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Abstract. Merkel cell polyomavirus (MCPyV) has been 
found in patients with Merkel cell carcinoma and respira‑
tory tract infections. Merkel cell carcinoma is a primary 
aggressive neuroendocrine carcinoma of the skin. It has 
been demonstrated that MCPyV can be transmitted during 
sexual activity and may be present in the oral and anogenital 
mucosa. The aim of the present study was to evaluate whether 
MCPyV coexisted with HPV in three cases of neuroendo‑
crine small cell carcinoma of the cervix using PCR and 
immunohistochemical analysis Three cases of NSC of the 
cervix were identified in the pathology archives of Parma 
University (Italy). Of these, two cases were associated with 
an adenocarcinomatous component. A set of general primers 
from the L1 region (forward, L1C1 and reverse, L1C2 or 
L1C2M) was PCR amplified to detect the broad‑spectrum 
DNA of genital HPV. The presence of MCPyV was investi‑
gated via immunohistochemistry using a mouse monoclonal 
antibody against the MCPyV LT antigen and through PCR 
analysis to separate viral DNA. HPV DNA was present in all 
three neuroendocrine carcinomas and in the adenocarcinoma 
component of the two mixed cases. None of the cases were 
immunoreactive to CM2B4 and did not contain viral DNA in 
either their neuroendocrine or adenocarcinomatous compo‑
nent. Whilst it is difficult to draw definitive conclusions from 
such a small sample size, these data suggested that MCPyV 
does not coexist with HPV in the cervix. However, in the 
present study, the absence of detectable MCPyV may have 
been due to the presence of a genotype that was not detected by 
the primers used in the PCR analysis or by the antibody used 
for the immunohistochemical study. MCPyV microRNA may 
also have been present, inhibiting LT expression. Additional 
studies with larger cohorts and more advanced molecular 

biology techniques are required to confirm the hypothesis of 
the current study.

Introduction

Neuroendocrine neoplasms (NENs) are considered to be 
composed of cells with characteristics similar to those of the 
normal diffuse neuroendocrine system, which consists of cells 
that are a combination of hormone‑producing endocrine and 
nerve cells, scattered throughout the body (for example gastro‑
enteropancreatic, the enteroendocrine hormonal signaling 
system; respiratory and urogenital systems; paraganglia; 
adrenal medulla; skin; thymus; heart; middle ear; and other 
tissues). NENs are a wide heterogeneous family of neoplasms 
in which neuroendocrine differentiation is demonstrated by 
the presence of neurosecretory granules in the cytoplasmic 
component in electron microscopy analysis and in immu‑
nohistochemistry for positivity to neuroendocrine markers, 
including synaptophysin, chromogranin, CD56 and NSE (1). 
In humans, NENs are typically located in the gastrointestinal 
tract, the pancreas, and the lungs and are subdivided into 
well‑differentiated and poorly differentiated NENs (2).

In 1996, the College of American Pathologists and the 
National Cancer Institute suggested reduction in the number 
of terms used to describe neuroendocrine tumors of the cervix, 
introducing a classification system of 4 categories: Typical 
(classical) carcinoid tumor, atypical carcinoid tumor, large cell 
neuroendocrine carcinoma and small (oat) cell carcinoma (3).

The current WHO Classification of neuroendocrine tumors 
of the female genital originating in the cervix suggests a 
terminology similar to that used for gastro‑entero‑pancreatic 
neuroendocrine tumors. Thus, according to this classification, 
tumors originating in the female genital tract can be classified 
as: Low grade neuroendocrine tumors (grade 1 and grade 2) 
and high grade neuroendocrine carcinoma, with small and 
large cells (4). Small Cell Neuroendocrine carcinoma (SCNEC) 
can be found anywhere in the gynecological tract, but is most 
commonly observed in the cervix (4). The causative agent 
underlying the development of this malignancy is Human 
Papilloma Virus (HPV) (5‑7). 

Merkel cell carcinoma (MCC) is a rare primary cutaneous 
neuroendocrine carcinoma (8). Factors involved in the develop‑
ment of MCC include the Merkel cell polyoma virus (MCPyV), 
a weakened immune system and exposure to ultraviolet 
radiation (9,10). MCPyV has also been observed in respiratory 
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tract secretions (11‑14) and it has been demonstrated that it can 
be transmitted during sexual activity. In addition, MCPyV has 
been detected in the oral and ano‑genital mucosa of human 
immunodeficiency virus‑positive patients (15,16). Moreover, 
this virus has been found in a series of the most common 
squamous cervical carcinomas in Japanese patients (17).

