
ORIGINAL ARTICLE

p16 in highly malignant esophageal carcinomas: the correlation
with clinicopathological factors and human papillomavirus infection

Hirotaka Ishida1,2,3 & Atsuko Kasajima2,4,5 & Fumiyoshi Fujishima2 & Ryujiro Akaishi1,2 &

Shunsuke Ueki1 & Yuto Yamazaki2 & Yoshiaki Onodera2 & Xin Gao2
& Hiroshi Okamoto1

&

Yusuke Taniyama1 & Takashi Kamei1 & Hironobu Sasano2

Received: 11 March 2020 /Revised: 15 May 2020 /Accepted: 7 June 2020
# The Author(s) 2020

Abstract
p16 is generally considered to be a surrogate maker of human papillomavirus (HPV) infection and also a predictive marker of
favorable clinical outcome of patients with squamous cell carcinoma of the oropharynx. p16 overexpression is also known to be
induced by deregulation ofRB1 in neuroendocrine carcinomas. In highlymalignant esophageal neoplasms, however, the status of
p16 has remained largely unknown. We immunolocalized p16 and Rb1 in 82 surgically resected esophageal high-grade squa-
mous cell carcinomas (46 poorly differentiated and 36 basaloid squamous cell carcinomas) and 15 esophageal small-cell
carcinomas in order to clarify the clinical and biological significance of p16. p16 immunoreactivity was detected in 7/82 (9%)
high-grade squamous cell carcinomas and 15 (100%) small-cell carcinomas. p16 immunoreactivity was significantly associated
with Rb1 protein loss in both groups (P < 0.001). HPV was detected in none of the p16-positive cases examined. Clinical
outcome of the p16-positive high-grade squamous cell carcinomas was not different from that of the p16-negative counterparts
(P = 0.687) but significantly better than those with the small-cell carcinomas (P = 0.023). p16 was therefore considered to be
induced through an inactivation of the RB1 signaling pathway and not through HPV infection in highly malignant esophageal
neoplasms. Nevertheless, patients’ clinical outcome of these neoplasms significantly differs; therefore, small-cell carcinomas
have to be carefully differentiated from other neoplasms. In addition, p16 overexpression is not predictive of favorable clinical
outcome in high-grade squamous cell carcinomas of the esophagus.
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Introduction

Approximately 85% of esophageal neoplasms are squamous cell
carcinomas in East Asian countries [1, 2]. Among these patients,
histological differentiation and types are associated with clinical
outcome of the patients; in particular, poorly differentiated or
basaloid squamous cell carcinomas of the esophagus have sig-
nificantlyworse prognosis thanwell- tomoderately differentiated
ones [3–5]. In addition, esophageal small-cell carcinomas, which
account for 0.05–3.1% of all esophageal malignancies [1, 6, 7],
are known to be highly aggressive [3, 6, 8].

p16 is a protein product of tumor suppressor gene CDKN2A
and a member of the INK4 family of cyclin-dependent kinase
inhibitors. p16 binds to and inactivates cyclin-dependent kinases
4/6, resulting in the suppression of the phosphorylation of reti-
noblastoma 1 (Rb1) protein (a tumor suppressor protein) and cell
cycle progression [9, 10]. In general, CDKN2A is frequently
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inactivated in human malignant tumors by its gene aberrations,
such as deletions or mutations [9, 10], but diffuse p16 expression
was also reported in various human malignancies, e.g., high-
grade breast and lung cancers and/or undifferentiated pleomor-
phic sarcoma without significant association with its gene alter-
ation status [9, 11]. In these neoplasms, p16 was reported to be
induced by deregulation ofRB1 as positive feedback [9, 12]. The
p16 overexpression via RB1 alteration was on the one hand
demonstrated in highly aggressive tumors, such as small-cell
carcinomas of the lung and esophagus [12–14]. In particular,
p16 overexpression and loss of Rb1 protein were constantly
detected in esophageal small-cell carcinomas [12].

