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Abstract It has been hypothesized that the development of
sinonasal intestinal-type adenocarcinoma (ITAC) occurs
through intestinal metaplasia (IM) of the respiratory and/or
glandular epithelium. The aim of this study was to character-
ize the histological, immunohistochemical, and molecular
features of sinonasal IM. Histologic slides from 29 consecu-
tive surgical specimens of ITAC were retrieved. Sections were
stained for CDX2, cytokeratin 20 (CK20), MUC2, and p53.
The status of TP53 gene exons 49 was assessed separately in
areas of IM and in ITAC. Foci of IM were detected in eight
cases (27.5 %). They were all positive for CK20 and CDX2,
while MUC2 was detected in six cases (75 %). In six cases
(75 %), the metaplastic foci showed signs of dysplasia, in-
cluding nuclear enlargement with increased nucleus to cyto-
plasm ratio, nuclear hyperchromasia, loss of nuclear polarity,
and presence of prominent nucleoli. P53 nuclear immunore-
activity was observed in four cases. TP53 gene sequencing
was successfully performed in six cases and revealed the same
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mutation in both IM and ITAC in two cases (¢.832C>T and
¢.215G>C), while another ITAC showed a mutation that was
not present in the adjacent IM (¢.536A>G). In conclusion, our
study suggests a possible clonal relationship between areas of
sinonasal IM and ITAC, indicating that IM may represent a
precursor lesion of ITAC. Improving the knowledge on the
morphological and molecular features of IM is a key step to
identify reliable biomarkers to determine the risk of sinonasal
ITAC development.
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Introduction

Sinonasal intestinal-type adenocarcinoma (ITAC) is a rare
tumor that develops preferentially in individuals exposed to
wood dust and leather dust. It originates preferentially from
the ethmoid, and it is characterized by a locally aggressive
clinical course, with repeated local recurrences, while distant
metastases are not frequent. Therefore, an early diagnosis is
necessary in order to improve the prognosis. However, the
carcinogenic process leading to the development of ITAC is
poorly understood and no precursor lesion has been identified
so far with certainty, although it seems reasonable to think that
the development of ITAC may occur through intestinal meta-
plasia (IM) of the respiratory and/or glandular epithelium of
the sinonasal mucosa. Indeed, areas of IM have been observed
in the vicinity of invasive ITAC and they have been consid-
ered as putative preneoplastic lesions [1-3].

The IM is part of the carcinogenic sequence that leads to
the development of gastric adenocarcinoma of the intestinal-
type and esophageal carcinoma in Barrett’s esophagus. In
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these settings, the morphological and molecular bases of the
metaplastic process have been widely investigated. Moreover,
the presence of IM with nuclear atypia has been related to a
high risk of developing an adenocarcinoma [4]. On the other
hand, the immunophenotypic and molecular features of
sinonasal IM are largely unknown. In this study, we performed
a systematic review of a series of surgically treated ITAC in
search of areas of IM of respiratory and glandular epithelium
of the sinonasal mucosa. To this aim, we reviewed hematox-
ylin and eosin stained slides and performed an immu-
nohistochemical analysis with markers of intestinal diff-
erentiation. Moreover, we performed an analysis of the status
of TP53 gene of metaplastic areas and corresponding
adenocarcinomas.

Patients and methods
Case selection

In the period 1995-2010, forty-two cases of ITAC were histo-
logically diagnosed at our department. In twenty-nine of these
(69 %), material obtained from surgical resection specimens
was available. All the hematoxylin and eosin stained glass
slides were retrieved from our files and carefully re-examined
for the histological appearance of the non-neoplastic surface
epithelium and glands adjacent to the tumor.

The type of epithelial covering (respiratory type only; areas
of squamous metaplasia; areas of intestinal metaplasia) was
evaluated in each case, together with the presence of dysplas-
tic changes. These were defined, in analogy with gastric
dysplasia [4], as the presence of nuclear hyperchromasia and
enlargement, loss of nuclear polarity, and presence of nucleoli.

Fragments of inflamed sinonasal mucosa (n=4) and in-
flammatory polyps (n=6) were used as controls for the im-
munohistochemical staining.

