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ABSTRACT

Cytogenetic analysis of short-term cultures was carried out on 109
lipomas from 92 patients. Clonal chromosomal abnormalities were pres
ent in 50% of the tumors analyzed. Based on the results, three main
Cytogenetic groups were identified and included: (a) tumors with normal
karyotypes, (b) tumors with abnormalities involving region ql3-15 on
chromosome 12, and (c) tumors with other clonal aberrations. Within
each of these groups, Cytogenetic subgroups could be identified, each
characterized by a specific anomaly. Tumors with abnormalities of
12q included specific subgroups with t/ins(l;12)(p32-33;ql3-15),
t(2;12Kp21-22;ql3-14), t(3;12Xq28;ql4), t(12;21)(ql3;q21), complex,
and nonrecurrent aberrations. The group containing heterogeneous clonal
aberrations included subgroups with del(13Xql2q22), der(6)(p21-23),
der(l I)(ql3), and nonspecific aberrations. Chromosome bands Ip36,
lp32-33, 2p21-22, 3q27-28, 6p21-23, Ilql3, 12ql3-15, 13ql2, 13q22,
17pl3, 17q21, and 21q21-22 were preferentially involved in structural
rearrangements in lipomas. The identification of these sites of nonrandom
rearrangements may serve to identify genes (at or near the junctions of
chromosomal aberrations) involved in normal cellular growth control.
Statistical analysis of the data revealed a correlation among karyotypic
abnormalities and clinical data, such as age and sex of the patient, and
tumor depth, site, and size.

INTRODUCTION

Lipomas are a group of benign adipose tissue tumors com
posed of mature fat and represent the most common mesenchy-
mal neoplasm in humans. They occur as single or multiple
lesions and may be superficial or deep seated. Following exci
sion, the recurrence rate is very low for subcutaneous tumors.
The deep seated tumors have a greater tendency to recur.
Malignant transformation of a lipoma is extremely rare. Micro
scopically, lipomas are composed of mature fat cells which vary
slightly in size and shape and measure up to 120 ^m in diameter.
They are well vascularized and occasionally are altered by the
admixture of other mesenchymal elements that form an intrin
sic part of the tumor (1). A group of subcutaneous and, intra
muscular lipomatous neoplasms displaying cytological atypia
have been termed "atypical lipomas" in order to distinguish

them from well-differentiated liposarcomas and to emphasize
their favorable clinical course and discourage aggressive therapy
(1-4).

Cytogenetic examinations of lipomas have shown that they
are characterized by specific chromosome rearrangements most
often involving the long arm of chromosome 12 between bands
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ql3 and ql5 in translocations with various chromosomes (5-
7). Recent studies have also identified Cytogenetic subtypes in
lipomas characterized by recurrent and specific aberrations with
probable implications in the biology and behavior of these
neoplasms (8-11).

In this study we report our Cytogenetic experience with 109
lipomas from 92 cases, 12 of which have been reported previ
ously (10-14). The results confirm the nonrandom involvement
of chromosomal regions 12ql3-15, 3q27-28, 6p21-23, and
13q 12-22 in lipomas and identify new cytogenetic subtypes
involving specific regions on chromosomes 1, 2, 11, and 21. A
number of other chromosomal sites were also observed to be
consistently rearranged in lipomas. A statistical correlation of
clinicopathological data with cytogenetic data showed an asso
ciation between abnormal karyotype and age and sex of the
patient, as well as depth, size, and site of the tumor.

MATERIALS AND METHODS

Cytogenetics. Tumor specimens were aseptically collected in sterile
transport media and processed according to previously published meth
ods (10, 15). Briefly, this involved mincing of the tumor tissue into 2-
to 3-mm pieces and overnight disaggregation in collagenase (200 Â¿im/
ml). The free cells were seeded into flasks and coverslips and cultured
in RPMI 1640 medium supplemented with 17% fetal calf serum, 1%
glutamine, and 2% antibiotics at 37"C in a 5% CO2 incubator. Harvest

was individualized for each flask and coverslip. Air-dried slides and
coverslips were GTG banded (16) and the karyotypes expressed accord
ing to the International System for Cytogenetic Nomenclature (17).

Statistical Analysis. \ statistics were used for testing relationships
in contingency tables and a I test or analysis of variance was used to
test for differences between means in different groups (18). Addition
ally, we utilized a logistic regression analysis (19) to examine the
multivariate relationship of some variables to abnormal karyotypes. In
this analysis two variables (depth of invasion and site of tumor) were
not included since their inclusion would not allow maximum likelihood
estimates to be determined (20).

The first sample for patients from whom multiple samples were
obtained was used to classify site, although the karyotypic profile was
based on all available information. Tumor size was characterized by the
maximum dimension noted.

