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Keywords; Summary Adenomyoma of the uterus is a biphasic nodular lesion composed of a mesenchymal compo-
Adenomyoma; nent with smooth muscle differentiation and a glandular epithelium. The neoplastic nature of uterine
Uterus; adenomyomas has been controversial because some are considered to be nodular adenomyosis.
MEDI2; MED 12 mutations are involved in the pathogenesis of uterine smooth muscle tumors (leiomyomas
Mutation; and leiomyosarcomas) and biphasic tumors of the breast (fibroadenomas and phyllodes tumor). To
Microdissection investigate the histogenesis of uterine adenomyomas, we performed pathological and genetic analyses,

including Sanger sequencing of MEDI?2. In total, 15 cases of uterine adenomyomas were retrieved and
assessed for clinicopathological factors. Immunohistochemistry for smooth muscle actin, desmin, and
CD10 was performed. Exon 2 of MED12 was Sanger sequenced using DNA obtained by macrodissec-
tion of the adenomyomas. For cases that were positive for somatic MEDI2 mutations, we next per-
formed microdissection of the mesenchymal and epithelial components. The DNA extracted from
each component was further analyzed for MED12 mutations. MEDI2 mutations were detected in
two adenomyomas (2/15, 13%), all in a known hot spot (codon 44). In both lesions, MED12 mutations
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were detected in multiple spots of the mesenchymal component. The epithelial component did not har-
bor MED12 mutations. The relatively low frequency of MEDI2 mutations suggests that not all adeno-
myomas are leiomyomas with entrapped glands. However, the results of our study suggest that a subset
of uterine adenomyomas are true mesenchymal neoplasms.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

Uterine adenomyomas are tumor-like masses composed
of endometrial glands, stroma, and smooth muscle that
might be located within the myometrium, or they may
involve or originate in the endometrium and grow as a
polyp [1,2]. The current classification of the World Health
Organization categorizes adenomyoma in the mixed
epithelial and mesenchymal tumors category, together with
atypical polypoid adenomyoma and adenosarcoma [3].
However, there has been controversy over whether adeno-
myoma is a non-neoplastic lesion (nodular adenomyosis) or
a biphasic neoplasm characterized by the proliferation of
smooth muscle and a glandular epithelium [1]. In our
experience, some adenomyomas have minor glandular
components only at the periphery. Such lesions may be
considered leiomyomas with entrapped glands.

Recent molecular analyses have made considerable
contributions to our understanding of the pathogenesis of
uterine biphasic lesions. For example, aberrant expression
of cancer-associated genes such as PTEN was documented
in glandular components of an atypical polypoid adeno-
myoma, suggesting their glandular components to be pre-
cancerous [4]. There has also been a microdissection-based
analysis which proved CTNNBI mutation in their glandular
components [5]. Adenosarcomas, by contrast, are now
regarded as pure mesenchymal neoplasms based on the
results of a microdissection-based sequence analysis, which
revealed the presence of somatic oncogenic mutations
exclusively in the mesenchymal component. Their mesen-
chymal component is considered to be malignant, whereas
the epithelial component is benign and non-neoplastic [6].
Regarding uterine adenomyomas, molecular evidence is
sparse and prior mutational analyses did not focus on the
distinction between the epithelial and mesenchymal com-
ponents [7—9].

MEDI2 is a component of the Mediator complex, which
is the major regulator of the transcription of a plethora of
genes [10]. Its somatic mutation is detected in approxi-
mately 70% and 10% of uterine leiomyomas and leio-
myosarcomas, respectively [11]. Extrauterine smooth
muscle tumors in women such as those arising in the ret-
roperitoneum and ovary are also known to harbor MEDI2
mutation [12,13]. Of interest, MEDI2 mutations are also
frequently identified in breast fibroepithelial lesions such as
fibroadenomas and phyllodes tumor [14,15]. The somatic

alterations in these tumors are restricted to the mesen-
chymal component and absent in the epithelium [16,17].

