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Abstract We applied Western blotting, using an anteells, and it can be confused with other small-cell tu-
body against the carboxy terminal of the FLI1 proteimours, including lymphoma, neuroblastoma, rhabdomyo-
for detection of the 68-kDa EWS/FLI1 fusion protein isarcoma or Merkel cell tumour, or with benign condi-
cultured Ewing’s sarcoma cells and in four surgical biopiens, such as osteomyelitis [14-17]. ET is seen mainly in
sies of Ewing’s sarcoma. Of six different human cethildhood, and in this age group it accounts for approxi-
lines, the 68-kDa fusion protein was identified only imately 24% of all malignancies, or 29 per million chil-
Ewing’s sarcoma cells carrying the t(11;22)(q24;ql@yen [16]. Since ET is so primitive there are no structural
translocation. The four samples from Ewing’s sarconoa ultrastructural, enzymatic, or cell surface characteris-
patients were also found to contain the 68-kDa fusitins that are specific for this entity. Diagnosis is frequent-
protein. The lowest detection level for total protein loatlr made, therefore, by excluding other differential diag-
ed on the gel was 0483. When whole Ewing’s sarcomanoses [15]. Over the last few years several ET-specific
cells were used for Western blotting without prior praranslocations have been discovered. Ninety percent of
tein extraction, the lowest detection level was 1,3@J cases carry the translocation t(11;22)(q24;912) [5, 18,
cells. It will be possible to use Western blotting for d@2], 5% carry t(21;22)(q22;912) [12], and <5% carry
tection of the EWS/FLI1 fusion protein in the diagnosi$7;22)(p22;q12) [7]. Analysis of translocations by re-
of Ewing’s sarcoma in surgical biopsy specimens, awedrse transcription-polymerase chain reaction (RT-PCR)
possibly also in fine-needle aspirates. As the methodsisa useful option in the diagnosis of ET [3, 4, 9]. One
not dependent on the quality of mRNA in the sample alimhitation of RT-PCR in surgical pathology is the require-
involves no risk of contamination, it will be a powerfuinent for careful and rapid handling of fresh material to
complement to the reverse-transcription polymeraaeoid degradation of tumour cell mMRNA. The possibility
chain reaction (RT-PCR). of simply analysing the product of t&VS/FLI1fusion
gene would therefore provide an additional investigation,
Key words Western blotting - Fusion protein - FLI1 - especially if no material suitable for RT-PCR is available.
Ewing’s sarcom:: In this study we investigated whether the EWS/FLI1
fusion protein can be detected by Western blotting. This
application would be a powerful complement to RT-PCR
Introduction in the diagnosis of Ewing’s sarcoma and PNET.

The morphological diagnosis of Ewing tumour (ET: Ew-

ing’s sarcoma and primitive neuroectodermal tumour, Materials and methods

PNET) on the basis of biopsies or fine-needle aspirates is

often very difficult [2, 10, 11]. ET is recognized histothe Ewing's sarcoma cell line HTB-16&WS/FLI1) the breast

pathologically as a tumour composed of small roumdncer cell line MDA 231, the human colonic carcinoma cell line
WiDr, and the human melanoma cell line SK-MEL-2 were ob-

. ; . . . ; tained from the American Type Culture Collection, USA. TTC-
O Voo ooon + M- Carlberg - A. Dricu - J. Weide 466 and TTC-633, both of which carry the t(21,22)(q22;912)
Department of Tumour Pathology, Karolinska Institutet, (EWS/ERG}ranslocation, were kindly provided by Dr. P. Soren-
S-17177 Stockholm, Sweden sen, BC Resea_rch Institute for Child and Family H_ealth, Vancou-
Tel.: (+46) 8-7288028, Fax: (+46) 8-321047 ver, Canada. Simian virus-40-transformed human fibroblasts (line
’ 90VAVI) were kindly given to us by Dr. G. Stein (University of
G. Nilsson - A. Kreicbergs Colorado, Boulder, Colo., USA). The synovial sarcoma cell line
Department of Orthopaedics, Karolinska Hospital, A-3243 was kindly provided by Dr. S.A. Aaronson (Rockefeller

