
UC Irvine
UC Irvine Previously Published Works

Title
Molecular analysis of a myxoid chondrosarcoma with rearrangements of 
chromosomes 10 and 22

Permalink
https://escholarship.org/uc/item/2rw0r6gj

Journal
Cancer Genetics, 45(2)

ISSN
2210-7762

Authors
Shen, Wei-Ping V
Young, Ronald F
Walter, Barbara N
et al.

Publication Date
1990-04-01

DOI
10.1016/0165-4608(90)90084-n

Copyright Information
This work is made available under the terms of a Creative Commons 
Attribution License, availalbe at 
https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2rw0r6gj
https://escholarship.org/uc/item/2rw0r6gj#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Molecular Analysis of a Myxoid Chondrosarcoma 
with Rearrangements of Chromosomes 10 
and 22 

Wei-Ping V. Shen, Ronald F. Young, Barbara N. Walter, 
Byung H. Choi, Moyra Smith, and Jacob Katz 

ABSTRACT: Myxoid chondrosarcoma is a rare tumor of adulthood. An associated nanrandom reciprocal 
translocation between chromosome 9 and 22 was previously reported in this tumor. We 
performed cytogenetic and molecular genetic analysis of a myxoid chondrosarcoma derived 
from the sphenoid bone. Using restriction fragment length polymorphism (RFLP) analysis, we 
demonstrated rearrangement and a possible allele loss close to the chromosome 22 breakpoint. 
In addition, structural rearrangement in the chromosome 10q21.1 region and an allele loss in 
the chromosome 10q21-q23 region were also detected. In tumor DNA an additional hybridiza- 
tion fragment was detected by pAS-1 probe, which recognizes multiple pseudogenes of 
argininosuccinate synthetase dispersed in various chromosomes. We were unable to detect 
chromosomal abnormalities with two additional chromosome 9q probes. This study suggests 
that multiple gene rearrangements occurred in the myxoid chondrosarcoma and the significance 
of this is discussed. 

INTRODUCTION 

Identification of the specific cytogenetic abnormalities in cancers is important in 
disease diagnosis, defining tumor subtypes as well as providing the clue to the location 
of the genes involved in formation of the tumors. Nonrandom structural chromosome 
abnormalities have been identified in various soft tissue sarcomas [1]. Reciprocal 
translocation between chromosome 9 and 22 has been reported in two rare myxoid 
chondrosarcomas [2, 3]. Recently, molecular analysis was used to study the genotype 
of solid tumors. The molecular genetic study can be performed directly on the tumor 
tissue and avoids the possible secondary change occurring in in vitro propagation. 
The method can detect small chromosome deletions and rearrangements beyond the 
resolution of cytogenetic study. We performed molecular analysis of a sphenoid 
myxoid chrondrosarcoma. In this tumor, rearrangement and a possible allele loss 
were detected in the chromosome 22q11-q12 region with the DNA probes and were 
consistent with the previous cytogenetic observation. We also demonstrated re- 
arrangement and allele loss on chromosome 10. 
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CASE REPORT 

A 27-year-old white woman was admit ted  in Mar(:h 1987 with tire ~,hiel (.Oml)laint ot 
r ight-sided vision and hearing loss and right facial mmd)uess. C(mq)uterize,(t hmlogrd- 
phy and magnetic  resonance imaging scans of the head sbowed tire presen(:e ot a large 
mass at the right f rontotemporal  region. A large encat)sulate(I tumor mass, ~e,r} 
mucoid and with focal calcification, was surgically removed. The major bistologic 
const i tuent  was a mi ld ly  to moderate ly  cel lular  neol)lasm (:omposed ot small  h) 
medium-s ized  polyhedra l  cells with bright pink (:ytoplasm and small ,  romlde(t, single 
or mul t ip le  nucleola ted nuclei  (Fig. 1 ). The patbologi(: diagnosis  was (:bondrosar(:oma 
of the right sphenoid  ring. Two years after operat ion the patient is alive without  
recurrence.  

