Universiteit

w4 Leiden
The Netherlands

Molecular genetic aspects and characterization of the

extracellular matrix of myxoid tumours of soft tissue
Willems, S.M.

Citation

Willems, S. M. (2011, February 9). Molecular genetic aspects and
characterization of the extracellular matrix of myxoid tumours of soft tissue.
Retrieved from https://hdl.handle.net/1887/16452

Version: Corrected Publisher’s Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University of
Leiden

Downloaded from: https://hdl.handle.net/1887/16452

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/16452

Chapter 3
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Chapter 3

Abstract

Myxofibrosarcoma is one of the most frequent soft tissue tumours in elderly patients,
mostly arising in the extremities. Grade | lesions are only locally aggressive whereas
grade Il and grade 1l lesions have metastatic potential. The differential diagnosis
contains several other (benign) myxoid soft tissue tumours. A number of sarcomas are
characterised by specific cytogenetic aberrations, giving not only insight in their
biological pathways; they also serve as molecular markers in difficult diagnoses.
Cytogenetic data on myxofibrosarcoma are scarce with only few isolated cases described
in the literature. No specific chromosomal aberrations have been detected so far. More-
over, molecular pathways in tumorigenesis and progression of myxofibrosarcoma are
barely understood. We studied the clinicopathologic data and karyotypes of 32
myxofibrosarcomas using conventional banding and multicolour COmbined Binary
RAtio labelling fluorescence in situ hybridisation technique. We included eight grade

[, eight grade Il and 16 grade lll lesions. In all, 22 were primary tumours, nine were
local recurrences and one a lymph node metastasis. The myxofibrosarcomas showed
equal sex distribution, were mostly located at the extremities with two thirds deep-
seated and had an average age of occurrence of 66 years. We found normal karyotypes
in eight cases and clonal beside nonclonal aberrations in 22 cases. Complex cytogenetic
anomalies were found in all grades. However, no tumour-specific chromosomal
abnormalities could be withdrawn. Local recurrences showed increase in grade compared
to their primary lesions. Interestingly, these recurrences showed more complex
cytogenetic aberrations. Increase in grade seems to parallel increase in cytogenetic
aberrations and malignant potential. Since the chromosomal aberrations found were
not tumour type specific, they seem to be rather the result of secondary events in
tumour progression and tumour genetic instability. Based on these findings, we suggest
that tumorigenesis of myxofibrosarcoma is mainly a multistep genetic process, probably
ruled by genetic instability caused by targeted checkpoint genes.
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Karyotyping of myxofibrosarcoma

Myxofibrosarcoma, formerly also known as the myxoid variant of malignant fibrous
histiocytoma, is one of the most frequent sarcomas in elderly patients with the majority
arising in the extremities, clinically most often presenting as a slowly increasing mass
[1, 2, 3]. Histologically, myxofibrosarcomas show a wide range from hypocellular
grade | tumours with oval to spindle form cells in a myxoid stroma, to hypercellular
grade lll lesions of solid sheets with pleomorphic nuclei [4]. According to the French
Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grading system,
three histological grades are recognised, that is, grade |, Il and Il [5]. Metastatic
potential is closely related to tumour grade, with a preference for lung, bone and lymph
nodes. Importantly, increasing grade is seen in subsequent recurrences [4]. Cytogenetic
data on myxofibrosarcoma are scarce with 30 isolated cases described in the literature.
Most often, karyotypes are very complex, including ring chromosomes, deletions,
translocations and double minutes. Here, we present the clinicopathologic data and
karyotypes of 32 cases of myxofibrosarcoma and discuss our findings in the light of
tumour grade and clinical behaviour.

Materials and methods

Patient Data

Thirty-two cases of myxofibrosarcoma were identified on which cytogenetic data were
available and collected retrospectively from the files of the Pathology Departments of
the University Hospitals of Leuven and Leiden University Medical Center. Patient and
tumour characteristics were described in Table 1. In each case, 4 m-thick sections of
formalin-fixed, paraffin-embedded material were stained with haematoxylin and eosin
(H&E). Slides were revised and classified according to the 2002 World Health
Organization (WHO) criteria and histological grading was performed according to the
FCNLCC [2, 5].