S-17176 Stockholm, Swed::n Institute, New York, USA).
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The MDA-231 cell line vas cultued in Dulbeccs modifed
Eagle’s medium supplemented with 10%wimm calf seum, glu
tamine sodium gruvate, bensylpenicillin and s¢ptomycin. HTB-
166 was cultued in RPMI-1640 containing 10%tal calf semm.
All other cell lines vere cultued in mininum essential medium
supplemented with 10%efal calf sewm and with the adition of
nonessential amino acids.

Cells were gown in monolgers in tissue cultw flasks with a
95% air/5% CQ atmosphee maintained &a37°C in a humidied
incubdor. For expetimental puposes the cells @e cultued in 15-
cm dishes. Cells are seeded ta a density of 3,000-
5,000cells/cm2 and haested ven thg had eahed subcorii-
eng.

C-19 is a abbit polyclonal 1IgG antibog raised gainst a pp-
tide coresponding to amino acids 434-452ppig & the car
boxy teminus of the FLI1 potein. The gitope is localied doser
to the C-teminus than to the ETS-binding domainhieh is essen
tial for the binding of the &msciption protein to DNA [19]. The
peptide (sc-356P) 'm which C-19 was mised vas used to cen
firm the specitity of the antibog. In this expeiment the conwl
peptide was mied with the antibogl solution. The concenttion
(w/v) of the pptide was ten-bld tha of C-19. The secondgranti
body was @a anti-rabbit IgG-HRP (sc-2004). C-19, the pide
and the secondarantibod/ were all puchased fom Santa Gz
Biotechnolagy (USA) through Scandindan Diagnosis Serices
(Falkenbeg, Sweden).

Biopsies fom four cases of Ewing’ sacoma were used dr
Westen hlotting. It had been anified by cytogenetic analsis tha
these tumows were carying the t(11;22)(q24;912) anslocéon.
Furthemore, all four cases»hibited a taracteistic histolay for
ET, and vere stongly positve for MIC-2. The non-ET samples
studied vere biopsies of a highrgde malignantilbrous histiog-
toma, a denaofibrosacoma potubeans and aldldhood neuo-
blastoma.

Total cell potein was isoléed as desdved elserhere [6]. Cells
were hawested and hongenized in a lffer containing 0.32V
sucose 1 mM taumodexycholic acid 2 mM MgCl,, 1 mM ED-
TA, 25 mM benzamidine 1 pg/ml bacitacin, 2mM pherylmeth
ylsulphoryl fluoride, 10 ug/ml gorotinin, 10pug/ml so/a bean yp-
sin inhibitor and 1Qug/ml leupetin. After 10-min cenifugation
at 6009 (4°C) the pellet (containing uniken cells andytoskele-
ton) was discaded The supemaant was used dr anaysis. The
concentation of total pptein was measwd using the Bio-Rad
protein assg (Bio-Rad Gemary) accoding to the method of
Bradford [1]. Tumour samples are washed twice with PBSand
weighed Half of eat sample s homgenized for protein isola
tion and Wésten blotting.

For SDS-RAGE studies, mtein and cell samples ere dis
solved in a hiffer containing 0.062%1 Tris-HCI (pH 6.8), 20%
glyceml, 2% SDS bromophenol hue and dithiotheitol (DTT).
Different amounts of the samplesm® anaysed ly SDS-RAGE
with a 4% staking gel and a 10% ge&uation gel & 80V over-
night, essentiayt accoding to the potocol of Laemmli [8]. e 5x
running luffer was pepared ty mixing Tris baseglycine and SDS
in 11 distilled water, pH 8.3; 20ul SeeBlue Re-Stained Standdr
(NOVEX, San Digo, USA) was un sinultaneousf. Three SDS-
PAGE cels were un for eat expeiiment, and one as stained
with Coomassie Blue to monitor the quality of theteins.