MATERIALS AND METHODS 

Isolation of DNA and RFLP Analysis 

Tumor that had been frozen on dry ice at the t ime of removal  and stored at 70°(] 
was used for DNA isolation. The frozen tumor  was pulver ized in l iquid nitrogen and 
then suspended  in a lysis buffer containing 20 mM Tris-HCl, 1 mM EDTA, 1% sodium 
dodecylsul fa te  (SDS) and 100 /~g/ml proteinase K and incubated at 37°C up to 18 
hours. DNA was then extracted with phenol-chloroform-isoamyl  alcohol (CHISM) 
and precip i ta ted  with 0.4 M ammonium-aceta te  and cold ethanol. The DNA pellets  
were d issolved in Tris-EDTA buffer. The pat ient ' s  lymphocyte  DNA was used as a 
control. Mononuclear  cells isolated from the per ipheral  blood were resuspended  in 
10 mM Tris and then lysed with lysis buffer and extracted as above. 

Ten micrograms of the control and the tumor  DNA were digested to comple t ion  
with the appropr ia te  restr ict ion enzymes,  fract ionated by 0.8% agarose gel e lectropho- 
resis, and transferred to Gene Screen plus nylon membrane according to the manufac- 
turer 's  protocol. Prehybr idizat ion and hybr id iza t ion  were performed in a solut ion 
containing 1% SDS, 1 M NaCI, 10% dextran sulfate, 0.05 M Tris pH 7.5, and 0,5 
mg/ml denatured  herring sperm DNA at 65°C with shaking. The probe was radiola-  
beled with 32p-ATP by random ol igonucleot ide  pr imer  procedure  [4]. Fil ters were 
washed twice in 2 x SSC/0.1% SDS at room temperature,  once in 1 x SSC/0.1% SDS 
for 15 minutes,  and once in 0.1 × SSC/0.1% SDS at 60°C for 30 minutes.  Autoradiogra-  
phy was performed using Kodak XAR-5 film with intensifying screen at -70°C  
overnight or for several days depending  on the part icular  probe used. 

RFLP probes used in this s tudy inc luded D22S1 (Dr, Y. Nakamura); D22S9 and 
D10S5, (Dr. B. N. White); c-sis, HoxlI, D10S1, D10S4 and NGF-B (American Tissue 
Type Collection); pAS-1 (Dr. A. L. Beaudet), and Aldo-B (Dr. F. Salvatore). 

Determination of Allelic Dosage 

BgllI blot hybr id ized  with the D22S1 probe was s t r ipped in 0.4N NaOH at 65°C for 30 
minutes  followed by 0.1 x SSC, 0.1% SDS, and 0.2 M Tris-HCl pH 7.5 at 65°C for 30 
minutes  and was rehybr id ized  with NGF-B. Taql blot was hybr id ized  with  D22S9, 
s t r ipped in the same fashion and rehybr id ized  with the D10S4 and D10S5 probes. 
HindlII  blot was used for both pAS-1 and D10S5 probes. The s t r ipped blot was 
checked with an autoradiogram before reuse. The intensi ty of the hybr id iza t ion  signals 
were de termined by laser dens i tometry  (LKB ultrascan XL}, and peak areas corre- 
sponding to each hybr id iza t ion  signal were calculated by electronic integration. 



209  

Figure 1 a) Tightly packed tumor cells in close proximity to cancellous bone (arrow). Loosely 
organized tumor cells show myxoid appearance (open arrow) (Hematoxylin and eosin x 88.) 
b) Highly cellular region of tumor; tumor cells have small, rounded, and vesicular nuclei. 
(Hematoxylin and eosin x 88.) c) Myxoid appearance of tumor cells (open arrow) with small to 
moderate amount of pink cytoplasm. (Hematoxylin and eosin × 220.) d) Higher magnification of 
tumor cells showing nuclear pleomorphism and hyperchromatism (open arrow) and occasional 
mitotic figures (arrow). (Hematoxylin and eosin × 440.) e) Higher magnification of the tumor 
ceils showing cartilagenous differentation (open arrow) and hyperchromatic nuclei of the pleo- 
morphic tumor cells. (Hematoxylin and eosin x 440.) f) Higher magnification of tumor cells 
shows moderate to marked pleomorphism of nuclei with hyperchromatism (open arrow). [Hema- 
toxylin and eosin x 440.) 
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Figure 2 Chromosome location of some of the probes used. 