On the other hand, p16 protein overexpression is also con-
sidered a surrogate marker of oncogenic human papillomavi-
rus (HPV) infection. HPV infection plays a pivotal role in
carcinogenesis of oropharyngeal, uterine cervical, and
perianal cancers [9, 15, 16]. Following the entry of virion
via endocytosis, the virus establishes a persistent infection as
a viral episome or integrates into the host genome [17]. HPV
E6 and E7 oncoproteins are expressed from both forms of the
viral DNA, which could inactivate tumor suppressors p53 and
Rb1 proteins and lead to cell cycle progression and subse-
quently to development of cancer [17, 18]. Consequently, an
inactivation of Rb1 protein results in the overexpression of
p16 [9, 12]. HPV-associated oropharyngeal squamous cell
carcinomas were pathologically and clinically different from
the non-HPV-associated counterparts [19]. These tumors had
a lower metastatic rate and TNM stages than HPV-negative
squamous cell carcinomas [19], resulting in better clinical out-
come and response to chemotherapy, radiotherapy, or chemo-
radiotherapy than those with HPV-negative squamous cell
carcinomas [20–23]. Therefore, an evaluation of p16 status
was proposed essential in the diagnosis of oropharyngeal ma-
lignancy [24]. At this juncture, p16-positive oropharyngeal
squamous cell carcinomas are separately staged from those
without p16 expression [24]. In the esophagus, HPV-
positive squamous cell carcinomas were also reported, but
its reported incidence enormously varied: 0–63% in Japan,
1–77% in China, 8–74% in India, 0–41% in Europe, and 0–
5% in the USA [25–28]. In addition, the patients with p16-/
HPV-positive squamous cell carcinoma of the esophagus
were reported to be associated with better clinical outcome
[28, 29] and respond better to chemoradiotherapy than the
p16-/HPV-negative patients [30]. However, the status of p16
and its correlation with HPV infection in highly malignant
neoplasms of the esophagus have remained largely unknown.

In our present study, we aimed to clarify (i) the status of p16
and its relation with HPV infection, (ii) the clinicopathological
characteristics of p16-positive tumors in comparison with p16-
negative tumors, and (iii) the clinical outcome of the correspond-
ing patients in highly malignant neoplasms of the esophagus
including poorly differentiated and basaloid squamous cell car-
cinomas, as well as esophageal small-cell carcinomas.

Materials and methods

Tumor specimens

We studied 97 esophageal carcinoma cases: 15 small-cell car-
cinomas and 82 high-grade squamous cell carcinomas. The
high-grade squamous cell carcinomas, termed based on their
aggressive clinical nature, consisted of 46 poorly differentiat-
ed and 36 basaloid squamous cell carcinomas [3, 5]. All the
specimens were surgically resected between 1988 and 2017.
The specimens of esophageal small-cell carcinoma were re-
trieved from six Japanese institutions listed in a previous study
[6], and high-grade squamous cell carcinomas from a single
institution (Tohoku University Hospital, Sendai, Japan). The
clinical data of the patients were reported in the previous stud-
ies to compare the outcomes of small-cell carcinoma and
basaloid squamous cell carcinoma patients, as well as SOX2
and Rb1 expression in small-cell carcinomas [3, 6]. All the
specimens were independently reviewed by three pathologists
(AK, FF, and HS). The histological diagnosis of small-cell
carcinoma was made based on the histomorphology and pres-
ence of immunoreaction of at least one of synaptophysin and
chromogranin A [6, 31]. Pathological diagnosis of high-grade
squamous ce l l c a r c i noma was made bas ed on
histomorphology and presence of positive staining for p40
by immunohistochemistry as previously described [3, 6, 31].
Tumors with the following conditions were excluded: (i) lo-
cated at the esophagogastric junction or concomitant Barrett’s
esophagus and (ii) eradication of more than two thirds of the
tumor with preoperative therapy [6].

Clinical information of all the patients examined was care-
fully reviewed. TNM staging was determined according to the
eighth edition of the American Joint Committee on Cancer/
Union for International Cancer Control TNM staging system
for esophageal carcinoma [24]. Disease-specific survival was
defined as the time from initial pathological diagnosis to
disease-related death or last observation. The study protocol
was approved by the ethics committees of all participating
institutions.

