CASE REPORT

Coordination of bone morphogenetic protein 2 (BMP2) and aberrant
canonical Wnt/p-catenin signaling for heterotopic bone formation in
adrenal myelolipoma: A case report

Yozo Mitsui, MD;" Hiroaki Yasumoto, MD,” Miho Hiraki, MD;" Naoko Arichi, MD,” Noriyoshi Ishikawa, MD;" Yuji
Harada, MD;" Riruke Maruyama, MD," Hiroaki Shiina, MD"

*Department of Urology, Shimane University Faculty of Medicine, zumo, Japan; Department of Pathology (Organ Pathology Unit), Shimane University Faculty of Medicine, lzumo, Japan

Cite as: Can Urol Assoc J 2014;8(1-2):104-7. htp://dx.doi.org/10.5489 /cuaj.1610
Published online February 12, 2014.

Abstract

The precise mechanism of heterotopic ossification caused by sev-
eral types of tumours is largely unknown. However, recent stud-
ies have indicated that bone morphogenetic protein 2 (BMP2) is
closely linked to the Wnt/B-catenin signaling pathway in this rare
phenomenon of bone formation. We report a rare case of adrenal
myelolipoma (ML) in a 27-year-old woman with heterotopic bone
formation. Immunohistochemical findings showed BMP2 expres-
sion in the cytoplasm of tumour cells, as well as the matrix adja-
cent to newly developed bone tissue. In addition, B-catenin was
prominent in the cytoplasm and nuclei of BMP2-positive tumour
cells. To the best of our knowledge, this is the first report of adrenal
ML showing heterotopic ossification with accelerated expression of
both BMP2 and f-catenin. Our case findings indicate that BMP2
overexpression via aberrant canonical Wnt/B-catenin signaling may
contribute to heterotopic bone formation occurring in adrenal ML.

Introduction

Formation of heterotopic bone in adrenal myelolipoma
(ML) patients is extremely rare. Previous studies have shown
that bone morphogenetic protein 2 (BMP2), known to be
a primary inducer of bone formation, plays an important
role in heterotopic ossification in several types of cancer.'?
Interestingly, a more recent study found that coordination of
BMP2 and Wnt/B-catenin signaling may be involved in the
process of osteoplastic differentiation and subsequent bone
formation,* while B-catenin has also been reported to induce
BMP2 expression in gastrointestinal cancer cells.> We report
a case of adrenal ML showing heterotopic bone formation
with overexpression of BMP2 and B-catenin, indicating the
possible involvement of BMP2 and the Wnt/B-catenin sig-
naling pathway in heterotopic ossification.

Case report

A 27-year-old woman was referred to our hospital for an
incidentally found left adrenal mass. She was otherwise in
good physical condition (height 161 cm, body weight 48 kg)
with normal blood pressure (108/69 mmHg). Laboratory
examination and hormonal findings showed no abnormal-
ity. A computed tomography scan of her abdomen showed
a 5.2 x 4.3 x 4.6-cm heterogeneous mass close to the left
adrenal gland area, including adipose tissue and calcifica-
tion. Based on the typical imaging findings and the hor-
monally inactive nature of the tumour, an adrenal ML was
the most probable preoperative diagnosis. Because of the
high risk of rupture and malignant potential, surgery with a
tumorectomy was performed.

The excised specimen was a soft round mass sized
8.0 x 5.5 x 2.5 cm, with yellowish fatty tissue seen on
the cut surface (Fig. 1, part A). The pathological diagno-
sis was an adrenal ML comprised of mature adipose tissue
mixed with hematopoietic tissue (Fig. 1, part B). In addition,
irregularly-shaped bone spicules were found surrounded by
osteoblast-like cells, some of which had already undergone
calcification (Fig. 1, part C).

