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The plexiform variant of uterine leiomyomata (UL) is
named for its ribbons or nests of smooth muscle cells
that have a rounded, epithelioid shape caused by
their entrapment in abundant extracellular matrix.
Plexiform UL are currently classified as epithelioid
smooth muscle tumors alongside the less predictable,
“true” epithelioid tumors (ie, leiomyoblastomas).
Karyotypes of six plexiform UL cases were studied,
and their abnormalities were found to differ from
those of leiomyoblastomas. Analyses using real-
time polymerase chain reaction, immunohisto-
chemistry , and fluorescence in situ hybridization
demonstrated elevated mRNA and protein levels of
the architectural factor HMGA2 and, in some cases ,
increased DNA copy number. Four of these plexi-
form UL were profiled with Affymetrix human U133
plus 2.0 expression arrays. Cluster analysis using
genes previously shown to discriminate benign and
malignant uterine smooth muscle tissues revealed
that the plexiform tumors form an isolated group in
the benign branch. This is in contrast to an earlier
finding in which another variant , cellular UL char-
acterized by loss of a portion of the short arm of
chromosome 1, clustered with malignant leiomyosar-
comas. These results provide additional evidence of ge-
netic heterogeneity underlying UL of various histologi-
cal types. We further suggest that plexiform UL should
be classified among tumors with extensive hyaliniza-
tion rather than with “true” epithelioid smooth mus-
cle neoplasms. (Am J Pathol 2008, 172:1403–1410; DOI:

10.2353/ajpath.2008.071102)

Uterine leiomyomata (UL), frequently referred to as fi-
broids, are the most common tumors of the female genital
tract.1 Although considered benign, UL cause a range of
symptoms including urinary incontinence, constipation,
abdominal pain, abnormal uterine bleeding, and im-
paired fertility.2,3 As a result of such high morbidity, UL
are the most frequent indication for hysterectomy, cause
approximately one in five visits to a gynecologist, and
require annual expenditures of greater than 2.1 billion
health care dollars in the US (based on data from the year
2000).4–6

Approximately 25 to 40% of UL have simple and non-
random cytogenetic abnormalities.7,8 One of the most
common of these aberrations is a t(12;14)(q15;q23-24),9

which leaves the coding sequence for the high mobility
group (HMG) protein family member HMGA2 intact but
up-regulates its expression in UL.10–12 HMGA2, a non-
histone component of chromatin and architectural factor,
functions to influence transcription and thereby affect
diverse cellular processes such as differentiation and
proliferation,13–16 and has most recently been associated
with height in humans.17

UL arise from the uterine myometrium and typically
are comprised of fascicles of smooth muscle cells with
abundant pink cytoplasm and uniform spindle-shaped
nuclei. In contrast, an uncommon variant of UL, the
plexiform type, is named for its nonfascicular compo-
nent of small ribbons, branching strands, or nests of
rounded smooth muscle cells. No significant nuclear
pleomorphism, mitotic activity, or necrosis is associ-
ated with either. In plexiform UL, abundant collagen-
rich matrix is present between the cords of cells en-
trapping them, resulting in loss of the typical spindle
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shape and gain of an epithelioid (rounded) appear-
ance.18 Consequently, plexiform UL have been classi-
fied with smooth muscle tumors composed of cells with
“true” epithelioid differentiation that were once referred to
as leiomyoblastoma.19 Although leiomyoblastoma may
recur or metastasize,20,21 plexiform UL have been widely
reported to be clinically benign.19,22

In addition to the problematic classification with poten-
tially malignant leiomyoblastoma, plexiform UL can
present some diagnostic challenges because of their
gross appearance, which is characterized by a yellowish
complex nodular composition that is distinctly different
from the whorled grayish pattern of typical UL.23,24 This
can raise the level of concern for malignancy sufficiently
to cause submission of additional tissue sections for anal-
yses such as cytogenetics before arriving at a patholog-
ical diagnosis. Also, the presence of multiple plexiform
UL has been reported to create an infiltrative pattern that
may be confused with low-grade endometrial stromal
sarcoma,25,26 and concern that the single Indian-file ar-
rangement of the smooth muscle cells in plexiform UL
may be mistaken for a lobular breast cancer metastasis
has previously been raised.24

The majority of evidence indicates that plexiform UL
originate from smooth muscle cells,25,27,28 particularly
myofibroblasts.29 These neoplasms are often small, his-
torically referred to as plexiform tumorlets, and are usu-
ally encountered as an incidental finding in hysterectomy
specimens. Even when small enough to be called a tu-
morlet, they can be recognized as plexiform based in
part on the amplification of extracellular matrix, which
suggests that the abundant accumulation of connective
tissue is an intrinsic and distinctive property of these
tumors. Plexiform UL can occur as a solitary tumor or
more rarely in a group, usually are found in the presence
of typical UL, and have no known predilection for ana-
tomical (ie, subserosal, intramural, or submucosal)
location.