After SDS-RAGE the spamted poteins vere tanstred d
100V for 3h to a Hybond-ECL nitricellulose memlame (Ames-
ham Life Science Amersham, Buks. UK) for Westen blotting.
The tanser tkuffer was pepared by mixing 12.15g Tris base
56.25¢g glycine and 1l methanol in 51 dH,O. The membanes
were subsequentl blocked for 1 h & room tempeature with a
blocking solution containing 10% (w/v) skimmed milk vpder
and 0.3% (v/v) Ween 20 in PBSpH 7.5. The membanes vere
incubaed with the pimary antibod/ (C-19) (1/500 dilution) dr
1 h. After two washes, the memémnes vere incubéed with a
horseadish peoxidase-linked secondgr antibod/ (1/1500 dilu
tion) for 1 h. After the vashes, the meménes vere incub&ed in
ECL Westen blotting detection @agents (Amesham) dr 1 min.
The membanes vere exposed to Hypeitim-ECL for 1 min, 5min
or ovemight, whereupon fuorography was perbrmed

For RT-PCR, the pmers used wre synthesied accoding to
pubdished sequence iafmation [9, 20]. Total RNA was isoléed
using the RNaal B method as insticted ly the mawfactuer. The
samples wre first reverse-tanscibed using the pmer 11A. The
RT solution consisted of 40mol of a dNTP DM polymelization
mix (Phamacia Bioteb), 20 U RNase inhibitor (Boelimger
Mannheim), 10ug altumin (MBI Fementas), 4.0ul 5x first-
strand huffer (Gibco BRL Lie Technologies), 2.0 umol DTT,
200 U Supesciipt RT (Gibco BRL Life Technolagies), 200ng
primer, and diferent amounts of the isdked RM in a final vol-
ume of 20ul. The reaction vas perbrmed & 42°C or 1.5h. The
resulting cDM\ was amplifed by PCR using pmers 11.3 and
22.3. The PCR eaction solution consisted of 2@mol dNTPs
DNA polymeiization mix (Phamacia Bioteb), 5pul 10x reaction
buffer for Tag DNA polymerase (MBI Fermentas), 0.125umol
MgCl, (Gibco BRL Life Tedhnologies), 5 pul cDNA from RT,
200ng pimers and 4U Taq poymerase (MBI Fermentas) in aif
nal wolume of 50ul.

Amplification (45 gcles) was perbrmed & 94°C for 1 min,
68°C for 1 min and 72°C ér 1.5min. In all RT-PCR e&peliments
strict precautions wre undetaken to &oid cross-contamini@on or
product cary-over. The pe- and postamplifation stgs were se-
arated spdally from eab other The PCR poducts vere un on a
1.2% TBE garose @l and detectedybethidium bomide staining

Results

It was frst confrmed tha the Ewings sacoma cell
line (HTB-166) used in this styd contained the
t(11;22)(q24;12) tnslocéion. RNA from HTB-166
cells was isoléed using the RNa B method after
which RT-PCR was perbrmed using gmers speciic for
the EWS/FLIltranscipt (see “Mderials and methods”).
A positve PCR band (390p) is shavn in FHg. 1. The
negative contol shaved no bands.

