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A B S T R A C T

Aims: Genomic instability has been indicated during the dedifferentiation process from leiomyoma (LM) to
leiomyosarcoma (LMS). Previously, we have described that nuclear expression pattern of DNA damage response
protein p53-binding protein 1 (53BP1), detected by immunofluorescence, reflects the magnitude of genomic
instability during malignancy. Here, we present a case of LMS arising from LM with molecular analysis of 53BP1,
which showed transitional magnitude of DNA damage response within a tumor.
Methods and results: A fifty-year-old female with abdominal mass underwent hysterectomy. Histologically, the
tumor consisted of LMS with highly atypical multinucleated giant cells as well as an LM component with
transitional atypical spindle cells in the border area. LMS showed diffuse nuclear staining of 53BP1 expression,
which has been previously described as high DNA damage response pattern. In contrast, the LM component
lacked 53BP1 immunoreactivity and focal expression was observed in transitional lesion. Furthermore, double-
labelled immunofluorescence revealed co-localization of 53BP1 with p53 and Ki-67 in the LMS component,
which indicated abnormal DNA damage response in proliferative state.
Conclusions: This study revealed that diffuse-type 53BP1 expression may be beneficial to estimate genomic in-
stability during dedifferentiation from LM to DLMS.

1. Introduction

The importance of a functional DNA damage response pathway in
tumor suppression is well established. Defective or abnormal DNA da-
mage response can result in genomic instability, leading to the devel-
opment of cancers [1,2]. The p53-binding protein 1 (53BP1), belonging
to a family of evolutionarily conserved DNA damage response proteins,
localizes at sites of DNA double-strand breaks and forms nuclear foci

(NF) [3,4]. Previously, we have reported that the type of 53BP1 ex-
pression alters during carcinogenic process, including that in thyroid
[5–8], skin [9], cervical [10], and bladder cancers [11]. Notably, high
DNA damage response types including diffuse-type with heterogeneous
and brightly diffuse nuclear staining were found to be closely associated
with a higher level of malignant potency [11]. Furthermore, 53BP1 and
proliferation marker Ki-67 show frequent co-localization in carcinoma
cells, whereas this is rarely observed in benign lesions. As DNA damage
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response occurs during cell cycle arrest, the co-localization of 53BP1
expression and Ki-67 can be considered an indicator of abnormal DNA
damage response pathway, which is subsequently associated with car-
cinogenesis via genomic instability.

Dedifferentiation is defined by the occurrence of a high-grade or
undifferentiated tumor from a low-grade/borderline neoplasm [12],
and is occasionally associated with the presence of highly atypical
multinucleated giant cells, indicating aneuploidy as well as genomic
instability. Here, we present a rare case of uterine dedifferentiated
leiomyosarcoma (DLMS), showing highly atypical multinucleated giant
cells with the presence of leiomyoma (LM) elements. Although such
case of uterine tumor is extremely rare, previous molecular studies
support the occurrence of DLMS from adjacent LM in the uterus [13]. In
addition, previous reports suggest a role of p53 mutation and p16 in
dedifferentiated chondrosarcoma [14]. The present case highlights the
significance of the type of 53BP1 expression as an ancillary molecular
pathological marker during tumorigenesis, particularly in dediffer-
entiation.

2. Case presentation

The patient was a 50-year-old multipara woman who presented with
increasing abdominal mass. Magnetic resonance imaging revealed a
bulky pelvic mass (12×10×15 cm) in the dorsal right side of the
uterus. The tumor was iso-intense on T1-weighted images, which con-
tained a few high-intensity zones. T2-weighted images showed iso-in-
tense mass with high-intensity component (Fig. 1A, B). Preoperative
diagnosis was sarcoma. Total hysterectomy and bilateral oophorectomy
were performed. The tumor had developed in the uterine part adjacent
to the right broad ligament and protruded to the serosal surface with
peritoneal dissemination. The weight of the resected tumor was 1060 g.
The patient underwent combination chemotherapy of gemcitabine and
docetaxel after the surgery. One year post surgery, multiple recurrent
tumors developed in the peritoneum. Although immunotherapy was
additionally performed, the patient deceased 6 months after recurrence
due to multiple organ failure induced by tumor progression.