RESULTS

Clinical

The available clinical information concerning all of the 92
patients is summarized in Table 1. All tumors studied were
histopathologically characterized as benign lipomas with 3 ex
ceptions. The tumor of Case 31 was diagnosed as a fibrolipoma,
that of Case 48 as an angiolipoma, and that of Case 67 as an
atypical lipoma. The majority of the patients were male. The
age range was 21-88 years, and the largest number of tumors
was excised from the trunk (back, chest, and abdomen). Of the
92 patients, 9 had intramuscular tumors and 17 had multiple
lipomas. Tumor size ranged from 1-16 cm. No change in size
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Table 1 Summary of the clinical data on the 92 lipoma patients

No. ofsamples/patient1235Site"Head,

neck,shoulderTrunkExtremitiesAll

other*Primary/recurrentPrimaryRecurrentUnknownDepthSubcutaneousIntramuscularUnknownSexFemaleMaleUnknownAge

(yr)MeanSDMedianRangeUnknownSize

(maximum dimension,cm)MeanSDMedianRangeUnknownNo.

ofpatients8092120342612SO57729113754146.915.64521-8824.12.731-167

" For patients with multiple samples, the first noted sample was used for

classification.
* Includes unknown site.

was noted by a few, whereas others observed a gradual or rapid
increase in size. The lipomas were often asymptomatic, al
though a few patients experienced pain and discomfort. The
presence of the tumors had been noticed by the patients for
periods ranging from a few weeks to several decades. Medical
attention was usually sought because of an increase in size,
pain, discomfort, or recurrence of a previously excised tumor.

Cytogenetics

Successful cytogenetic analysis was possible in tumors from
89 of the 92 patients studied. Three tumors failed to grow in
culture probably due to delay in transit after surgical removal.
Of the 89 successful cases, 48 showed clonal chromosome
rearrangements. In some cases multiple lipomas from different
sites, recurrences of an earlier lipoma, or multiple samplings of
the same tumor at the time of biopsy and excision were studied
yielding a total of 106 lipomas from the 89 cases; 53 of the 106
tumors were cytogenetically abnormal. Detailed cytogenetic
data of all the patients with karyotypic abnormalities are pre
sented in Table 2. The cells were usually harvested after 3-5
days in culture. A minimum of 15-20 cells were analyzed per
case.

Based on their cytogenetic characteristics the tumors could
be classified into three broad groups: (a) tumors with normal
karyotypes, (b) tumors with rearrangements of region ql3-15
on chromosome 12, and (c) tumors with aberrations involving
specific regions on other chromosomes. Under each of the two
groups with clonal abnormalities, a number of subtypes involv
ing specific translocations or rearrangements of specific regions
on the chromosomes were identified (Figs. 1-11).

Tumors with Normal Karyotypes

abnormalities; however, in 25 tumors random numerical and
structural aberrations were present. Numerical changes pre
dominated and usually consisted of losses of various chromo
somes. Structural aberrations were present in single cells in 11
cases and included reciprocal translocations or deletions. Dele
tion (l)(pl 1-13) was observed in 3 cases and in 2 cases trans-
locations involved bands 1pi2-13. Translocation at band
19ql3.3 was observed with chromosomes 3 and 11, in one case
each.

Polyploidy and endoreduplication were present in a few cells,
both in tumors with normal karyotypes and in those with clonal
abnormalities.

Tumors with Clonal Abnormalities: Tumors with Structural
Aberrations Involving 12ql3-l5

Six subtypes with rearrangements of 12ql3-15 with specific
regions on a variety of chromosomes were identified.

Translocations or Insertions between Chromosomes 1 and 12.
t(l;12)(p33;ql4): 4 tumors (Cases 21A, 21B, 31, and 52) and
ins(l;12)(p32;ql3ql5): 1 tumor (Case 25; Fig. 1).

In Case 21 a recurrent tumor, A, removed in 1988 and
another recurrence, B, at the same site and excised a year later
in 1989 showed the same t(l;12) (Fig. 1, a, and a2). Case 25
was reported earlier (12).

Simple or Complex Translocations between Chromosomes 2
and 12 Involving Bands 2p21-22 and 12ql3-14. Three tumors
(Cases 19, 29, and 45; Fig. 2). Case 19 with a complex trans-
location involving chromosomes 2, 12, and 10 and both hom
ologues of chromosome 5 was described previously (12).

Translocation (3;12)(q28;ql4). Five tumors (Cases 27, 35, 38,
78, and 91; Fig. 3). In cases 27 and 78 additional abnormalities
were present and in the 3 other tumors a t(3;12) was present as
the sole abnormality.

Translocation (12;21)(ql3;q21). Three tumors (Cases 67, 68,
and 71; Fig. 4). Case 67 in which the t(12;21) was present as
one of 3 clones in an initial biopsy specimen of a lipoma was
described earlier (14).

Tumors with Complex Rearrangements Involving Chromo
some 12. Nine tumors (Cases 19, 20, 23, 25, 34, 39, 46, 50, and
77). A detailed cytogenetic description of 6 tumors (Cases 19,
20, 23, 25, 34, and 39) was published before (12). Tumor 46
had what appeared to be a reciprocal insertion between chro
mosomes 1 and 12 at bands Ip21 and 12ql3 (Fig. 5a). The
exact nature of the insertion is not clear. Tumor 50 had a
complex rearrangement involving chromosomes 1, 12, 5, and
15. We think that an initial translocation occurred between
chromosomes 1 and 12, followed by a subsequent translocation
of the derivative chromosome 1 with chromosomes 5 and 15
(Fig. 6). In tumor 77, there was an initial inversion of chro
mosome 12 and a subsequent translocation with chromosome
3 (Fig. 5b).