Immunohistochemistry
In order to confirm the intestinal phenotype in areas of meta-

plastic epithelium, we performed an immunohistochemical
staining on serial sections for markers indicative of an

intestinal phenotype, including CDX2, cytokeratin 20
(CK20), and MUC?2. These markers are also expressed by
sinonasal ITAC but not by sinonasal respiratory epithelium
and normal seromucous glands [2, 5]. In addition, we exam-
ined the expression of p53 and cyclin D1 oncoproteins, both
in non-neoplastic epithelium and ITACs, as well as the Ki67
labeling index (Ki67LI), expressed as percentage of positive
cells in the area with the highest density of cells staining
positively. The Ki67L1 was assessed separately in normal
epithelia, in areas of IM and in adenocarcinoma tissue,
counting at least 200 cells in each case.

For immunohistochemical staining, paraffin section (5 pm
thickness) were dewaxed, hydrated, and immunostained after
inactivation of endogenous peroxidase using the BenchMark®
XT (Ventana, Tucson, AZ) stainer and revealed with the
iVIEW DAB detection kit, yielding a brown reaction product.
Table 1 reports the antibody source, dilution, and antigen
retrieval protocols used. After the staining run was complete,
the slides were removed from autostainer, counterstained with
hematoxylin, dehydrated, and mounted with permanent
mounting medium. As negative controls, we substituted the
primary antibody with a Ventana dispenser filled with non-
immune serum at the same concentration for each immuno-
histochemical reaction.

An immunostaining was considered positive when >10 %
of cells expressed the marker.

TP53 gene sequencing

Hematoxylin and eosin stained slides, as well as immunohis-
tochemical slides stained with markers of intestinal differen-
tiation, were first carefully examined in order to select areas of
IM that were clearly separated from tumor areas. Ten serial
sections (5 um thickness) were obtained from one paraffin-
embedded tissue block. Tissue fragments were microdissected
using stereomicroscopic visualization from blank,
deparaffinized slides, in order to separate the metaplastic
epithelium and the areas of the tumor. The DNA was purified
with QIAamp® DNA FFPE Tissue Kit (Qiagen, Hilden, DE)
according to the manufacturer’s protocol, and the DNA con-
centration was assessed spectrophotometrically using
NanoDrop 2000 (Thermo Scientific).

Table 1 Antibody source,

dilution, and antigen retrieval Antibody Clone and source Species and titration Antigen retrieval

protocols used
CDX2 EPR2764Y, Ventana, Tucson, AZ Rabbit, prediluted CCl1, 60 min
CK20 SP33, Ventana Rabbit, prediluted CCl1, 60 min
MUC2 MRQ18, Ventana Mouse, prediluted CC1, 60 min
pS3 DO7, Ventana, Mouse, prediluted CCl1, 60 min
Cyclin D1 SP4R, Ventana Rabbit, prediluted CC1, 60 min
Ki67 30-9, Ventana Mouse, prediluted CC1, 60 min
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Table2  Primers and annealing temperature employed in the analysis of
the TP53 gene

Primers Annealing T
Exon 4 forward GCTCTTTTCACCCATCTACA 53 °C
Exon 4 reverse ACCGTGCAAGTCACAGACTT
Exon 5 forward CTCTTCCTACAGTACTCCCCTGCC 62 °C
Exon 5 reverse GCCCCAGCTGCTCACCATCGCTA
Exon 6 forward GATTGCTCTTAGGTCTGGCCCCT 62 °C
Exon 6 reverse GGCCACTGACAACCACCCTTAAC
Exon 7 forward GTGGTTATCTCCTAGGTTGGCTCT 62 °C
Exon 7 reverse CAAGTGGCTCCTGACCTGGAGTC
Exon 8 forward AGTAGTGGTAATCTACTGGGACGG 54 °C
Exon 8 reverse GCAGCTCGTGGTGAGGCT
Exon 9 forward CCCTTCAGGTACTAAGTCTTGG 55°C
Exon 9 reverse CGAAATGCCCCAATTGCAGG

PCR reaction for TP53 gene exons 4, 5, 6, 7, 8, and 9 was
performed using the primers shown in Table 2. The reaction
was carried out in a volume of 50 ul, with 1.5 mM MgCl,,
10 pmol of each primer, and 2 U PerfectTaq Plus DNA
Polymerase (5-PRIME) with 100 ng of DNA template. The
cycle conditions were 60 s at 95 °C, 60 s at specific annealing
temperature (Table 2), and 60 s at 72 °C for 32 cycles. A 10-
min final extension was added. The amplification was per-
formed in a 2720 Thermal Cycler (Applied Biosystems,
USA). The amplification products were purified with
HiYield™ Gel/PCR DNA Fragments Extraction kit (RBC
Bioscience) according to the manufacturer’s protocol.