RESULTS 

Rearrangement Detected at Locus on Chromosome 22 

The tumor  and control  DNA were compared  with three RFLP probes on chromosome 
22. D22S1 is an anonymous  genomic DNA segment mapped  to 22q11-22q13 that gives 
rise to two RFLP alleles with the BgllI restr ict ion enzyme. D22S9 is an anonymous  
RFLP probe mapped  to 22q11. c-sis is a protooncogene (PDGF-B chain) that detects 
two RFLP alleles with a HindIII digestion (Fig. 2). The results are shown in Fig. 3 and 
summar ized  in Table 2. The control DNA was homozygous for D22S9 and had a 5.8- 
ki tobase (kb) hybr id iza t ion  signal with TaqI digestion; the tumor  DNA disp layed an 
extra hybr id iza t ion  signal at 5.2 kb, suggesting that the tumor DNA had a possible 
small  internal  delet ion or rearrangement of one allele in the region of chromosome 
22q11. Analys is  of control DNA with the D22S1 probe revealed homozygous  hy- 
br idizat ion sigLlal at (,).5 kb. A marked decrease in al lele signal intensi ty was ob- 
served in the tumor  sample,  indicat ing a possible hemizygous delet ion ot chromo- 
some 22 sequences in the tumor (:ells. This was suppor ted  by rebybr idiz ing the 
same DNA blot with NGF-b probe (mappe(t to chromosome 1); both tumor and (:on- 
s t i tut ional  DNA had hybr idizat ion signals that were (1t equal intensity.  Densi tometry 
analysis  is shown in Table 1. No loss of heterozygosity was detected with the 
c-sis probe. 
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Figure 3 Allele loss and structural changes were detected with various chromosome 22 and 
10 probes in a myxoid chondrosarcoma. Probes and restriction enzymes used are indicated 
beneath each normal (N)/tumor (T) pair. Numbers on left indicate sizes of RFLP alleles; arrows 
on right indicate aberrant bands. 

Loss of Heterozygosity and Rearrangement at Loci on Chromosome 10 

The tumor and control DNA were compared with three chromosome 10 RFLP probes: 
D10S4, D10S5, and D10S1. The chromosomal localization of these probes is shown 
in Fig. 2. Control DNA was heterozygous at D10S4 locus and yielded 7.4 kb and 4.9 
kb bands, whereas tumor DNA retained only a 7.4-kb band. An aberrant band was 
observed only in the tumor DNA with D10S5 probe using three different enzymes 

Table 1 Densitometric analysis of allelic signals 

Ratio 
D22S1 NGF-b (D22S1/NGF) 

T u m o r  0 .96  6 .06  0 . 1 6  

N o r m a l  2 .30  8 .58  0 .27  

Compar ison  of the signal responses  p roduced  by D22S1 probe and  NGF-b 
(located on chromosome 1) in both tumor  DNA and  control  DNA. 

The numbers  m this table represent  area of peak densi ty  of the hybridizatLon 
signal measured  by LKB ul t rascan dens]tometer.  The normal ized  tumor  to 
normal  DNA value at the D22S1 locus was close to 1 2 and  suggests that 
the tumor  may have a partial  deletion at thzs region 
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Table  2 Allele  loss and structural  changes (tetet:te(t with various 
chromosome 22 and 10 probes in a myxoi(t (:hondrosar¢,om, 

Chrolllosolne Probe ~l lZyl l le  Noll lht]  'l'tll/ll)l" 

22 D22S9  Taq 1 H A 

22 1)22SI Bg] 11 H ~ sl£nal 
22 c-s i s  H i n d  Ill 1,2 1.2 

10 D10S4 T a q l  1.2 1 

10 D1{/S5 T a q l  H :\  

10 I)10S5 Hil/d 111 H A 
10 D10S5 Hm¢, II 1t :X 

9 A h l o - B  Pvt l -2  H H 

9 abl-3 Taq 1 H H 
? pAS-1 Hmd 1ll 1t ,\ 
1 NGF-b Bgl 11 1,2 1,2 

17 Hox-ll Sa(:l 1! 11 

Abbrm'mtmns 1, present e ot the largur allele reslrl( htm tragmenl and Ios~ td lho smalh'~ .dluhx 
1.2. tmterozygoslty present, A, Im'SC'nt e of abc~rr,ml reslrlchon tragment olhcr than RFI,I' ~d h'los. 
[t, homozygous for the probe tesWd 

- T a q I ,  HindlII,  and Hint2  (Fig. 3). Because both tumor,DNA and control  DNA were 
homozygous  at D10S1 locus they were not informative for al lele loss. These findings 
suggest that the tumor has rearrangement occurring at chromosome 1{) q21.1 region 
and an allele loss at chromosome 10q21-10q23 region. 

