(5). In addition two other
cases involving translocations between Xp11 and 1p34 have been
documented in unspecified types of renal cell carcinoias)
TheTFE3gene, which encodes a member of the helix-loop-helix
family of transcription factorsl{) has recently been mapped
adjacent to the position of the t(X;1) breakpoit®)( In the
present study we initially demonstrate the disruption of Ete3
gene in papillary RCCs carrying the t(X;1) translocation. Further
characterisation of th€FE3 gene in these tumours led to the
discovery that it becomes fused to a novel chromosomal gene
designatedPRCC(for papillary 'enal_@ll carcinoma).

RESULTS

Involvement of the TFE3 gene

Renal cell carcinoma (RCC) can be divided into papillary celSouthern blot analysis using a probe corresponding t¢ émel5
clear cell, granular cell and sarcomatoid subgroups based ofitheTFE3gene detected rearrangements in three papillary renal
histological appearancg,?). For the clear cell, granular cell and tumour cell lines (UOK120, UOK124 and UOK146) shown in
sarcomatoid tumours loss or inactivation of the von Hippel-Lineytogenetic studies to contain the t(X;1)(p11.2;q21.2) transloca-
dau (VHL) suppressor gene on chromosome arm 3p has bdem (Fig. 1a). Rearrangements in all three lines were detected
implicated in tumour developmer,4). By comparison papil- following digestion of tumour DNA wittHindlll and Bglll.

lary renal cell tumours, which account for around 15-20% dfFhese results were consistent with fluorescensiu hybridisa-
renal carcinomasl), do not exhibit mutation of the VHL tion studies carried out on the UOK120 and UOK124 cell lines
suppressor gene or loss of 3p Recurrent numerical abnorma- which demonstrated that probes prepared from individual
lities of other chromosomes have been identified in papillargosmids spanning thé&nd of thelFE3gene hybridised to both
tumours including tetrasomy 7, trisomy 10,12,16,17 and 20 amfrivative X and derivative 1 chromosomes formed as a result of
loss of the Y chromosomB~8). However, there is evidence that the t(X;1) translocation (results not shown).
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Figure 1. (a) Southern blot analysis of DNA from papillary renal tumour cell A ey COCTC E A TR O AGTGOCFITRCOLRC [OGMOCTICRCARICEANRIARS - G60
lines. DNAs digested witBglll andHindlll were hybridised to &FE3probe Mmzmiﬂ:mr r__ St :Tﬂ o ?"
that corresponded to a 379BpdRI-Bglll cDNA fragment at the'%end of the R A i i e B e T

published human TFE3 cDNA sequence (17). Lanes labelled C contain control =~ A TapAeataAAEARGRIAALTRTCCTTCREGIATL TR ITARGGIATIITTG THD

DNA from cell lines that did not harbour the t(X;1) translocation. Tumour T TEOCTTGC I AL TR O TAE T AGITRED
UOK124, which arose in a female patient, has lost the untranslocated copy of ERLL PP N L T

the X chromosome (12). RFFE3gene rearrangement was also observed when B | o L i e R e i e Tk i A

the same probe was hybridised to UOK120 DNA digested EdtRI. (b) T ANINTTOCTETE SRR RACT AL [
Chromosomal localisation of tfRRCCgene. Fluorescende situ hybridisa- Erwh'?:ﬂt” i E:Jiﬂsmyﬁ N I 13:3
tion was carried out using a 2.0RBRCCcDNA clone as a probe. TRRCC e R b e R WQWW LE
cDNA clone used in these experiments was isolated by screening a monocyte AT AN LA O AT AL TGATCH GG COCCTAMNETETT IETTCTOORT 108D
cDNA library with the unique'Sequence present in fieE35'RACE product LA M o T T B A RO TR TR IO T RCHEPLETER, 1140
h A BEF F O3 ¥V E F £ F Y F I FT ¥ F E 30D

isolated from line UOK124. The arrows marks the position of the hybridisation

signals. €) Re'striction.map of tHBFE3gene showing its exon—intron structure. T R kT R e o S e S el
Restriction sites are: FEcaRl, B, BanHl and H,H|nd”| Genomic DNA Tﬁ?TF%&GﬁF%WdITE%IEﬁEWW l%fg

sequence that spans exons 1-8 are available; exons 1, 2 and 3, accession numbe

X97160; exons 4,5 and 6, accession number X97161; exons 7 and 8, acCession  “p i g E B 5 g g g g TS TR TTRTIAT 1320

number X97162. The position of the breakpoints in the UOK120, UOK124 and B e eas OB

