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Specialized stromal tumors of the prostate encompass stromal sarcoma and stromal tumors of uncertain

malignant potential (STUMP). The molecular signature associated with stromal sarcoma and STUMP has not

been unraveled. The study was conducted to detect the chromosomal imbalances in stromal sarcoma and

STUMP by using array comparative genomic hybridization (aCGH). The study consisted of two cases of stromal

nodule, eight cases of STUMP (three degenerative atypia type, three myxoid type, one hypercellular type, and

one phyllodes type), and four cases of stromal sarcoma, including a distant metastasis developed

metachronously after a primary stromal sarcoma of the prostate. DNA was extracted from the representative

paraffin-embedded formalin-fixed specimens and was submitted for aCGH. All stromal sarcomas and seven

STUMPs revealed chromosomal aberrations. Overall, the most common alteration was loss of chromosome 13

(10 cases), followed by loss of chromosome 14 (9 cases), and loss of chromosome 10 (7 cases). Except one

stromal sarcoma, which showed a distinct chromosomal profile of multiple amplifications, other stromal

sarcomas showed a similar pattern to those of STUMP. Stromal sarcoma and STUMP shared similar profiles of

chromosomal imbalances. From a molecular genetic perspective, the recurrent chromosomal alterations

support the concept of specialized stromal tumors of the prostate as a distinctive tumor entity.
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Prostatic stromal tumors arising from the specialized
prostatic stroma are rare and distinct tumors with
diverse histological patterns.1,2 In the past, these
tumors have been reported under a variety of terms
including atypical stromal (smooth muscle)
hyperplasia, phyllodes type of atypical stromal
hyperplasia, and cystic epithelial–stromal tu-
mors.3–6 In 1998, a classification of these stromal
lesions was proposed, identifying (1) prostatic
stromal sarcoma and (2) stromal tumors of
uncertain malignant potential (STUMP).1 Implicit
in this classification is that all such atypical stromal
proliferations are neoplastic. Four distinct
histological patterns, namely, degenerative atypia
pattern, hypercellular pattern, myxoid pattern, and

phyllodes-type growth pattern, were recognized.
Stromal sarcomas are subtyped as low grade and
high grade on the basis of cellular pleomorphism
and degree of cellularity. Follow-up of these patients
revealed that these neoplasms are associated with
unique local morbidity and malignant potential.2

STUMP can recur frequently, occur at a younger age,
predominantly involve the peripheral zone where
they can adhere to the rectum, requiring its removal,
and dedifferentiate to or be concurrently associated
with stromal sarcoma. Low-grade stromal sarcoma
can locally invade and high-grade sarcoma has the
potential to metastasize.

Although the histological and immunohistochem-
ical patterns of STUMP and stromal sarcoma have
been characterized, the cytogenetics of these tumors
are largely unknown.7,8 In this study, we aimed to
delineate the chromosomal profile of STUMP and
stromal sarcomas using array comparative genomic
hybridization (aCGH). This molecular genetic study
is helpful to clarify the neoplastic nature of the
disease. The series recruited nine patients from the

Correspondence: Professor C-C Pan, MD, Department of Pathol-
ogy, Taipei Veterans General Hospital, National Yang-Ming
University, No. 201, Shi-Pai Rd., Sec.2, Taipei 11217, Taiwan.
E-mail: ccpan@vghtpe.gov.tw
Received 7 February 2013; revised 27 March 2013; accepted 27
March 2013; published online 14 June 2013

Modern Pathology (2013) 26, 1536–1543

1536 & 2013 USCAP, Inc All rights reserved 0893-3952/13 $32.00

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2013.99
mailto:ccpan@vghtpe.gov.tw
http://www.modernpathology.org


Figure 1 Histology of (a) degenerative atypia type, (b) hypercellular type, (c) myxoid type and (d) phyllodes type of stromal tumor of
uncertain malignant potential, (e) low-grade stromal sarcoma, (f) high-grade stromal sarcoma, and (g) the metastatic high-grade stromal
sarcoma. One peculiar high-grade stromal sarcoma (h) composed of spindle cells and myxoid areas showed distinct chromosomal profile.
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pathology consult file of the Johns Hopkins Hospital
and two patients from the surgical pathology file of
Taipei Veterans General Hospital. The study abided
by the regulations of the institutional review board
of Taipei Veterans General Hospital.