This study reports cytogenetic and expression analy-
ses of plexiform UL, confirming their benign nature and
demonstrating an increased level of HMGA2 expression.
The findings have implications for plexiform UL patholog-
ical classification and support the evolving recognition of
genetic heterogeneity in the pathobiology of UL.

Materials and Methods

Clinical Material and Histology

Four plexiform UL were identified by a gynecological
pathologist through analysis of hematoxylin and eosin
(H&E)-stained tissue sections of all samples within a tis-
sue bank of more than 100 consented, premenopausal,
25- to 50-year-old women who underwent myomectomy
or hysterectomy at Brigham and Women’s Hospital be-
tween 2003 and 2007 (cases 1 to 4). Two additional
plexiform samples were obtained from the Division of
Women’s and Perinatal Pathology at Brigham and Wom-
en’s Hospital, one ascertained through the clinical cyto-
genetics service (case 5) and the other was an archival
specimen (case 6); diagnoses were confirmed by inde-
pendent review of stained tissue sections. Each of these
six tumors was shown to consist of smooth muscle tissue
with plexiform features comprising �50% of the total
tissue mass unless otherwise noted. All six plexiform UL
were disaggregated, cultured, and karyotyped by GTG
banding according to established protocols.8 Race was
self-reported, and no GnRH agonists were used before
surgery.

Fluorescence in Situ Hybridization (FISH)

End-sequenced and FISH-verified bacterial artificial
chromosomes (BACs)30 were selected using the Univer-
sity of California Santa Cruz Biotechnology Genome
Browser and Database (http://genome.ucsc.edu)31 and
obtained from the RP11 library (BACPAC Resource Cen-
ter at the Children’s Hospital Oakland Research Institute,
Oakland, CA) or the CTD library (Invitrogen, Carlsbad,
CA). DNA was isolated from bacterial cultures following a
standard protocol consisting of alkaline lysis, neutraliza-
tion, and ethanol precipitation.

Probe sets used include an intragenic HMGA2 BAC
(RP11-185D13) combined with a commercial probe for
the centromere of chromosome 12 (CEP 12) (Abbott Mo-
lecular/Vysis Inc., Des Plaines, IL). Two split-apart probe
sets were developed to detect intragenic HMGA2 rear-
rangements, one from BACs RP11-299L9 (5� HMGA2)
and RP11-427K2 (3� HMGA2), and the other from cos-

Table 1. Clinical Features of Uterine Leiomyomata with Plexiform Histology

Case no.
Accession

no. Histopathology Tumor size (cm)
Total number

of tumors Race

Age at
surgery

(yr) Menstrual cycle*

Gene Expression
Omnibus (GEO)

identifier†

1 ST04-074F-2 Plexiform 4 � 3.5 � 3 2 White 44 Menstruation GSM241169
2 ST06-015F Focal plexiform 8.5 � 3 � 3 11 Black 34 Secretory GSM241170
3 ST06-004F-1 Plexiform 19.5 � 14.5 � 10 2 White 46 Menstruation GSM241171
4 ST05-001F-2 Focal plexiform 9.3 � 7.6 � 7.2 1 Asian 53 Perimenopausal GSM241172
5 ST07-001 Focal plexiform 11.5 TNTC White 59 Menopausal N.D.

6 ST03-0414 Plexiform N.D. 13 White 26 N.D. N.D.

N.D., not determined; TNTC, too numerous to count.
*Based on day one of last menstrual period relative to surgery date (days 1 to 5, menstruation; 6 to 14, proliferative; 14 to 28�, secretory).
†http://www.ncbi.nlm.nih.gov/geo/.