Immunohistochemical analysis

Specimen preparation and immunohistochemical stainings of
synaptophysin, chromogranin A, p40, and Rb1 were per-
formed as previously described [6]. Anti-p16 monoclonal an-
tibody (clone G175-1239; dilution 1:100, pH 6.0 buffer) was
commercially obtained from BD Pharmingen, NJ, USA. The
above-mentioned immunohistochemistry was performed in
all cases included in this study. Labeling index against the
nuclear antigens p40, p16, and Rb1 was all quantified using
the HistoQuest semi-automated image analysis software
(TissueGnostics, Tarzana, Los Angeles, USA) in an area of
0.04 mm2, and the percentage of immunopositive nuclei in
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total tumor cells was subsequently obtained [6, 32]. In evalu-
ating synaptophysin and chromogranin A immunoreactivity, a
well-established immunoreactivity scoring system ranging 0–
12 was employed. The score was calculated by multiplying
the positivity (0, 0%; 1, < 10%; 2, 10–50%; 3, 51–80%; or 4,
> 80% of tumor cells positively stained) and the staining in-
tensity (0, none; 1, mild; 2, moderate; or 3, strong staining),
and positive immunoreactivity was defined as a final score of
≥ 1 and negative as a final score of 0, as previously described
[6, 33]. Positive immunoreactivity of p40 and p16 was defined
as their labeling index of ≥ 1% and negative as index < 1% [6,
33]. Positive (normal) immunoreactivity of Rb1 was defined
as its labeling index of ≥ 10% and negative (loss) as index <
10% [34]. Reactive stromal cells, lymphocytes, and/or non-
neoplastic epithelial cells were used as positive internal con-
trols for p16 and Rb1 (Supplementary Fig. 1). The evaluation
methods are summarized in Supplementary Table 1.

DNA extraction from 10% formalin-fixed, paraffin-
embedded blocks

In order to explore the status of HPV infection in p16-positive
tumors, genomic DNA of both esophageal small-cell carcino-
ma and high-grade squamous cell carcinoma cases was selec-
tively extracted from the tumorous area of unstained tissue
sections (thickness, 10 μm× 5 sections) under the guidance
of serial hematoxylin and eosin-stained tissue sections using a
QIAamp DNA FFPE Tissue Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s protocol [35]. The
quality of the extracted DNA was confirmed by polymerase
chain reaction (PCR) using a beta-globin (human) Primer Set
(TaKaRa Bio., Shiga, Japan) according to the manufacturer’s
instructions [36]. An amplified DNA sample via PCR was
considered as an appropriate sample for the following PCR
experiment.

Polymerase chain reaction for typing human
papillomavirus

PCR was performed in samples using a Light Cycler equip-
ment (Roche, Basel, Switzerland) and commercially available
HPV typing set (TaKaRa Bio., Shiga, Japan) to identify HPV
genotypes 6, 11, 16, 18, 31, 33, 35, 52, and 58 in genomic
DNA with specifically designed primer sets and according to
the manufacturer’s instructions [37]. Other rare genotypes of
HPV were not detectable by this approach. The primer se-
quences used were as follows: HPV pU-31B forward for
low-risk HPV genotypes 6 and 11, 5′-TGCTAATTCGGTGC
TACCTG-3′; HPV pU-1M forward for high-risk HPV geno-
types 16, 18, 31, 33, 35, 52, and 58, 5′-TGTCAAAAACCGTT
GTGTCC-3 ′ ; and HPV pU-2R reverse, 5 ′-GAGC
TGTCGCTTAATTGCTC-3′. This primer set included both
malignant and benign control templates for verification of the

PCR results using the primer pairs provided in the set. The PCR
products were evaluated by 2.0% agarose gel electrophoresis
stained with ethidium bromide in Tris–borate–ethylenedi-
aminetetraacetic acid buffer.

Statistical analyses

JMP Pro version 13.0.0 software (SAS Institute, Inc., Cary,
NC, USA) was used for all statistical analyses. Continuous
data were analyzed using Student’s t test or the Mann–
Whitney U test. Correlations between two variables were
identified using Pearson’s chi-square test, Fisher’s exact test,
or Mann–Whitney U test as appropriate. Disease-specific sur-
vival curves were constructed using the Kaplan–Meier meth-
od, and compared using the log-rank test. A P value of < 0.05
was considered statistically significant.

Results

Clinicopathological features

The clinicopathological characteristics of the 97 esophageal
neoplasms examined in this study are summarized in
Supplementary Table 2. There were no significant differences
in age, gender, tumor location, and tumor size between small-
cell and high-grade squamous cell carcinomas or between
poorly differentiated and basaloid squamous cell carcinomas
(data not shown). The TNM stage of small-cell carcinoma was
higher than that of high-grade squamous cell carcinoma (P =
0.018, data not shown).

