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Angiomyofibroblastoma and superficial myofibroblastoma are distinctive benign mesenchymal tumors occurring in the female
lower genital tract. Despite their significant overlapping clinicopathologic features, including the presence of bland-looking spindle
or oval cells with myofibroblastic or myoid differentiation, the tumors have been regarded as separate entities. Although
subepithelial, hormone-sensitive mesenchymal cells of the female lower genital tract are considered as their potential common
progenitor cells, their potential kinship or pathogenetic similarities remain elusive. Based on the identification of a novel RNA
sequencing-based MTG1-CYP2E1 fusion transcript in an angiomyofibroblastoma index case, we investigated an additional ten
samples of the tumor and its site-specific histological mimics, including eight superficial myofibroblastomas, four deep
angiomyxomas, four cellular angiofibromas, three fibroepithelial stromal polyps, and eight non-site-specific mesenchymal tumors
occurring in the female lower genital tract. Using reverse transcription-polymerase chain reaction, we showed that the MTG1-
CYP2E1 fusion transcripts were consistently detectable in angiomyofibroblastomas (5/5, 100%) and often in superficial
myofibroblastomas (3/5, 60%) but were not detected in the other examined site-specific or non-site-specific mesenchymal
tumors. Our immunohistochemical experiments showed that CYP2E1, an isoenzyme belonging to the cytochrome
P450 superfamily, exhibited increased positivity in tumors with MTG1-CYP2E1 than was observed in fusion-negative tumors
(RR= 6.56, p= 0.001). The results of our study provide further evidence supporting the assertion that angiomyofibroblastoma
and superficial myofibroblastoma represent phenotypic variants of site-specific mesenchymal tumors and share a common
oncogenic mechanism.
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INTRODUCTION
The female lower genital tract, a specialized portion of the female
reproductive system, is characterized by squamous epithelial
lining and an underlying band of loose fibrovascular stroma
extending from the uterine cervix to the vulva, potentially
accounting for its physical plasticity1. A variety of mesenchymal
tumors may develop in the female lower genital tract, which
characteristically include angiomyofibroblastoma, superficial (cer-
vicovaginal) myofibroblastoma, deep (or aggressive) angiomyx-
oma, and cellular angiofibroma2.
Angiomyofibroblastoma is a rare but well-described benign

mesenchymal tumor that occurs almost exclusively as a vulvova-
ginal lesion. It is composed of a proliferation of plump oval or
epithelioid cells arranged characteristically in a perivascular
pattern, and with consistent expression of the receptor proteins
for estrogen (ER) and progesterone (PgR). Furthermore, the tumor
often demonstrates a unique myoid differentiation, typically
characterized by a desmin-positive and actin-negative immuno-
phenotype2–5. Hormone-responsive stromal cells, located in the
subepithelial myxoid zone in the lower female genital tract or

perivascular stem cells, have been implicated as a potential
progenitor of angiomyofibroblastoma3,6.
Superficial (cervicovaginal) myofibroblastoma is a relatively

recently recognized mesenchymal neoplasm arising from
the superficial portion of the lower genital tract in females
of a much wider age range than those presenting with
angiomyofibroblastoma7,8. Despite a few variegated histological
patterns, the tumor cells are usually spindle or oval, displaying a
wavy appearance, embedded in a finely or thick collagenous
stroma, and are immunohistochemically positive for vimentin,
desmin, ER, and PgR, as observed in angiomyofibroblastoma. It has
also been assumed that the tumor is derived from the subepithelial
band-like stromal zone as in angiomyofibroblastoma, despite
certain unique clinicopathological features, including a somewhat
distinct localization and cytomorphology, that can be considered
to justify the classification of these tumors as separate entities.
The pathogenic mechanisms underlying the development of

these tumors, however, remain largely unclear. No molecular
genetic alterations, including those in RB1/FOXO1 and HMGA2,
have been described in cases of angiomyofibroblastoma, with
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only a single case expressing HMGA2 transcripts5,9,10, whereas
such genomic changes are detectable in its potential histological
mimics, including mammary type myofibroblastoma, cellular
angiofibroma, and deep angiomyxoma11–13. This finding may be
in line with the notion that angiomyofibroblastoma is a distinct
entity from such other site-specific mesenchymal tumors, despite
their overlapping clinicopathological features that often pose
diagnostic challenges. We hypothesized that a hitherto unrecog-
nized molecular alteration might exist and contribute to the
development of such rare site-specific mesenchymal tumors14–16.
In this study, we examined a case of angiomyofibroblastoma

using next-generation RNA sequencing and extended the study to
focus on a potential molecular genetic alteration that was
identified, examining a series of cases of the tumor and its
histological mimics to further our understanding of such site-
specific mesenchymal tumors in the lower female genital tract.