Materials and methods

Sample Collection

Initially, we collected tumor samples from 13
patients with STUMP and 4 patients with stromal
sarcoma from Johns Hopkins Hospital, MD, and 2
patients with stromal sarcoma from Taipei Veterans
General Hospital, Taiwan. The cases of the Johns
Hopkins Hospital were reported in previous
studies. One patient of the Taipei Veterans General
Hospital had samples of both primary and meta-
static tumors (a distant metastasis in abdominal
cavity 2 years after prostatectomy) for analysis. The
patients’ ages ranged from 42–66 (mean, 56) years.
The tumors were subtyped histologically as pre-
viously described (Figure 1).2 The samples were
fixed in formalin and embedded in paraffin. The
paraffin blocks were punctured at the most suitable
site for DNA extraction corresponding to the most
cellular area of the tumor based on hematoxylin

and eosin-stained slides. The tumor cells occupied
at least 80% of the selected areas. Cases where
tumor cells were too infiltrative to be separated
from non-neoplastic prostatic glands were
excluded. Finally, 12 (eight STUMPs and four
stromal sarcomas) of these samples had DNA of
sufficient quality, and were used for subsequent
analysis. Two cases of hyperplastic stromal nodule
were run in parallel.

DNA Extraction

Fomalin-fixed paraffin-embedded tissues were
deparaffinized using xylene and washed in ethanol.
A 1M solution of sodium thiocyanate was added to
the dry pellet and incubated at 37 1C overnight to
remove crosslinks. After removal of the sodium
thiocyanate, a QIAamp (Qiagen, Foster City, CA)
extraction procedure was performed according to
the manufacturer’s instruction. After adsorbed
onto a QIAamp silica membrane, the DNA was
washed and eluted. The quantity (OD 260nm)
and quality (OD 260nm/OD 280 nm) of DNA in
the obtained solution were measured using an
ND-1000 spectrophotometer (Nanodrop Technology,
Wilmington, DE). The integrity of the DNA was
determined using an Agilent 2100 Bioanalyzer

Table 1 Summary of diagnosis and chromosomal imbalances in prostatic stromal tumors

No. Diagnosis Subtype Specimen Chromosomal gains Chromosomal losses Source

1 STUMP Myxoid RP 21q 1p31-p36, 3p11-p26, 6q,
10, 13, 14, 15, 22

J

2 STUMP Hypercellular RP Nil 1p31-p36, 13q11-q21,
17p13

J

3 STUMP Degenerative atypia TURP Nil 2q35-q37, 7q32-q36, 10,
13, 14, 16q12-q24, 17q22-
q25

J

4 STUMP Myxoid TURP Nil Nil J
5 STUMP Myxoid RP Nil 10q, 12p11-p13, 13, 14,

16q, 17p11-p13, 22q
J

6 STUMP Degenerative atypia RP 17p 4q31-q35, 13, 14 J
7 STUMP Degenerative atypia RP Nil 6p, 10, 13, 14 J
8 STUMP Phyllodes RP Nil 1p, 6, 10, 11, 13, 14,

15q11-q21, 19p13, 22q
J

9 Stromal
sarcoma

Low grade TURP 19p12-p13 4p15-p16, 7q11-q22, 13,
14, 16q

J

10 Stromal
sarcoma

High grade RP 8q12-q22, 12q13-q21,
17q21-q25, 19, 21q,
22q12-13

1p13-p32, 3q11-q22, 4q,
5p, 5q11-q23, 7p, 9, 10q,
11, 13, 14, 18, 20p, Xq

T

10ma Stromal
sarcoma

High grade Excision 8q12-q22, 12q13-q21,
17q21-q25,19p, 21q21-
q22, 22, Y

1p13-p32, 3q11-q22,
4q34-q35, 5p13-p15,
5q11-q23, 9p, 10q, 11, 13,
14, 18q11-q23, 20p, Xq

T

11 Stromal
sarcoma

High grade TURP 8q, 12, 18, 19, 20, X, Y Nil T

12 Stromal
nodule

— TURP Nil Nil J

13 Stromal
nodule

— TURP Nil Nil T

Abbreviations: STUMP, stromal tumor of uncertain malignant potential; RP, radical prostatectomy; TURP, transurethral resection of prostate; J,
Johns Hopkins Hospital; T, Taipei Veterans General Hospital.
aCase 10m is the metastatic tumor of case 10.
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(Agilent Technologies, Santa Clara, CA). DNA
samples with a length profile showing a sufficient
amount of single-stranded DNA of over 500 bp in
length were used of aCGH analysis.