Immunohistochemical characteristics

The results of the immunohistochemistry analysis of esopha-
geal small-cell and high-grade squamous cell carcinomas are
summarized in Table 1. Synaptophysin immunoreactivity was
detected in all esophageal small-cell carcinomas, whereas
chromogranin A was expressed in 10 (67%) esophageal
small-cell carcinomas. Expression of synaptophysin and
chromogranin A was not detected in any of the high-grade
squamous cell carcinoma specimens. p16 expression was de-
tected in all the small-cell carcinomas (n = 15, 100%). The
immunoreactivity was observed mostly in nuclei and cyto-
plasm of the tumor cells with strong intensity and consistent
high labeling index (range, 63–93%; mean, 83%; Fig. 1). In
the high-grade squamous cell carcinomas, p16 immunoreac-
tivity was focally detected in nuclei and cytoplasmwith strong
intensity in 7/82 cases (9%) (Fig. 2). The mean labeling index
of the cases with positive p16 immunoreaction (7 cases) was
33%, ranging from 7% to 80% (Fig. 3). The p16 labeling
index was also significantly higher in the esophageal small-
cell carcinomas than in the poorly differentiated squamous
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cell carcinomas, as well as the basaloid squamous cell carci-
nomas (P < 0.001 for both) (Table 1). No significant differ-
ence was detected in p16 status between the poorly differen-
tiated squamous cell (mean index 2% in all cases, 4/46 posi-
tive) and the basaloid squamous cell carcinomas (mean index
3% in all cases, 3/36 positive). All esophageal small-cell car-
cinomas exhibi ted diffuse and uniformly strong
immunopositivity of p16, whereas high-grade squamous cell
carcinomas demonstrated a diffuse and strong pattern in one
case (1%), a focal positivity in 5 cases (6%), and a single-cell
positivity in one case (1%). Loss of Rb1 protein expression
was detected in all the 15 small-cell carcinomas (Figs. 1 and 3)
and 12/82 of the high-grade squamous cell carcinomas (15%)
(Figs. 2 and 3). In the high-grade squamous cell carcinomas,
the status of p16 immunoreactivity was significantly associat-
ed with female gender (P = 0.047) but not with age, location,
size, TNM stage, or histological type (Supplementary
Table 3). The labeling indexes of p16 and Rb1 were inversely
correlated with each other (P < 0.001, Fig. 3). In order to test
whether the used cut-off level of 1% for determination of p16
expression status is appropriate to correlate Rb1 loss, we also
tested different values (from 5% to 35%) but they did not
result in different statistical correlations. Among the p16-
positive high-grade squamous cell carcinomas (n = 7), 4 with
a relatively high labeling index of p16 (index, 80, 43, 41, and

38%) demonstrated no Rb1 protein expression (index, all 0%)
and presented features related to aggressive biological behav-
ior: tumor size ≥ 50 mm, lymph node involvement, and a high
TNM stage (III/IV). In contrast, the other 3 with a low labeling
index of p16 (index, 7, 11, and 14%) demonstrated indolent
clinical characteristics: tumor size < 50 mm, no lymph node
metastasis, and a low TNM stage (I/II). Two out of the 3 had
normal Rb1 protein expression (index, 74 and 46%) (Fig. 3).

Marked and diffuse immunoreactivity of p40 was detected
in all the high-grade squamous cell carcinomas (100%, 82/82
cases) with a mean index of 78%, whereas p40 was negative
in 14 small-cell carcinomas. The other one small-cell carcino-
ma (7%, 1/15 case) presented weak p40 immunoreactivity.

We confirmed the accuracy of staining using controls’ tis-
sues listed in Supplementary Table 1.

Human papillomavirus status in p16-expressing
neoplasms

DNA were extracted from 3 of the small-cell carcinomas with
the highest labeling index of p16 (93, 92, and 91%) and all the
high-grade squamous cell carcinomas with positive p16 ex-
pression. The extracted DNAwas amplified using beta-globin
(human) Primer Set. DNA amplification was not successful in
one of the high-grade squamous cell carcinomas probably due

Table 1 Immunohistochemical profiles of 15 esophageal small-cell carcinomas and 46 poorly differentiated and 36 basaloid squamous cell carcinomas

Small-cell carcinoma
N (%)

High-grade squamous cell carcinoma P value

Poorly differentiatedsquamous
cell carcinoma
N (%)

Basaloid squamous
cell carcinoma
N (%)