Tumors Involving I2ql3-ql5 in Nonspecific Rearrangements.
Seven tumors (Cases 37, 40, 54, 64, 69, 84, and 90; Figs. 7 and
8). These included rearrangements of chromosome 12 with
chromosomes 17, 4, 10, and 5 (Fig. 7, a-c and/). Case 64 with
an (X;12) translocation was reported previously (13). In case
37 there was loss of chromosomes 8 and 12 and gain of 2
unidentified marker chromosomes (Fig. 8). Case 84 appeared
to have an interstitial deletion of chromosome 12 (Fig. le).

Tumors with Other Clonal Aberrations

Fifty-three lipomas revealed a predominantly normal kary- Classed under this group of tumors are lipomas with re-
otype. Twenty-eight tumors did not show any chromosomal arrangements predominantly affecting specific regions on chro-
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Laboratory
no.1020510311145981499315734164861648716894(23286)1705117299184341856219286197192027821239002510100001166011770138503446040780443405961070980840208583093411105413483Caseno.348'12161920Â°2122232527'2930313234'3536373839404145465052545763Â«TableCulture

No. of
time metaphases

(days)(analyzed)7644-64-83-6[A]

3-6[B]

3-8[A|

4-8[B]

4-64-546-74-68-12945-104-54-74-65-84-656-74-55-84-53-65-175-115[A]

5-71522393530393040292727272733231525243837343730463041273535292730272

Cytogenetic data on the 53 lipomas with karyotypicabnormalitiesNo.

of
cells152235423213015249211102922717102034IS101258255153159115222132530634135122617291323362832221341025623720723126Karyotype45,XX,-8,+der(8)t(8;

13)(q22;q 12).del( 10)(p 12),- 1346.XY.del(13)(ql2q22)46.XY46,XY,dup(17)(q21-Ki25)46.XY46,XY,t(3;16)(qll.l;pll.I)46.XY,l(3:l6),del(2)(ql2)46,XY,t(

11; 12)(q23;q 13),del( 13)(q 12q22)46.XY46.XY,t(2;5;5:10;12)(der(2)(5qterâ€”

Â«5q11.1 ::2p2 1â€”>cenâ€”>2qter).der(5)(5pter-K:en-.5q
11. 1:: 12p 11. 1â€”12pter).der(5)(5pterâ€”

>cenâ€”Â»5q33::12q 13â€”Â»12qter),der(
10)( 1Opterâ€”cen^l Oq22::2p2 1â€”2pter),der(
12)(5qterâ€”5q33:: 12p 11. 1â€”cen^l 2q 13:: 1Oq22-.lOqter))46.XY46.XY,im(12)(ql3ql5)46.XY46,XY,-l2,+der(12)(12qter-.l2q24.1::12pl3-*:en-.I2ql3::12ql5-.12ql3::I2ql5-.12q24.1::12pl3â€”

12pter)46.X
Y,t( 1;3)(q23;q23).- 12,+der(12)46.XX46,XX,t(l;12)(p33;ql4)46.XX46,XX.t(l;12)(p33:ql4)46.XX46.XX,inv(8)(qll.2q24.2)46,XX,

with random abnormalities (t(7;l l)(ql1.2;q23)/t(l;3)(pl2:q21)/t(2;2)(q37;ql
1.2),t(7; 12)(q22:q 13),del(7)(q32)/del(7)(q22))46.XX46.X

Y.-4.+der(4)t(4; 12)(4p 16-.cen-.4q22:: 12q 14-.1 2qter).- 12,+der( 12)t(4; 12)(4qter->4q28::
12p 13â€”cenâ€”12q 14::4q22--tq28:: 12p 13â€”12pter)46.XY46.XY,-

1,+der( 1)ins( 1; 12)(p32;q 13q 15).- 12.+der( 12)( 12qter-.| 2q24.3:t 12ql5â€”12q24.3::12pll.2-Â»cen-.12ql3::12pll.2-.l2pler)46.XX46.XX.K

1:6)(p36;q25).t(3; 12)(q28;q 14)46.XX46.XX,t(2;12)(p22;ql4)Polyploid

witht(2;12)45.X
Y.-6.+der(6)t(6; 17)(q 13:q 11.2).del( 13)(q 12q22),- 1746.XY,im(9)(pllql3)46,X

Y.inv(9).t( 1; 12)(p33;q 14)46,XY,inv(9).t(
1; 12).t(3; 10)(q2 1;p 15)46.XX46,XX,t(2;6)(q36;p21.3)46.XX46,XX,|inv(

12)(pl 3.3q24. 1)],t( 1;9;inv( 12))(der( 1)( 12pterâ€”l 2pl 3.3:: 12q24.1â€”1
2q 13. 1:: 1p36.2-*:en-.l qter);der(9)(9pter-K:en->9q3 1:: 1p36.2-.l pter);der( 12)( 12qterâ€”1
2q24. 1:: 12pl 3.3-K:en->l 2q 13. 1::9q3 1â€”9qter))46,XY.t(3;12)(q28;ql4)Polyploid

witht(3;12)46,XX,t(4;9)(ql3;q31)46.XY46,XY,-8.-12,+2mar46,XY,t(17:22)(q24;qll.2)46.XY46,XY.t(3:12)(q28;ql4)46.XX46.XX,-