Fig. 1. Sagittal MRI of the pelvis (A) T1-weighted image and (B) T2-weighted image. MRI detected homogenous solid area adjacent to the irregular mass with high-
intensity area (B), suggesting hemorrhage. (C) Gross finding of the tumor (cut surface) showing whitish-grey solid mass with distinct fragile reddish area containing
hemorrhage and necrosis.

Fig. 2. Microscopic findings of the tumor. (A:
Section #10 in Fig. 1C) Interlacing fascicles of
spindle cells with blunt nucleus and no mitotic
figure in the solid area, suggesting leiomyoma.
(H&E staining; original magnification ×20).
(B: section#13 in Fig. 1C) Tumor cells in tran-
sitional lesion presenting gradual increase of
cellular atypia toward reddish and necrotic
area (H&E staining; original magnification
×200). (C, D: section#20 in Fig. 1C) Tumor
exhibiting highly atypical multinucleated giant
cells with large bizarre nuclei and frequent
mitoses in the reddish lesion, suggesting leio-
myosarcoma (H&E staining; original magnifi-
cation C×200, D×400).
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3. Pathological findings

Grossly, the cut surface of tumor consisted of two components: a
grey-white solid mass and a fragile reddish area containing hemorrhage
and necrosis (Fig. 1C). Microscopic examination revealed interlacing
proliferation of spindle cells with a blunt-ended nucleus without mitotic
figure in the grey-whitish area, which suggested LM (Fig. 2A). At the

LM margin, adjacent to the fragile reddish area, the severity of cellular
atypia of spindle cells gradually increased, indicating pleomorphism
and hyperchromatia (Fig. 2B). In the fragile reddish area, tumor cells
presented with frequent mitoses (12 mitoses per 15 high-power fields)
(Fig. 2C) and highly atypical multinucleated giant cells with huge bi-
zarre nuclei, suggesting LMS (Fig. 2D). The results for im-
munohistochemistry of this tumor are summarized in Fig. 3 and

Fig. 3. Immunohistochemical analysis of the tumor. αSMA and desmin were detected in leiomyoma (LM) (section #10), whereas p53 and Ki-67 were positive in
leiomyosarcoma (LMS) (section #20). p16INK4a was mostly positive in the LM component (section #10) and was strongly positive in leiomyosarcoma (LMS) com-
ponent (section#20).

Table 1
Immunohistochemical profiles of leiomyoma and dedifferentiated leiomyosarcoma component.

AE1/AE3 Vimentin αSMA Desmin Myoglobin S-100 hCG KP-1 ER PgR Ki-67 p53 p16INK4a

#10
LM component

− ＋ ＋ ＋ − − − − − ＋ 0.5％ − ＋

#20
DDLMS component

− ＋ − − − − − − − − 64.3% ＋ ＋

LM, leiomyoma; DDLMS, dedifferentiated leiomyosarcoma; AE1/AE3, pan cytokeratin; αSMA, alpha-smooth muscle actin; hCG, human chorionic gonadotropin; KP-
1, Anti-CD68 monoclonal antibody; ER, estrogen receptor; PgR, progesterone receptor.
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Fig. 4. Double immunofluorescence (IF) ana-
lysis of p53-binding protein 1(53BP1) and p53
in the tumor. IF showing co-localization of
53BP1 with p53 in the LMS component. LM
showed minimum expression of 53BP1 with
p53, whereas LMS section presented with nu-
clear expression of 53BP1, which was fre-
quently co-localized with p53; the expression
was also detected in the junction area.

Fig. 5. Double immunofluorescence (IF) ana-
lysis of p53-binding protein 1(53BP1) and Ki-
67 in the tumor.
IF showing co-localization of 53BP1 with Ki-67
in the LMS compornent. LM showed minimum
expression of 53BP1 with Ki-67, whereas LMS
section presented with nuclear expression of
53BP1, which was frequently co-localized with
Ki-67; the expression was also detected in the
junction area.
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Table 1. A strong immunopositivity for both desmin (DakoCytomation,
clone D33 ; IS606) and alpha-smooth muscle actin (αSMA) (DakoCy-
tomation, clone 1A4 ; M0851) was demonstrated in the LM area;
however, it was only focally positive in atypical spindle cells and ne-
gative in multinucleated giant cells in DLMS area, suggesting smooth
muscle differentiation in DLMS tumor (Fig. 3). Immunoreactivity for
progesterone receptor (Leica, clone 16; NCL-L-P-PGR-312) was found
only in the LM component. In contrast, immunoreactivity for Ki-67
(DakoCytomation, clone MIB-1; M7240), p53 (DakoCytomation, clone
DO-7; MA5-12557), and p16INK4a (Roche; 705-4793) were strong in
atypical spindle cells and multinucleated giant cells in LMS area, in-
dicating malignant potency (Fig. 3). Notably, p16INK4a was also positive
in LM component.