To clarify the mechanism of heterotopic ossification in
this case of adrenal ML, immunohistochemical analysis was
performed using anti-BMP2 (1:250, Abcam, Cambridge, MA)
and anti-p-catenin (1:500, BD Biosciences, UK) antibodies.
Positive staining for BMP2 was found in the matrix adjacent
to the tumour cells and also in areas of developing bone for-
mation with osteoblast-like cells (Fig. 2, part A). In addition,
weak BMP2 expression was another interesting finding in
the cytoplasm of the tumour cells (Fig. 2, part B), while posi-
tive B-catenin was a typical finding in the cytoplasm and/or
nuclei of BMP2-positive tumour cells (Fig. 2, part C and D).
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Fig. 1. A: Gross appearance of resected specimen, which measured 5.2x4.3x4.6 cm in size and was composed of yellowish fatty tissue. B: Microscopic findings of
the adrenal myelolipoma (ML) revealed mature adipose tissue mixed with hematopoietic tissue. Reduced from x100. C: Ossification in the adrenal ML consisted of
several irregular areas of immature bone with osteoblast-like cells. Reduced from x100.

Discussion

Heterotopic bone formation is an extremely rare phenom-
enon in ML patients, with only 6 reported cases of hetero-
topic ossification.®” Until recently, the precise mechanism
underlying heterotopic ossification caused by several types
of tumours was largely unknown. However, some reports
have indicated that BMP2, a critical autocrine and paracrine
growth factor that directs osteoblast differentiation and bone
formation, plays an important role in heterotopic ossifica-
tion.™* Komai and colleagues? showed that heterotopic ossi-
fication may result from metaplasia of pluripotent stem cells
into osteoblast cells induced by BMP2. Nevertheless, the
exact molecular and cell biological associations of BMP2
with heterotopic ossification remain to be elucidated.
Wnt/B-catenin signaling plays significant roles in both
embryonic development and tumorigenesis, and when acti-
vated induces differentiation of mesenchymal cells with
pluripotential into osteoblast progenitors to become osteo-
blasts.* In addition, this study* clearly showed the coopera-
tive regulation of BMP2 with Wnt/B-catenin signaling to
induce osteoblastic differentiation and subsequent bone for-
mation. Since activation of Wnt/B-catenin signaling induces
and increases the expression of BMP2 and BMP target genes,

respectively,*>® the Wnt/B-catenin signaling pathway may
be a candidate upstream activator of BMP2 expression in
osteoblasts.*

In the present adrenal ML case, BMP2 expression was
positive in the matrix adjacent to tumour cells, where
bone spicules were also found with osteoblast-like cells.
Furthermore, weak but positive BMP2 expression was found
in the cytoplasm of the tumour cells, with -catenin expres-
sion also identified in the cytoplasm and/or nuclei of BMP2-
positive tumour cells. Based on these findings, we speculate
that BMP2 overexpression in adrenal ML cases is closely
related to an aberrant canonical Wnt/B-catenin signaling
pathway, while BMP2 induction by the tumour cells may
affect ectopic bone formation by transforming undifferenti-
ated mesenchymal cells into osteoblast-like cells.

An adrenal ML is a relatively rare benign mesenchymal
tumour, consisting of mature fat and bone marrow elements.
Although several different pathogeneses have been postu-
lated,’ recent cytogenetic analyses have revealed it to be
a myeloid tumour arising from misplaced hematopoietic
cells.”1% In the present case, aberrant canonical Wnt/B-
catenin signaling, typically found in variety of hemato-
poietic neoplasms,'" was shown to be involved. Thus, the
pathogenesis of our case appears to be compatible with the
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B: Weak staining for BMP2 is also seen in the cytoplasm of tumour cells. Reduced from x200. C: Strong positive immunohistochemical staining for p-catenin is
observed in BMP2 positive tumour cells. Reduced from x100. D: Abnormal 3-catenin staining is seen in the cytoplasm and/or nucleus of tumour cells.

dysregulation of Wnt/B-catenin signaling frequently found in Ths papr has been peetevewed

hematopoietic tumours and also in line with the hypothesis
stating that an adrenal ML is a myeloid tumour. Our findings
will contribute to a better understanding of its pathogenesis.  References
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