1404 Hodge et al
AJP May 2008, Vol. 172, No. 5



mids 142H1 (5� HMGA2) and 27E12 (3� HMGA2).12 The
karyotypic abnormality t(12;14)(q15;q23-24), which can
be found in typical spindle cell UL, was detected by
fusion signals of probes RP11-185D13 located at 12q15
and CTD-3225F7 at 14q24.

FISH was performed as previously described,32 with
the exception that three 50-�m sections from the archival
paraffin sample ST03-0414 were deparaffinized to isolate
nuclei. This was accomplished using 5-minute washes of
xylene, 100% ethanol twice, 80% ethanol, and then 50%
ethanol followed by incubation in distilled water overnight
at 4°C. The sample was then treated with collagenase XI
(Sigma, St. Louis, MO) for 2 hours at 37°C, washed with
Hanks’ balanced salt solution, incubated with 0.05% tryp-
sin/ethylenediaminetetraacetic acid (Gibco/Invitrogen,
Carlsbad, CA) for 1 hour at 37°C, washed, and resus-
pended in Hanks’ balanced salt solution before applying

onto a glass coverslip and baking overnight at 50°C.
Slides prepared from sample ST03-0414 were incubated
in the HYBrite denaturation/hybridization system (Abbott
Molecular/Vysis Inc.) for 10 minutes at 95°C.

Immunohistochemistry

Detection of HMGA2 protein in formalin-fixed, paraffin-
embedded plexiform and myometrial tissue sections in-
volved pressure cooker heat-induced antigen retrieval for
2 minutes in citrate buffer followed by a 20-minute cool
down, a 5-minute 0.05 mol/L Tris/Tween 20 wash, a
5-minute peroxidase block (DAKO, Carpinteria, CA), and
a 5-minute Tris incubation. A 1:2000 dilution of a primary
polyclonal anti-HMGA2 antibody (Biocheck Inc., Foster
City, CA) was used for 40 minutes. The Envision Plus

Figure 1. Characterization of plexiform UL case 1 (ST04-074F-2). A: Plexiform histology with characteristic cords of round epithelial-like cells and abundant
extracellular matrix (H&E). B: GTG-banded karyotype of 47,XX,add(12)(q24),add(18)(p11.3),�mar[11]/idem,t(8;11)(p23;p13)[3]. C: Metaphase FISH with RP11-
185D13 (intragenic HMGA2) (SpectrumGreen) and CEP 12 (centromere of 12) (SpectrumOrange) indicates the presence of five copies of HMGA2, one on the
apparently normal chromosome 12, two on the der(12), and two on the marker in 13 of 13 metaphases. D: Real-time PCR demonstrates a 247-fold increase in
HMGA2 mRNA compared to myometrium from the same patient. E: Immunohistochemistry on paraffin sections reveals a 3.7-fold elevation of HMGA2 protein
in UL relative to the matched myometrium. Data from five additional cases can be found online at http://ajp.amjpathol.org (Supplementary Figures S1 thru S5).
Original magnifications: �10 (A); �400 (A, inset).

Characterization of Plexiform Leiomyomata 1405
AJP May 2008, Vol. 172, No. 5



detection system (DAKO) was then applied, including a
30-minute incubation with goat anti-rabbit immunoglobulin
conjugated to a horseradish peroxidase-labeled polymer
followed by a 5-minute exposure to the substrate diamino-
benzidine to produce a brown precipitate visible by micros-
copy. Hematoxylin was used as the counterstain. All steps
were performed at room temperature unless otherwise
noted. HMGA2 protein expression (brown) versus back-
ground (blue) staining was evaluated using a semiauto-
mated image analysis system (ACISII; Chromavision, San
Juan Capistrano, CA).33 HMGA2 staining for each plexiform
sample is expressed as a fold change compared to
matched myometrium from the same patient.

RNA Isolation and Quantitative Real-Time
Polymerase Chain Reaction

A portion of each sample was frozen in liquid nitrogen
immediately after surgical removal. RNA was isolated
from cases 1 to 4 from both the tumor and the corre-
sponding myometrial samples using the RNeasy fibrous
tissue kit (Qiagen, Valencia, CA). Real-time PCR was
performed as previously described,10 using the standard
curve method and normalizing the level of HMGA2 in
each tissue to that of GAPDH. HMGA2 expression for
each plexiform RNA sample is shown as a fold change
compared to myometrium from the same patient.