Cytogenetic Data

Chromosomes were obtained using short-term cultures and harvesting procedures as
described previously [6]. Briefly, nonfixed tissue fragments were disaggregated
mechanically and enzymatically and then cultured on chamber slides in DMEM-F12
medium (Gibco, Invitrogen, Breda, The Netherlands), supplemented with 10% fetal
bovine serum and 0,5% penicillin-streptomycin (Irvine Scientific, Santa Anna, CA,
USA) for 4-9 days. For cases 1-17 and 19-29 the protocol was as follows. At 17 h
before harvest, cells were exposed to Colcemid (0.005 g/ml; Gibco, Invitrogen, Breda,
The Netherlands). After hypotonic treatment (0.8% sodium citrate for 25 min), the
preparations were fixed three times with methanol-glacial acetic acid (3:1). Cytogenetic
analysis was performed on GTG-banded chromosomes and the karyotypes were
classified according to the International System for Human Cytogenetic Nomenclature

[7].
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Table 1: Patient and tumour characteristics

Case PRM ? Sex?t Age Site Grade
1 F 1} 61 In left musculus aracilis |
2 P T 46 In left musculus deltoideus |
3 P F 85 In left vastus lateralis |
4 P I a1 Right upper am (superficial) |
a P F G4 In right musculus quadriceps |
1] P F 64 In right musculus quadrhceps |
7 F hd 60 Left thigh {superficial) |
g P F 49 In left musculus gluteus |
9 P F 749 Faream {superficial) Il
10 P I a5 In musculus hiceps femaoris Il
11 F I 64 Right lower leg {intramuscular) Il
12 R I a1 Right upper amn {superficial) Il
13 P I 64 In right thoracic muscle Il
14 R F 63 Left thigh {superficial) Il
15 R F 63 Left thigh {superficial) Il
16 P F 63 Right elhow (superficial) Il
17 P M 7 Right thigh {superficial) 11l
18 P F 70 Pretibial (superficial) I}
19 R ] 61 In left musculus gracilis I}
20 P ] 65 Right lower leg 1l
21 R 1] 43 In right musculus deltoideus 11l
22 P ] 43 Inright musculus deltoideus 1l
23 R F 89 Left elbow {intramuscular) 1l
24 R F a9 Left elbow (intramuscular) 1l
25 P F 76 In musculus sartorius 1l
26 P h 66 Left thigh (invading the fascia) 1l
27 R F 7 Whole amn {invading the bone) 1l
28 P ] 6a Left thigh {intramuscular) I}
29 ] ] 69 Right axillary lymph node 1l
30 P F 45 Right upper am (superficial) 1]
Kl R F 64 Left lower leg (superficial) 1]
32 P ] 71 Left loweer amm (intramuscular 1]

a P=primary lesion; R=local recurrence; M=metastasis.

b M=male; F=female.
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Multicolor Fluorescence In Situ Hybridisation

For cases 18, 30-32, cells were harvested, after which a 48-color fluorescence in situ
hybridisation (FISH) staining was carried out, staining every chromosome-arm in a
different colour combination, after which digital imaging and analysis was performed
as previously described [8, 9, 10]. Hybridisations with individual libraries labeled
with single fluorochromes were used to confirm the detected rearrangements.
Breakpoints were assigned by using inverted DAPI counterstained images of the
chromosomes.

Results

Patient Data

The study of myxofibrosarcoma included eight grade 1, eight grade 1l and 16 grade IlI
cases. The morphological spectrum ranging from low- to high-grade morphology is
depicted in Figure 1. Patient and tumour characteristics are depicted in Table 1, showing
equal sex distribution between males and females with an average age of occurrence of
66 years. In all, 22 cases were primary lesions; nine of these lesions recurred locally
and one was a lymph node metastasis. Of the six cases recurring as grade Il lesions,
the primary lesions were either grade Il (four cases), grade Il (one case) or grade |
(one case). All three grade 1l recurrences were all primarily grade I. The metastasis
was a grade Il lesion. Except for this lymph node metastasis and one lesion occurring
in the thoracic muscles (case 13), all lesions occurred at the extremities (upper ones:
12; lower: 19). In all, 19 were deeply/intramuscular seated (case 13 included), 11
superficially with one not specified regarding the depth of the lesion (case 20).