4. Immunofluorescence analysis for the type of 53BP1 expression

In LMS, atypical spindle cells and multinucleated giant cells showed
diffuse-type nuclear staining of 53BP1 (Bethyl Laboratories; A300-
272A) expression, whereas no benign LM cells expressed 53BP1 im-
munoreactivity (Figs. 4, 5 ). Furthermore, we observed co-localization
of 53BP1 and p53 /Ki-67 in the components of LMS (Fig. 4,5).

5. Discussion

Although majority of the uterine LMS are thought to occur de novo,
uterine LMS rarely develops from pre-existing LM [15]. Such cases tend
to localize at the broad ligament [16–19], as observed in our case. The
tumor in the present case showed a transition from benign LM to DLMS,
presenting several highly atypical multinucleated giant cells via clas-
sical LMS components without multinucleated giant cells, thus pro-
viding us a valuable opportunity to explore the molecular alterations of
uterine smooth muscle tumorigenesis.

Our analysis identified variation in 53BP1 expression within tumor
components. The diffuse-type of 53BP1 was restricted to only the ma-
lignant components. However, p16INK4a expression was found in both
LM and LMS components, and the expression was more intense in LMS
components, consistent with a previous report [20]. Overexpression of
p16INK4a protein is thought to be induced by replication stress to down-
regulate cellular proliferation at the early phase of tumorigenesis [21].
We observed simultaneous overexpression of p16INK4a and Ki-67 in LMS
components, suggesting a loss of tumor suppressive ability despite the
presence of p16INK4a protein in LMS. Furthermore, frequent nuclear co-
localization of 53BP1 expression and Ki-67 was observed in LMS, in-
dicating a disrupted DNA damage response in malignancy. The diffuse-
type of 53BP1 expression was frequently co-localized with p53 in the
LMS component, including in multinucleated giant cells. The present
study provides new evidence indicating an association between diffuse-
type 53BP1 expression and mutations in the p53 tumor suppressor gene
[22] in DLMS. Our supplemental analysis revealed that all components
(LM, junction, and LMS) of the present case harbored wild-type med-
iator complex subunit 12 (MED12) exon 2 (supplemental Fig. 1), which is
frequently mutated in uterine LM but rarely in LMS [23,24]. Thus,
oncogenic mutations in MED12 exon 2 might not be critical for the
malignant transformation of uterine smooth muscle tumors.

Genomic instability plays a crucial role in carcinogenic process and
is involved in higher grade of diverse malignancy. Our published data
showed that the diffuse-type of 53BP1 expression is frequently observed
in anaplastic carcinoma of the thyroid [5], high-grade urothelial car-
cinoma of the bladder [11], and oxyphilic follicular tumor of the
thyroid [7]. In addition, we have demonstrated that diffuse-type of
53BP1 is closely associated with molecular alterations indicating
genomic instability in tumors, including p53 overexpression in ana-
plastic carcinoma, a high level of chromosomal instability by multi-
colored FISH, a loss of RAD51 expression (a key molecule for homo-
logous recombination), p53 overexpression in high grade urothelial
carcinoma, and a high level of chromosomal copy number aberrations

by array comparative genomic hybridization in oxyphilic follicular
tumor [5]. Therefore, we propose that the diffuse-type of 53BP1 ex-
pression is an indicator of genomic instability in carcinogenic processes.
Chromosomal copy number aberrations are also well known in both
uterine LMS [25] and dedifferentiated sarcoma [26,27].

Although further study is required with accumulation of similar
cases, our study provides strong evidence that 53BP1 is an indicator of
transitional enhancement of genomic instability from LM to LMS.
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