Transcriptional Profiling

RNA isolated from the plexiform UL of cases 1 to 4 was
hybridized to Affymetrix Human U133 Plus 2.0 GeneChip
oligonucleotide expression microarrays (Santa Clara,
CA) using standard protocols at the Harvard Medical
School–Partners Health Care Center for Genetics and
Genomics. These expression profiles were compared
with those previously acquired for myometrium, UL with
typical histology, UL with loss of the short arm of chro-
mosome 1 and hypercellularity or atypia, and uterine
leiomyosarcomas using the Affymetrix HuFL microar-
ray34,35 as follows. Descriptions of the U133 Plus 2.0 and
HuFL microarrays (GPL570 and GPL80 files, respec-

tively) were downloaded from the National Center for
Biotechnology Information (NCBI) Gene Expression Om-
nibus (http://www.ncbi.nlm.nih.gov/geo/). For each probe
set in the GPL80 table, value(s) of the numerical Entrez
Gene field were used to query the GPL570 table. If more
than one probe set was identified in the GPL570 table,
the corresponding expression values were averaged and
the data for genes represented on both microarrays were
deposited into a single database table. Finally, the result-
ing raw data for the newly and previously analyzed sam-
ples were normalized as described.35 These normalized
expression data were deposited at the NCBI Gene Ex-
pression Omnibus; the series entry number is GSE9511
and the specific accession identifiers for PLEX1 to PLEX4
are listed under cases 1 to 4 in Table 1. Expression
profiles of plexiform UL were compared to those previ-
ously determined for a collection of normal myometrium
and benign and malignant uterine smooth muscle tumors
using a subset of 134 genes (ie, those represented on
both Affymetrix microarrays used in this study) by hierar-
chical cluster analysis using the statistical software pack-
age SYSTAT, version 10.2 (Systat Software, Inc., Rich-
mond, CA) with the previously described parameters.35

Results

Six UL cases were identified by histopathological analy-
sis of H&E-stained tissue sections as having focal or
diffuse plexiform features. These tumors ranged in size
from 4 to 19.5 cm and presented in women of varying
race, age, and menstrual cycle status (Table 1). Case 1
has the classic plexiform histology and a complex karyo-
type of 47,XX,add(12)(q24),add(18)(p11.3),�mar[11]/
idem,t(8;11)(p23;p13)[3] (Figure 1). Follow-up with meta-
phase FISH with the intragenic HMGA2 probe RP11-
185D13 and the chromosome 12 centromeric probe CEP
12 revealed five copies of HMGA2: one on the apparently
normal chromosome 12, two on the der(12), and two on
the marker chromosome. Real-time PCR and immunohis-
tochemistry of paraffin sections revealed a 247-fold in-
crease in HMGA2 mRNA and a 3.7-fold elevation of
HMGA2 protein in the tumor relative to its matched myo-

Table 2. Karyotype, FISH, and HMGA2 mRNA and Protein Expression of Uterine Leiomyomata with Plexiform Histology

Case no. Accession no. GTG-banded karyotype

1 ST04-074F-2 47,XX,add(12)(q24),add(18)(p11.3),idem,t(8;11)(p23;p13)�3�

2 ST06-015F 46,XX,t(12;14)(q15;q24)�6�

3 ST06-004F-1 46,XX,add(16)(p13.3)�13�
4 ST05-001F-2 47,XX,�mar�2�/46,XX�9�
5 ST07-001 48,XX,add(12)(p1?3),�19,�mar�cp5�

6 ST03-0414 46,XX,der(4)inv(4)(p?12q?21),del(11)(q13),der(14)t(12;14)(q15;q24)�7�

N.D., not determined.
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metrium. These results as well as those of five additional
plexiform UL cases are summarized in Table 2.