UOK146 cell lines are shown. For UOK120 and UOKRRECCsequences are L R e R e e

joined to TFE3 exon 2 in thePRCC-TFE3hybrid transcript while in the b B e T e e i L S g
reciprocalTFE3—PRCGhybrid transcript the fusion involves joining TFE3 i i e M R ST
exon 1 tdPRCC These results can only be explained if the breakpoint in both e—

of these cell lines occurs withifFE3intron 1. C R R R T~ S it i -
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Fusion of TFE3 to the novel chromosome 1 gerfRRCC ST TCCTGOCAGD oA G TR CTROOCC O ASCTTOACCTE TG
To determine whether tHg-E3transcripts in UOK124 had been COOCACHOUAL FTTRLTTTFTIRANCLAGGANT 2039

altered at their '5endsTFE3 5RACE products were obtained
from this cell line. The sequence of thRACE product (Fig2a)

diverged _from the norma'[FES sequencelf) at its 5_ end. Figure 2. (a) Nucleotide sequences of th&®B.CE product obtained from the
Construction of the exon—intron map of ffEeE3gene (Figlc) UOK124 cell line together with predicted amino acid sequence. The sequence
revealed that the position of divergence from the normal cDNAas been extendetiid show the position of the TFE3 initiating methionine (M).

sequence corresponded exactly to the site of the junction betweggfluences that did not match the published n&TB&3sequence (17,18) or
TEE3exon 1 and exon 2 humanTFE35RACE product (accession number X96717) are shown in bold.

. These novel sequences represent an internal region d?REBE cDNA

) When a probe prepared from the l_Jnqueéﬁuences present sequence that although isolated HR/&CE did not extend to the Bnd of the

in the BRACE product was used to isolate clones from humanPRCCiranscript. The lines over the nucleotide sequence show the position of the
monocyte and foetal brain cDNA libraries, two clones of 1.5 kTrFE3primers used to isolate th&RACE product.lf) The human chromosome
and 2 kb were isolated. Use of the Iargest clone as a probe in FI%HDRCC cDNA nucleotide sequence and predicted amino acid sequence

tudi I d the | lisati f th to ch assession number X97124). The vertical arrows shows the position of the
Studies allowed the localisation of these sequences 10 CNFOMEe 4 noints found in the UOK120 and UOK146 cell ligar(d in the UOK124

some band 1921.2 (Figp). The_ assignment of these Sequencegell line (»). The nucleotide sequences matched several EST sequences
to chromosome 1 was confirmed by Southern analysis anidcluding R13902, R93849, T34683, T35480 and R93814 (Genbank).
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Figure 3. Schematic representation of wild type PRCC and TFE3 proteins and of the PRCC-TFE3 chimaeric proteins. The PRCC protein is 491 amino acids in le
and contains an N-terminal domain of 150 amino acids that is rich in proline, leucine and glycine (PLD-rich). In UOK120 and UOK146 the 156 amino acids N-termi
region of PCC becomes fused to the entire TFE3 protein including the acidic activation domain (AAD), the central basic-helix-loop-helix (HLH) and the leucine zip
(2) regions. In UOK124 393 amino acids of N-terminal PRCC sequences become fused to the same TFE3 sequences. The region of the fusion proteins that is el
by TFE3 mRNA sequences immediately upstream of the TFE3 initiating methionine is shown (stippled box). RT-PCR of RNA from the three cell lines has been
to check the structures shown in this figure. The arrows represent the position of fusion of the PRCC protein to TFE3.

PCR-based analysis of human-rodent somatic cell lines tHACR detection ofPRCC-TFE3transcripts

contained a single copy of chromosome 1 (results not shown).

