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Abstract. Rearrangements of chromosome arm 15q are rare 
but recurrent in conventional lipomas, a tumor type often 
showing deregulated expression of the HMGA2 gene. In 
order to assess whether 15q rearrangements could constitute 
a distinct pathogenetic mechanism, we studied seven cases of 
conventional lipoma that at G-banding analysis had various 
rearrangements of 15q12-q21. The breakpoints in 15q were 
mapped by fluorescence in situ hybridization (FISH) and single 
nucleotide polymorphism array analyses, and the status of the 
HMGA2 gene was evaluated by FISH and/or quantitative PCR. 
We found an overlapping deletion on 15q in two cases, but no 
recurring breakpoint among the other cases. In addition, all 
cases displayed rearrangement of HMGA2 at the genomic or 
the transcriptional level. Although 15q rearrangements some-
times are noted as the sole aberration at cytogenetic analysis 
of conventional lipomas, they are secondary to HMGA2 
deregulation.

Introduction

Conventional lipoma is a benign tumor composed of mature 
fat cells, most frequently occurring between the ages of 40 
and 60 years (1,2). Lipomas may occur anywhere in the body, 
including inside bones and parenchymatous organs. The prog-
nosis is excellent regardless of whether they are superficial or 
deep-seated, although intramuscular lipomas with an infiltra-
tive growth pattern may recur locally (3). Lipomas have been 
extensively analyzed by chromosome banding, through which 

aberrations have been noted in approximately 83% of the 
cases (4). The most common alteration is structural rearrange-
ment of chromosome region 12q13-15 (75% of the cases with 
clonal aberrations), resulting in transcriptional upregulation of 
the HMGA2 gene, which causes tumorigenesis. Other charac-
teristic cytogenetic findings include deletions of 13q (15-20%), 
supernumerary ring chromosomes or giant marker chromo-
somes (6%) and rearrangements of band 6p21-23 (5%), which 
harbors the HMGA1 gene (5-7). In 10% of the cases, none 
of these characteristic aberrations is noted, suggesting that 
conventional lipomas sometimes develop through alternate 
molecular routes. One uncommon, but recurrent, cytogenetic 
finding is structural rearrangement of chromosome arm 15q, 
usually without concomitant rearrangement of 12q (5). In order 
to assess whether such 15q rearrangements might target genes 
of importance for lipomagenesis, we selected seven cases 
for further fluorescence in situ hybridization (FISH) and/or 
single nucleotide polymorphism (SNP) and gene expression 
array studies. Apart from mapping the breakpoints in 15q, we 
also assessed the status of the HMGA2 gene using FISH or 
quantitative real-time PCR (qRT-PCR), in order to investigate 
its cryptic involvement in the tumorigenesis of this group of 
lipomas.

Materials and methods

Samples. Seven conventional lipomas with structural rear-
rangement of 15q were selected among the 550 lipomas studied 
at the Department of Clinical Genetics, Lund Univerity (Lund, 
Sweden), from 1984. Data concerning patient gender and age, 
tumor location and karyotype are documented in Table I. All 
cases were analyzed by chromosome banding after short-
term culturing according to standard methods. Karyotypes 
were described according to ISCN (2013). All samples were 
obtained after informed consent, and the study was approved 
by the regional ethics committee of Lund University (Dnr 
2011/289).

SNP array analysis. Cases 1 and 3-5 were analyzed by 
SNP arrays to detect global copy number aberrations. DNA 
was extracted from fresh frozen tumor biopsies using the 
DNeasy Tissue kit, according to the manufacturer's instruc-
tions (Qiagen, Valencia, CA, USA) and afterwards hybridized 
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onto the Illumina Human OmniQuad version 1.0 BeadChip 
(Illumina, Inc., San Diego, CA, USA) containing 1.2 million 
markers, following standard protocols supplied by the manu-
facturer. SNP positions were based on the NCBI36/hg18 
sequence assembly. Data analysis was performed using the 
GenomeStudio software 1.6.1 (Illumina), detecting imbalances 
by visual inspection. Constitutional copy number variations 
were excluded querying the Database of Genomic Variants 
(http://projects.tcag.ca/cgi-bin/variation) (8).