To investicate the caability of Westen Hotting for
detecting the EWS/FLI1 fusion q@ein isolded from
Ewing sacomas cells, ve used an antibgdagainst the
carbxy teminal of FLI1. As shan in FHg. 2, a potein
with a siz of gproximately 68 kDa was detectedor
this antibog. In order to estimge the sensiity of the
method 6r detection of this @tein, diferent amounts of
tumour cell poteins vere anaysed The lovest detection

Negative control
Ewing cells

Fig. 1 Detection ofEWS/FLI1fusion gene tanscipt in HTB-166
cells by the everse-tansciption polymerase bain reaction (H-
PCR). The 390-bp PCR pduct is shan
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Fig. 5 Detection of EWS/FLI1
fusion piotein on whole cell
samples fom HTB-166: 10,000
cells were loaded onto theet
68 kDa—> ..- . - . As a contol a piotein sample
- from HTB-166 vas also load
ed The FLI1 antibogt was

Fig. 2 Detection of the 68-kDa EWS/FLI1 fusiongbein in HTB- g?oetgi?r detection of the fusion

166 cells using the FLI1 antibgd (C-19). The amounts
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9 = 9 < Fig. 6 Detection of EWS/FLI1 fusion ptein in potein samples
g o <S: _ @ a from four cases of Ewing’ sacoma EWS1-3. The FLI1 anti
c 3 32 g g g body (C-19) was used dr detection on the memdme Non-ET
» = > = < T T contols were piotein samples ém a malignantibrous histiogto-
ma (MFH), a demaofibrosacoma potubeans DFSP), and a
neuoblastoma KB). The amounts of tein samples anged
98 kDa 98 kDa comesponded to theoflowing weights of tumour tissueEWS1
T T 48 ug; EWS2 29 nug; EWS3 19 ug; EWS4 6 ug; MFH 31 pg;
DFSP, 31ug; andNB, 20ug
64 kDa
- : —64 kba PAGE and Wésten blotting aimed &detection of the fu

Fig. 4 Specifcity of the FLI1 antibog was tested on the indica sion potein. Hence HTB-166 cells wre mbed with
edgcell Ii%es (m/)é non-ET and one ET): 13y total potein sam loading hiffer and boiled 1a_95 C for 6 min and then
ples flom ead cell line vere anaysed ly Westen blotting loaded on the @. As shavn in Hg. 5, the 68-kDa -
tein was deally detected in a sample containing 10,000
HTB-166 cells. Smaller cell samplesew also tested
level was bund to be as i@ as 0.3ug protein. Fgure 3 and we found tha the lavest detection kel was ony
shavs tha the 68-kDa band dippeaed if the contnl 1,300 cells (d& not shan).
peptide (sc-356P) as adled tgether with FLI1 anti Finally, we anaysed potein samples isoled from
body. four sugical biopsies of Ewing sacomas. All tumous
To investicate the specitity of the FLI1 antibog had been mven to cary the 11;22 tnslocéon
further, total potein fom eat of the cell lines HTB- (EWS/FLI1) As can be seen ingd- 6, the 68-kDa fusion
166 (Ewings sacoma cells), SK-MEL-2 (human mela protein was dealy detected in all of thesedr Ewings
noma cells), MA-231 (human beast cancer cells),sacoma samples. lle sample amounts agyaéd core-
90VAVI (SV40-transbrmed human ibroblasts), WDr sponded to 6-4&g tumour tissue All three non-ET
(human colonic cainoma cells) and A-3243 (humarcontrol samples (MFH, DFSP and NB)eve naative for
synovial sacoma cells) s loaded on the SDRBE the 68-kDa potein (Hg. 6).
gel. As shavn, the 68-kDa mtein was detected in
HTB-166, lut not in samples i ary of the non-ET
cell lines (Fg. 4). Samples fsim TTC-466 and TTC- Discussion
633, both cawying the t(21;22)(q22;q12)EWS/ERG)
translocéion, were also anaised However, no positve Molecular analsis of the 11; 22aarangements is likly
signal was seen in these samplestédaot shwn). This to have an impact on the djaostic mangement in Ew
means thathe the FLI1 antibog used does not @ss- ing’s sacoma and PNETMoreover, molecular angksis
react with the ERG pitein. of tumourassocited gene earangements is an imper
We also investigated whether it vas possile to use tant tool tha can be used in diksing the meleanisms
whole cells diectly, without piotein isoldion, for SDS- of oncajenesis. It seemslear tha the ormaion of a
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