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Abstract
Background Malignant granular cell tumor (GCT) is extremely rare. Malignant GCT with EP300 gene
mutation in the bladder has not been reported in the literature.

Case presentation We report a special case of 45 years old female with malignant GCT of the bladder.
Physical examination found a pelvic mass in the patient. Magnetic resonance imaging showed a huge
mass between the posterior wall of the bladder, the cervix, and the anterior wall of the vagina.
Pathological examination showed that the mass was 11×11×4.5cm in size, involved in the bladder's
posterior wall. Under the microscope, the tumor cells were arranged in the shape of a nest or cord to
in�ltrate the bladder's wall. The tumor cells were pleomorphic, red-stained granular within the cytoplasm,
with increased nuclear/cytoplasmic ratio, vacuolar nuclei, and obvious nucleoli. The tumor cells were
showed obvious nuclear atypia, and the mitosis was more than 5/50HPF. Coagulative necrosis was
widely showed within the tumor. Immunohistochemistry(IHC) showed that S-100, NSE, CD68, CR, α-AT,
and TFE-3 were strongly positive, and the Ki-67 proliferation index was around 15%. The next-generation
high throughput sequencing indicated that EP300 gene was missense mutated (c.457A>G) with 33%
mutation abundance, and genes of DPYD(c.1627A>G),ERCC1(
c.354T>C),NQO1(c.559C>T),TPMT(c.719A>G) and XRCC1(c.1196A>G) were polymorphic mutated. The
patient died after three months of the second surgical treatment.

Conclusions We report for the �rst time a primary bladder malignant GCM accompanied by mutations in
special driving genes such as EP300. We also conducted a comprehensive literature review and an in-
depth discussion.

Introduction
Granular cell tumor GCT) is a benign tumor thought to originate from nerve sheath cells.  It accounts for
about 2% of soft tissue tumors and could occur in any part of the body[1-5]. The most common sites are
the mouth, skin, soft tissue, breast, and female reproductive organs. GCT occurred in the bladder is rare,
and only a few cases have been reported[6-9]. Malignant GCT is an extremely rare soft tissue malignant
tumor, accounting for less than 2% of all soft tissue GCTs. Malignant GCT occurs in a wide range of ages,
mostly in adults aged 30-70, with an average age of 50. Women are more common. Most of the clinical
manifestations are painless masses in subcutaneous or deep soft tissue. Most of the cases occurred in
the extremities, torso, head, neck, and breast[10-16]. To date, few cases of bladder malignant GCT have
been reported[7, 17]. Few studies on the driving genes of malignant GCT, especially the speci�c driving
genes of malignant GCT, are not clear[18-20]. Here, we reported a case of malignant bladder GCT with
vulvar, vaginal, and pelvic soft tissue invasion. Histopathology and IHC con�rmed that it was a malignant
GCT originating from the bladder. The next-generation high throughput sequencing detected several gene
mutations, including a tumor-speci�c driving gene EP300 and another �ve genes associated with
chemotherapy. We also conducted a comprehensive literature review and in-depth discussion.
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Case Presentation
The patient was a 45-year-old Chinese female, housewife and Han nationality. The patient found pelvic
mass during physical examination a year ago, the clinical manifestations were intermittent lower
abdominal discomfort, frequent urination, dysuria, no hematuria, no vaginal bleeding and so on. The
outpatient clinic was admitted to the hospital with "pelvic mass". The patient was without any treatment
before. Physical examination found a pelvic mass, did not care, untreated. Then intermittent lower
abdominal discomfort, frequent urination, dysuria, no hematuria, no vaginal bleeding, and so on. B-
ultrasound examination showed that the left side of the uterus was abnormally hypoechoic (10.4×9.6cm),
the right ovary had no obvious abnormal echo, and the left ovary showed unclearly. Then she comes to
our hospital, and the outpatient clinic is admitted to the hospital as a "pelvic mass". The patient was
treated with abdominal hysterectomy and double salpingectomy, pelvic tumor resection, cystectomy, and
ureterostomy under general anesthesia.