Small-cell carcinoma vs.
high-grade squamous
cell carcinoma

Total (%) 15 (100) 46 (100) 36 (100)

Synaptophysin

Pos 15 (100) 0 (0) 0 (0) < 0.001
Neg 0 (0) 46 (100) 36 (100)

Chromogranin A

Pos 10 (67) 0 (0) 0 (0) < 0.001
Neg 5 (33) 46 (100) 36 (100)

p40

Pos 1 (7) 46 (100) 36 (100) < 0.001
Neg 14 (93) 0 (0) 0 (0)

Mean ± SD (%) 4 ± 16 81 ± 15 73 ± 16 < 0.001

p16

Pos 15 (100) 4 (9) 3 (8) < 0.001
Neg 0 (0) 42 (91) 33 (92)

Mean ± SD (%) 83 ± 10 2 ± 9 3 ± 14 < 0.001

Rb1

Pos 0 (0) 40 (87) 30 (83) < 0.001
Neg 15 (100) 6 (13) 6 (17)

Mean ± SD (%) 0.3 ± 1 51 ± 24 48 ± 25 < 0.001

Pos positive, Neg negative, SD standard deviation, Rb1 retinoblastoma 1
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to insufficient purity of the extracted DNA. We conducted
PCR using the amplified DNA for detection of HPV infection.
In both malignant control (63 bp) and benign control (61 bp)
templates, the DNA was amplified and PCR was performed
successfully. No amplification of HPV DNA regardless of
tissue subtypes was detected in esophageal small-cell and
high-grade squamous cell carcinomas (Figs. 1e and 2e).

Clinical outcome

The 5-year disease-specific survival of the patients with
esophageal small-cell carcinoma was 7% with a median sur-
vival time of 15 months. The 5-year disease-specific survival
of the patients with high-grade squamous cell carcinoma of
the esophagus was 57% (median survival time, 92 months).

Fig. 1 Histopathological and immunohistochemical features of
esophageal small-cell carcinoma. The tumor with variably sized solid
nests with ill border. Abundant intratumoral necrosis (yellow arrows,
a). Tumor cells are round to oval in shape with hyperchromatic nuclei
and scant cytoplasm (b). Diffuse nuclear and cytoplasmic p16

immunoreactivity (c) and loss of Rb1 protein in the carcinoma cells (d).
No amplification of human papillomavirus DNA of a small-cell carcino-
ma tissue and a control tissue showing a positive band by polymerase
chain reaction (e)
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The survival rate of the esophageal small-cell carcinoma
patients was significantly worse than that of the high-
grade squamous cell carcinoma patients (P < 0.001,
Fig. 4). Clinical outcome of the patients with basaloid
squamous cell carcinoma (5-year disease-specific surviv-
al, 48%) tended to be worse than those with poorly dif-
ferentiated squamous cell carcinoma (5-year disease-
specific survival, 66%), but the difference did not reach

statistical significance (P = 0.132). Clinical outcome of
the small-cell carcinoma (all p16-positive) patients was
also significantly shorter than that of p16-positive (P =
0.023) as well as that of p16-negative high-grade squa-
mous cell carcinoma patients (P < 0.001) (Fig. 4). No sig-
nificant difference was detected in clinical outcome be-
tween the patients with p16-positive and negative high-
grade squamous cell carcinoma (P = 0.687, Fig. 4).

Fig. 2 Histopathological and immunohistochemical features of poorly
differentiated squamous cell carcinoma of the esophagus. Tumor cells
of poorly differentiated squamous cell carcinoma comprised round cells
without apparent keratinization (a and b). Immunoreactivity of p16 was

expressed in 7 out of 82 cases (c), while loss of Rb1 protein was detected
in 12 out of 82 cases of high-grade squamous cell carcinoma (d). No
amplification of human papillomavirus DNA (e)
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Discussion

Esophageal small-cell carcinomas demonstrated consistent
overexpression of p16 protein. However, p16 expression
was not an exclusive event observed in small-cell carcinoma,
also observed in 9% (7/82 cases) of high-grade squamous cell
carcinomas. The p16 overexpression was associated with loss
of Rb1 protein but not with HPV infection in both esophageal
small-cell and high-grade squamous cell carcinomas.