Cytogenetics

The cytogenetics findings are listed in Table 2 showing normal to very complex
karyotypes. None of them were published in previous publications including these
entities by the authors.11 Eight normal karyotypes were found among these 32
myxofibrosarcoma. Clonal, besides nonclonal, aberrations were found in 22 cases.
These aberrations were present in all grades. Complex cytogenetic anomalies were not
restricted to grade Ill, but also seen in grade Il and grade | cases. There was no difference
in affected chromosomes depending on grade. Although some chromosomes were more
involved than others (Figure 2), there were no consistent chromosomal abnormalities.
In general, grade Il lesions showed more complex karyotypes than lower grades.
Remarkably, recurrences (indicated by asterisk) showed more complex karyotypes
than both their grade Il and grade Il primary lesions. Furthermore, we found the
presence of a ring chromosome, possibly originating from chromosome 3 (case 7).

51



Chapter 3

e 2wty LS

e
«
¥

P tiaes
4 P e ’ G

E

G

Figure 1: Light micrographs displaying the morphological spectrum of myxofibrosarcer@ Grade

I myxofibrosarcoma showing a hypocellular lesion with typical elongated curvilinear blood vessels in

a myxoid background with (pseudo)lipoblasts and slight nuclear atgpi@réde Il myxofibrosarcoma
showing a more cellular lesions with increased nucleair atypid) Grade Il myxofibrosarcoma
consisting out of solid sheets of spindled, atypical cells and multinucleated giant cells with abundant
eosinophillic cytoplasm. In the same tumour, there is often a remarkable but characteristic sharp transition
between hypo-and hypercellular areas.
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Table 2: Cytogenetic analysis of the 32 myxofibrosarcoma

Case | Grade | Karyotype

1 | 82-142 COMPLEX, +1-2M

2 I 4B 5 3 22088 307 101 0)(g 22,113

3 I 4B A5 KK - 21192 }KHI02 KK

4 | 46 1Y, 43 - 18- 20048 X - AE XY +dminddT BN + 3046 KY del(4)(Q220790 KXY - -
12091 30407, add(1(P36), deli2)(Q31),-10,add(14)(P11),-16,-16,+M %2

5 I 4B XK

B | 46 1K

7 I 46X, del(1)(p21-p31 23,13, del (53, -13,delf 5) (g1 3-26.37)

3 | 46, ¥X¥ [25} with random nonclonal aberrations

g Il 4447 WU NCA: 48, XK

10 Il AB Y AT K M 44K T -2

11 1 82824} very complex with clonal aberrations

12 1 T0-774M} complex clonal aberrations

13 Il A6 48,1148 XY - 20046 XY (2037022046 XY 121 20(023;012); 61-63{3}, complex and
numerous chromosomal aberrations

14 Il 72-85{M}
KK +1,add(1)(042),del{11(Q32),2,del{)(P23),add(3)(Q24), del{3) (P 23P25), del(4)(Q2 2), del(5)(P1 3),
+7,+8,DEL(8)(Q22)X2,+8, add(9)(P24),add(1 0)(Q22),add(11)(P13),add(12)(P13),del(12)(P11) -
13,3dd(1 3(Q32),add(13(Q31),14,add(1 £(P1 3),add (1 B3P1 3, del(1 B1P1 1),
addi17)(Q25),+19,a0d(19)(Q1 3)%2,add {1 93(P1 3),add (223 (P1 1), +8-1 4MNc18); 46 3K

15 Il 4B KK A5 KK - 21146 XK im0 23(p 119213

16 Il 46 1K

17 I 46 XY

18 I 56—644 313, complex with clonal and nonclonal aberrations; 106-1 236N IDEMX2; 46, %%

149 1] FPolyploid,complex,+1-2M

20 1] A6 W -3 00 T, del{33(30, dera(3pter =30k 280 — 80k 190 — 9oter), derd(Bpter =80 30 —
Agten, derdi@pter — Ao $8g —Soten i{11;16)(0;m)

21 I 46K 48,1 4T +11

22 I 46 XY

23 I A6 XY, 44 3K -8 -1 7145 K50 WK -5,-8,-15,-22 - 22046 34, {4,9)(031,034)/82, multiple and complex
clanal aberrations

24 1l 46,3%¥, nonclonal aberrations; 804413}, nonclonal aberrations; 46 X%

25 I 58-108, complex clonal structural aberrations; B8—84, complex structural aberrations

26 1l Yery abnormal karyotype with many clonal markers, for example, 1p-, 6g+, 7o+, 8g+, 100+, and
extra copyhumbers of CHR.1q, 6, 7, 8 B1-66 XXX INC; 46 XY