These findings prompted the present study into the investi‑
gation of the co‑presence of MCPyV and HPV in three cases 
of SCNEC of the cervix, using both immunohistochemical 
and molecular analyses. 

Materials and methods

Patients. Three cases of SCNEC of the cervix were identified 
in the pathology archives of Parma University (Italy). 

Neuroendocrine differentiation was recognized by 
morphological analysis and immunohistochemical findings.

In all cases, the diagnosis had been made prior to a small 
cervical biopsy and then, in two of these cases, on macro‑
scopic and microscopic examination of the hysterectomy with 
bilateral annessiectomy specimens and in the remaining case 
on a conization specimen. 

The surgical specimens were fixed in 10% neutral buffered 
formalin for a routine light microscopic examination. Sections 
of neoplasms were submitted for histological examination and 
the samples were embedded in paraffin. Then 3‑µm sections 
were cut and stained with hematoxylin‑eosin. 

Immunohistochemical analysis. For immunohistochemical 
analysis, after deparaffinization and rehydration, sections were 
treated with 3% hydrogen peroxidase for 5 min. For antigen 
retrieval, sections were treated with pH9 Tris‑EDTA buffer 
for 30 min in a water‑bath at 98˚C. The following primary 
antibodies were used: MCPyV large T‑antigen (clone CM2B4; 
mouse monoclonal antibody, 1/50; Santa Cruz Biotechnology. 
Inc.) Ki67 (clone MIB‑1; mouse monoclonal antibody, 1/100; 
Dako: Agilent Technologies, Inch.) P63 (clone 4A4, mouse 
monoclonal antibody; ready to use; Ventana Medical System, 
Inc.) CD56 (clone MRQ‑42; rabbit monoclonal primary 
antibody, ready to use; Ventana Medical System, Inc.), TTF‑1 
(clone 8G7G3; mouse monoclonal antibody; ready to use, 
Ventana Medical System, Inc.), P40 (clone SPBC28; mouse 
monoclonal antibody; ready to use; Ventana Medical System, 
Inc.), P53 (clone DO‑7; mouse monoclonal antibody; ready 
to use, Ventana Medical System, Inc.), cytokeratin 20 (clone 
SP33; rabbit monoclonal antibody; ready to use; Ventana 
Medical System, Inc.), cytokeratin CAM 5.2 (clone CAM 5.2; 
mouse monoclonal antibody; ready to use; Ventana Medical 
System, Inc.), chromogranin A (clone LK2H10; mouse mono‑
clonal antibody; ready to use; Ventana Medical System, Inc.), 
synaptophysin (clone SP11; rabbit monoclonal antibody; ready 
to use, Ventana Medical System, Inc.).

All sections were immunostained with automatic 
immunostaining Benchmark Ultra‑Roche Diagnostics.

For incubation with antibodies MCPyV, TTF‑1, P40, 
synaptophysin an HRP Polymer‑Optiview DAB Detection 
kit, was used for detection (Ventana Medical System, Inc.), 
whereas an HRP Polymer‑Ultraview Universal DAB Detection 
kit was used for detection of binding of all other antibodies, 
both according to the manufacturer's protocol.

Diaminobenzidine was used for development of staining, 
and the sections were counterstained with hematoxylin. For 
immunohistochemical study a histological section of cuta‑
neous Merkel cell carcinoma of the neck from a male 71 year 
old man and a histological section of adenocarcinoma of 
large bowell from female 61 years old patient, identified in 
the pathology archives of Parma University (Italy), were used 
respectively as external positive (Fig. 1A and B) and negative 
controls, to verify the presence of MCPyV in our neoplasms.