p16 gene, also known as CDKN2A, is frequently
inactivated in human malignant neoplasms [9, 10]. The results
of a whole-exome sequencing analysis revealed thatCDKN2A
was inactivated in 49–76% of esophageal squamous cell

carcinoma and is considered as one of the key events in cancer
development [38–40]. CDKN2A was inactivated mostly by
deletion (44–72%), occasionally by mutation (2–8%).
CDKN2A DNA hypermethylation could also contribute to
its inactivation, and the aberrant methylation of 5′CpG islands
of the CDKN2A promoter region leads to repression of its
gene transcription [38]. In our present study, we focused on
poorly differentiated and basaloid features of squamous cell
carcinomas and the results revealed the frequency of p16 pro-
tein loss (91%). Of particular interest, Salam et al. reported an
association of p16 overexpression with morphological differ-
entiation of the tumor, i.e., loss of p16 expression was more
frequently detected in poorly differentiated than in well- and

Fig. 3 All the small-cell carcino-
mas (plotted in white circles)
demonstrated high immunoreac-
tivity of p16 and loss of Rb1 pro-
tein expression. In contrast, most
of the poorly differentiated (black
points) and basaloid (black trian-
gles) squamous cell carcinomas
showed no p16 overexpression
and normal Rb1 expression. p16
expression and loss of Rb1 ex-
pression were observed in 4 and 3
cases of poorly differentiated and
basaloid squamous cell carcino-
mas, respectively. The p16 ex-
pression was significantly associ-
ated with the loss of Rb1 protein
(P < 0.001)

Fig. 4 Clinical outcome of the
patients. Disease-specific survival
of the esophageal small-cell car-
cinoma patients was significantly
worse than that of high-grade
squamous cell carcinoma patients
(P < 0.001). No significant differ-
ence was observed between the
p16-positive and p16-negative
high-grade squamous cell carci-
noma patients (P = 0.687).
Outcome of the small-cell carci-
noma patients was also signifi-
cantly shorter than that of the p16-
positive and p16-negative groups
of high-grade squamous cell car-
cinoma, respectively (P = 0.023
and P < 0.001, respectively)
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moderately differentiated squamous cell carcinomas [44]. In
addition, the status of p16 promoter methylation was also
reported to be associated with histological differentiation, de-
tected in up to 82% of poorly differentiated squamous cell
carcinomas [44]. Although the frequency of inactivation of
p16 in basaloid squamous cell carcinomas has not been fully
studied at this juncture, an inactivation of the p16 gene might
correlate with high-grade neoplasms. Whether p16 immuno-
reactivity can serve as a predictive marker for genetic or epi-
genetic inactivation of CDKN2A gene is controversial [41,
42], and further investigations are required for clarification
at this juncture [41–43].

Strong nuclear and cytoplasmic expression of p16 observed in
continuous areas of the epithelium, called “block” positivity, is
typically observed in HPV-associated neoplasms. We have ob-
served this staining pattern in all the small-cell carcinomas in-
cluded in this study. The p16 overexpression is considered as
positive feedback by deregulation ofRB1 [9, 12]. An inactivation
of RB1 was reported to play a pivotal role in carcinogenesis of
neuroendocrine carcinomas, and Rb1 protein loss was proposed
to be a characteristic in gastroenteropancreatic and pulmonary
neuroendocrine carcinomas [6, 14]. In small-cell lung cancer,
the mechanism has been shown that at least one allele of RB1
was affected by different genomic alterations (i.e., hemizygous
deletion, loss of heterozygosity, ormutation, including rearrange-
ments) [45]. As small-cell carcinomas of the esophagus and lung
greatly share similar biological characteristics, it can be anticipat-
ed that these genetic alterations might contribute to the pathogen-
esis of esophageal small-cell carcinomas [6]. Fujimasa et al. re-
ported that p16 overexpression and Rb1 protein loss were highly
specific findings in esophageal small-cell carcinomas and their
immunoreactivity could serve as a potentially useful diagnostic
marker [12]. In contrast, the p16 expression pattern observed in
high-grade squamous cell carcinomas was mostly focal or with a
single-cell positivity. Interestingly, 5 out of 6 cases of high-grade
squamous cell carcinomas with focal or a single-cell p16 expres-
sion also showed loss of Rb1 expression, whichmight suggest an
incomplete activation of p16 protein despite the same p16/Rb1
signaling activation status as observed in small-cell carcinomas.