The microarray expression profile of this plexiform UL
and others (cases 1 to 4) were included in a hierarchical
cluster analysis using 134 probe sets that were previ-
ously identified by comparison of myometrium, typical
(spindle cell) UL, and leiomyosarcoma (LMS) expression
signatures to differentiate benign from malignant uterine
smooth muscle tissues.35 Also included in the analysis
were the expression profiles of two cases of another type
of UL variant, namely cellular UL with partial loss of the
short arm of chromosome 1, which were previously
shown to cluster within the malignant group.34 In the
current analysis, the four plexiform tumors were found to
cluster together on a separate node within the benign
branch on the sample dendogram (Figure 2A) and matrix
plot (Figure 2B). Genes with increased expression in
plexiform UL and LMS relative to benign myometrium and
typical UL are UBC, RDBP, CYC1, COX5B, CKS1B, DSS1,
and TMSB10 whereas those with decreased expression
include PIPPIN, ENPP1, GRIA2, CRMP1, TGFB3, NBL1,
LAMA3, MORF4L2, KANK, CTNND1, SETDB1, TACR2,
GSTM4, APOD, TIMP3, DPP6, DVL3, VCL, TPM4, GTF2I,
THRSP, ID2, STAT4, and MMP2. In a separate analysis in

which the entire expression profiles of the plexiform UL
were directly compared to those of typical UL, the most
up-regulated gene in plexiform UL was the �2 chain for
type I collagen (COL1A2), with a 361-fold increase.

The karyotype for case 2 (see Supplementary Figure
S1 at http://ajp.amjpathol.org) is 46,XX,t(12;14)(q15;
q24)[6]. This was supported by a metaphase FISH using
an intragenic HMGA2 probe RP11-185D13 and chromo-
some 12 centromere probe CEP 12 that indicated the
presence of one copy of HMGA2 on the apparently nor-
mal chromosome 12 and translocation of the other copy
to the der(14). Surprisingly, metaphase FISH with a split-
apart HMGA2 probe set of RP11-299L9 (5� HMGA2) and
RP11-427K2 (3� HMGA2) showed the presence of one
intact copy of HMGA2 and one split copy of HMGA2. To
refine the rearrangement, a split-apart HMGA2 probe set
of cosmid 142H1 (5� HMGA2) and cosmid 27E12 (3�
HMGA2) was used and suggested that one copy of
HMGA2 is disrupted within a region that includes the 3�
UTR to the beginning portion of intron 3. Real-time PCR
demonstrated a 66,467-fold increase in HMGA2 mRNA
and paraffin section immunohistochemistry showed a
4.1-fold elevation of HMGA2 protein relative to the
matched myometrium.

Table 2. Continued

No. of HMGA2
signals by

metaphase FISH

No. of HMGA2
signals by

interphase FISH

t(12;14)(q15;
q23–24) detected

by FISH

Intragenic HMGA2
break detected

by FISH

HMGA 2 mRNA
(fold-change
compared
to matched

myometrium)

HMGA2 protein
(fold-change
compared
to matched

myometrium)

1 on normal 12 5 No No 247 3.6
2 on add(12q)
2 on marker
1 on normal 12 2 Yes Yes 66,467 4.1
1 on der(14)
1 on each normal 12 2 No No 2017 5
1 on each normal 12 2 No N.D. 568 0
1 on normal 12 N.D. N.D. Yes N.D. N.D.
3 on add(12p)
4 on marker
N.D. 3 Yes No N.D. N.D.

Figure 2. Expression analysis of UL with plexi-
form histology. A: Comparison of the expression
profiles of four plexiform UL to a previously de-
fined smooth muscle tumor expression signature
using hierarchical clustering. The horizontal length
of each arm reflects the relatedness of clusters.
Samples are indicated by green terminal segments
for benign myometrium (MYO) and UL with nor-
mal histology (LEIO), by red terminal segments for
malignant leiomyosarcoma (LMS), by orange ter-
minal segments for UL with cellular histology and
loss of 1p (TUMOR 6 and TUMOR 7), and by blue
terminal segments for UL with plexiform histology
(PLEX1 through PLEX4 for cases 1 to 4, respec-
tively). Although cellular UL have previously been
shown to cluster with malignant LMS, plexiform
UL form their own subcluster within the benign
branch. B: Matrix plot displaying clustering of
samples (columns) by oligonucleotide sets (rows).
The color of each rectangle denotes the corre-
sponding range of normalized (by SD) expression
values as shown at the bottom right.
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The karyotype in case 3 (see Supplementary Figure S2
at http://ajp.amjpathol.org) of 46,XX,add(16)(p13.3)[12]
as well as the follow-up FISH studies do not suggest a
chromosomal alteration of HMGA2. Metaphase FISH with
RP11-185D13 (intragenic HMGA2) and CEP 12 (centro-
mere of 12) indicate the presence of two apparently
normal chromosomes 12. Metaphase FISH with a split-
apart HMGA2 probe set of RP11-299L9 (5� HMGA2) and
RP11-427K2 (3� HMGA2) shows the presence of two
intact copies of HMGA2. Interphase FISH with RP11-
185D13 (intragenic HMGA2) and CTD-3225F7 (chromo-
some 14q24) does not produce a fusion signal, consis-
tent with exclusion of a cryptic t(12;14)(q15;q24)
rearrangement. Real-time PCR, however, demonstrated a
2017-fold increase in HMGA2 mRNA compared to the
matched myometrium and immunohistochemistry on par-
affin sections showed a fivefold elevation of HMGA2 pro-
tein in UL relative to the matched myometrium.