Considering that smooth muscle proliferation and a
mixed mesenchymal and epithelial morphology are hall-
mark features of uterine adenomyomas, we hypothesized
that MEDI2 mutations are involved in their pathogenesis.
To test this hypothesis, microdissection-based molecular
analyses of uterine adenomyomas together with clinico-
pathological examinations were conducted.

2. Materials and methods

2.1. Case selection and pathological evaluation

We retrieved and reviewed hematoxylin and eosin-
stained sections of 15 cases of adenomyomas that were
surgically removed. The diagnosis of uterine adenomyomas
was made by two of the authors (M.K. and D.M.). Ade-
nomyomas were required to exhibit the following features:
(1) nodularity of the tumor demonstrated radiographically,
macroscopically, or microscopically and (2) benign endo-
metrial glands with or without a stroma surrounded by
leiomyomatous smooth muscle. For hysterectomy speci-
mens, the presence or absence of background adenomyosis
was evaluated. Clinical information related to these lesions
was gathered from charts. Ethical approval was obtained
from the relevant institutional review boards (approval nos.
1211 and 858 for Akita University and Osaka University,
respectively).

2.2. Immunohistochemistry

All tissue samples were fixed in formalin and embedded
in paraffin. Full tissue sections (4 um thick) were used for
immunohistochemistry in all cases. Immunohistochemical
staining was performed according to standard techniques
on a Ventana Benchmark XT Autostainer (Ventana Medical
Systems Inc., Tucson, AZ). We applied three antibodies:
CD10 (1:50, anti-mouse, Clone 56C6; Dako, Glostrup,
Denmark), desmin (1:150, anti-mouse, Clone DE-R-11;
Leica, Newcastle, UK), and smooth muscle actin (SMA)
(1:4000, anti-mouse, Clone 1A4; Dako). Appropriate pos-
itive and negative controls were included.
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2.3. DNA extraction and sequencing of MED12

We analyzed all 15 cases of uterine adenomyomas for
MEDI2 mutations. Sections (10 um thick) were cut from
paraffin-embedded blocks containing adenomyomas.
Representative areas of the adenomyomas were macro-
dissected. Extraction of genomic DNA was performed
using a PicoPure DNA Extraction Kit (Life Technologies
Corp., Carlsbad, CA). Because most previously reported
MEDI2 mutations were clustered in exon 2 and intron 1,
we analyzed this region by polymerase chain reaction
(PCR) followed by direct sequencing. PCR was performed
using two sets of primer pairs: (1) F. 5'-

GCCCTTTCACCTTGTTCCTT-3' and R: 5-AAGCT-
GACGTTCTTGGCACT-3' and (2) F: 5-AACAAC-
TAAACGCCGCTTTC-3 and R: 5'-

AAGCTGACGTTCTTGGCACT-3". For cases positive for
MEDI2 mutations, we next performed microdissection of
the mesenchymal and epithelial components of the adeno-
myomas in the toluidine blue-stained 10-pum-thick sections.
The DNA extracted from each component was analyzed for
MEDI?2 mutations as described previously. Amplification
was performed using a TIO0TM Thermal Cycler (Bio-Rad,
Hercules, CA). An Applied Biosystems 3730x]I DNA
Analyzer (Foster City, CA) was used for sequence analysis.

3. Results

3.1. Clinicopathological features and pathological
findings of the uterine adenomyomas

Of the 15 cases, based on the clinical, radiographic, and
macroscopic findings, we designated eight adenomyomas
as intramural, six as polypoid/submucosal, and one as a
subserosal mass (Table 1). Six adenomyomas (40.0%) were
identified in the hysterectomy specimens. The remaining

adenomyomas were enucleated and removed by poly-
pectomy or resectoscopic myomectomy.

Microscopically, in all of the cases, endometrial-type
glands were located within the stroma composed of smooth
muscle cells. In a few cases, the glands were located pre-
dominantly at the periphery of the nodule. The amount of
endometrial stroma surrounding the glands varied between
the cases. The glandular epithelium within the adenomyo-
mas lacked atypia. In four of six hysterectomy cases,
adenomyosis was observed in the background
myometrium.