MATERIALS AND METHODS
Cases
Data on the subjects and their clinical information were retrieved from the
files of the Department of Pathology and Oncology, School of Medicine,
University of Occupational and Environmental Health (UOEH), Japan, and
from personal consultation files of one of the authors (M.H.). After a critical
review of the archival materials of each case, the study cohort was
established and comprised thirty cases of site-specific mesenchymal
tumors/lesions, including eleven angiomyofibroblastomas, eight superficial
myofibroblastomas, four deep angiomyxomas, four cellular angiofibromas,
and three fibroepithelial stromal polyps. Eight cases of selected non-site-
specific tumors arising in the female lower genital tract (i.e., four
leiomyomas, two mammary type myofibroblastomas, one solitary fibrous
tumor, and one spindle cell lipoma) were also included in the study. No
snap-frozen tumor tissue was available for investigation in this cohort. The
study was approved by the Institutional Review Board of UOEH. Further
clinical information and the obtained data for each subject are depicted in
Supplementary Table 1.

RNA sequencing
We initially selected a few cases of angiomyofibroblastoma with sufficient
formalin-fixed, paraffin-embedded (FFPE) tumor tissues, from which total
RNA extraction was performed using the TRIzol reagent (Thermo Fischer
Scientific, Tokyo, Japan). One microgram of the purified RNA and an
RNeasy FFPE kit (Qiagen, Hilden, Germany) were used for whole-
transcriptome RNA sequencing (Cell Innovator, Fukuoka, Japan). After
performing a rigorous quality check using the 2100 Bioanalyzer (Agilent,
Santa Clara, CA) and a FastQC quality control program (version 0.11.9,
Macrogen, Seoul, South Korea), one of the submitted samples was
considered amenable for subsequent sequence analysis using the Illumina
MiSeq platform (Illumina, San Diego, CA). Reads were mapped to the
human reference genome (hg38) using the HISAT2 program (http://
daehwankimilab.github.io/hisat2/) and analyzed using the STAR-Fusion
pipeline (version 1.9.1)17.

Reverse transcription-polymerase chain reaction (RT-PCR)
Briefly, RNA samples extracted from the FFPE tissues were reverse-
transcribed into cDNA and used as a template for conducting PCR for the
MTG1-CYP2E1 fusion. Specific primers designed in-house were as follows:
MTG1-forward (5′-ACCATGGCTGACTACCTGCT) and CYP2E1-reverse (5′-
GCCAGAAGGAAAATTCAACATAC) primers. PCR was conducted under the
following conditions: 95 °C for 9 min, followed by 40 cycles of 95 °C for 10 s,
61 °C for 10 s, and 72 °C for 10 s, followed by a final extension at 72 °C for
10min. The integrity of RNA was assessed by performing PCR for the
representative housekeeping genes such as phosphoglycerate kinase gene
(PGK, size= 247 bp) and porphobilinogen deaminase gene (PBGD, size=
127 bp). Sequences of the amplified PCR products were determined by
conducting the Sanger method using the 3500xL genetic analyzer (Thermo
Fischer Scientific).

Immunohistochemistry
Expression of MTG1 and CYP2E1 in tumor cells was assessed immunohis-
tochemically using primary mouse polyclonal anti-MTG1 and anti-CYP2E1

antibodies (Supplementary Table 2). Staining results were initially
evaluated and scored on a scale of 1+ to 3+ as follows: 1+, weak
staining in 1–25% of the tumor cells; 2+, weak to moderate staining in
25–50% of the tumor cells, and 3+, strong staining in more than 50% of
the tumor cells18. Tumors with expression levels labeled as 2+ or 3+ were
considered to exhibit unequivocal expression and then as ‘positive’ cases.
Appropriate positive controls were included in the study (i.e., tissues of the
lymph node for MTG1 and the liver for CYP2E1)19,20. For negative controls,
the primary antibody was substituted with phosphate-buffered saline
(PBS). A potential correlation between the results obtained by RT-PCR and
those obtained by immunohistochemistry was statistically examined using
the Fisher’s exact test.