Molecular analysis. PCR was used to evaluate the presence of 
HPV and MCPyV DNA in the neoplasms. For DNA extraction, 
4‑µm histological sections were stained with hematoxylin and 
examined under a stereomicroscope. Neoplastic areas were 
manually microdissected using sterile scalpels, then suspended 
in a buffer for tissue lysis (Tris‑HCl 50 mM, pH 9, 1 mM EDTA 
pH 8.0, 0.5% Tween‑20, 5% Chelex 100), and incubated over‑
night with Proteinase K (0.4 mg/ml) at 55˚C. After enzyme 
inactivation by 10‑min of boiling, the DNA extracted was 
directly used in the PCR mix without further purification. As 
described by Li et al (18), extracted DNA was PCR amplified 
using a set of general primers (L1C1/L1C2+C2M) designed 
to match the L1 region of the conserved region amongst the 
different HPV genotypes, in order to detect a broad spectrum 
of genital HPV DNAs (including HPV types 6, 11, 16, 18, 31, 
33, 39, 45, 51, 52, 56, 58 and 59) (Table I). Conventional quali‑
tative PCR analysis was performed as follows: 95˚C for 7 min, 
94˚C for 1 min, 40‑47˚C (1˚C increase each cycle) for 1 min 
and 72˚C for 1 min for 8 cycles; then 94˚C for 1 min, 48˚C for 
1 min and 72˚C for 1 min for 35 cycles; and a final extension 
step at 72˚C for 7 min. A negative (sterile water) and a positive 
[DNA of a high‑grade squamous intraepithelial lesion (H‑SIL) 
HPV‑related] controls were included in the amplification run. 
The presence of PCR products of the correct size (243‑262 bp) 
was confirmed by 2% agarose gel electrophoresis.

DNA extracted from the neoplastic tissues were tested for 
PCR amplification of MCPyV DNA using a specific primer set, 
as described previously (19) (Table I). Conventional qualitative 
PCR was performed as follows: 35 cycles of 1 min at 94˚C, 
1 min at 56˚C and 1 min at 72˚C, followed a final extension 
step at 72˚C for 10 min. A negative (sterile water) and a posi‑
tive (DNA of a MCC MCPyV‑positive, of the neck from a male 
year old man) controls were included in the amplification run. 
The presence of PCR products of the correct size (153 bp) was 
verified by 2% agarose gel electrophoresis.

Case reports

Case 1. A 42‑year‑old Caucasian woman, para 3, gravida 3, 
with a history of abnormal cervical‑vaginal cytology due to the 
presence of cervical intraepithelial neoplasia (CIN 3, H‑SIL) 
and cervical glandular intra‑epithelial neoplasia, underwent 
conization. On the histological examination, the conization 
specimen showed an infiltrating, well‑differentiated cervical 
adenocarcinoma (Fig. 2A), H‑SIL and a neoplasm character‑
ized by a trabecular and nodular growth pattern, presenting 
with focal necrosis, accounting for 1% of neoplastic mass. 
Peri‑tumoral and intra‑tumoral flogistic reaction was absent.

The neoplastic cells were round with ovoid nuclei, 
finely granular chromatin and clearly nucleoli  (Fig.  2B). 
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Immunohistochemical analysis revealed that the small cell 
component was positive for neuroendocrine markers, such 
as NSE, synaptophysin (Fig. 2C), chromogranin A (Fig. 2D) 
and for CAM5.2 (epithelial marker) (Fig. 2E), but they were 
negative for TFF1, p63 and p40 both. Well‑differentiated 
cervical adenocarcinoma instead was negative for both 
all neuroendocrine markers, and for TFF1, p63 and p40 
(data not shown).

The mitotic index was high [20 mitoses/10 (high‑power 
fields) (HPF)] and >25% intra‑nuclear positivity expression for 
the proliferation marker ki 67 was observed.

In addition, p16 immunoreactivity and PCR analysis 
demonstrated that all components of the neoplasm were 
associated with an HPV infection  (Fig.  3A). Thus, the 
microscopic characteristics, in association with the immu‑
nohistochemical and molecular findings, were conclusive 
of a final histological diagnosis of SCNEC of the cervix, 
associated with H‑SIL, a well‑differentiated cervical 
adenocarcinoma and HPV infection. Conversely, immunohis‑
tochemical expression for CM2B4 was negative, and MCPyV 
DNA was not found in PCR analysis (Fig. 3B) in either the 
neuroendocrine or adenocarcinomatous components. A total 
hysterectomy with bilateral salpingo‑oophorectomy and pelvic 
lymphadenectomy was performed to establish the stage of the 
neoplasm. On macroscopic and microscopic analyses, all the 
specimens were unremarkable and free from neoplasms. 

In addition, abdominal ultrasound, chest X‑ray, thoracic 
and abdominal computed tomography and bone scans were 
unremarkable.