1.+der( 1).-5,+der(5),-7,+der(7).-9,+der(9),- 12.+der( 12)46.XY46,XY,t(12;17)(ql4;pl3)46,XY.inv(7)(pl

3q22),t( 12; 17)46.XY,inv(7),t(12;17),t(13;15)(pll;qll)46.XX46.XX.K

12;?Xq24.3;?),t( 17;?)(pl3:7)46.XX46,XX,t(2:12;6)(p22;ql4:q21)Polyploid

with1(2:12:6)46.XX46.XX,-

1,+der( 1)ins( 1:?)(p2 1;?),- 12,+der( 12)ins( 12;?)(q 13;?)46.XX46,XX.[t(l:12)(p36.1;ql3)].t(der(l);5:15)(der(l)(15qter-.15q24::12ql5-.l2ql3::lp36.I-K:en-.1

qter),der(5)(5pter-K:en-.5q33:: 12q 15-.1 2qter),der( 15)( 15pter->cen-.l 5q24::5q33â€”Sqter))46.XY46,XY.t(l;12)(p33;ql4)46.XY46.XY,ins(4;12)(q21;qllql5)46,XX46,XX.t(ll;12)(ql3:ql4)46.XY46,XY.t(2:6)(q37;pl

1.2),t(l I;19)(ql3;ql3.3)
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Table 2â€”Continued

Laboratory
no.(15191)13520145971480215108(17351)15109152631534415427159471791018053(19047)184202169222337235260015700693Caseno.64656667686970717577"78798485899192Culture

time
(days)[B]

6-1244-74-9[A]

5-7[B]

2-65-73-55-745-113-5[A]5[B]33-732-32-42-42-5No.

of
metaphases
(analyzed)2026262830312530263534312724353233272523No.

of
cells204202125281375322181191243081813417151315211221428312151216243261232815Karyotype46,XY,t(2;6).t(ll;19)46.XY46,XY,t(X;12)(q27;ql4)46.XY.t(X:12)

with random abnormalities (t(l:3)(ql I:p26)/t(2;8)(8;15)(pl 1.2.pl146.XX46,XX,t(ll;17)(ql3;q21)46.XX,t(4;7)(pl5.2;q21)46.XY46,XY,t(12;21)(ql3;q21)46,XY,t(2;12)(qll.2;pll.2).t(19;20)(qU.l:pl3)47,XY,+rRandom

abnormalities46.XY47,XY.t(2;12)(ql

1.2;pl 1.2).t(3:lI)(p24;pl5).+r47.XY,+r46.XY,del(

1)(q3 1),t(2; 12).t(3: 11).+r.2ql2;ql4)Polyploid
with 1-6 r. the translocation derivatives, large marker chromosomes andtelomericassociations46.XX46,XX,t(12:21)(ql2or

13;q21)46.XY,t(10;12)(pll.2;ql4or
15)46.XY46,XY,t(14;15)(q24;pll.2)46.XY46,XY,t(12;21)(ql3;q21)46,XX46.XX,t(2;12)(qll.2;ql5or2l).del(13)(ql2q22)46,XX,t(2;16)(q33;q24)46,XX,(inv(

12)(p 11.2q 13)].+t(3;inv( 12))(der(3)( 12pter^ 12pl 1.2:: 12q 15->l 2q 13::3qter);der(
12)( 12qter->l 2ql 5:: 12p 11.2->cen-Â»l2ql 3::3p21^3pter))46.XX46.XX,t(3;

12)(q28;ql 4).t(3; 17)(q 12;q 11.2)Polyploid
withtranslocations46.XX,t(3;12)(q28;ql4).t(3;17)(ql2;qll.2)Polyploid

withtranslocations46.XY46,XY,ins(6:

12)(p23;q 15q2 1)Polyploid
withmarkers46.XX46.XX,del(

12)(q 13q 15 or q2 1)46,XX,t(
1:1)(p 13;q42).del( 12)46.XX,dup(12)(ql3-Ki22)46,XX,t(10;19)(qll.2;ql3.3)46.XY46.X

Y.- 1.+der( 1)t( 1;?)(p 13:?),del( 1)(q32q43)Polyploid
withderivatives46,XX.t(5;12)(q33;ql4)Polyploid

witht(5;12)46,XX,t(3;12)(q27;ql4)Polyploid

witht(3;12)46.XX46,XX,-6,-l-i(6p),del(

13)(q 12q22)3p21â€”

Â»cenâ€”Â»

" Patients with multiple lipoma.

mosomes other than 12. A few of the aberrations, however, do
involve chromosome 12 either as a primary abnormality or in
addition to other changes.

Rearrangement of 6p21-23. Two tumors (Cases 32 and 79).
Case 32 with a t(2;6) was reported before (11) and Case 79 had
an insertion of chromosomal material from 12q at band 6p23
(Fig. Id).

Rearrangements of 13q. Six tumors (Cases 3, 4, 16, 30, 75,
and 92; Fig. 9). Five tumors revealed an interstitial deletion
(13)(ql2q22) and one involved a translocation with chromo
some 8. Three of these tumors (3, 4, 16) were reported earlier
(10).

Translocation Involving Ilql3. Three tumors (Cases 57, 63,
and 65). The translocation partner in each case was different
(Fig. 10).