RESULTS
MTG1-CYP2E1 fusion in angiomyofibroblastoma
In the index case (#1) of angiomyofibroblastoma with well-
preserved RNA, reads encompassing a sequence of exon 9
(NM_138384.4) of the MTG1 gene fused to the 5′ regulatory
region (NG_055447.1) of the CYP2E1 gene were detected by using
the RNA sequencing platform (Fig. 1A, B). Both the MTG1 and
CYP2E1 genes localize at chromosome 10q26.3, within 125 kb of
each other, and in which the gene rearrangement could not be
demonstrated easily in tumor cell nuclei in FFPE tissues using a
conventional fluorescence in situ hybridization technique (Fig. 1C).
The fusion sequence of MTG1-CYP2E1 was further confirmed by
conducting RT-PCR and Sanger sequencing in the same case
(Fig. 1D). Additional angiomyofibroblastoma cases were examined
for the MTG1-CYP2E1 fusion by RT-PCR, and all cases with
evaluable mRNA were termed fusion-positive (Table 1, Supple-
mentary Table 1).

MTG1-CYP2E1 in other site-specific mesenchymal tumors and
histological mimics
RT-PCR for the MTG1-CYP2E1 fusion was performed in a variety of
site-specific mesenchymal tumors other than angiomyofibroblas-
toma. Fusion was detected in three of the five superficial
myofibroblastomas examined, whereas the other site-specific
tumors/lesions or histological mimics arising in the female lower
genital tract were negative for the fusion, irrespective of the
amplified mRNA sequences of the housekeeping genes (i.e., PBGD
and/or PGK) (Fig. 1D, Table 1, Supplementary Table 1).

Clinicopathological features
The study cohort included 11 patients with angiomyofibroblas-
toma in the vulva, ranging in age from 23 to 61 years (median: 42
years, mean: 41 years), 8 patients with superficial myofibroblas-
toma in the vagina (5 cases), vulva (2 cases), or uterine cervix (1
case) with ages ranging from 26 to 74 years (median: 46 years,
mean: 50 years), and 19 patients with 11 other site-specific and 8
non-site-specific mesenchymal tumors of various histological
types in the lower female genital tract except for some cases
with deep angiomyxoma (2 cases), cellular angiofibroma (1 case),
and mammary type myofibroblastoma (1 case), which affected the
male inguino-genital region (Supplementary Table 1).
All cases of angiomyofibroblastoma focally showed at least its

classical morphologic features: well-demarcated subcutaneous nod-
ular lesions with sizes ranging from 1 to 14 cm in diameter,
composed of an alternating cellular and a less cellular proliferation of
short spindle, oval, or epithelioid cells arranged in small groups or
cords with a tendency to aggregate around dilated small blood
vessels and embedded in a well-vascularized fibromyxoid or
edematous stroma (Fig. 2A–C). A variable amount of intratumoral
adipocytic component, ranging from ~10 to 50% of the tumor area,
was present in four cases (Fig. 2B). Unusual perivascular fibrosclerosis
was seen in one angiomyofibroblastoma. All but two cases were
immunohistochemically positive for desmin to various extents,
although other smooth muscle markers (i.e., smooth muscle actin,
calponin, and h-caldesmon) were negative (Supplementary Table 1).
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Table 1. Expression of MTG1 and CYP2E1 or fusion transcript in mesenchymal tumors.

Tumor IHCa RT-PCRb

MTG1
positive (%)

CYP2E1
positive (%)

MTG1-CYP2E1 fusion
positive (%)

Site-specific

Angiomyofibroblastoma 7/9 (78) 10/11 (91) 5/5 (100)

Superficial myofibroblastoma 4/8 (50) 7/8 (88) 3/5 (60)

Deep angiomyxoma 3/4 (75) 0/4 (0) 0/1 (0)

Cellular angiofibroma 0/4 (0) 0/4 (0) 0/2 (0)

Fibroepithelial stromal polyp 0/3 (0) 0/3 (0) 0/2 (0)

Non-site-specific

Leiomyoma 0/4 (0) 0/4 (0) 0/4 (0)

Solitary fibrous tumor 0/1 (0) 0/1 (0) 0/1 (0)

Myofibroblastoma (mammary type) 0/2 (0) 0/2 (0) 0/2 (0)

Spindle cell lipoma 0/1 (0) 0/1 (0) 0/1 (0)
aNumber of cases depicted.
bPositive cases/all cases examined.