Therefore, the final diagnosis was primary cervical 
SCNEC with pT1a N0 M0 stage of at diagnosis.

Following radical hysterectomy with lymph‑nodes 
dissection, the patient received chemotherapy (80 mg/m2 and 
etoposide 100 mg/m2 repeated for two cycles of treatment), 
followed by the administration of carboplatin (area under the 
carboplatin plasma concentration vs. time curve=5), Taxol 
175 mg/m2 for two cycles and pelvis radiation of 50 Gy and of 
the lymph nodes (45 Gy) to L1.

A total of 2 years after diagnosis, surgery, chemotherapy 
and radiotherapy, the patient is free of the disease.

Case 2. An 81‑year‑old Caucasian woman, para 2, gravida 2, 
was referred for postmenopausal bleeding which had lasted 
7 months'. Gynecological examination, trans‑vaginal echog‑
raphy and colposcopy revealed an exophytic fungating red to 
tan mass that obscured the cervical os. On histological exami‑
nation, the lesion was composed of nests and cords of small 
blue neoplastic cells with round or ovoid nuclei (Fig. 4A), finely 
granular chromatin, small nucleoli and a high mitotic rate 
(Fig. 4B), accounting for 18 mitoses/10 HPF with>20% intra‑
nuclear expression of Ki‑67. Peri‑tumoral and intra‑tumoral 
flogistic reaction was absent. On immunohistochemical anal‑
ysis, the neoplastic cells expressed synaptophysin (Fig. 4C), 
CD 56 (Fig. 4D), chromogranin A and CAM5.2 (Fig. 4E), and 
p16, but were negative for TFF1, p63 and p40.

Pre‑opertaive contrast‑enhanced computed tomography 
(CT) of the abdomen and pelvis revealed the presence of a 
large ulcerated exophytic cervical lesion, measuring 4 cm 
in its lagest diameter. Magnetic resonance imaging (MRI) 
of the abdomen confirmed these findings, identifying large 
uterine cervical neoplasm. There was no evidence of mass or 
metastatic disease in the chest, bone or brain on CT scan. The 
pre‑operative Positron Emission Tomography (PET) was not 
performed. 

The patient underwent surgery and total radical hyster‑
ectomy with bilateral salpingo‑oophorectomy, pelvic and 
para‑aortic lymph node dissection. Macroscopic examina‑
tion of the surgical specimen revealed the presence of a 
cervical large exophytic lesion, that was partially ulcerated, 
measuring 4.7x4 cm, which entirely obscured the cervical 
os. On sectioning, the lesion involved the endocervix and 
had replaced its wall. The endometrium, fallopian tubes 
and ovaries were grossly unremarkable in both specimens. 
Histopathological examination confirmed the pre‑operative 
diagnosis of SCNEC, with numerous vascular tumor emboli 
[(stage pT1b2, LVI (+)]. In addition, the neoplastic cells exhib‑
ited over‑expression of p16 (Fig. 4F) and revealed the presence 
of HPV DNA (Fig. 3A). Conversely, the neoplastic elements 
did not express TTF‑1, estrogen, progesterone receptors or 
MCPyV (Fig. 4G). Furthermore, PCR amplification did not 
show the presence of MCPyV DNA (Fig. 3B). These findings 
confirmed the diagnosis of primary SCNEC of the cervix 
associated with HPV with pT1 b2 N0 M0, with numerous 
vascular tumor emboli. 

Conversely, post‑operative PET showed many hepatic 
metastatic lesions.

The patient received carboplatin (area under the carbo‑
platin plasma concentration vs. time curve=4) and Taxol 
(60 mg/m2) for two cycles. At 6 months after hysterectomy with 
salpingo‑oophorectomy and chemotherapy, the succumbed 
to the disease due to the development of diffuse metastatic 
lesions.

Case 3. An 83‑year‑old Caucasian woman, para 3, gravida 3, 
was referred for postmenopausal bleeding which had lasted 
8 months' duration. Gynecological examination, colposcopy 
and transvaginal echography revealed a hemorrhagic cervical 
mass, measuring 5 cm, which was biopsied. Histopathology al 
examination revealed the presence of a malignant epithelial 
tumor composed of cords and trabecula. Peri‑tumoral and 
intra‑tumoral flogistic reaction was absent. The neoplastic 

Table I. Primer sequences used for HPV and MCPyV PCR 
amplification.