Tumors with Nonrecurrent Rearrangements. Eight tumors
(Cases 8, 12, 22, 36, 41, 66, 70, and 85) with heterogeneous
clonal abnormalities, primarily translocations, were present
(Fig. 11). Case 22 had variable abnormalities in each cell.

The above classification of the tumors with clonal abnormal

ities into subtypes is not absolute because sometimes overlap
ping of cytogenetic subtypes may be present with two or more
of the recurrent abnormalities or closely related structural
changes occurring together in the same tumor. For example,
both del(13)(ql2q22) and translocation at 12ql3-15 were ob
served in Cases 16 and 75, both 11q 13 and 12q 14 were involved
in Case 57, and in Case 79 an insertion involving bands 6p23
and 12ql5 was present. Other analyses have identified an
additional subgroup with ring chromosomes (8). We observed
only one case with a ring chromosome present in addition to
other abnormalities (Case 67).

Three tumors (Cases 63, 67, and 78) were sampled twice; an
initial biopsy and a subsequent excision specimen were received
for cytogenetic analysis. In Cases 63 and 78 both the biopsy
sample and the excised tumor revealed identical structural
aberrations. Case 67, however, revealed an interesting hetero
geneity between the 2 samples (14). Multiple lipomas (2-5
specimens) analyzed from 9 patients showed a normal kary-
otype in all except tumors from Case 20. The tumor from the
scalp revealed an inversion of chromosome 12, and the tumor
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a

lU il
12 10

1 12
Fig. I. G-banded partial karyotypes showing t/ins(l;l2) in Cases 21 (a, and

fli), 31 (A), and 52 (c). Arrowheads, abnormal chromosomes.

a

2 12
Fig. 2. G-banded partial karyotypes show ing t(2; 12) in Case 29 (a) and t(2; 12;6)

in Case 45 (6). Arrowheads, abnormal chromosomes.

from the shoulder region revealed a subsequent inversion of the
inv(12) abnormality from the scalp (12).

An analysis of the chromosome breakpoints in the 53 lipomas
with clonal chromosomal abnormalities revealed preferential
involvement of bands Ip36, lp32-33, 2p21-23, 3q27-28,
6p21-23. Ilql3, 12ql3-15. 13ql2. 13q22, 17pl3. 17q21,and
21q21 (Fig. 12) in rearrangements.

Statistics

Table 3 presents the number of patients with abnormalities
of specified chromosomes. A majority of the patients had an
abnormality of chromosome 12.

Table 4 presents the relationship of the karyotypic classifi
cation to the available clinical information. Patients with ab
normal karyotypes were older, more likely to be male, and had
large tumors. All of the patients with intramuscular tumors or
tumors of the head, neck, and shoulders had abnormal kary
otypes; both of these findings are highly significant (P = 0.007

12

ri
I

12

* I"ÃŒ

17

(Ci
3 12

Fig. 3. G-bandcd partial karyotypes showing t(3;12) in lipomas in Cases 27
(a), 35 (ft), 38 (c). 78 (</). and 91 (e). Additional changes are seen in some cases.
Arrowheads, abnormal chromosomes.

a

3* *!
12 21

Fig. 4. G-banded partial karyotypes from Cases 68 (a) and 71 (ft) showing
t( 12;21 ) (arrowheads).

and P < 0.0001, respectively). A more even distribution was
evident for subcutaneous lipomas and lipomas located on the
trunk and extremities (arm and leg) (Table 1). We also per
formed a multivariate logistic regression with abnormal kary-
otype as the dependent variable and age, sex, and size of the
tumor as independent variables. In this analysis sex and size of
the tumor were significant predictors of an abnormal karyotype.
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u
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HII" M-
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-
12 12

Fig. 5. a, G-banded partial karyotypes of Case 46 with a complex rearrangement between chromosomes 1 and 12 (arrowheads}; h, G-banded partial karyotypes of
Case 77 showing the translocation between chromosome 3 and inverted chromosome 12 (arrowheads).
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II il If 18 II W
6 78 9 10 11 12

â€¢-taâ€”-Ã -iâ€”-ii-H "--Mâ€”-Â«---tÂ»
13 14 15 16 17 18

tf- -#f â€¢*'â€¢--4Ã„-

19 20 21 22 Y

X

MARKERS
Fig. 6. Representative G-banded karyotype of Case 50. Arrowheads, abnormal chromosomes.

Table 5 presents the relationship of 9 cases with complex attempt statistical correlations.
abnormalities to the available clinical information. Only the Of the 48 patients with clonal chromosomal abnormalities,
depth of the tumor was significantly related to the finding of a 34 had rearrangements of chromosome 12. Fifteen of the 34
complex abnormality. Four of the 9 patients with complex patients had simple translocations involving chromosome 12,
changes had intramuscularly situated lipomas. The numbers for whereas 19 included inversions, deletions, insertions, and corn-
each of the other chromosomal subtypes were too small to plex changes. Table 6 presents the relationship of this classifi-
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a M l M l
12 17 13 15

Fig. 7. G-banded partial karyotypcs of nonrecurrent aberrations involving
chromosome 12. a, Case 40: A, Case 54; c. Case 69; i/, Case 79; e, Case 84; /
Case 90. Arrowheads, abnormal chromosomes.

cation to the clinical information. None of the differences in
the table is significant.