Gene expression array analysis. RNA of good quality was 
extracted from cases 1-4 and hybridized onto Affymetrix 
Human Gene 1.0 ST Arrays (Affymetrix, Santa Clara, CA, 
USA) as previously described  (9). Twenty-five conven-
tional lipomas without detectable 15q rearrangements were 
included as controls. Gene expression data were normalized, 
background-corrected and summarized by using the Robust 
Multichip Analysis algorithm implemented in the Expression 
Console version software 1.1 (Affymetrix). Gene expres-
sion levels were subsequently compared between cases and 
controls. All genes located in the region 24-60 Mb in 15q 
were evaluated using a t-test, and P-values were adjusted for 
multiple testing by Benjamini-Hochberg false discovery rate 
(FDR) correction (Qlucore Omics Explorer; Qlucore AB, 
Lund, Sweden). Genes with a P-value <0.05 and an FDR <0.2 
were considered to be significantly altered. 

FISH analysis. FISH analyses were performed on all seven 
cases. To pinpoint the breakpoints in 15q, we performed a 
chromosome walking with bacterial artificial chromosome 
(BAC) probes. To assess the involvement of HMGA2, we 
performed a break-apart assay with the BAC probes RP11-
299L9 and RP11-427K2, specific for the 5'-part and the 3'-part 
of the gene, respectively. Whole chromosome paint (WCP) 
probes were used to detect chromosomal rearrangements and, 
when applicable, to discriminate tumor cells from normal 
cells. Probes and slides were prepared and analyzed as previ-
ously described (10).

qRT-PCR. qRT-PCR was used to study the expression level 
of the HMGA2 gene in cases 1 and 4, which showed no 

rearrangement at FISH analysis. To detect differences in the 
expression levels of HMGA2 5'- and 3'-ends, consistent with 
an intragenic rearrangement, a TaqMan gene expression assay 
was performed using probes Hs00171569_m1 (exons 1-2), and 
Hs00971725_m1 (exons 4-5) as previously described  (11). 
ACTB was used as endogenous controls. Conventional lipomas 
showing a t(3;12), with an HMGA2/LPP fusion, resulting 
in overexpressing the 5'-part of HMGA2 (control 1) and a 
t(5;12), resulting in overexpression of the entire HMGA2 gene 
(control 2), were used as additional controls. The qRT-PCR 
analysis was performed as previously described (11).

Results

Results from G-banding and SNP array analyses are shown 
in Tables I and II, respectively. Case 1 had a deletion span-
ning 15q12-q21.2 as the sole cytogenetic anomaly; the same 
karyotype was also found in two local recurrences occurring 
2 and 3 years after surgery for the primary tumor. SNP array 
analysis mapped the deletion at 25.572-50.200 Mb, in agree-
ment with the FISH results (Fig. 1). No rearrangement of the 
HMGA2 gene was noted at FISH analysis, while qRT-PCR 
showed overexpression of the 5'-part (Fig. 1). The remaining 
six lipomas showed involvement of 15q15-q22 in transloca-
tions with different partners (Table I). Three of these were 
also analyzed by SNP array. Case 3 had numerous hemizy-
gous deletions, including the region 37.940-38.104 Mb in 15q; 
this deletion was confirmed and better mapped by FISH at 
37.892-38.104 Mb, disclosing an unbalanced t(6;15) (Fig. 1). 
The SNP data also revealed deletion of the 5'-part of HMGA2 
and of 13q14.11-q14.3. In case 4, the SNP array analysis 
disclosed a deletion in 11q23.1 as the single imbalance. 
FISH analysis mapped the breakpoint on chromosome 15 at 
47.331-47.441 Mb (15q21.1), defined by split signals for BAC 
probes RP11-957F19 and RP11-1097M8. While FISH analysis 
revealed a seemingly intact HMGA2 locus, qRT-PCR revealed 
overexpression of the 5'-part of the gene (Fig. 1). In case 5, 
SNP array analysis identified amplification of 12q, including 
the HMGA2 locus, and a hemizygous deletion in band 15q21.3 
at 52.663-52.685 Mb. FISH revealed that the translocation 
breakpoint was close to the centromere of 15q. Three cases 

Table I. Clinical and cytogenetic information for seven conventional lipomas with rearrangement of chromosome arm 15q.

			   Age (years)/	 No. of
Case	 Location	 Karyotype	 gender	 recurrences

1	 Axilla, deep	 46,XY,del(15)(q13q21)	 60/M	 2
2	 Arm, subcutaneous	 46,XX,der(4)t(4;15)(p16;q22),t(5;9)(q22;q32),ins(8;13)
		  (q24;q34q14), add(15)(q15),add(16)(q13),der(20)t(16;20)(q13;q12)	 42/F	 0
3	 Neck, subcutaneous	 46,XY,-5,der(6)del(6)(p?) t(6;15)(q11;q12-15),-10,der(15)
		  t(6;15)(?;q15-21),+der(?)t(?;6)(?;q?)x2,+mar	 36/M	 0
4	 Neck, subcutaneous	 46,Y,t(X;15;11)(q22;q22;q23)	 41/M	 0
5	 Shoulder, deep	 47,XY,der(6)t(6;15)(q15;q15),-15,+2r	 72/M	 0
6	 Arm, deep	 46,XY,der(12)ins(12;15)(q1?1;q12q21),t(15;17)(q12-21;q2?),
		  del(15)(q1?2),der(17)t(15;17)(q2?;q2?3)	 59/M	 0
7	 Back, deep	 46,XX,t(6;15)(q13;q22)	 48/F	 0
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Table II. Table showing SNP array results and the HMGA2 involvement for the studied cases.