A, HPV, amplicon size 243‑262 bp, Li et al (18)

Primer	 Sequence (5'‑3')

L1C1	 CGTAAACGTTTTCCCTATTTTTTT
L1C2	 TACCCTAAATACTCTGTATTG
LiC2M	 TACCCTAAATACCCTATATTG

B, MCPyV, amplicon size 153 bp, Alvarez‑Argüelles et al (19)

MCPyV‑1	 CAACAGAGGGCTTTGGGTAAA
MCPyV‑2	 AAGTGTCAGGCCAACCTATGGAA

HPV, human papilloma virus; MCPyV, merkel cell polyomavirus.
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elements were oval to spindle‑shaped with hyperchromatic 
nuclei. The cytoplasm was scant (Fig. 5A). The mitotic index 
was high and accounting for 16 mitoses/10 HPF and >20% 
intranuclear expression of Ki‑67. Individual cell necrosis with 
karyorrhexis and karyolysis was visible, but not particularly 
extensive (Fig. 5A). 

In addition, there was a well‑differentiated cervical adeno‑
carcinomatous component (Fig. 5B). Immunohistochemistry 
revealed positivity for chromogranin A (Fig. 5C), synapto‑
physin (Fig. 5D), and CAM 5.2 (Fig. 5E). Diffuse and marked 
positivity for P16 protein was observed in both the neuroen‑
docrine (Fig. 6A) and in the adenocarcinomatous component 
(Fig. 6B). The tumor cells did not express TTF‑1, estrogen, 
progesterone receptors, p63, p40 (data not shown) and in either 
the neuroendocrine MCPyV (Fig. 6C) or adenocarcinomatous 
components (Fig. 6D). Moreover, the adenocarcinomatous 
component was negative for all neuroendocrine markers.

In addition, PCR amplification did not reveal the pres‑
ence of MCPyV DNA (Fig. 2B). These findings confirmed 
the diagnosis of a primary SCNEC that was not associated 
with MCPyV. Based on the PCR analysis, the neoplastic 
element cells exhibited the presence of HPV DNA, in both 
the neuroendocrine and adenocarcinomatous components 
(Fig. 3A). Pre‑operative contrast‑enhanced CT of the abdomen 
and pelvis revealed the presence of a large exophytic uterine 
cervical lesion, measuring 5.5 cm in its larger diameter. MRI 
of the abdomen confirmed these findings and revealed a large 
uterine cervical neoplasm. There was no evidence of mass 
or metastatic disease to the chest, bone, or brain on CT scan. 
Pre‑operative Positron Emission Tomography (PET) was not 
performed. 

A total hysterectomy with bilateral salpingo‑oophorectomy 
and pelvic lymphadenectomy were performed. Macroscopic 
examination of the surgical specimens identified a large 
ulcerated exophytic cervical lesion, measuring 5.5x3.5 cm that 
partially obscured the cervical os. On sectioning, the lesions 
involved the endocervix and had replaced its wall. 

The endometrium, fallopian tubes and ovaries were grossly 
unremarkable. On histological examination, the neoplasm 
was composed of a SCNEC with oval to spindle‑shaped 
hyperchromatic nuclei and a differentiated cervical adeno‑
carcinomatous component. All lymph nodes were free 
from metastases. These findings confirmed a diagnosis of 

primary SCNEC of the cervix associated with HPV, stage 
pT1‑b2‑N0‑M0, with prominent intravascular and perineural 
invasion (LVI+). Post‑opertative PET showed many metastatic 
abnormal hypermetabolic lesions in the liver and lungs. 

The patient did not receive post‑operative treatment and 
succumbed to diffuse metastatic lesions 1 month after.

Discussion

Neuroendocrine tumors arise from the hormone‑producing 
cells of the body's neuroendocrine system, which consists of 
cells that are a combination of hormone‑producing endocrine 
and nerve cells. These neoplasms can most commonly be found 
in the gastrointestinal tract, pancreas (20,21) and lungs (22). 
Less frequent locations of neuroendocrine tumors include the 
urinary system, male genital organs, female genital organs, 
head, neck and breast (23).

SCNECs are rare malignancies accounting 1‑3% of all 
cervical tumors (24,25). In line with small cell lung cancer, 
SCNEC of the cervix is associated with an aggressive and 
often fatal clinical course (26), which is considerably worse 
compared with that of squamous carcinoma and adenocarci‑
noma (27). This malignancy metastasizes early to the lymph 
nodes and then to distant organs. Widespread dissemination 
may involve the bones, liver, lung and other soft tissues (27). 
Moreover, brain metastases have been reported to be associated 
with lung metastases (28).