Magnetic resonance imaging MRI pelvic plain scanning showed that a large lobulated mass could be
seen among the cervix, the anterior wall of the vagina, and below the bladder. The boundary of the mass
was still clear. The range of the mass was about 12×11×10cm in size. T1W1 showed a slightly higher
signal, T2W1 showed a high-low mixed-signal, and DWI showed a mixed high signal. An enhanced scan
showed obvious uneven enhancement, uterine body, and cervical lifting. The bladder was connected
tightly to the mass and compressed forward and upward (Figure 1). A mass in the pelvis that lies
between the uterus and the bladder and is closely connected to the base of the bladder and the wall of
the uterus. After a complete hysterectomy, a huge mass was found between the anterior wall of the
vagina and the posterior wall of the bladder, which was hard and �xed at the pelvic. The anterior
boundary of the tumor was not separated from the posterior wall of the bladder and protruded into the
bladder. When the bladder was completely dissociated from the extraperitoneal cavity, it was seen that
the tumor originated from the posterior wall of the bladder and continued down to the anterior wall of the
urethra to the pelvic �oor.

The postoperative specimens were carefully observed to describe the size, color, texture, and other mass
characteristics. The sampling processes, dehydration, embedded in para�n, cut slides, and hematoxylin
and eosin (H&E) staining were performed according to the requirements. A total cystectomy was
performed with a volume of 15×12×5cm in whole tissues. A volume of 11×11×4.5cm in tumor size was
seen at the posterior wall of the bladder. The section of the tumor was grayish-yellow, tough, and
lobulated. The tumor involved the whole layer of the bladder wall, did not break through the bladder
adventitia, and the boundary between the tumor and the surrounding tissue was still clear(Figure 2).

The tumor tissue was separated by �brous connective tissue, arranged in �ake, nest and cord shape,
showing in�ltrative growth. The tumor cells were pleomorphic, round, polygonal, and fusiform. The ratio
of the nucleus to the cytoplasm was increased. The cytoplasm was rich in red staining with a large
number of eosinophilic bodies. The nuclei were heteromorphic with different sizes. Some of the nuclei
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were vacuolated and had obvious nucleoli. Multinucleated tumor cells and scattered coagulative necrotic
foci were seen locally, and the mitotic �gure was more than 5/50HPF(Figure 3).

DAKO company's latest Omnis automatic immunohistochemical instrument was used for staining, and
the process was carried out under the operation manual provided by the manufacturer. The sources,
clones, and manufacturer of the antibodies used are shown in Table 1. Negative and positive controls
were all set up for each antibody. The IHC results showed that S-100, NSE, CD68, CR, α-AT, and TFE-3 in
the tumor cells were strongly positive, and the Ki-67 proliferation index in most of the tumor areas was
around 15% (Figure 4). The IHC results showed that SMA, Desmin,α-inhibin, GFAP, MyoD1, HMB45, and
CK pan were all negative(not shown).

Next-generation high-throughput sequencing (NGS covered 425 gene exons, fusion-related introns,
variable splicing regions, and speci�c microsatellite (MS) sites, and other common 1.46Mb base sites
was used in this study. The detection results included point mutation, small fragment insertion and
deletion mutation, gene fusion and copy number variation, microsatellite (MS) analysis, and tumor
mutational burden (TMB). The whole sequencing process was completed on the Illumina-based Hiseq
4000 performed at Nanjing Geneseeq Technology Inc., Nanjing, Jiangsu, China. The 425 genes
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sequenced include �ve functional partitions, which are key genes for targeted treatments,
key genes for chemotherapy, genetic risk prediction genes, important tumor-
driving genes, but there are no targeted drugs at present and key genes in the tumor-
related signaling pathways. In the sequencing of the 425 genes, the results of NGS indicated that the
overall mutation rate is very low. The results revealed that the EP300 gene was missense mutated
(c.457A>G) with 33% mutation abundance. The gene of EP300 is in the classi�cation of
"key genes in the tumor-related signaling pathways”. The NGS results also showed that genes of
DPYD(c.1627A>G), ERCC1( c.354T>C), NQO1(c.559C>T), TPMT(c.719A>G), and XRCC1(c.1196A>G) were
polymorphic mutated, which these genes are all in the classi�cation of " key genes for chemotherapy".
The detailed locations and functions as shown in Table 2. NGS results also showed that the tumor
mutational burden TMB was very lower (2.1 mutations/Mb) and the microsatellite (MS) analysis
showed that no MIS-H related genes were detected. The list of the 425 genes and functional partition was
shown in supplement data (Table 3).