Subsequently, we performed cycle sequencing reaction of
purified PCR products using the TP53 forward primers and
BigDye® Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems, USA) according to the manufacturer’s protocol.

The sequencing products were purified using ZR DNA Se-
quencing Clean-up Kit™ (Zymo Research USA).

The samples were analyzed using the AbiPrism 310 Ge-
netic Analyzer (Applied Biosystems, USA). The sequence
results for each sample were analyzed using SeqScape® Soft-
ware v2.5 (Applied Biosystems, USA) to verify the sequenc-
ing results and identify the possible mutations.

Statistical analysis

All statistical tests were performed using SPSS software (re-
lease 17.0). Mann—Whitney and Kruskal-Wallis tests were
used to compare the Ki67 labeling index between normal
epithelia, metaplastic epithelia, and ITAC. All tests were con-
ducted as two-tail tests, with P values less than or equal to .05
considered statistically significant.

Results
Histopathology and immunohistochemistry

Table 3 summarizes the clinical, histological, immunohisto-
chemical, and molecular features of the cases of sinonasal IM
and ITAC that form the object of this study. Foci of IM were
detected in eight cases (27.5 %) and were better recognized
with the use of immunohistochemical markers. They were all
positive for CK20 and CDX2, while MUC2 was detected in
six cases (75 %). They presented as groups of cells separated
by areas of normal respiratory epithelium, which localized
mainly in the basal layers, whereas the superficial layers often
consisted of ciliated respiratory cells (Fig. 1). In one case,
mucous cells which were positive for CK20, CDX2, and

Table3  Summary of the clinical, histological, immunohistochemical, and molecular features of eight cases of sinonasal intestinal metaplasia adjacent

to sinonasal intestinal-type adenocarcinoma

Patient Gender/ Occupational  Site of IM Dysplasia CK20 CDX2 MUC2 p53 Cyclin D1  TP53
age exposure
MCMCMCMCM C IM C
1 M/64 Woodworker  Superficial Yes + + + + + 4+ + + + + ND ND
2 M/52 Woodworker  Superficial No + + + + - - - - - - WT WT
3 M/62 Unknown Superficial Yes + + + o+ - - + ND ND
4 M/81 Leatherworker Superficial and Yes + + + o+ - - + WT WT
glandular
5 M/57 Woodworker  Superficial Yes + + + + - - + + + Exon 8 P278S  Exon 8 P278S
6 M/68 Leatherworker Superficial Yes + + + + + 4+ + + + WT Exon 5 H179R
7 M/66 Leatherworker Superficial and Yes + + + + + 4+ + + + +  WT WT
glandular
8 M/59 Woodworker  Superficial and No + + + + 4+ 4+ + o+ +  Exon4 R72P  Exon 4 R72P
glandular

IM intestinal metaplasia, C Carcinoma, CK cytokeratin, ND not done
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Fig. 1 aand b Areas of intestinal a'ni, o
metaplasia of the surface Y A o
sinonasal epithelium adjacent to g
intestinal-type adenocarcinoma.

Single elements and groups of :

metaplastic cells, interspersed x 1 : €7 .
within the epithelium, showing
hyperchromatic enlarged nuclei,
sometimes with large nucleoli.
Areas like this were considered
dysplastic

MUC?2 were associated with the areas of IM (Fig. 2). In three
cases, metaplastic foci positive CK20, CDX2, and MUC2
were also observed in the seromucous glands of the lamina
propria (Fig. 3). These consisted of small groups of cells
interspersed within the ducts and acini, which in turn were
negative for all the immunohistochemical markers. Scattered
cells of the basal layers of surface epithelium and of the
mucosal glands showed nuclear positivity for cyclin DI,
including metaplastic areas positive for CK20 and CDX2
(Fig. 4). All ITACs showed intense and diffuse nuclear posi-
tivity for cyclin D1.

Metaplastic cells within surface epithelium had a cylindri-
cal or cubical shape, eosinophilic cytoplasm and round to oval
nucleus. Goblet cells were identified in one of the specimens.
In six cases (75 %), the metaplastic foci were partially asso-
ciated with dysplastic changes, consisting of nuclear enlarge-
ment, with increased nucleus to cytoplasm ratio, nuclear
hyperchromasia, loss of nuclear polarity, and presence of
prominent nucleoli (Fig. 1).

No significant difference was observed in terms of prolifer-
ative activity evaluated as Ki67LI between the metaplastic foci
and normal epithelia (5.93+3.44 SD versus 4.75+1.79 SD, P=
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Fig. 2 Area of intestinal metaplasia of the surface epithelium with
presence of superficial mucous producing cells
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0.64), while a significant increase was observed for ITACs,
which showed a Ki67LI of 33.95+21.82 SD (P<0.001).