Case 4 (see Supplementary Figure S3 at http://ajp.
amjpathol.org) had focal areas of plexiform features com-
prising �25% of the tissue examined. Although the remain-
der of the tumor could not be strictly classified as being
plexiform, there was marked, diffuse deposition of extracel-
lular matrix material. The karyotype was 47,XX,�mar[2]/
46,XX[9]. Metaphase FISH with RP11-185D13 (intragenic
HMGA2) and CEP 12 (centromere of 12) indicates the pres-
ence of two apparently normal chromosomes 12 and no
expression of HMGA2 on the marker chromosome. Similar
to case 3, evidence of HMGA2 involvement was found by
real-time PCR, which demonstrated a 568-fold increase in
HMGA2 mRNA compared to matched myometrium. In-
creased HMGA2 protein expression, however, could not be
confirmed by immunohistochemistry in stained sections.

The complex karyotype of case 5 (see Supplementary
Figure S4 at http://ajp.amjpathol.org), 46,XX,der(?4)
?inv(4)(p?12q?21),del(11)(q13),der(14)t(12;14)(q15;q24)
[7], involves the 12q15 region where HMGA2 is located.
Interphase FISH with RP11-185D13 (intragenic HMGA2)
and CEP 12 (centromere of 12) indicates the presence of
three copies of HMGA2 and two copies of the chromo-
some 12 centromere. Interphase FISH with RP11-185D13
(intragenic HMGA2) and CTD-3225F7 (chromosome
14q24) to detect t(12;14)(q15;q24) rearrangements dem-
onstrates the presence of two copies of HMGA2 and a
third copy involved in a t(12;14) as shown by a fusion
signal. Interphase FISH with a split-apart HMGA2 probe
set of RP11-299L9 (5� HMGA2) and RP11-427K2 (3�
HMGA2) reveals three intact copies of HMGA2. Because
of limited material, further investigation was not feasible.

Case 6 (see Supplementary Figure S5 at http://ajp.
amjpathol.org) has a karyotype of 48,XX,add(12)(p1?3),
�19,�mar[cp5]. Metaphase FISH with the split-apart
HMGA2 probe set of RP11-299L9 (5� HMGA2) and RP11-
427K2 (3� HMGA2) plus CEP 12 (centromere of 12) indi-
cates the presence of eight copies of HMGA2. One intact
HMGA2 copy is seen on the presumably normal chromo-
some 12, two intact copies and one split-apart copy on
the der(12), and two intact and two split-apart copies on
the marker. Because of limited material, no further anal-
yses were possible.

Discussion

This study presents cytogenetic and expression analyses
of six plexiform UL. The results suggest these tumors
have been misclassified amid neoplasms with “true” ep-
ithelioid differentiation and should instead be grouped
among those with extensive hyalinization. This separation
would emphasize their prognostic distinction.

The six plexiform UL studied were highly divergent in
size and occurred in women of varying race, age, and
menstrual cycle status. The unifying finding in each of the
six cases was increased expression of HMGA2, a chro-
matin architectural factor that regulates multiple DNA-
dependent activities such as gene transcription and
plays a role in cell proliferation and differentiation.15,36 The
elevation in HMGA2 mRNA ranged from 284- to more than
66,000-fold and the rise in immunodetectable protein
ranged from zero- to fivefold in plexiform UL relative to
their adjacent myometria. The lack of detectable protein
expression in case 4 is discordant with the 568-fold in-
crease in mRNA, and may represent an artifact because
of archival storage. In comparison, chromosomal rear-
rangement at the HMGA2 locus and aberrant protein
expression are found in 10% and 27% of typical (spindle
cell) UL, respectively.9,37 The elevation in HMGA2 ex-
pression in the plexiform UL appears to result from mul-
tiple different mechanisms, including both structural
(cases 1, 2, 5, and 6) and submicroscopic (cases 3 and
4). Of note, there is a striking similarity in the karyotypes
of cases 1 and 5, both including a der(12) and inverted
duplicated marker derived from chromosome 12, which
may indicate a similar pathogenetic mechanism for their
plexiform phenotype.