Sequencing of the cDNA clones generated a continuous sequeiibe presence of RRCC-TFE3hybrid transcript in all three

of 2039 bp (Fig2b). The size of the continuous cDNA sequencdapillary renal tumour cell lines was demonstrated by RT-PCR
obtained in these studies was similar in size to normal transcripging5’PRCCand 3TFE3 primers. A product of the predicted

of 2.0 kb detected in northern analyses of human sarcoma &€ (819 bp) was observed for cell line UOK124 (#ag. Much
melinoma cell lines (results not shown). This gene, designatémaller (108 bp) products were obtained for the lines UOK120
PRCG contained an open reading frame of 491 amino acids (Fighd UOK146 (Figia). Analysis of the smaller products indicated
2b). The predicted PRCC protein possessed an N-termi ptthey correqunded toafusionin whl_ch the 156 aa proline-rich
domain rich in proline (25%), leucine (13%) and glycine (13%5\l—term|nal domain of PRCC becomes joined to the same TFE3
but failed to exhibit significant homology to known proteinS€quences  (Fig.3). In parallel experiments reciprocal
sequences and contained no motifs suggestive of biochemid&E3-PRCChybrid transcripts were detected in the UOK146
function. Searches of the EMBL databases did, however, revéild UOK120 lines but not in the UOK124 cell line (result not

several EST sequences that matche@R@CCDNA sequence S10WN) suggesting that it is the formation of RRCC-TFE3
(Fig. 2b). transcript that is the consistent feature associated with this

A comparison of norm&@RCCandTFE3gene sequences with trﬁnsl_ocation. When considered tpgethﬁr witr(wj Soutnern kélott] data
thePRCC-TFE3unction sequences isolated bR ACE allowed fn:;;I\S%%chfEireegggirt‘i%?\?%?t;]g:é%arzb:niec Sgreg}(e:)ginotv\\;\ﬁ th;[n ea”
tAhle position of the fusion of #RRCCto TFE3to be identified. o™ 110 s (Figlc). Notably in UOK120 and UOK146 the

though the break occurs upstream of THEE3 initiating breakpoint could be assignedTBE3intron 1
methionine fusion dPRCCto TFE3is nonetheless predicted to '
generate a fusion protein (F2p). Thus the new open reading
frame extends from thPRCC sequences through sequences oss of normal TFE3 transcripts
upstream of th@FE3 initiating methionine and into tHEFE3
cells 393 amino of N-terminal PRCC sequences become fuse%&]uences and 4 3rimer Corresponding tdFE3 exon 2
the entire TFE3 bHLH transcription factor, which includes a@equences was used to detect iﬁ[ﬁﬁgtranscripts_ Transcrip_
N-terminal acidic transcriptional activation domain (AAD), ation of theTFE3gene has been observed in all tissue examined
control basic-helix-loop-helix-leucine zipper region implicated19). In agreement with this observation we found PCR products
in DNA binding and dimerisatiori(—22). Notably the structure of the predicted size in sarcoma and melanoma lines that were
of the TFE3 protein present in this fusion was consistent with thakamined. However we failed to detect expression of normal
recently reported by Macoéi al. ¢2) but was not consistent with TFE3transcripts in the three renal tumour cell lines @Y. This
earlier reports indicating that TFE3 may have an extendadould be expected for t(X;1) translocations found in males and
proline-rich C-terminal domairi.g). for translocations in females involving the active X chromosome
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o ge 9 o 3 result of the t(11;22), t(21,22) and t(7;22) translocations found in
== E HE g8 o Ewings sarcoma the N-terminal transcriptional activation domain
a SS8S8REEEET of the EWS protein becomes fused to the DNA binding domain

of respectively FLI1, ERG and ETV1, all members of ETS
protein family £8,29). N-terminal EWS sequences also become
fused to the DNA binding domains of the CHN-TEC steroid/thy-
roid receptor protein in myxoid chondrosarcon®s3(), of the
M= WT1 protein in desmoplastic small round cell tumo88}, @nd
of the ATF1 protein in malignant melanoma of soft pa&8.

b Proline-rich regions have been identified as transcriptional
_ activation domains in several proteins (for example se@4ef.
It is therefore possible that fusion of the N-terminal PRCC

domain to TFE3 may act in a manner similar to that observed for
i ) ] ] the EWS fusions by creating a PRCC-TFE3 fusion protein that