Three months after the �rst operation, the patient was re-admitted to the hospital because of "vaginal
mass found for more than one week". Specialist examination: the right vaginal wall can reach a mass
with a diameter of about 3cm, lobulated, moveable, tenderness, clear boundary, close to the ori�ce of the
vulva. What was seen during the operation: the vulvar mass was located in the lower part of the vagina
behind the right greater labia, lobulated, with a volume of about 4×3×1 cm, with a clear boundary and
hard nature. MRI indicates local recurrence of the tumor. The pathological diagnosis after the second
operation was consistent with malignant GCT with vulvar and cervical invasion. The patient died three
months after the second operation.

Discussion And Conclusions
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The diagnostic criteria for malignant GCT were proposed by Fanburg-Smith and his colleagues as early
as 1998. Malignant histological criteria included coagulative necrosis, fusiform, vesicular nucleus of
large nucleolus, increased mitotic activity (>2 mitoses/high magni�cation ×200), increased
nuclear/cytoplasmic ratio, and pleomorphism[21]. According to the pathological criteria for the diagnosis
of malignant GCT, based on both histopathology and immunohistochemical expression of this presented
case, it was no doubt a malignant GCT[22].In addition to the criteria of histopathology, in this case, we
also identi�ed biological changes associated with malignant characteristics, such as invasive growth and
vascular invasion. The differential diagnosis of benign and malignant GCT is often tricky in both
pathology and clinic. However, this case is not di�cult, based on histopathology and biological behavior,
and other aspects. The tumor originated from the bladder wall and invaded the muscular layer of the
bladder. In addition, the tumor also widely invades the vagina, cervix, and soft tissues in the pelvic,
showing extremely malignant biological behavior. The patient did not respond to chemotherapy and died
three months after the second operation.

Malignant GCM is extremely rare, and few cases have been reported [7, 11, 17, 23, 24]. So far, we know
little about the molecular biology and molecular genetics of malignant GCT. Recently, Richard Davis et al.
reported a case of malignant GCT of the lung, the NGS indicated that there was no mutation associated
with lung adenocarcinoma, but the ATM gene mutation was found. ATM gene encodes DNA repair protein
involved in cell cycle regulation[18]. Xu and colleagues apply the NGS to identify mutations in the genes
of ASXL, NOTCH, and PARP pathways as potential driver mutations in pulmonary malignant GCT[25].

In our case, based on the high-throughput second-generation sequencing of 425 genes, it was found that
the overall mutation rate of the tumor was very low. In the classi�cation of "the key genes in tumor-related
signaling pathway", the EP300 gene was missense mutated (C.457A > G) with 33% mutation abundance.
As we know, the EP300 gene is located on chromosome 22, and encodes adenovirus E1A-related
intracellular p300 protein, which has acetyltransferase activity, regulates transcriptional activity through
chromosome remodeling. The EP300 and its homolog CREB binding protein (CBP) are two lysine
acetyltransferases, which act as transcriptional factors and play an essential role in developing,
progression, and treating many diseases, especially in tumors. Some cancer-related point mutations are
gain-of-function alterations in EP300/CBP that might also contribute to cancer development[26-28]. It has
been found that the inactivation mutations of histone acetyltransferase CBP and EP300 are prevalent in
diffuse large B cell lymphoma (DLBCL). The functional inactivation mutations of CBP and EP300 will
down-regulate the expression of CD20, which leads to the failure of anti-CD20 antibody therapy[29]. Other
studies have also shown that targeting EP300 may effectively treat fatal leukemia[30]. Therefore. The use
of synthetic small-molecular compounds to inhibit the function of mutant EP300 brings hope for targeted
therapy of malignant tumors[31]. A recent study also shows that the EP300 protein is related to the grade,
pathological T stage, lymph node metastasis, and survival rate of esophageal squamous cell
carcinoma[32].

Gongmin Zhu and colleagues found that EP300 mutation in bladder cancer is associated with a higher
tumor mutation burden TMB  and up-regulates the immune system's signal pathway, which can be used
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as a biomarker to predict the effect of immunotherapy[33]. In our case, NGS results showed that the TMB
was signi�cantly lower (2.1 mutations/Mb). The relationship between EP300 mutation and TMB may be
related to different tumor types and mutation sites. How genetic or epigenetic changes in EP300 will
affect the phenotype of various cancers is far from clear.