Fig. 1 Schematic representations and site-specific molecular detections of the MTG1-CYP2E1 fusion in mesenchymal tumors. A Reads
representing fusion transcripts between exon 9 of MTG1 and the 5′ regulatory region of CYP2E1 identified via RNA sequencing in a case of
angiomyofibroblastoma; (B) in the MTG1-CYP2E1 fusion, exons 10 and 11 located in the 3′-terminus of MTG1 were replaced by an entire
CYP2E1 RNA sequence. Red arrows indicate specific primers used for the following RT-PCR; (C) MTG1 and CYP2E1 localization at a distal portion
of the long arm of chromosome 10. The genomic positions of the genes are described within parentheses according to the database of
GRCh38.p13; (D) RT-PCR conducted for MTG1-CYP2E1 showing visible 100-bp bands for angiomyofibroblastoma and superficial
myofibroblastoma (upper panel) samples. Sanger sequencing of the PCR product, demonstrating a fusion between MTG1 exon 9 and the
5′ regulatory region of CYP2E1.
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The superficial myofibroblastomas assessed in the study were
well-demarcated superficial or subepithelial nodular lesions
predominantly composed of bland spindle, oval, or stellate-
shaped cells arranged in multiple histological patterns, including
an almost diffuse haphazard, lacelike, or sievelike pattern with a
fibrocollagenous, myxoid, or edematous stroma and at least focal
immunohistochemical expression of smooth muscle markers
(Fig. 3A–C). No distinct clinicopathological feature was identified
among the cases with or without immunohistochemical expres-
sion of CYP2E1 described below or MTG1-CYP2E1 fusion.
The other site-specific or non-site-specific mesenchymal tumors

or lesions had almost typical or conventional clinicopathological
features together with the corresponding supportive immunohis-
tochemical findings, such as nuclear HMGA2 expression in deep
fibromyxoma and loss of RB1 expression in cellular angiofibroma
in selected cases (Fig. 4A–C).

Immunohistochemical staining of MTG1 and CYP2E1
The immunohistochemical staining of MTG1 and CYP2E1 showed
that they were expressed in varying intensities in a variety of the

examined site-specific or non-site-specific mesenchymal tumors or
lesions (Supplementary Table 1). In contrast to the relatively non-
specific and often less intense staining intensity observed for
MTG1, the CYP2E1 expression was almost exclusively confined to
angiomyofibroblastoma and superficial myofibroblastoma with or
without detectable MTG1-CYP2E1 fusion, in which an unequivocal
or intense intracytoplasmic and often granular staining was
observed (Figs. 2–4, Table 1). Additionally, the immunohistochem-
ical results for CYP2E1 showed a statistical correlation with those
obtained by RT-PCR (R.R.= 6.56, p= 0.001 using the Fisher’s
exact test).

DISCUSSION
In this study, we described a gene fusion occurring between MTG1
and CYP2E1 in vulval angiomyofibroblastoma and superficial
myofibroblastoma. In the RNA sequencing analysis, the gene
fusion was suggested between a relatively distal portion of MTG1
and a 5′-regulatory region of CYP2E1, leading to a juxtaposition of
the entire coding region of CYP2E1 mRNA with a truncated MTG1

Fig. 2 Angiomyofibroblastoma. A A well-demarcated lesion made up of alternating hypocellular edematous and cellular areas with a well-
vascularized stroma (H&E). B An adipocytic component within the tumor (H&E). C Perivascular arrangement of plump oval or epithelioid cells
in a loose edematous stroma (H&E). Immunohistochemical staining results highlighting (D) desmin expression in tumor cells, (E) intense
granular CYP2E1 expression (scored as 2+) in tumor cells, and (F) MTG1 expression (scored as 2+) in tumor cells and a few bystander cells
such as vascular endothelial cells.
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mRNA. The fusion is assumed to result in aberrant activation or
expression of CYP2E1 under the control of the MTG1 promoter as
MTG1 is almost ubiquitously expressed in contrast to CYP2E1,
which is essentially confined to hepatocytes according to a
comprehensive database (the Human Protein Atlas) for spatial
protein distribution in human tissues and cells17.
Both MTG1 and CYP2E1 are localized to chromosome 10q26.3,

and MTG1 is mapped in the vicinity of the 5′ end of CYP2E1 within
a distance of approximately 125 kb, which also encompasses
several genes or pseudogenes such as OR6L2P, SCART1, and
OR7M1P. An interstitial microdeletion in chromosome 10q26.3 is
considered a potential genomic alteration that may result in the
MTG1-CYP2E1 fusion, although high-resolution molecular genetic
analyses, such as array comparative genomic hybridization, are
needed to demonstrate such a cryptic genomic imbalance.
MTG1 encodes a protein that functions as a member of the