Figure 4. (a) Detection oPRCC-TFEdybrid transcripts by RT-PCR. PCR 55 an N-terminal protein-rich transcriptional activation domain
was performed using 8PRCCprimer and a'3FFE3primer to amplify reverse di he TEE3 DNA-binding d .
transcribed RNA from papillary renal cell carcinomas (UOK120, UOK124, adjacent to the h 3 - -obinding Omam- . .
UOK146) and the following human tumour samples: STS255 and A2243, The TFE3 protein bindgE3 elements in the immunoglobin
synovial sarcoma cell lines; RD, rhabdomyosarcoma cell line; HTB86 Ewingsheavy chain, (IgH) intronic enhancer, in Ig kappa enhancers and
sarcoma cell line, and SK23 melanoma cell lingDetection of normalFE3 in some IgH variable region promote1§’-€22) However. since
transcripts in the same RNA samples was performed by RT-PCR using . . . ) . T .
forward primer, corresponding T¢-E3exon 1 sequences and a reverse primer %_FEE’ transcripts are fo“”‘?' in all tissues examined mCIUdmg,
corresponding tolFE3 exon 2 sequences. For primer sequences see thd"dney,_ the encoded protein may have a much broa_-d(?r role in
Materials and Methods Section. transcriptional control 19). The N-terminal transcriptional

activation domain of TFE3, called AAD (Fig), is encoded by

the 105 nucleotide exon 3 of thEE3gene (9). Removal of this

exon by differential splicing produces a shortened isoform of the

(UOK120 arose in a male while UOK124 and UOK146 arose i FE?] prote(ijn (TFE3-S) thatis exf?ressed_li_riléigney_cm)aWd H
females). This observation raises the intriguing possibility that tHg&t nas a dominant negative eftect on activity. We have

t(X;1) translocation may uniquely have a dual role in botiound in analysis of each of the three papillary RCC that

; : ; ; ; ; tion of the t(X;1) is accompanied by loss of expression of
generating a dominantly acting fusion protein and removing t rma ; ; ) ! .
activity of normal TFE3 proteins. Ee normall FE3transcripts. It is therefore interesting to consider

the possibility that the transformation that results from t(X;1)

formation may require both the generation of the PRCC-TFE3
fusion protein and the removal of the shortened inhibitory

DISCUSSION . X .G :

isoform TFE3-S. Alternatively it is possible that loss of normal

In these studies we report that the t(X:1)(p11.2921.2) translockt E3htranscripts si_rt?pl_y OCCUES becau”se TFE3 is X-linked and
tion found in papillary renal cell carcinoma results in the fusio'2Y Nave no contribution to the gverall ransformation process.
of a novel chromosome 1 gene callPRCC to the TFE3 more detailed analysis of these models of transformation may

transcription factor gene. There have been very few reports GPrésent an interesting area for future studies.

recurrent translocations and their molecular characterisation inCytogenetic studies initially identified the ¢(X;1)(p11.2,g21.2)

human carcinomas. An inversion within chromosome 10 fuséganslocation solely in papillary renal cell tumours arising in male

the RET gene to an unidentified gene in papillary thyroid_patients 10,11). More recently this translocation has been found

carcinomaZ®3,24). In addition fusion of thEPRgene to th&RK in tumours from female .patlenl$2( present study). It has also .

gene has been found in a proportion of this same tumour tyf@en noted that the (X;1) appears to occur more frequently in

(25). BothRETandTRKencode transmembrane tyrosine kinasdUMours arising in young patients3]. The identification of the

receptors. The current work therefore provides the first demofENes involved in th|s_ translqcatlon .W'" now allow us to

stration of a recurrent fusion involving a transcription factor gerigdertake molecular diagnostic studies on larger series of

in a human carcinoma. tumours to determine the true age and sex distribution of patients
By comparison the involvement of transcription factor genes iifith the t(X;1) translocation and to assess whether this transloca-

chromosomal translocation genes found in sarcoma and leuk48N ¢an be used as a diagnostic or prognostic marker.

mias has been well document2@-{27). Of particular note is the

involvement of members of the bHLH gene family including

CMYC, |__Y|__1, TALlanq TAL2 in translocations found in MATERIALS AND METHODS

haemopoietic malignancies. As a consequence of the transloca-

tions the bHLH genes become juxtaposed to immunoglobin light

or heavy chain genes or to T-cell receptor get@87). Notably  C€ll lines

these translocations result in deregulation or ectopic expression

of the bHLH gene and, in contrast to the situation observed fodhe UOK120, UOK124 and UOK146 cell lines were derived