Interestingly, the karyotype of the plexiform UL in case
6, which includes two apparently normal chromosomes
12 plus a der(14)t(12;14)(q15;q24) without the reciprocal
der(12), closely resembles that of two cases of intrave-
nous leiomyomatosis; IVL is a rare smooth muscle prolif-
eration that invades vascular spaces but is not clinically
malignant.38,39 Of note, a plexiform pattern has been
observed in some cases of IVL. Although this suggests
that significant HMGA2 overexpression is necessary, it is
not likely to be sufficient to cause the plexiform pheno-
type in UL. Further illustration of this observation can be
found by inclusion of expression signatures of four of the
plexiform UL in a cluster analysis using a previously
reported gene set that resolves the spectrum of uterine
smooth muscle tissues (myometrium, typical UL, and
leiomyosarcoma) into benign versus malignant groups.35

In Figure 2, all plexiform UL clustered into a distinct
branch within the benign group. This node did not in-
clude a histologically normal UL (Leio240) with a t(12;
14)(q15;q23-q24) and proven aberrant HMGA2 expres-
sion.35 In fact, nearly 17% of karyotypically abnormal UL
have a t(12;14)(q15;q23-q24) associated with signifi-
cantly increased HMGA2 expression,9,10 and most of
these tumors have typical, nonplexiform histology.

A similar cluster analysis using the same gene list was
previously performed for two cases of another histologi-
cal variant of UL, the cellular type with loss of 1p, which
differs from plexiform UL by the extent of cellularity and
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extracellular matrix.34 These cases, TUMOR 6 and
TUMOR 7 in Figure 2, grouped with the leiomyosarcomas
on the malignant branch. Thus, microarray expression
data support the clinical observations that plexiform UL
are benign and illustrate that UL are not a single disease
process.

The characteristic pseudo-epithelioid/rounded ap-
pearance of the plexiform subgroup of UL is secondary to
matrix deposition and constrictive pressure, suggesting
they are created through their remarkable capacity to
synthesize extracellular matrix.18 In fact, the most signif-
icantly up-regulated gene in plexiform UL compared to
typical UL is one of the type I collagen chain genes,
COL1A. Plexiform UL are also generally solitary and be-
nign with an excellent clinical prognosis19; only a single
case of a malignant plexiform tumor with increased mi-
totic activity has been reported.40 This is in contrast to
other variants of epithelioid leiomyomata, those with
“true” epithelioid differentiation historically called
leiomyoblastoma, which have been known to invade lo-
cally, metastasize, and recur.20,21 In a series of five of
these nonplexiform epithelioid UL, multiple karyotypic ab-
normalities were reported ranging from normal in one
tumor to one tumor with complex changes including t(10;
12)(q22;q15) and del(7)(q21.2q31.2).41 The stemline
t(10;12) in this latter tumor has breakpoints correspond-
ing to the bands in which MYST4 (MORF) and HMGA2
reside, and the secondary deletion of 7q includes the
critical 7q22 region characteristically deleted in UL.32,42

The karyotypes in these nonplexiform epithelioid tumors,
however, did not overlap with those of the plexiform UL
found in the present study. Despite the malignant poten-
tial of leiomyoblastoma, the current classification system
combines them with plexiform UL into a single group.19

In conclusion, because of the lower threshold for clin-
ical suspicion of malignancy for “true” epithelioid tumors
and based on both clinical observation and the cytoge-
netic and molecular analyses presented here, plexiform
UL may most appropriately be classified among tumors
with extensive hyalinization rather than those with “true”
epithelioid differentiation. In addition, efforts to dissect
the molecular mechanisms of UL should include stratifi-
cation by histopathology and, ideally, by karyotype and
race.
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