DISCUSSION

The description of specific chromosomal changes in leukemia
has contributed to a comprehensive diagnostic classification of
subtypes encompassed within hematologically and clinically
recognized entities (21, 22). These specific changes reflect im
portant biological events at the cellular level and carry prog
nostic implications for patient survival (23, 24). Similar iden
tification of cytogenetic events in solid tumors has become
possible only recently with the development of better culture
techniques and cytogenetic methods. These advances have re
sulted in the cytogenetic characterization of a number of tu
mors, both malignant and benign. Sarcomas, in particular, have
been successfully analyzed and shown to possess specific trans-
locations (25).

The situation for benign tumors is interesting because until
recently it was generally accepted that, with a few exceptions,
benign tumors are karyotypically normal (25). Cytogenetic

Fig. 8. Partial G-banded metaphase of Case 37 showing the 2 unidentifiable
markers (arrowheads).

i* ffÂ«
13

I*

13

6 17

12

13 6
Fig. 9. G-banded partial karyotypes of Cases 30 (a). 75 (A), and 92 (c) showing

del( 13) in addition to other changes. Arrowheads, abnormal chromosomes.

studies of meningiomas (26), pleomorphic adenomas of the
salivary gland (27), adenomas of the colon (28), uterine leiom-
yomas (29, 30), and lipomas (5-14) have established beyond
doubt that consistent chromosomal abnormalities characterize
a large proportion of these tumors and, in some cases, are more
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a i a
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lit
12

* ^

11 19

17
Fig. 10. G-banded partial karyotypes of Cases 57 (a), 63 (Â¿>),and 65 (c)

showing translocations with 1Iql3 (arrowheads).

specific than those observed in a malignant condition.
Since the initial cytogenetic characterization of lipomas in

1986 (5, 6) more than 250 lipomas from 207 patients (5-14,
31-39, this report) have been studied. Clonal chromosomal
abnormalities were observed in our series in 50% of the tumors
(53 of 106) analyzed and in 54% of the patients (48 out of 89)
studied and closely paralleled results from two other series (38,
39). Fifty % of the lipomas in our series had an apparently
normal karyotype. Cytogenetically normal cells were also pres
ent in 70.5% of the tumors with clonal abnormalities. Only
12% of the 106 tumors successfully analyzed had abnormalities
in all the cells (Fig. 13). Similar observations have been made
in other benign tumors (27, 29, 40). The significance of cells
with a normal karyotype in a neoplastic situation, whether or
not they represent tumor cells, has always been debated. In
solid tumors, normal cells are usually considered to represent
stromal and supporting elements. However, the karyotypically
normal cells may represent truly neoplastic cells (41) or mask
a submicroscopic alteration representing an early event capable
of initiating abnormal proliferation. Gross chromosomal
changes may occur subsequently and when present stimulate
further growth of the tumor. The statistically significant obser
vation, in our study, that tumor size correlates with abnormal
karyotype supports this concept. It, however, remains to be
definitively determined whether normal karyotypes in about
half of the various tumors represent unaffected cell lineages or
subsets of affected lineages. Molecular analysis of the regions
recurrently rearranged in these tumors may help to resolve the
issue.

Random numerical and/or structural abnormalities were
present in 25 of the 53 karyotypically normal tumors and 6 of
the 53 lipomas with abnormal clones. In the karyotypically
abnormal group they were present in addition to the primary
aberration or as a single change in a variant cell. Although such
random changes have commonly been associated with prepa
ration artifacts, the significance of this chromosomal instability
may lie in the generation of a number of abnormalities with
subsequent selection resulting in an abnormal clone, particu
larly when structural abnormalities occur. For example, a
t(l I;19)(ql3;q 13.3) present in only one cell in Case 82 appeared

Â«Â»
16

t
"I
12 17

AÂ«
14

i!
15

Fig. 11. G-banded partial karyotypes of nonrecurrent aberrations in Cases 8
(a). 12 (A), 36 (c), 41 (d). 66 (e), 70 (/). and 85 (g). Arrowheads, abnormal
chromosomes.

identical to the translocation seen in all cells in Case 63.
Rearrangement of chromosome 12 at bands ql3-15 was the

most consistent change in our series and constituted 64% of
the tumors (34 of 53) with clonal abnormalities and 32% of the
total (34 of 106) lipomas analyzed. The corresponding values
in two other series were 50% (13 of 26) and 82% (18 of 22) of
tumors with abnormal karyotypes, respectively (8, 39). To
gether with reports in the literature recurrent abnormalities of
chromosome 12 include translocations/insertions with chro
mosomes 1, 2, 3, and 21 (Table 7). Chromosome 3 was the
most frequent translocation partner, a t(3;12) being observed
in 11 cases. Rearrangements with Ip32-p34 were present in 7
cases and with 2p21-p23 and 21q21-q22 in 5 cases each (5-9,

34, 37).
The observation that the cytogenetic assignment of break

points on chromosome 12 to ql3-ql5 do not represent inter
pretation differences but reflect physically different breakpoints
(36) is confirmed in our series in which rearrangements at each
of these bands were observed. An interstitial deletion of this
region seen in one case (Case 84) as well as a report of a lipoma
with an inv(12)(ql4q24.3) (36) as the only change, together
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Table 4 Statistical correlation of clinical data with cytogenetic findings

3

sIKl4

11 12

Â£'.