aCGH analysis

Genomic DNA (2 mg) isolated from the tissue
samples and DNA from healthy tissue (Promega
Corporation, Madison, WI) were labeled with Cy5
and Cy3, respectively, using an Oligo aCGH Labeling
Kit (Agilent Technologies). The Cy5-labeled and
Cy3-labeled samples were purified using Agilent-
KREApure columns (Agilent Technologies). The
appropriately purified and labeled samples were
processed according to the manufacturer’s protocol.
Before hybridization to the array, the hybridization
mixtures were denatured at 95 1C for 3min and
incubated at 37 1C for 30min, and the samples were
then applied to the Agilent Genome CGHMicroarray
244K (Agilent Technologies). Hybridization was
carried out for 40 h at 65 1C. After washing, the
slides were scanned on an Agilent microarray

scanner. The images were analyzed using Feature
Extraction software, version 10.5.1.1 (Agilent Tech-
nologies) and Agilent Genomic Workbench software,
version 7.0.4.0 (Agilent Technologies) using the
ADM-2 algorithm with the following settings: 2Mb
moving average; threshold, 6; filter, 3 probes; and
0.4 log2 ratio.

Results

The histological patterns, tissue sources, and altera-
tions in copy number are listed in Table 1. Seven of
the eight STUMPs and all stromal sarcomas revealed
chromosomal aberrations. One myxoid STUMP
(case 4) showed no change in copy number. Overall,
the most common alteration was loss of chromo-
some 13 (10 cases), followed by loss of chromosome
14 (9 cases), and partial or complete loss of
chromosome 10 (7 cases). Less frequent losses were
noted on chromosomes 1p (5 cases), 22 (4 cases) and
16q (3 cases). Chromosomal gains were uncommon
in STUMPs but more common in stromal sarcomas.
The occurrence of chromosomal alteration was

Figure 2 Examples of stromal tumor of uncertain malignant potential (STUMP) showing recurring chromosomal losses of 10, 13, and 14
(case 3, 5, and 8). One myxoid STUMP showing no chromosomal imbalances (case 4).
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observed in all histological subtypes of STUMP. One
low-grade stromal sarcoma (case 9) revealed a
similar pattern to those of STUMP, involving a total
of six chromosomes. The total aberrations involved
19 chromosomes in one high-grade stromal sarcoma
(case 10). The metastatic tumor (case 10m) of this
case manifested almost an identical aCGH profile as
that of the primary tumor. The other high-grade
stromal sarcoma (case 11) showed a distinct chro-
mosomal profile of multiple amplification affecting
chromosomes 8q, 12, 18, 19, 20, X, and Y. Morpho-
logically, this peculiar sarcoma was composed of a
mixture of spindle cells and myxoid areas
(Figure 1h). The tumor cells were positive for
CD34 immunohistochemically, but negative for
CD117, S100 protein, and actin. A diagnosis of
high-grade prostatic stromal sarcoma was rendered
on the basis of histology and immunoprofile, as well
as its prostatic location without other primary sites.
The patient developed liver metastasis 8 months
later and died of the disease 10 months after the

initial diagnosis. Examples of aCGH profiles of
STUMP and stromal sarcoma are shown in
Figures 2 and 3, respectively. The accumulative
penetrance plot is demonstrated in Figure 4. The
two cases of stromal nodule showed balanced
dosages of chromosomes.

Discussion

The genetic profiles of STUMP and stromal sarcoma
have not been delineated. One study employing loss
of heterozygosity analyses on six phyllodes tumor of
the prostate8 and one report of aCGH on a single case
of phyllodes tumor were published.7 In the former
study, McCarthy et al.8 demonstrated that both
epithelium and stroma in phyllodes tumor are
clonal proliferations, and they appear to have
different clonal origins. In the latter report, Fujii
et al.7 did not identify genome-wide chromosomal
changes. No molecular genetic or cytogenetic

Figure 3 One low-grade stromal sarcoma (case 9) reveals a chromosomal profile comparable to stromal tumor of uncertain malignant
potential. One high-grade stromal sarcoma (case 10) reveals multiple chromosomal aberrations including losses of chromosomes 10, 13,
and 14. Note that the chromosomal profiles of case 10 and its metastasis (case 10m) are generally the same. The other stromal sarcoma
(case 11) shows different chromosomal changes manifested as multiple gains.
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studies were performed on stromal sarcoma and
other subtypes of STUMP.

In this study, we found recurrent chromosomal
changes in both the STUMP and stromal sarcoma.
This finding further confirms the clonal nature of
this disease, and these lesions should be interpreted
as being neoplastic rather than hyperplastic. It
should be noted that these chromosomal alterations
were not specific for a certain histological subtype,
but were observed in all of them. The presence of
similar chromosomal changes in the ‘degenerative
atypia’ subtype as in other subtypes indicates that
such lesion is a true neoplasm rather than a non-
neoplastic degenerative process. The detection of
similar aberration in one phyllodes tumor (case 8)
supports the inclusion of this subtype into the
category of STUMP.