RFLP Analysis  of Loci on Other Chromosomes  

A breakpoint  in the 9q31 and 22q12.2 regions was previously  reported in two myxoid  
chondrosarcomas [11. We s tudied tumor  and coutrol DNA with chromosome 9q RFLP 
probes inc luding  pAS-1 (eDNA for argininosuccinate  synthetase enzyme; sequence 
showed that RFLP mapped  to 9q11-q22) and Aldo B (mapped to 9q21.3 to q32). The 
tumor  and the control  DNA were homozygous  for Aldo B probe as well  as pAS-1 probe. 
Tumor DNA had all extra 2.4-kb hybr id iza t ion  signal with pAS-1 probe, however,  
d i sp layed  decreased signal intensi ty with a 2.1-kb band {Fig. 4). Mult iple  pseudogenes  
for human  argininosuccinate  synthetase are dispersed in mul t ip le  autosomes,  and the 
X chromosome pAS-1 detects one argininosuccinate  synthetase pseudogene mapped  
in the 9q11-q22 region and the argininosuccinate  synthetase structural  gene mapped  
in the 9q34 region [5, 6]. Pseudogenes on chromosome 9q11-q22 give HindlII  poly- 
morph i sm 3.9 kb and 2.7 kb. The 2.]-kb band is der ived form the chromosome 12 
argininosuccinate  synthetase pseudogene (mapped to 12p13-qter). Hence the extra 
2.4-kb band may be derived from the chromosome 12. The abl oncogene probe (located 
at 9q34) d id  not show a difference between tumor and control  DNA. Both tumor and 
control  DNA were homozygous  for HoxII (chromosome 17) probe and heterozygous 
for NGF-B probe (chromosome 1). 

DISCUSSION 

Hinrichs et al. [2] repor ted a case of inyxoid chondrosarcama of the right shoulder  
with a nonrandom reciprocal  t ranslocat ion t(9;22)(q22;ql 1). Turc-Carel et al. [3] subse- 
quently repor ted another  case of extraskeletal  myxoid  chondrosarcoma from the left 
distal  thigh with a clonal  t ranslocat ion t(9;15;22) (q31;q25;q12.2) and suggested that 
breakpoints  9q31 and 22q12.2 were associated with extraskeletal  myxoid  chondrosar-  
coma. Our case had abnormali t ies  involving the 22q l l -q12  region, as demonst ra ted  
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Figure 4 Comparison of hybridization patterns of HindIll-di- 
gested DNA from normal and tumor tissue with pAS-1 probe. 
Tumor DNA exhibited an extra 2.4-kb band. The pAS-1 probe 
recognized one expressed gene and 14 pseudogenes of argininosuc- 
cinate synthetase dispersed on 11 different chromosomes. The 3.9- 
kb and 1.4-kb bands were derived from argininosuccinate synthe- 
tase pseudogenes on chromosome 9; the 2.5-kb band was derived 
from chromosome 7, and the 1.9-kb band was derived from chro- 
mosome 5. The 2.1-kb band derived from chromosome 12 was 
significantly weaker in tumor DNA. 

pAS-1 

by RFLP analysis  of the tumor  and the const i tut ional  DNA. Two different chromosome 
10 probes have detected abnormali t ies  in the tumor  DNA, one showing allele loss in 
10q21-q23 region and the other showing a possible internal  delet ion or rearrangement 
at 10q21.1 region. Three chromosome 9q probes were used to detect molecular  evi- 
dence of rearrangement;  no differences were observed with  the aldolase B probe 
(mapped to 9q21-32) and abl probe (9q34). pAS-1 probe revealed an aberrant band,  
however,  owing to d ispersed chromosome locat ion of mul t ip le  argininosuccinate  
synthetase pseudogene,  this aberrant band may not be derived from the chromosome 
9. In addi t ion  a decreased hybr idizat ion signal of chromosome 12 argininosuccinate  
synthetase pseudogene derived sequence was observed. Because the rearrangement 
may not be detected by s tandard Southern analysis,  the negative data on chromosome 
9 do not exclude the possible involvement  of chromosome 9 in myxoid  chondrosar-  
coma. No abnormal i ty  was detected with probes from chromosome 1 and 17. 