Positive immunoreactivity for SMA and desmin was
observed in the mesenchymal component of the adeno-
myomas in all cases. CD10-positive stromal cells were
observed around the glandular epithelium.

3.2. Mutational analysis of MED12 in adenomyomas

Sanger sequencing of MEDI2 using the DNA extracted
from macrodissected tissues of uterine adenomyomas
revealed mutations in a known hot spot (codon 44, nucle-
otide 131) in two cases (2/15, 13.3%). These MEDI2-
mutated adenomyomas were intramural and submucosal.

The intramural adenomyoma with a MEDI2 mutation
(case 3) was a well-circumscribed and enucleated nodular
lesion (Fig. 1). We selectively microdissected glandular
epithelium within the glands, in the areas where they
showed telescoping, to avoid contamination of smooth
muscle component. The mesenchymal component (smooth
muscle component) was microdissected separately from
three distant areas (two representative areas are shown in
Fig. 1). Sanger sequencing using the DNA extracted from
the microdissected tissues revealed the presence of a
MEDI2 mutation (c.131G > A) in mesenchymal compo-
nents from all three areas, but no mutation was detected in
the glandular component.

Table 1  Clinicopathological data and results of the MED12 mutation analysis.
Case Age Location Type of surgery Background adenomyosis MED12 status
1 68 Intramural Hysterectomy + WT
2 66 Intramural Hysterectomy 4 WT
3 31 Intramural Enucleation NE Mutant (c.131G > A)
4 37 Intramural Enucleation NE WT
5 29 Intramural Enucleation NE WT
6 37 Intramural Enucleation NE WT
7 32 Intramural Enucleation NE WT
8 33 Intramural Enucleation NE WT
9 48 Submucosal Hysterectomy — Mutant (c.131G > A)
10 43 Submucosal Enucleation NE WT
11 41 Submucosal Resectoscopic NE WT
myomectomy
12 45 Polyp Hysterectomy 4 WT
13 45 Polyp Hysterectomy 4 WT
14 36 Polyp Polypectomy NE WT
15 70 Subserosal Hysterectomy 4 WT

NE, not evaluable; WT, wild type.
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Fig. 1 (A) Macroscopically, the adenomyoma in case 3 was a nodular enucleated lesion. (B) Low-power view of the adenomyoma;
scattered glands of variable sizes are observed within a nodule predominantly composed of smooth muscle. (C) High-power view of the
microdissected areas of mesenchymal and glandular components and the results of MEDI2 sequencing. The MEDI2 mutation
(c.131G > A) was detected in the mesenchymal components but not in the glandular component.

Another MEDI2-mutated adenomyoma (case 9) was a
submucosal nodule identified in a hysterectomy specimen
(Fig. 2). It protruded into the endometrial cavity. The lesion
was composed roughly of two areas, an adenomyomatous
area and a leiomyomatous area. Endometrial glands were
present in the former area, whereas the latter area had no
glands and resembled a leiomyoma. The mesenchymal
component was microdissected from each area, as was the
glandular component in the adenomyomatous area. Sub-
sequent MEDI2 sequencing revealed identical mutations
(c.131G > A) in the mesenchymal components of both
areas. The glandular component was wild type for MEDI12.

4. Discussion

Adenomyoma was documented initially in 1896 [1,2],
and, to date, pathologists have given a diagnosis of ade-
nomyoma for lesions that show a nodular appearance
consisting of a smooth muscle component and glands with
a bland morphology. Little effort has been made to eluci-
date their histogenesis, possibly due to their benign nature.
Although the term adenomy-oma implies neoplasticity,
whether adenomyoma is a true neoplastic lesion or not has
been a topic of debate. Many researchers and pathologists
have considered uterine adenomyoma as a focal adeno-
myosis accompanied by nodular smooth muscle prolifera-
tion and avoided making a clear distinction between

adenomyoma and adenomyosis [18]. Adenomyosis, in fact,
shows a variable degree of nodularity. Therefore, lesions
diagnosed as adenomyomas could well be an extremely
nodular variant of focal adenomyosis. However, most
intramural, submucosal, and subserosal adenomyomas are
nodules clearly demarcated from the surrounding
myometrium and macroscopically indistinguishable from
fibroids. This notion has led us to hypothesize that
neoplastic smooth muscle proliferation is the essence of a
subset of adenomyomas.