It is intriguing that stromal sarcoma shared
common chromosomal alterations with STUMP. This
observation implies that stromal sarcoma and
STUMP belong to the same family of neoplasm,
and probably represent a spectrum. This finding is
concordant with the coexistence of STUMP and
stromal sarcoma observed in some previous series.
Given the more ominous histological features and
aggressive behavior of the stromal sarcoma
compared with STUMP,2 there plausibly exist yet
unraveled molecular events in the progression from
STUMP to stromal sarcoma. One may intuitively

speculate that stromal sarcomas bear more extensive
genetic abnormalities. One of the high-grade stromal
sarcomas in this series had wider aberrations
involving numerous chromosomes. It is noted that
this disordered chromosomal pattern was highly
preserved in the metastasis that occurred 2 years
after the primary tumor. On the contrary, the low-
grade stromal sarcoma showed comparable changes
with those of STUMP. However, the case number is
too low to draw any conclusion at present.

Chromosomal regions that were most frequently
lost included 13, 14 and 10. Complete or partial
losses of these chromosomes have been reported in
various types of cancers.9–15 Losses in 10q and 13q
are frequently detected in the leiomyosarcomas and
malignant fibrous histiocytomas.13–15 However,
those soft tissue sarcomas usually reveal complex
genomic profiles without consistent aberration
pattern. Loss of chromosome 14 appears to be a
relatively unique anomaly for prostatic stromal
neoplasms, as chromosome 14 is not commonly
deleted in other soft tissue sarcomas.13

The regions delineated by our assay are too broad
to allow the identification of specific candidate
genes. Target tumor suppressor genes that could be
inactivated through 13q deletion include the retino-
blastoma gene16 and the BRCA-2 gene,17 on 13q14,
and 13q12, respectively. KLF6, located on 10p15,
has been demonstrated as a candidate tumor

Figure 4 Accumulative penetrance plot of chromosomal imbalances showing losses of chromosome 13, 14, and 10 as the most common
abnormalities. Red bars indicate gains. Green bars indicate losses.
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suppressor gene often mutated in prostate
cancer.18,19 Three tumor suppressor genes residing
on chromosome 10q (ERCC6, PTEN/MMAC1, and
DMBT1) have been implicated in the development
and progression of several types of neoplasms.20–22

High frequency of allelic loss on chromosome
10q23, where PTEN/MMAC1 gene locates was also
reported in phyllodes tumor of the prostate.8 No
tumor suppressor genes have been well defined on
chromosome 14, but putative tumor suppressor loci
had been mapped by using microsatellite
allotyping.23 Whether these genes participate in
the oncogenesis of prostatic stromal tumors
requires further investigations.

One STUMP of myxoid pattern did not exhibit
gross chromosomal imbalances. Morphologically, this
case could not be discerned from other myxoid
STUMPs harboring chromosomal changes. aCGH
detects only large structural or numeric changes of
chromosomes; therefore, we could not exclude the
possibility of small genetic mutations in that case.
One high-grade stromal sarcoma showed an entirely
disparate aCGH profile from other cases. That singular
case was characterized by multiple chromosomal
over-representation rather than under-representation.
There likely exists a minor subset of stromal
neoplasms that possess different somatic genetics.

Our study included two samples of stromal
nodule of nodular hyperplasia. No gene dosage
changes were discerned. The absence of genetic
alteration in hyperplasia is compatible with the non-
neoplastic nature of the lesion, and lends further
credence to the hypothesis that stromal neoplasms
and stromal hyperplasia are two fundamentally
divergent processes.

A limitation of the present study relates to the
clonal nature of epithelial component of STUMP.
The present assay cannot determine whether the
epithelial cells are of the same clone as the stromal
component. As aCGH requires larger amount of
DNA and epithelial cells is a minor population
compared with stromal cells, it is difficult to purify
sufficient DNA of epithelial cells from the paraffin
sections. We chose the areas where neoplastic
stromal cells accounted for more than 80% of the
lesion; consequently, the aCGH profiles mostly
reflect the clonality of stromal cells.

In conclusion, prostatic specialized stromal
neoplasms share similar profiles of chromosomal
imbalances (mainly deletions of chromosomes 13,
14, and 10). The chromosomal aberrations can be
observed in all subtypes of STUMP and stromal
sarcoma. From a molecular genetic perspective, the
common chromosomal alterations support the con-
cept of specialized stromal tumors of the prostate as
a distinctive tumor entity.
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