14 15

21

16

B.
22

17 18

B
Fig. 12. Schematic representation of the breakpoints consequent to structural

rearrangements observed in lipomas in the present study (A) and from cases
reported in the literature (â€¢).

Table 3 Patients with abnormalities of specified chromosomes

Chromosome123456189101112131415161718192021XNo.ofpatients"12(10)7(5)10(9)4(2)4(4)7(3)3(2)2(1)3(2)4(3)5(3)347(3)1(0)3(2)1

(Ãœ)6(3)02(1)KD3

(3)1
(1)

" Parenthetical numbers, also have abnormality of chromosome 12.

with the observation that translocations of 12ql3-15 occur
with a variety of partners (Fig. 14), suggests that rearrangement
of this region is essential to the development of some lipomas
and provides important evidence that at least one gene impor
tant in lipoma etiology resides here. Molecular analysis will be
necessary to determine whether oncogenes BLYM, MYCL1,
and JUN on chromosome 1, MYCN on chromosome 2, and
ERG and ETS2 on chromosome 21, localized at or near the

Age"MeanSDP

(ttest)SexMaleFemale/â€¢(x2)Size"MeanSDP

(t test)Normal43.517.012282.91.5Abnormal50.113.90.047324240.064.93.00.0004

Site
Head. neck, and shoulder 0
Trunk 17
Extremities 15
All others 9

19
15
II
3

0.0001

DepthSubcutaneousIntramuscularP(x2)Clinical

stagePrimaryRecurrentP(\2)35034235g0.0074330.86

" Normal. A7= 39: abnormal. A' = 48.
* Normal, N = 38; abnormal. N = 44.

Table 5 Characteristics of patients with complex karyotypes and other abnormal
karyolypes

Male
Intramuscular
Head and neck
Age
Size (maximum dimension)Complex5/9

4/9
4/9

47.2(17.0)*

4.3 (2.0)Noncomplex20/39

4/34Â°

15/39
50.0(13.2)

5.0 (3.2)
Â°Significantly different. P< 0.05.
* Mean (SD).

Table 6 Characteristics of patients with single translocations involving
chromosome 12, other abnormalities involving chromosome 12, and

abnormalities of chromosomes other than 12

None of the differences is statistically significant.

Abnormality of
chromosome12Male

Intramuscular
Head and neck
Age
Maximum dimensionTranslocation

(N=15)8/15

4/9
7/15

47.7"

5.0Other

(A'=19)9/19

3/15
10/19
47.64/4Other

abnormality
(A'=14)7/14

1/11
2/14

56.2
5/3

Â°Mean.

recurrent breakpoints in the above rearrangements (42; Table
7), exert any influence on lipoma establishment.

The consistent rearrangement of region 12ql3-15 in several
tumors in addition to lipoma, including myxoid liposarcomas
(43), benign uterine leiomyomas (29, 30), and pleomorphic
adenomas of the salivary gland (27, 44), raises the question of
whether or not neoplastic transformation in all these tumors
involves the same gene(s). Studies in which genes localized to
this region were used, INT-l to 12ql3 (45) and GLI to 12ql3-
14.3 (46), revealed no changes in 7AT-1 in myxoid liposarcomas
(47) and in GLI in both myxoid and well-differentiated liposar
comas as well as lipomas (48). However, methylation changes
were detectable with GLI probes using pulse field gel electro-
phoresis in myxoid liposarcomas (48). Further molecular analy-
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Normal cells only

Normal + random
abnormalities

Normal + abnormal
cells

Abnormal cells only

Normal Abnormal No growth

Fig. 13. Histogram showing the distribution in number of lipomas with normal
karyotypes and ctonal abnormalities.

sis of this region is warranted to characterize the breakpoints
in the different neoplasms and to determine its possible role in
benign versus malignant proliferation.

In the group without rearrangements of chromosome 12,
consistent abnormalities included rearrangements of chromo
some 13 (9 cases) (8, 31, this report), most often as an intersti
tial deletion involving the long arm (del( 13)(q 12q22)). Common
to the 9 cases was loss or rearrangement of band 13ql4 to
which the retinoblastoma (RB) gene has been localized (42).
The mechanism of tumorigenesis in this instance might be loss
of the RB tumor suppressor gene similar to the homozygous
deletion of the RB gene at band 13ql4 in retinoblastomas and
osteosarcomas (49, 50). Expression of normal or mutant alÃeles
following loss of the dominant gene is another possibility.
Rearrangements of lp36.1-36.3 were observed in four cases (8,
this report) and involvement of the 6p21-23 region has been
observed in a total of 7 cases to date (8, 9, 11, this report).
Chromosome 11 at band ql3 was involved in translocations in
5 cases, with chromosome 12 in 3 cases, and with chromosomes
17 and 19 in one case each (7, 9, this report). Two cases (8, this
report) had an identical t(l I;12)(ql3;ql3) but were included
under the der(llql3) cases (Table 7). A few tumors with het
erogeneous abnormalities involving various chromosomes were
also present and probably represent rare developmental path
ways.