In our case, in addition to the EP300 missense mutation, it was also detected that DPYD NQO1 and
TPMT had heterozygous polymorphism mutations, that ERCC1 and XRCC1 had homozygous
polymorphism mutations, which these genes are all in the classi�cation of “ the
key genes for chemotherapy” from total 425 genes. Heterozygous mutation of the DPYD gene in p. I543V
is a missense mutation caused by single nucleotide polymorphism rs1801159, which can decrease the
activity of DPYD, increase the toxicity and side effects of 5-�uorouracil, and increase the risk of vomiting
and nausea in patients[34]. ERCC1 gene p.N118N homozygous mutation is a synonymous mutation
caused by single nucleotide polymorphism rs11615. This homozygous genotype can increase the risk of
lung cancer and breast cancer. Besides, this mutation can reduce mRNA level by affecting the stability of
ERCC1 transcripts and increase cell response to platinum drugs by reducing DNA repair function[35].
TPMT gene p.Y240C heterozygous mutation (TPMT*3C) is a missense mutation caused by single
nucleotide polymorphism rs1142345. This heterozygous polymorphism mutation can reduce
mercaptopurine methyltransferase activity by about 50%, which leads to serious poor metabolism of
mercaptopurine and side effects[36]. XRCC1 gene p.Q399R homozygous mutation is a missense
mutation caused by single nucleotide polymorphism rs25487, which is associated with the risk of non-
small cell lung cancer, breast cancer, colorectal cancer, gastric cancer, and other tumors. This
homozygous mutation is related to platinum chemotherapeutic drugs' e�cacy and can increase the
response rate of cells to platinum drugs[37].

There is no targeted drug for malignant GCT, and whether it is sensitive to chemotherapy may be related
to its particular gene mutation. Wei, L, and colleagues performed whole-genome sequencing of a
malignant GCT that was metabolically responsive to pazopanib. The results showed that the mutation
rate was shallow, and the whole genome was stable[20]. Due to the small number of cases, there are not
many reports on the survival of malignant GCM. However, it is generally believed that it is closely related
to the tumor's size, local invasion, and distant metastasis[24, 38]. It took less than a year from discovery
to death in our case.

In summary, few cases of malignant GCM of the bladder have been reported, but none of them have been
studied by molecular genetics. We performed molecular genetic analysis of malignant GCM of the
bladder for the �rst time, and in particular, detected a missense mutation in exon 2 of EP300 gene
p.M153V with a high mutation abundance. The clinical signi�cance of EP300 gene mutation in
malignant GCM of the bladder is not clear. Whether it leads to the EP300 protein dysfunction to activate
downstream signal pathways and participating in tumorigenesis and development, more clinical cases
and experimental studies are needed to con�rm them.

Abbreviations
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Figure 1

MRI showed a large mass between the cervix, the anterior wall of the vagina, and the bottom of the
bladder, and the boundary was still clear. A. A coronal section (The red arrow showed the extent of the
tumor); B. A sagittal section (the red arrow showed the extent of the tumor, the yellow arrow showed the
connection between the tumor and the bottom of the bladder.).

Figure 2

A volume of 11×11×4.5cm in tumor size was collected to the posterior wall of the bladder. A. The section
of the tumor was grayish-yellow, tough, and lobulated. The red arrow showed the extent of the tumor, the
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yellow arrow showed the connection between the tumor and the bottom of the bladder. B. Back view: The
black arrow shows the adhesion between the tumor and the pelvic soft tissue. The red arrow showed the
bottom of the bladder.

Figure 3

Under a microscope: A. Overall the histopathology. B. The tumor cells were pleomorphic, round, polygonal,
and fusiform. The ratio of the nucleus to the cytoplasm was increased. The cytoplasm was rich in red
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staining with a large number of eosinophilic bodies. C. The mitotic �gure was more than 5/50HPF(shown
by the red arrow). D. The tumor tissue was separated by �brous connective tissue, arranged in �ake, nest
and cord shape. E. Coagulative necrosis. F. Interstitial myxoid degeneration shown by the red arrow. G.
The tumor cells invaded the bladder muscle wall. H. The tumor cells invade the lumen of blood
vessels(shown by the red arrow).

Figure 4

The IHC results showed that S-100 A), NSE B , CD68 C , α-AT D CR E), and TFE-3 in the tumor cells
were strongly positive, and Ki-67 proliferation index in most of the tumor areas was around 15% F).
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