GTPase family located in the mitochondrial inner membrane and
is involved in mitochondrial ribosome assembly, ensuring
mitochondrial translation18. Genomic alterations of MTG1 have
been poorly investigated, and to the best of our knowledge, only a
gene fusion of MTG1 and ZFN511, the latter of which also maps to

chromosome 10q26.3, has been described in breast carcinoma19.
CYP2E1 is an isoenzyme belonging to the cytochrome
P450 superfamily, which is mainly expressed in the liver and
plays an important role in the metabolism of drugs or environ-
mental toxicants, including nitrosamines, benzene, and ethanol20.
Additionally, the oncogenic role of highly expressed CYP2E1 has
been described in gastric, breast, and liver cancers21–23. Notably,
female sex steroid hormones can enhance CYP2E1 expression in
mouse livers24. Thus, hormone-sensitive stromal cells in the female
genital tract may also be susceptible to tumorigenesis mediated
by aberrantly expressed CYP2E1. Although genetic polymorphism
in CYP2E1, probably related to susceptibility to hepatic cirrhosis or
cancers, has been identified in the population25, no gene fusion
involving CYP2E1 has been described in the literature.
The aberrant expression of CYP2E1, presumably induced by the

MTG1-CYP2E1 fusion, was validated by the results of the
immunohistochemical analysis conducted herein using an anti-
CYP2E1 antibody, which demonstrated an intense and often
granular cytoplasmic staining in the mesenchymal tumors
harboring the MTG1-CYP2E1 fusion but not in those without
detectable MTG1-CYP2E1. Focal or faint CYP2E1 expression

Fig. 3 Superficial myofibroblastoma. A A well-demarcated superficial lesion with a subepithelial loose edematous stroma (H&E). B A lacelike
arrangement of spindle or stellate-shaped cells embedded in an abundant myxoid background (H&E). C Short spindle cells embedded in
finely fibrillar or wavy collagen (H&E). Immunohistochemical staining results highlighting (D) desmin-positivity in a few tumor cells, (E)
moderate CYP2E1 expression (scored as 2+) in tumor cells, and (F) focal and mild MTG1 expression (scored as 1+) in tumor cells.
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observed in a few fusion-undetectable cases may reflect a
physiological response to sex steroid hormones in such
hormone-responsive mesenchymal cells.
Another salient feature of our study is that the MTG1-CYP2E1

and aberrant CYP2E1 expression were detected only in
angiomyofibroblastoma and superficial myofibroblastoma, sug-
gesting a close association between these tumor entities. Based
on their overlapping clinicopathological features, including
myofibroblastic or myoid differentiation, both tumors may
belong to a single tumor spectrum derived from hormone-
responsive mesenchymal cells in the female genital tract.
However, the potential diagnostic utility of CYP2E1 as a
surrogate marker for angiomyofibroblastoma and superficial
myofibroblastoma warrants further investigation using more
cases of a variety of tumor types.
In summary, the identification of the gene fusion MYG1-CYP2E1

in an index case of angiomyofibroblastoma by RNA sequencing
led us to expand our investigation of this novel genetic alteration
to include a variety of site-specific mesenchymal tumors in the
female lower genital tract. The fusion was found to be confined to
angiomyofibroblastoma and superficial myofibroblastoma, and

enhanced immunohistochemical expression of CYP2E1 probably
resulted from gene alterations in the tumors. This finding suggests
that angiomyofibroblastoma and superficial myofibroblastoma
belong to a common spectrum of mesenchymal tumors in such an
anatomical location. In addition to a potential nosologic refine-
ment, our study has the potential to accelerate analyses on the
molecular mechanisms involved in site-specific tumor biology in
the female genital tract. Because of the rarity of the tumors
examined, the study has some limitations such as a small sample
size, limited tumor types, and data obtained from archival
materials (i.e., FFPE tissues).
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