SCNECs are composed of a monotonous population 
of small round or fusiform cells with scant cytoplasm and 
hyperchromatic nuclei, finely granular chromatin and 
non‑prominent nucleoli, growing in diffuse or more rarely, 
nested or trabecular pattern. Single cell infiltration of the 
stroma may also observed. Nuclear molding and crush arti‑
facts are common and are helpful for diagnosis. Necrosis and 
apoptosis are a common and lymphatic invasion is frequently 
extensive. SCNECs may coexist with other more typical 
cervical carcinomas, such as squamous cell carcinomas 
or adenocarcinomas, adenocarcinoma in situ and cervical 
intraepithelial neoplasia (29,30).

Several studies have reported that the presence of other 
subtypes of cervical carcinoma in SCNEC does not improve 
the prognosis, which remains significantly worse compared 
with pure cervical squamous cell carcinomas and adenocar‑

Figure 1. Histological section of an Merkel cell carcinoma used as positive control for PCR analysis and immunohistochemical study. (A) Under microscopic 
examination, the neoplasm exhibited a nodular pattern that was composed of small blue neoplastic cells (magnification, x100). (B) The neoplastic cells 
exhibited nuclear positivity for the CM2B4 antibody (magnification, x200).
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cinomas (31). These data are in agreement with two of these 
cases in the present report (cases 2  and 3) in which both 
patients underwent hysterectomy with salpingo‑oophorectomy 
but developed diffuse metastatic lesions and succumbed to 
the disease within a few months after surgery. Moreover, 
prominent lympho‑vascular invasion was observed in both 
cases in the histological examination of radical hysterectomy 
with bilateral salpingo‑oophorectomy specimen, explaining 
the rapid demise after a few of diagnosis.

According to previous studies, the tumor stage, at diag‑
nosis, in these patients would have been more advanced 
(pT1b2, M1, LVI +) than in a patient (case 1, pt1a) who was 
still alive 2 years after diagnosis (32,33). SCNECs should be 
distinguished from primary and metastatic small blue‑cell 
tumors, such as poorly differentiated squamous cell carci‑
nomas, undifferentiated carcinomas of the lower uterine 
segment, primary lymphomas of the cervix and neuroendo‑
crine metastatic tumors of a different primary origin (such 
as the lung), to the cervix. For all three cases of the present 
work, poorly differentiated squamous cell carcinomas can be 
distinguished from small cell neuroendocrine carcinomas due 
to the fact that they lack certain morphological characteristcs 
on microscopic examination that typically characterize small 
cell cervical cancer, including nuclear molding and non‑diag‑
nostic (or crush) artifacts. In addition, immunoreactivity to 
p63 and p40 may be useful in differentiating SCNEC from 
squamous cell carcinoma since these markers are consistently 
expressed in squamous cell carcinomas, but are negative in 
SCNEC. Moreover, whilst p63 expression may be observed 
in SCNEC (34), negativity to p40 excludes the diagnosis of 

squamous cell carcinoma, as p40 is consistently negative in 
neuroendocrine neoplasms at any site (35,36). Neuroendocrine 
markers with morphological evaluation may assist in the 
differential diagnosis of SCNEC and non‑keratinizing squa‑
mous cell HPV‑related carcinomas.

Figure 2. Case 1. Under microscopic examination, the neoplasm was composed of (A) a well‑differentiated cervical adenocarcinomatous component 
(magnification, x100) and (B) a neuroendocrine component characterized by small cells with focal necrosis (asterisk), round or ovoid nuclei with finely 
granular chromatin, evident nucleoli and numerous mitoses (arrows) (magnification, x200). (C) The neuroendocrine component exhibited intense membrane 
immunoreactivity for synaptophysin (magnification, x200). (D) Granular, dot‑like perinuclear citoplasmic positivity was demonstrated for chromogranin 
(magnification, x200) and (E) diffuse membrane immunoreactivity for CAM 5.2 was exhibited (magnification, x200).