27 I 4653 2 %-18,1 x¥0g-

28 1] 46 XY

29 1] 46 XY

30 1] 46 #K

x| 1] 45 XX T 3,1 400210,210); near-triploid, few abnonmal chromosomes, DMIMN

32 I Highly complex with clonal and non clonal structural aberrations, B1-74:30y (3N} del( )1 gter —
o103, der{del{ipPdel ) (g, deri2)t(2;18)(p?.q™,deri2) der(3del3)(p Mdel(3g?), del(3i{3pter —
01.3-27),derid)dpter = 4p1 €21 7910 =1 Tgter), der@)(del(B)(p?del(B)(q?), (T 0, derd (T pter —
TR 810 —=18gter), der{Mfdpter = 4p1 L9010 = 9gter) -9, derd Didel{10)(pPdel{ 0 (g7 ?) -
10,+12,der(13)13pter =1302-F thst 213037 —13gten, der(13)(9g12 =927 9270 —=9p1 22
13910 =1 3qter) -13,der{(143(22gter = 2207 21 4p1 0 =1 4oter), add i1 43 (g3, der{16) (1 6pter —
16p10E 21810 —18gter),der(1B)del(18)(p?), der(1 Tidel(1 T){pDdel1 730 ,-17,der(18)(1 Tater —
1018510 —18gten, der(1 9del{18)(p11)(19p1 0191 £ 4p1? —4pten,-21,-22, 2—
3 min.ishider! T¥idern 2x{6Ncp17]
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Discussion

Myxofibrosarcoma is one of the most frequent sarcomas in elderly patients, mainly
located on the extremities [2]. Histologically, they compromise a continuous range
from hypocellular tumours, consisting of small spindle cells widely spaced among the
myxoid matrix, to more cellular variants with pleomorphic nuclei and pseudolipoblasts
[1, 2, 3, 4]. A consistent morphologic feature is the presence of curvilinear blood
vessels. Enzinger and Weiss [3] classified the high-grade variant of these tumours as
the myxoid variant of malignant fibrous histiocytoma, besides the storiform-
pleomorphic, giant cell type and inflammatory subtypes. Angervall and Kindblom [1],
almost simultaneously, first used the term myxofibrosarcoma, as they recognised this
tumour as a distinct entity. Nowadays, the recognition as a distinct, separate entity is
generally accepted and included in the 2002 WHO classification of tumours [2].
According to previous studies, grade Il and Ill tumours are true malignant tumours
since they have metastastic potential. This is in contrast to grade | lesions, which are
only locally aggressive [4]. However, since local recurrence goes together with increase
in grade, grade | myxofibrosarcoma may finally gain metastatic potential, warranting
close surveillance.

The differential diagnoses of myxofibrosarcoma include other myxoid tumours
often hard to distinguish from each other, since differences are often very subtle [12].
However, the distinction between all these myxoid subtypes is truly important from a
clinical point of view, both for required therapy as for follow-up. Therefore, the existence
of a specific (cyto) genetic aberration could serve as a welcome diagnostic marker and
a helpful tool to distinguish these subtypes. However, cytogenetic data on
myxofibrosarcoma are scarce, with only a few isolated cases described in literature
showing complex, but nonspecific cytogenetic aberrations (Table 3). These include the
presence of ring chromosomes, deletions and translocations. No specific chromosomal
rearrangement has been identified so far.

Here, we investigated the clinicopathologic and cytogenetic data of 32
myxofibrosarcoma in order to find tumour and/or grade specific cytogenetic aberrations.
Patient and tumour characteristics were in accordance to previous studies (Table 1) [1,
2, 3]. Although some authors suggested that deep-seated lesions were of higher grade,
a large study of grade | myxofibrosarcoma could not confirm this, which is in accordance
to our findings [4, 25, 26]. Interestingly, the grade | tumours progressing to grade I
were located superficially which shows that progression to recurrence is not exclusive
for deep-seated lesions. Normal karyotypes were seen in eight cases (five grade I,
two grade Il and one grade | lesion). Aberrations occurred in all chromosomes; no
consistent tumour-specific cytogenetic rearrangement was identified. Those cases with
cytogenetic abnormalities were not restricted to a certain grade with grade I, Il and 111
lesions showing a wide range from normal till very complex, polyploid karyotypes
(Figures 2, 4). Grade Il tumours had, overall, more complex karyotypes than grade |
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Figure 2: Karyotypic aberrations in 32 myxofibrosarcom&ed=Grade |, Orange=Grade I,
Purple=Grade Il Ideogram showing the distribution of the numerical and structural aberrations of 32
myxofibrosarcoma. Aberrations were found in all grades, including all chromosomes. No tumour or
grade specific cytogenetic aberration could be withdrawn. Gains are shown on the right side of each
chromosome diagram, losses on the left. Arrows indicate inversions.
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Figure 3: Karyotypic aberrations in nine myxofibrosarcomas comparing primary lesions to their
recurrencesGreen: Primary tumour, Blue: Recurrencieleogram showing the distribution of the
numerical and structural aberrations of primary tumours compared to their local recurrences. Recurrences
show more complex cytogenetic aberrations than the primary tumours. Gains are shown on the right
side of each chromosome diagram, losses on the left. Arrows indicate inversions. In general, there is
gain of cytogenetic aberrations with recurrence though no specific pattern is observed for this
phenomenon.
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Table 3: Karyotypes of the 30 Myxofibrosarcoma described in literature