TFES, are not associated with the formation of fusion proteinsfrom primary papillary renal cell carcinoma specimens as
A frequent theme observed for translocations found in sarcdescribed 5). The cell lines were derived respectively from

mas is the fusion of a transcription factor activation domain totamours arising in a 30 year old male, a 21 year old female and

transcription factor DNA-binding element. For example as a 45 year old female. Cytogenetic analyses of all three lines
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identified the reciprocal translocation t(X;1)(p11.2;q21.2) transeDNA libraries

location (ref.6 and JS unpublished). A cDNA library made from the human monocyte cell line U937

. in the pcDM8 vector and a human foetal brain cDNA library
Analysis of DNA and RNA made in the pcDNA vector were kindly provided by the Sanger

Preparation of genomic DNA and cytoplasmic RNA were carriefentre, Cambridge, UK.
out as described36). Restriction endonuclease digestions,

agarose gel electrophoresis, Southern transfer, hybridisatidNA sequencing
washes and autoradiography were also carried out as descri

d . . :
previously G6). E%r sequence analysis PCR products were either subcloned with

the TA Cloning kit (Invitrogen) following the manufacturers
. instructions or sequenced directly from PCR products which had
RT-PCR analysis been purified by electrophoresis through agarose gels and

One pg of RNA was reverse transcribed using Superscript jpolated using the Geneclean Il (BIO101) kit. Both PCR products
reverse transcriptase (GIBCO BRL). Most efficient revers@nd subcloned cDNA fragments were sequenced by the dideoxy
transcription was obtained when RNA was heated 1€ @4th ~ Method using a TagFS Dye Terminator Sequencing kit (ABI,
a random 6-mer primer and cooled rapidly on dry ice prior i5oster City, CA) and ABI 377 DNA sequencers. Sequencing of
addition of the reverse transcriptase and buffer. Incubation was?t{RT-PCR products and both strands ofRRCCgene cDNA

17°C for 18 h. To detedPRCC-TFE3nhybrid transcripts the clones was completed using these methods.

resulting cDNA was subject to amplification with tRRCC

primer 3-CACTGAGCTGGTCATCAC-3(forward primer)and ACKNOWLEDGEMENTS

the exon Z’FE3primer 3-AGTGTGGTGGACAGGTACTG-3
(reverse primer). The presence of intact noR& 3transcripts
was assessed using TfeE3exon 1 primer sSTGTGGTTGGC-
GTCTCTGCTG-3 (forward primer) in combination with the
sameTFE3exon 2 reverse primer. To det€éEtE3-PRCCybrid
transcripts amplification was performed with THeE3 primer,
5’-CATCTCTGTGGTTGGCGT—3 (fOI’W&I'd primer) and REFERENCES

3'PRCC primer 3-GTTCTCCAGATGGGTCTGC-3 (reverse

primer). For UOK124 the additional reverse primMiekBEGTTG- 1. Murphy, W.M., Beckwith, J.B. and Farrow, G.M. (19%as of tumour
ATTCTCGCAGAGGC-3 that lies 3to the end of th®RCC pathology vol l;L: Tumours of the kldn_ey bladder and related urinary
onen reading frame w. | d in combination wifFRES structures. Publisher: Armed Forces Institute of Pathology.

p nNg Irame was also use co auo : 2. Savage, P. (1994) Renal cell carcino@uar. Opin. Oncal 6, 301-307.
forward primer in attempts to detectT&E3—PRCChybrid 3. Gnarra, J.R, Tory, K., Weng, Y., Schmidt, L., Wei, M.H., Li, H., Latif, F., Liu,
transcript. As a positive control to confirm that each RNA sample  S., Chen, F,, Duh, F.M., Lubensky, I., Duan, D.R., Florence, C., Pozzatti, R.,
could yield products RT-PCR amplification was carried out with \Ela\géiesr'al\gMéag?de?/r R NLZ'Fm(;LOSr\iTaQBaT'g"aﬁéafiﬁgh :n-, ’\/'Towm‘(?{b s‘aszi')
actin primers as described previousig)( In f[hese analyses all Mutation of the VHL. tumour supp;essc;r gené in renal carcinbiaaire
reverse transcribed samples gave an actin PCR product of thegenet7, 85-90.
expected size. The amplification conditions werg®r 20s, 4. Herman, J.G., Latif, F.,, Weng, Y., Lerman, M.I., Zbar, B., Liu, S., Samid, D.,
61°C for 40 s and 7Z for 40 s for 30 cycles in a final volume Duan, D.R., Gnarra, J.R., Linehan, W.M. and Baylin, S.B. (1994) Silencing of