MEDI2 exon 2 mutations have been identified in a
majority of uterine leiomyomas, with the reported fre-
quencies being 48%—92% [11,19—21]. Missense and in-
flame insertion deletion mutations in exon 2 and adjacent
intron 1 were commonly identified, with a predominance of
single base substitution in codon 44. Other genomic alter-
ations such as overexpression of high mobility group AT-
hook (HMGA) and biallelic inactivation of fumarate
hydratase (FH) are also known to be involved in tumori-
genesis of uterine leiomyomas [23—25]. Furthermore,
MEDI2 mutations were identified at a high frequency in
breast fibroadenoma and phyllodes tumor cases [14—17].
As common features, these are mesenchymal and sex-
specific tumors. This suggests that MEDI2 mutations are
associated with mesenchymal, sex-specific, and organ-
specific tumorigenesis. In our study, MEDI2 mutations
were present in 2 of 15 (13.3%) of uterine adenomyomas.
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Fig. 2 (A) Macroscopically, the adenomyoma in case 9 was a submucosal nodule that protruded into the endometrial cavity. (B—D)
Histologically, the adenomyoma consisted of an adenomyomatous area abundant in glands and a leiomyomatous area where glands were
absent. (E) The results of MED12 sequencing. The MED12 mutation (c.131G > A) was detected in the mesenchymal components but not in

the glandular component.

This frequency is similar to that reported in a previous
study by Heikkinen et al. [8]. They assessed the status of
three genes (MEDI2, FH, and HMGA?2) in 21 adenomyo-
mas and identified somatic MED12 mutations (codon 44) in
two cases and germline FH mutation in one, suggestive of
hereditary leiomyomatosis and renal cancer syndrome.
HMGAZ2 abnormality was not observed in any of the cases.
The relatively low frequency of MED2 mutation suggests
that not all adenomyomas are leiomyomas with entrapped
glands—some of them could be nodular adenomyosis. The
glandular component of adenomyosis was reported to har-
bor KRAS mutations in 26 of 70 (37.1%) cases [22], and the
KRAS-mutated clones were also detected in the normal
endometrium. Future studies on KRAS mutations in the
glandular components of adenomyomas and background
adenomyosis may reveal their relationship and enhance our
understanding of the histogenesis of adenomyomas.

Exophytic proliferations composed of a myomatous
stroma admixed with endometrial glands have been termed
variably as adenomyomatous polyps, polypoid adenomyo-
mas, and pedunculated adenomyomas. It is of interest
whether these polypoid lesions are endometrial polyps with
extensive smooth muscle differentiation or whether they are
the same type of lesions as the intramural adenomyomas.
MED 2 mutations are extremely rare in endometrial polyps
[26,27]. Although a MED12 mutation was documented in a
single case of an adenomyomatous polyp, Strickland et al.
[7] recently reported the absence of a MEDI2 mutation in
53 cases of adenomyomatous polyps. In our series, all three
adenomyomas that presented as polyps were wild type for
MEDI2. Based on this previous evidence and our results,
we speculate that adenomyomatous polyps may potentially
be different from adenomyomas arising from the myome-
trium (i.e., submucosal, intramural, and subserosal
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adenomyomas). However, the number of cases assessed is
limited, and further investigation using a larger case series
is needed to address this issue.

In conclusion, uterine adenomyoma is biphasic nodular

lesion composed of a mesenchymal component with
smooth muscle differentiation and a glandular epithelium
of bland morphology. Mutations in MEDI2, which is
frequently mutated in uterine smooth muscle tumors, were
detected in 2 of 15 uterine adenomyomas. A MEDI2 mu-
tation was detected only in the mesenchymal component of
uterine adenomyomas, suggesting that a subset of adeno-
myomas is true mesenchymal neoplasms.
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