Rofs

Faryotype

Clavwson et ai ™
Johanz=zon et ar '

Mandahl et af >

Meiz-Kindblom et ar ™
Meloni-Ehrig et ai "
Mertens et ai '

46 WH 21 5P 230210 del(T 1 19722)

T1E=118 ¥ - 2 -1 -1 delf o420 102, 3001 3,011) -3 ,-5 -6 -6 dic(7, 110921, p13) =
2,-8,-9,-9 add1 20p1 3) add(1 2)(g24),der12) 11120001 3;p11 ), add130p11) =
2,5dd(14(q274),-15 A5 add(1 B)(g22-24), 7der1 TR0 7180001 2,01 2) =2 -

18 add(19)(p1 3),add( 220001 1) =2 inc

4446 ¥ - add(19)(p1 3),inciT 452 idem =2

TE—B0 XX -X +add( 7360 =

2 +der(7deliTi(p1 3) add 7 g32) +den Dhen D p24 jadd N (p24) =2 +add(11(p11) =
2,derl1 20011 2002301 3) =2, add(1 70(p1 1) =2 +der(1 Dadcd 19001 3acd(1 9001 3) =
2 461 2mar inci37—41 X -Xinc

5965 ¥ X ,-X deli10p13) 2 +del(13(g111 %2 -2 del 23001 Z) »

2,0 el3)0p1 2),del(3)0011),-4 add 4 X0 235) der(4)add 4 )del(4)(p11),-5 -6,
der(Padd] 7 )del(TI(p?) -8,-9 10 del(11Xp11) /12 addi1 2007 -13 add(15)(g7),-

17 18 add(19Xp1 3) add 200(q13) +3-5mar

46 X inv (302501 346 XK del(1 )(p1 2 den 3dell 3 p2ains(31 90021, q3202301(3;3
N029;p25)

01,3001 2;p26) del(1 4Xq23)/44-45 X -

¥ add(3)(p25) dern addl Hp2Saddl iy 3 +7 +7 add(90p24) add{N(g34) -1012 -
13 +add(14(p11), +18 19 +add(200(g1 3 -21 -21 222 -22 #1-2r +1-3mar
G569 ¥ -¥ -

W Adell1 01 1) +del( g1 2),del(2)(g31) +deld30p1 2) add(4)p1 6) add(4(p11) +6 +de
FLT it Rl 0 360 +Hins IR Serl 10, del(SX0 7,

del(900o1 1) aced11 250 deli1 1001 1), +der(1 a1 1),deli11 Xp1 5) addi13)0(q ™) +14
A14 158 add(16)(g23), deld17(p111,+18 +19 +21 add( 220(g1 3) +3—Tmat

4445 XX 16

A7 W A 200007048 idem +r

5560 ¥EY +Y 1 -2 -3 -4 add(4)0(p1 6) add(20(p1 5) derf Sit(4; 511 2,p11-13),-6 +7 -
9,-10,delf1 000 24),-13 clert 148091 40(e1 3;p11),-16 17 A8 -19-21 -22 +mar 2—
30cdmin