	 SNP array analysis
	 ----------------------------------------------------------------------------------------------------------------------------------------------	 Method used to detect involvement 
Case	 Band	 SNP array results	 Position NCBI36/hg18	 of HMGA2/Statusa

1	 15q12-q21.2	 del	 chr15:25572122-50200608	 qRT-PCR/+
2	 No data		  FISH/+
3	 1p36.21	 del	 chr1:15681459-15842337	 SNP array/+
	 3p25.3-p25.2	 del	 chr3:11356973-11747815
	 3p24.1	 del	 chr3:27448147-27774038
	 3p21.1	 del	 chr3:53122926-53244203
	 3p21.1	 del	 chr3:53321422-53504180
	 3p14.3	 del	 chr3:57068780-57212261
	 3p13	 del	 chr3:73056422-73357684
	 3p13	 del	 chr3:73911714-74117031
	 5q31.3	 del	 chr5:141412453-141542868
	 6q23.2	 del	 chr6:132493337-132685728
	 7p14.1	 del	 chr7:42550790-42560558
	 12q14.2	 del	 chr12:62387591-62966981
	 12q14.3	 del	 chr12:64366833-64519077
	 13q14.11-q14.3	 del	 chr13:43391527-49535788
	 13q14.3	 del	 chr13:50535906-50596640
	 15q15.1	 del	 chr15:37940000-38104900
4	 11q23.1	 LOH	 chr11:112486970-112561533	 qRT-PCR/+
5	 11q22.1	 del	 chr11:98871868-98888063	 SNP array/+
	 12q13.3-14.1	 amp	 chr12:56343030-56776958
	 12q14.1	 amp	 chr12:57322409-57774332
	 12q14.1	 amp	 chr12:59587140-60060029
	 12q14.1	 amp	 chr12:61364051-61459825
	 12q14.3	 amp	 chr12:64385997-66074782
	 12q15-q21.2	 amp	 chr12:67333542-76053035
	 12q21.2	 amp	 chr12:76430478-76593563
	 12q21.33	 amp	 chr12:89855182-89977501
	 12q21.33	 amp	 chr12:90132557-90489984
	 12q21.33	 amp	 chr12:90489984-90721904
	 12q21.33	 amp	 chr12:90730613-91063729
	 12q21.33	 amp	 chr12:91077361-91291882
	 12q21.33	 amp	 chr12:91330328-91419845
	 12q22	 amp	 chr12:94480909-94526441
	 12q22	 amp	 chr12:94527237-94720773
	 12q22	 amp	 chr12:94722197-94812991
	 12q22	 amp	 chr12:95037274-95273987
	 12q23.1	 amp	 chr12:95290705-96148524
	 12q23.1	 amp	 chr12:97080720-97094264
	 12q23.1	 amp	 chr12:97103285-97198077
	 12q23.1	 amp	 chr12:97226786-97479566
	 12q23.1	 amp	 chr12:97494248-97672573
	 12q23.1	 amp	 chr12:97678033-98155350
	 12q23.1	 amp	 chr12:98162407-98648233
	 12q23.1	 amp	 chr12:98676267-98802171
	 12q23.2	 amp	 chr12:100721860-101242139
	 12q23.2	 amp	 chr12:102081102-102169706
	 15q21.3	 del	 chr15:52663504-52685923
6	 No data		  FISH/+
7	 No data		  FISH/+

a+, involved.
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were studied only by FISH. Case 2 had a breakpoint in 
15q21.1, at 47.174-47.270 Mb, defined by split signals for BAC 
probe RP11-578C18. In addition, this case had a deletion of 

the 3'-part of HMGA2. In case 6, we mapped the breakpoint in 
15q to 50.425-58.884 Mb and also found that the 3'-part of the 
HMGA2 gene was deleted. In case 7, we mapped the break-

Figure 1. FISH images showing the characterization of the breakpoints in 15q in cases 1-4. BAC probes used in the experiments are shown. (A) Case 3. 
The red (RP11-1110F21) and the blue (RP11-43D14) probes mapped to the der(15) and the der(6), respectively, delineating the breakpoint region; the green 
(RP11-10K15) probe, mapped in between them, was deleted. (B) Case 2. The red probe (RP11-578C18) was split. (C) Case 1. The blue (RP11-360P7) and the 
red (RP11-56B16) probes were both deleted. (D) Case 4. The red (RP11-957F19) and green (RP11-1097M8) probes were split. (E and F) qRT-PCR results for 
the 5'- and 3'-parts of HMGA2 in cases 1 (blue bar) and 4 (green bar), compared with lipomas known to express only the 5'-part (control 1, purple bar) or the 
entire gene (control 2, red bar).