io in the VHL tumour suppressor gene by DNA methylation in renal carcinoma.
of 25 pl. The products were separated by electrophoresis in Proc. Natl Acad, SCi USBL 97009704

We thank the Cancer Research Campaign for funding this work
and Christine Bell for typing the manuscript. Rachel Hunter and
Samantha Dibley are acknowledged for their excellent technical
assistance. We thank Dr Cyril Fisher for helpful discussions.

agarose gels followed by staining with ethidium bromide. 5. Mitelman, F. (1994€atalog of Chromosome Aberrations in Carstr ed,
Wiley-Liss, New York.
5'RACE 6. Kovacs, G., Szucs, S., Riese, W. and Baumgartel, H. (1987) Specific

chromosome aberration in human renal cell carcindmhal. Cancerd0,

One g of RNA was reverse transcribed using Superscript |1 1K71—178-G Fusesi L E L A and Kung. HLE. (1991) ics of
reverse transcriptase (GIBCO BRL) as described above using tHe p:;;/iﬁgi'/ o tumontanes Chrom. C::gér 2'4é£255_) ytogenetics o
TFE3 primer S'TGAGCTGGA_CCC_GATGGTGA"B NeV\{ly 8. van den Berg, E., van den Hout, A.H., Ooosterhuis, J.W., Storkel, S.,
synthesised cDNA was then tailed with polydC at'ies"8 using Dijkhuizen, T., Dan, A., Zweer, H.M.M., Mensink, H.J.A,, Guys, C.H.C.M.
terminal transferase (Boehringer Mannheim) according to the and de Jong, B. (1993) Cytogenetic analysis of epithelial renal-cell tumours:
manufacturers instructions Amplification of cDNA ends was relationship with a new histopathological classificatioh. J. Oncol.55,
. : ; ) > 223-237.
then performed. The first round PCR primers were oligonucleotidg Elfving, P., Aman, P., Mandahl, N., Lungren, R. and Mitelman, F. (1995)

5-TAGTGTGGGCAGCCTCAG-3(TFE3reverse primer) and Trisomy 7 in non neoplastic epithelial kidney celigtogenet. Cell Gendi9,

5-GACTCGAGTCGACATCGGGIIGGGIIGGGIIG-3where | 90-96. ‘
is inosine. Aliquots of this reaction were then subject to nestéd: de Jong, B., Molenaar, I.M., Leeuw, J.A,, Idenberg, V.J.S. and Oosterhuis,
PCR using the primer oIigonucleotidéﬁCAGGGGCAGG- J.W. (1986) Cytogenetics of a renal adenocarcinoma in a 2-year-old child.

. Cancer Genet. Cytogenétl, 165-169.
CAGTGGCTG-3 (TFE3reverse primer) and-&ACTCGAG- 11, Meloni, AM., D)étbt?s, R.M., Pontes, J.E. and Sandberg, A.A. (1993)
TCGACATCG-3. Translocation (X;1) in papillary cell carcinomas: A new cytogenetic subtype.
Cancer Genet. Cytogenéb, 1-6.

L. e 12. Shipley, .M., Birdsall, S., Clark, J., Crew, J., Gill, S., Linehan, M., Gnarra, J.,

Fluorescencen situ hybridisation (FISH) Fisher, S., Craig, I.W. and Cooper, C.S. (1995) Mapping the X chromosome
. breakpoint in two papillary renal cell carcinoma cell lines with a

FISH using the 2.0 KBRCCCDNA clone 75MI8 as a probe was  yx.1)(p11.2,q21-2) and the first report of a female caseogenet. Cell

performed exactly as described previousiy).( Genet.71, 280-284.
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