Figure 3. Molecular analysis of the three cases. (A) Results of qualitative 
PCR amplification for HPV DNA using a set of general primers for the L1 
region (18). Strong positivity was demonstrated in all three neoplasms, both in 
the NE and in the AC component. (B) Results of qualitative PCR amplification 
for MCPyV DNA, using a set of specific primers (19). Negativity was demon‑
strated in all neoplasms. HPV, human papilloma virus; NE, neuroendocrine; 
AC, adenocarcinomatous component; MCCPyV, merkel cell poliomavirus 
virus; MW, molecular weight standard; POS, positive control; H2O, sterile 
water used as the negative control.
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For case 2, that exhibited only neuroendocrine compo‑
nent, undifferentiated carcinoma of the lower uterine 
segment  (LUS), which accounts for 6% of all endometrial 
cancers (37), was excluded by MRI, by the presence of HPV 
DNA and p16 immunoreactivity, demonstrating that the 
neoplasm does not originate from this segment of the uterus. 
Conversely, neuroendocrine markers may not be useful for 
the differential diagnosis, in this case, since undifferentiated 
carcinomas of the LUS may occasionally display focal posi‑
tivity for neuroendocrine markers (38). 

As well as for case 2, differential the diagnosis of SCNEC 
and embryonal rhabdomyosarcoma can be made because, 
under normal circumstances, this do not stain positive for 
cytokeratin and neuroendocrine markers (39,40). 

In case 2, primary lymphoma of the cervix, which is an exceed‑
ingly rare neoplasm (41) and typically consist of diffuse large 
B‑cell lymphoma (DLBCL) (42) was excluded for morphological 
analysis and immunophenotyping. In fact, tumor cells in DLBCL 
generally express pan B‑cell antigens (CD19, CD20, CD22 and 
CD79a) and are negative for neuroendocrine markers (42).

The possibility of SCNEC developing as a metastasis from 
other sites, such as the lungs and gastro‑enteropancreatic tract 
must be ruled out. That said, isolated metastatic involvement 
of the cervix does appear to be exceedingly rare. For example, 
the most common sites of distant metastases from small cell 
carcinomas of the lung are the liver, adrenal glands, bones and 
brain. Moreover, the identification of a synchronous cervical 
neoplasia, such as H‑SIL and cervical adenocarcinoma in 
close proximity to the neuroendocrine tumor, may also be 
useful to exclude the metastatic nature of neuroendocrine 
neoplasms arising in the cervix. In the present report, foci of 
H‑SIL and foci of invasive cervical adenocarcinoma of usual 
type in case 1 and case 3 were observed. 

SCNEC is frequently associated with HPV infections (5,6). 
Given that MCPyV has been observed in a series of squa‑
mous cervical carcinomas and cervical adenocarcinomas in 
Japanese patients (17), as well as in certain neuroendocrine 
neoplasms, such as MCC of the skin, the present study 
employed immunohistochemical and PCR analysis, and the 
presence of MCPyV in all 3 cases of SCNEC of the cervix 

Figure 4. Case 2. Following histologic examination, the lesion exhibited (A) nests and cords of small blue neoplastic cells (magnification, x200), with (B) round 
or ovoid nuclei, finely granular chromatin, small nucleoli and a high mitotic rate (arrows) (magnification, x400). (C) Neoplastic cells exhibited membrane 
immunoreactivity for synaptophysin (magnification, x400). (D) CD56 (magnification, x100) and (E) CAM5.2 (magnification, x200) staining confirmed the 
lesion was neuroendocrine in nature. Immunohistochemical analysis revealed (F) diffuse cytoplasmic and nuclear over‑expression of p16 (magnification, x100) 
and (G) negativity for CM2B4 antibody (magnification, x200), which was indicative of merkel cell poliomavirus virus negativity.
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was assessed to determine whether this virus can coexist with 
HPV in this rare neoplasm. In the present study, HPV DNA 
was demonstrated in all three neuroendocrine carcinomas 
investigated and in the adenocarcinomatous component in 
the two mixed cases by PCR analysis. However, the lack 
of sequencing of the amplicon obtained by PCR in either 
neoplastic tissue or positive control represents a limitation of 
the present study. As well as, it may be a limtitation does not 
know viral load in these patients. Conversely, the positivity 
for p16 observed in all these cases and all components of 
the neoplasms, allows to establish that HPV detected corre‑
sponded to high‑risk HPV (43).