Figure 2. GPR176 and EIF2AK4 are not significantly altered in conventional lipomas with 15q rearrangements. Scatter plots show gene expression levels for 
the genes (A) GPR176 and (B) EIF2AK4 in 25 conventional lipomas without 15q rearrangements (yellow) and four conventional lipomas with 15q rearrange-
ments (cases 1-4; blue). Neither of the genes was differentially expressed in the two groups (P-value <0.05, FDR <0.2; Qlucore Omics Explorer).
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point in chromosome 15 at 57.643‑57.692 Mb, in the region 
between BAC probes RP11-1030I22 and RP11-1030O17. In 
addition, this case showed deletion of the 3'-part of HMGA2. 
Thus, we found no clustering of breakpoints in 15q, and the 
region 37.892-38.104 Mb in 15q was the only recurrently 
deleted region, detected in two cases. This aberration affected 
two genes, GPR176 and EIF2AK4, neither of which showed 
different expression levels in lipomas with a 15q rearrange-
ment when compared to the control tumors (Fig. 2). Instead, 
HMGA2 was involved in all seven cases, being either partially 
deleted or split or cryptically deregulated.

Discussion

Previous genetic analyses of conventional lipomas have identi-
fied several different molecular subgroups. The most prominent 
one is characterized by aberrant transcriptional upregulation 
of HMGA2, either of the whole gene or of its 5'-part, as a driver 
mutation (11). Minor subsets instead develop through upregula-
tion of the closely related HMGA1 gene or through deletion of 
one or more genes in 13q; the exact pathogenetic mechanism(s) 
involved in the latter cases remain unidentified (5). Even when 
combining the results of cytogenetic and molecular genetic 
analyses, deregulation of these genes cannot, however, account 
for the development of all conventional lipomas. In the present 
study, we investigated the possibility of the existence of yet 
another pathway, involving a locus on chromosome arm 15q. 
Prompted by the finding of an interstitial deletion of 15q as 
the sole cytogenetic aberration in multiple samples from one 
conventional lipoma (case 1), we mapped the breakpoints in 15q 
in seven cases that at G-banding analysis had shown various 
rearrangements of this chromosome arm, but no detectable 
involvement of 12q14.3. Neither FISH nor SNP array data 
indicated a shared breakpoint, excluding that they result in a 
recurrent fusion gene or in transcriptional upregulation of a 
specific target gene. Moreover, we found concomitant rear-
rangement of the HMGA2 locus in all seven cases, disclosing 
its primary role in the tumorigenesis also of this subgroup of 
lipomas, and thus revealing 15q rearrangements as secondary 
changes. Nevertheless, local recurrences are exceedingly 
rare for conventional lipomas, and when they occur they 
often have features of a misdiagnosed atypical lipoma, such 
as supernumerary ring chromosomes, large size and location 
in the thigh (4); the lipoma of case 1 recurred twice, always 
with the morphology of a conventional lipoma. Thus, it can be 
speculated that certain 15q rearrangements, such as the large 
interstitial deletion in this case, could have an impact on the 
growth and recurrence potential of lipomas, functioning as a 
cooperative mutation for lipomagenesis. The only other lipoma 
showing a deletion overlapping with the one characterized in 
case 1, was case 3. The shared deleted region at 37.892-38.104 
Mb was found to contain the 5'-part of GPR176, encoding a G 
protein-coupled receptor involved in responses to hormones, 
growth factors and neurotransmitters (12), and the 5'-part of 
the EIF2AK4, encoding a kinase that acts in response to varied 
cellular stresses (13). However, global gene expression analysis 
did not identify either of these genes as a potential target and 
neither has been implicated in adipocytic tumorigenesis.

Although 15q-rearrangements appear to be secondary to 
HMGA2 deregulation, several of the deletions on chromo-
some 15, as the one observed in case 1, could be of relevance 
for growth characteristics, increasing the risk for local recur-
rence in conventional lipomas.
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