p16 overexpression in conventional squamous cell carcino-
ma of the esophagus was reported to be associated with better
clinical outcome of the patients [28, 29]. However, in this
study, p16 positivity in high-grade squamous cell carcinoma
was not associated with tumor size, TNM stage, and patients’
clinical outcome. In the p16-positive high-grade squamous
cell carcinoma group, only 4 cases presented the same expres-
sion pattern (p16 overexpression/Rb1 protein loss) as that of
small-cell carcinomas. Interestingly, the p16 overexpression
induced by dysregulation of RB1 appeared to have an associ-
ation with tumor aggressiveness in high-grade squamous cell
carcinoma. However, due to the limited number of cases avail-
able in our present study, further investigations are required
for clarification. In addition, considering the high frequency of

p16 loss in poorly differentiated squamous cell carcinomas,
p16 status is by no means a favorable predictive factor of the
patients. The patients with small-cell carcinoma, all of whom
expressed p16, had significantly worse survival than those
with p16-positive high-grade squamous cell carcinoma de-
spite their common p16/Rb1 signaling activation status. This
suggests that the p16/Rb1 signaling might not be a single
regulatory mechanism that is associated with the aggressive
behavior of the small-cell carcinomas. Due to the limited num-
ber of cases, further studies are needed to clarify the prognos-
tic impact of p16 expression in highly malignant esophageal
carcinomas. Nevertheless, the results of our present study con-
firmed the fact that poorly differentiated/basaloid squamous
cell carcinomas must be differentiated from esophageal small-
cell carcinomas by means of neuroendocrine markers
(synaptophysin/chromogranin A) and a squamous-basal
marker (e.g., p40).

Diffuse and marked p16 expression usually indicates the
presence of HPV infection in squamous cell carcinoma of the
uterine cervix, pharynx, and esophagus [15, 16, 28]. Cao et al.
reported that the presence of HPV was significantly correlated
with p16 immunoreactivity in esophageal squamous cell car-
cinoma and suggested the p16 immunoreactivity as a good
marker for HPV infection [28]. However, p16 can be induced
by dysregulation of the RB1 pathway without HPV infection.
Indeed, in our present study, HPV infection was detected in
none of the p16-positive small-cell and high-grade squamous
cell carcinomas. In addition, 5–29% of esophageal squamous
cell carcinomas were reported to present p16 expression with-
out association with HPV infection [26, 28, 46, 47]. Based on
the results above, immunohistochemical p16 positivity is not
indicative of the presence of HPV infection in these highly
malignant neoplasms. The reported incidence of HPV infec-
tion varies among geographic regions, detection methods, or
primary sites. Therefore, further investigations are required for
the detection of HPV infection in esophageal neoplasms in
larger-scale studies [25–28, 46, 48].

It is also important to note the following limitations in this
study. First, PCR to identify HPV genotypes was performed
only in limited samples. Second, preoperative treatment might
have affected the detection of HPV. Preoperative therapy was
performed in some cases because it is the current standard
treatment strategy for patients with localized and advanced
squamous cell carcinoma of the esophagus in Japan [49].
Third, detection methods of HPV infection in the esophageal
tissue have not been fully established. PCR is so far consid-
ered to be more reliable than in situ hybridization or immuno-
histochemistry [48]. These limitations are very hard to avoid
in studying with relatively small scale of cases. Nevertheless,
we believe despite all above-mentioned limitations, much can
be learned from our data.

In summary, p16 overexpression is a constant, but not an
exclusive finding in esophageal small-cell carcinomas and
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could be detected in poorly differentiated and basaloid
squamous cell carcinomas albeit with less frequency. p16
overexpression in these highly malignant esophageal neo-
plasms is considered to represent the sequel of intracellular
dysregulation of the RB1 signaling pathway and not HPV
infection. The clinical outcome of esophageal small-cell
carcinoma patients is significantly worse than that of
p16-positive high-grade squamous cell carcinoma patients
despite the common p16/Rb1 signaling activation status;
however, this has to be further confirmed in a study with
a higher number of the relevant neoplasms. Small-cell car-
cinomas and high-grade squamous cell carcinomas must
be, due to the different clinical features, differentiated by
neuroendocrine markers (synaptophysin/chromogranin A)
and a squamous-basal marker (e.g., p40) expression. In
addition, p16 overexpression does not indicate favorable
clinical outcome in squamous cell carcinomas with poorly
differentiated and basaloid morphology of the esophagus.
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