In addition to the immunohistochemical study, in order to 
detect the presence of MCPyV DNA, PCR analysis, using a 
primer set was performed (19), as Moshiri et al (44) demon‑
strated that the immunohistochemistry alone was insufficient 
to classify a tumor as positive for virus (44). In fact, they 
evaluated the presence of MCPyV in a large series of MCC, 
using immunohistochemistry with two distinct antibodies 
and MCPyV DNA by PCR analysis, and concluded that a 
neoplasm can be considered MCPyV‑positive when two or 
more of these three assays indicated the presence of this 
virus.

In the present study the immunoreactivity to cyto‑
keratin  20  (CK20), which is expressed in more typical 
MCC (34), was verified. As CK20 immunoreactivity was 
negative, the present cases may be considered as non‑Merkel 
neuroendocrine neoplasms. This finding may also explain 

the negativity to the CM2B4 monoclonal antibody in line 
with many cases reported by Glenn McCluggage et al (34) 
and in accordance with absence of MCPyV DNA as revealed 
by the combined use of immunohistochemical and PCR 
analysis. 

In addition to the negativity for CK20 and CM2B4, 
in all three cases of the present study, we did not observe 
peri‑tumoral inflammatory infiltrate, with CD8 positive cells, 
abnormal p53 expression and positivity for TTF1, which may 
be related with stage of neoplasms and prognosis, as reported 
by Kervarrec  et al in many case of MCC (45). In fact, in 
case 1 the stage of neoplams was low and patient was alive 
and free of disease. Whilist, in cases 2 and case 3 the patients 
succumbed after a few months of diagnosis with diffuse 
metastatic disease. 

Conclusions and future goals. In conclusion, these cases of 
SCNECs could suggest that they are non‑Merkel neuroen‑
docrine neoplasms and likely not associated with MCPyV, 
as revealed by the combined immunohistochemical and 
PCR analyses. However, in the cases of the present study, 
the absence of MCPyV may due to a genotype that was not 
detectable using the primers utilized for PCR analysis and the 
antibody used for immunohistochemimistry. Several studies, 
investigating the presence of MCPyV in MCC in different 
countries, have suggested that there are different MCPyV 
genotypes  (46,47). In fact, Martel‑Jantin  et  al  (46), using 
molecular analysis, demonstrated the existence of 5 major 

Figure 5. Case 3. Histologically, the neoplasm consisted of two components. (A) The neuroendocrine component was characterized by cords and trabecula 
of oval to spindle‑shaped cells, with scant cytoplasm and numerous mitoses (arrows) and individual cell necrosis with karyorrhexis and karyolysis (asterisk) 
(magnification, x200). (B) The second component exhibited well‑differentiated cervical adenocarcinoma (magnification, x200). (C) Using immunohistochem‑
istry, the neuroendocrine component exhibited granular, dot‑like perinuclear citoplasmic positivity for chromogranin A (magnification, x200). (D) Intense 
membrane immunoreactivity for synaptophysin was demonstrated (magnification, x100). (E) Membrane and cytoplasmic positivity for CAM5.2 was also 
revealed (magnification, x200). 
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geographically related MCPyV genotypes (Europe/North 
America, Africa [sub‑Saharan], Oceania, South America, 
and Asia/Japan]  (44). Additionally, Matsushita  et  al  (47) 
have suggested that MCPyV strains in Japanese MCC are 
distinct from MCPyVs genotypes associated with Caucasian 
populations (47).

As well as the lack of large T antigen expression in the 
present case series may reflect the presence of MCPyV 
microRNA that inhibits LT expression (48). Additional studies 
with larger cohorts cases and more advanced molecular 
biology techniques may be useful in evaluating the presence 
of MCPyV. Using more advanced molecular techniques, it 
may be possible to detecte MCPyV‑associated microRNAs 
(miRNAs), which have the ability to autoregulate viral 
gene expression (48) allowing for improved identification in 
MCPyV‑positive and MCPyV‑negative SCNECs, and these 
techniques may allow for identification of a subset of miRNAs 
associated with tumor metastasis and specific survival, 
similarly to cases of MCCs (49).

As well as, further studies with larger cohorts cases of 
SCNEC of the cervix, may confirm that the expression for 
CK20, positivity for TTF1, abnormal expression for p53, 
negativity for CM2B4, and absence of inflammatory infiltrate, 
with CD 8 positive cells may be related with advanced stage 
and poor prognosis of the neoplams, similarly to many cases 
of MCC (45).
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