4344 XY -2 -5 add(7)(g32) add5Xp1 11,9 add(1 301 10,1421 0,17 4185 -
20,inci81—54 idem 2 add(12)(p11) =2

80—

55 WRHH del(1 (01 20, addiB)(o1 5),add(11 Xp1 5),add 1 2X0q22) add18Xp11),incdl KX,
del(1) addi6) add 11 add(12) inc

66—

T3 R addl 1 0p32) der 1add(10p36)del( g1 2) den3)add3)(p1 Sadd(3q27) den
el 30p1 1)

add{ 327 add(BIp24) del(7 Xp1 20,del(7g32) a8 (p11) =

2 der(9del(Sp2 1 add(Hg 34) =

2,0 i1 00t 1), der (TR0 15001 1,01 2) @ 20011,

add( 140532 add(1 6)(a1 2) i1 Dip1 2) der(20)

05 2000001 3501 3),clen 200001 7, 2000021, 01 3),acda(21 Wg22) addl 220001 2) inc

TE-81 WX -
Y a2 37) deli4 X 50, del(1 1001 1), der 11, 163001 0,10 deld1 2Xp1 23 add1 931
3)inc

37—

44 XY del(1(p 1) @dad 51001 9),del(3x 4, der(1 0,1 200e 0o O dert1 51011, 1901 5 p
11),add(1 9301 1),inc/B7—69 idem »2

3740 % X -1 add(100021) -2 der 2001, 200021, p2?5) add 301 3),-4 -

5,&cdd(B)(019) add(B)(c27) -8 add5(p1 1) addl 1001 1), add(1O0p1 5),-11 011 X100 -
13,2dd(13)(034),-14 14 @dd(1 501 1) @dd(1 9001 1) @dd 19001 3) ~22 +r N7 4—

78 idem =2

BE—75, XY X el 10611 ,dell1)0021),2dd( 237, deltSXp1 3),add(12)001 1),inc
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Refs Karyotype
Mertens et af ' & | 46 del(2)(q23031 ) der(3del 3)(p2 1 add(30023) del( 4031 ) 161 42001 1;011) der
RO TAG23,022)

=T TA022: ) der (1 341 30031 9320 +den T A2 07 11 146 K der(1 11 B)(p 34,
P25 a1 01 2) @ 301 2) der(BH01 ;6 p3d; p25) derf 200 01, 200025, 01 30046 XX &
{0340, deld1 3o 20217, adcd(21 (0220046 101630225 o1 3 4081 Ticpt 1, g 23)045—
47 X - A incid T AR dert R0 1m0 2501 1) den 1 deld D p 3 2dupd XpE2p11) -4 47,
add( 10001 1), der1 74,1 7)(g21,923) +2mar

Milzson et af ™ @ | 42XY dic(1,Dip11,7),-2 der (303 7T R 2021) .9 -

10,z 230p11),2ddi1 30p1 1) 5ddl1 40320 Pder] Bladd (1 6)(p1 el EXg22),

add(1 7R 1) addi 21001 1) ,-22 .22

@ | 3945 Y del(BXo15),-10,a0d(11 01 5),+1(12) #1-2inc 4045 X -¥ del(5) -9 -10 -
P11 15 +der(Pr 71 2 %2 nc

@ | 4950 41 +der(1 140071 0,0 0),den 1 add{1 Xp22)ad]1)(q32) »2 +5 add(3)
(15722 +12 Pdeli1 B3(g22), Poupd1 721 9257 ,-18 +19 +22 +mar

@& | 3235 -K A1 del(2Xp11),-3 der(7, 15001 0,01 0),-8 add 90 p1 1) -10 211 deli11p11) -
13 add1430p11),addi18)(g1 3 -17 -18,-19,20 -21 -22 | inc/E2-68 idem =

2,addi13(p1 3

Simonz et af @& | 9557 X7 del(1)(n42) add 20q11) add 30 12) =

2, Padd(B)(e1 5, del(T g1 3 deli1 1001 3, 7deld112g23), Yoell 20p1 1) addi1 5)g22) ad
d(1 700250, addi1 D 3 =13 inc

@ | 6575 XK add(X)p22) del( 1001 3),del(1 p33) dert 1 11, 50021, 0913) =2 del(2)(p1 4),-
3,-3 deli3)(621) -4 -4, add(4)(p15),-5,-5,0el8)(21),+7 -9 &dc(3)(p22) del(3)p13) -
10,-10,2dd01170g23),delif1 Taipd 30, addi1 D0 3 =2 +del 200001 30, add(2200p1 3) +4—
11mar

Szymanszka et ar ' @ | 5571 K7 +dmar 20-23dmin,inc

@ | 46 add(1)(g21)0r

add(1 0032011 00(p22, 022 tas(5, 50 035,q35) tas(1 0, 70026, 7) +14 tas(18 7)(6237)