The consistent nature of each of the abnormalities suggests
that alternative genetic pathways for neoplastic proliferation of
adipose tissue must exist leading to the same histopathological
phenotype or that subdivisions of the tumor indistinguishable
at the pathological level are present. The coexistence of recur

rent abnormalities in a tumor represents an overlap of cytoge-
netic subtypes and suggests that either two independent events
occurred in the same cell or that one of the rearrangements is
a primary change and the other appeared later in the develop
ment of the tumor and is secondary in nature. Involvement of
either of these regions at the molecular level is also possible
when the two cytogenetic changes do not occur simultaneously
in a tumor.

A clustering of breakpoints to bands Ip36, lp31-32, 2p21-
23, 3q27-28, 5q33, 6p21-23, Ilql3, 12ql3-15, 12q22.1,
13ql2, 13q22, 17pter-Â»q21, and 21q21-22 (Fig. 12) as a result
of the recurrent and nonrandom nature of the chromosomal
abnormalities described earlier demonstrates their probable im
portance in tumor pathogenesis. 12ql3-ql5 was most fre
quently rearranged both in our cases and those reported in the
literature. Some of the breakpoints are located in close prox
imity to sites to which oncogenes and growth factors have been
mapped (42) and their juxtaposition by chromosome re
arrangements may theoretically at least result in their activation
or overexpression and lead to neoplastic proliferation (51).
Conversely, the recognition of these affected sites may lead to
the identification of genes affecting normal cellular growth
control or oncogenes within the bands and an understanding of
the molecular events associated with them. A striking observa
tion was that lipomas and leiomyomas shared regions on chro
mosomes recurrently involved in abnormalities. Both tumors
show preferential involvement of bands Ip36, 2p21-24, 6pl2-
23, and 13ql2-22, in addition to 12ql3-15. Molecular biolog
ical analysis should provide an insight into the nature of the
genes present at or near the junctions of the rearrangements
and their role in tumor pathogenesis. A determination of the
mechanism of gene regulation, deregulation, and function in
benign tumors will have far reaching implications in the study
of malignant transformation also.

Complex chromosome rearrangements were observed in 9 of
our cases and all involved region 12ql3-15. Of 4 cases in the
literature, 2 with involvement of 12ql3-15 were present (8).
Complex changes have usually been associated with advanced
malignancies with a poor prognostic outcome (25). Their pres
ence in a benign entity with no evidence of transformation to
malignancy reflects, perhaps, an innate chromosomal instability
associated with aberrant proliferation. The specificity with
which chromosome 12 is involved in all the tumors with com
plex changes, however, emphasizes the importance of genes in
the region 12qI3-15 in uncontrolled proliferation in lipoma
development. The observation that chromosome 1 was involved
in 6 of our 9 cases with complex changes stresses the fact that
rearrangement of this chromosome contributes a proliferative
advantage (52).

Table 7 Recurrent chromosome abnormalities, genes, and fragile sites in lipoma

Chromosomalabnormalityder(l)(p36)

t/ins( 1; 12)(p32-p34;q 13-q 15)t(2;12)(p21-p23;ql3-ql4)

t(3; 12)(q27-q28:q 13-q 14)der(6)(p21-p23)

der(ll)(ql3)del(13)(ql2q22)/t(13q)/

inv(13q)
t/ins(12;21)(ql3-ql5:q21-q22)Total

cases4

75

117

5

95Ref.8.

this report
8. 34. thisreport7.

8, 37. this report
^. 6, 8. 34. thisreport8.

9. 11. this report

7. 9. this report

8. 31. this report

8. this reportGene"HLM2

in 1 pter-p36; FOR. SRC2 in Ip36.2-p36.1
BLYM.MYCLl in lp32:/t7Vin Ip32-p31
GL1,1NT1 in 12ql3
NMYC in2p24/V.Win6p21

INT2, SEA in 1Iql3; BCL1, HSTFI in 1lqI3.3

FLT1 in 13ql2: RBI in 13ql4.2

ERG. ETS2 in q22.3Fragile

siteFRA

1A in Ip36
FRA IB in Ip32
FRA12Ainql3.lFRA

3C inq27FRA
6A on p23

FRA 6C on P22.2
FRA llHonqU
FRA I1A onql3.3

' References in 42.
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Fig. 14. Translocation partners of chromosome 12 from the present study (A) and from published cases (B). â€¢,rearrangement breakpoints; numerals in brackets.
number of cases

The statistically significant correlation between tumor size
and abnormal karyotype suggests that tumors with chromo
somal abnormalities may have a growth advantage. All of the
intramuscular tumors were karyotypically abnormal, whereas
only half of the subcutaneous tumors had an abnormal kary
otype. A statistically significant correlation between the depth
of the tumor and complex chromosome changes also appears
to indicate that deep seated tumors are more prone to develop
cytogenetic abnormalities. Age, sex, and tumor site also corre
lated positively with an abnormal karyotype.

To summarize, the significance in benign tumors of the
nonrandom chromosomal changes as well as the specificity of
breakpoints at certain chromosomal loci may lie in the cytoge
netic definition of subtypes not evident histopathologically and
probably differing with respect to etiology and biology. This
identification and establishment of specific chromosomal ab
normalities has opened opportunities for the characterization
of breakpoints using molecular techniques as well as provided
a chance to understand the mechanisms underlying benign
growth versus malignant transformation and the expression of
the genes keynoting them.
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