Loss of heterozygosi ty or hemizygous dele t ion at a specific chromosome locus 
often indicates that chromosomal  delet ions have occurred; such delet ions may also 
be accompanied  by chromosomal  rearrangement.  In certain tumors,  delet ions in a 
part icular  gene region led to identif icat ion of a recessive cancer gene or tumor  suppres-  
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sor gene [7[ The  hrst (:il , .a(,terJzed tumor  SUl)pressor gene-ret inobl , ls tom,J g e . e  (Rb) 
[81 is dele ted or muta ted  not only  m re t lnoblas lomas  but also m os leogen ic  sarcon],ls, 
small  (;ell lung ( :arc inom.s ,  brest ( ,enters.  and b ladder  cancers  [.(t- 12 J. I)NA rear r .mg.  
l l l e l l [  C a l l  | ] lOVe a (.eJlular l ) ro looncogene  a(lia(:enl to ano ther  () l l( . ()gl:Hle ()r l l l l o  ~tll 

act ive  t ranscr ip t ion  unit and result  in increasc,(t pr()duction or pr(Mu(.tion ot an al tered 
gene product  r evo lved  iIi (:ell growth.  This  has been I)es! i l lus t ra ted in chrom(  
mye logenous  l eukmma  ( C M L ) a n d  Burki t t ' s  l y m p h o m a  [13. 141. 

The  present  s tudy demons t ra t e s  a l le le  h)ss, rear rangement ,  ~)r a smal l  de le t ion  
i nvo lv ing  c h r o m o s o m e s  1() am[ 22 (~ccurring in a rare sporad ic  m v x o i d  chondrosa r -  
COllie, a ttlnl(/r of m e s e n c h v m a l  origin.  Cytogeneti(:  and molecu la r  genet ic  abnornla l i t -  
ies i n v o l v i n g  c h r o m o s o m e  22q11-(t22 have  been repor ted  in var ious  n e u r o e c t o d e r m a l  
tumors  (eg, m e n i n g i o m a ,  Ewing ' s  sarcoma,  per ipheral  neu roep i the l i oma ,  acoust ic  
neu roma ,  and as t rocy toma [15-19]).  Loss ot c h r o m o s o m e  10 is also c o m m o n l y  found  
in h igh-grade  g l iomas  and m e n i n g i o m a s  120, 211 m~phcat ing a i)ossible ( :ommon 
molecu l a r  ine(:hanism invo lved  in the e v o l u t m n  ot these ll.eoplasms. The  marker  
D10S5 s h o w i n g  rearraxlgement in this tumor  is l inked to mul t ip l e  e n d o c r i n e  neop lasm 
(MEN) 2A lo(:us wi th  a m a x i m u m  lod score oi 3.58 tit a recoml) lna t ion  f requency  o |  
0.19 1221. Pat ients  wi th  MEN 2 are p red i sposed  to deve lop  mechdlarv  thyro id  can(:er, 
p h e o c h r o m o c y t o m a ,  and para thyro id  a(tenoma. These  t indings suggest  the presem:e  
of genes c losed  to D10S5 locus and c h r o m o s o m e  2 2 q l l - q 2 2  region invo lved  in the 
tumor igenes i s .  To de t e rmine  whe the r  c h r o m o s o m e  10 and 22 abnormal i t i e s  are spe-  
cific for m y x o i d  chondrosa rcoma ,  more  tumors  need  to be s tud ied  wi th  s imi lar  probes.  
Deta i led  m a p p i n g  of the c h r o m o s o m e  22q 11-12 region and the c h r o m o s o m e  10q21.1 
region may  reveal  genes invo lved  in the format ion of this rare tumor  and poss ible  
o ther  more  c o m m o n  tumors .  

The authors thank Drs. B. N. White, R. White, Y. Nakamura, A L. Beaudet, and F. Salvatore for 
providing the DNA probes used m this study. This work is supported by the Concern lI founda- 
tion for cancer research. 
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