A6 XX add(21 01 1)
Orndal ef ai = @ | 9651 XY 22 +2-7ri45-50 idem 18
Orndal et 8i<* @ | 91-88-K K-

®dell 0021 ),del(1)0o1 1) derf1 ) add( 1R 3 el g1 2) add(2)(q11),dell3Np11) =
2,0el(BI0e1 5) add 14001 3) add]1 7(p11-12), add(1 90(p13),add(2000g1 3) =2 inc82—
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and grade Il lesions. This suggests that these complex karyotypic abnormalities occur
rather randomly as secondary events. We showed that local recurrences occurred in all
grades, with increase in grade upon recurrence, which is in accordance to the literature
[2, 27]. We hypothesised that in the same lesion, increase in grade goes together with
increase in cytogenetic aberrations. Therefore, we compared the karyotypes of primary
lesions to these of the corresponding local recurrences. Recurrences showed increase
in grade and more complex aberrations than the primary tumours (Figure 3). These
complex aberrations suggest additional chromosomal events, corresponding with an
increase in histological grade and, subsequently, increase in malignant potential.
Besides nonclonal and clonal aberrations, we found the presence of a ring chromosome
in one case of low-grade myxofibrosarcoma. The presence of ring chromosomes has
also have been described in one case of myxofibrosarcoma possibly originating from
20q [17]. Ring chromosomes have been described in many tumours, both benign as
well as malignant, including dedifferentiated liposarcoma, a differential diagnosis of
grade Il myxofibrosarcoma [11, 28]. However, this is certainly not a consistent feature
and its molecular and biological significance has not been revealed yet. Previous reports
described several translocations in myxofibrosarcoma. Although all of them were dif-
ferent and nonspecific, some of these involve interesting regions. For example, Clawson
et al [13] described a case of grade | myxofibrosarcoma with translocation
t(2;15)(p23;921.2). The band 2p23 is a sitAbK gene, expressed in normal tissue

and rearrangements have been described in anaplastic large cell lymphomas, and
inflammatory myofibroblastic tumours [29, 30]. Translocations involving 2p23 have
been found in a case of synovial sarcoma as t(2;15)(p23;q26) and also in one case of

Figure 4: COBRA-FISH in a case of a high-grade myxofibrosarcoma. Example of highly complex
cytogenetic aberrations in a case of high-grade myxofibrosarcoma (case 32). For karyotypic

aberrations see Table 2.
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‘malignant fibrous histiocytomas not otherwise specified’ as t(2;5)(p23;913) [31, 32].
Frequent loss of 9p21 (p16) has been reported in malignant fibrous histiocytomas
including also some cases of myxofibrosarcoma [20, 33, 34]. We could not confirm
these aberrations in our study. Some studies showed add2(g37) in myxofibrosarcoma
and in several types of leukaemia [11]. Interestingly, the COL6A1 gene is localised to
237, coding for collagen VI alpha-3 polypeptide. At least three other extra cellular
matrix genes are also located on 2q: 2 collagen genes, COL3A1 and COL5A2 and the
fibronectin gene [35]. As described above, myxofibrosarcoma contains areas of abundant
extracellular matrix although only little is known about its constitution. Ultrastructural
studies showed that the majority of cells in myxoid areas of myxofibrosarcoma showed
secretory activity with dilated rough endoplasmatic reticulum. Although further study

is needed, alterations in genes coding for matrix proteins might lead to increased or
impaired matrix production. Interestingly, a myxofibrosarcoma-like appearance appears
to be quite frequent in pleomorphic liposarcoma, thereby including it in the differential
diagnosis [36]. In the light of this differential diagnosis, the cases reported here were
carefully characterised, explicitly excluding contaminations with pleomorphic
liposarcoma karyotypes in this series of myxofibrosarcoma. Finally, a recent study
using comparative genomic hybridisation (CGH) showed very similar chromosome
imbalances between myxoid malignant fibrous histiocytoma and pleomorphic
liposarcoma, suggesting partially common genetics and biology [37]. This study showed
gain of 5p and loss of 4q in myxofibrosarcoma of higher grade compared to tumours
of lower grade. Whether these and other myxoid soft tissue tumours, in parallel to their
morphologic resemblance, also share genetic overlap is a very interesting hypothesis,
which, however, still needs to be confirmed.
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