Areas of squamous metaplasia of the surface epithelium
were identified in four cases (13.7 %), one of which showed
also foci of IM. The squamous metaplastic epithelium was
negative for CK20, CDX2, and MUC?2.

Fragments of inflamed sinonasal mucosa and inflammatory
polyps were used as controls and CK20, CDX2, and MUC2
were negative in the surface and glandular epithelia. Nuclear
immunoreactivity for cyclin D1 was detected mainly in the
basal layers of surface epithelia and in scattered cells in the
glands of the lamina propria (data not shown).

TP53 analysis

P53 nuclear immunoreactivity was observed in foci of IM in
five of the cases, including surface and glandular epithelium,
while normal epithelial cells without signs of IM were always
negative (Fig. 2). The corresponding adenocarcinomas were
positive to a similar degree.

TP53 gene sequencing of the microdissected areas of IM
and ITAC was performed on exons 4, 5, 6, 7, 8, and 9 in five
cases. Two cases were not analyzed at the molecular level,
because the areas of IM were judged to be too small and
sparsely distributed. The results are summarized in Table 3.
Two cases presented the same mutation in the IM and in the
adenocarcinoma, which consisted of point mutation in exon 8
(c.832C>T) and a point mutation in exon 4 (¢.215G>C). Ina
further case, we detected a mutation in exon 5 (¢.536A>G),
which was present only in the adenocarcinoma tissue, but not
in the IM areas (Fig. 5).

Discussion

Improving the knowledge on the morphological and molecu-
lar features of IM in the sinonasal mucosa appears to be a key
step to identify reliable biomarkers to determine the risk of
sinonasal ITAC development. Despite several studies have
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Fig. 3 Foci of intestinal
metaplasia of the surface and
glandular epithelia of the nasal
mucosa. Serial sections. a
Hematoxylin and eosin. b
Cytokeratin 20 immunostaining.
¢ CDX2 immunostaining. d
Cyclin D1 immunostaining

contributed to define the molecular and phenotypic changes
associated with ITAC [6], the critical events that contribute to
the initiation and progression of this tumor are still to be
elucidated. One of the major problems is that precursor lesions

Fig. 4 Intestinal metaplasia of
the seromucous glands of the
sinonasal mucosa. a Hematoxylin
and eosin showing interspersed
cells with enlarged
hyperchromatic nuclei. b Positive
immunostaining for cytokeratin
20. ¢ Positive immunostaining for
CDX2

of ITAC are not well defined. However, a key event in the
development of ITAC is likely to be the transdifferentiation of
the sinonasal surface respiratory and/or glandular epithelium
to an intestinal phenotype. In their study of seven cases of
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Fig. 5 The left panels illustrate TP53 gene mutations (indicated by
arrow) in sinonasal intestinal metaplasia (IM) and intestinal-type
adenocarcinoma (ITAC). All identified mutations are single-nucleotide
polymorphism (SNP). a and b The same exon 8 P287S mutation is
present both in IM (a) and ITAC (b). ¢ and d. An exon 5 HI79R
mutation is present in the ITAC (d) but not in the IM (c). e and f. AN
exon 4 R72P mutation is detected both in IM (e) and ITAC (f).

ITAC, Choi and coworkers observed that in four in-
stances, the sinonasal mucosa overlying the tumor ex-
hibited microscopic areas of intestinal metaplasia inter-
spersed within the respiratory-type epithelium, which
were positive for CK20 and negative for CK7 [l1].
Similarly, Kennedy et al. [2] reported one case of ITAC
with an adjacent focus of intestinal metaplasia, which
showed an immunophenotype CK7-/CK20+/CDX2+/
villin+ similar to the invasive carcinoma, whereas the
non-neoplastic mucosa retained its CK7+/CK20-/CDX2-/
villin- phenotype. More recently, Vivanco et al. identi-
fied areas of CK20 positive IM in 8 % of samples of
tumor-adjacent mucosa from ITAC patients [3], which
involved both surface epithelia and glands. Notably,
these were not associated with dysplastic changes.

@ Springer

Coexistence of wild-type and mutant sequence in the mutant sample
represents a heterozygous mutation. The right panels illustrate p53
immunohistochemical staining of the same case of panels a and b on
the left. Diffuse and intense nuclear immunohistochemical staining for
p53 is detected in areas of IM of the surface epithelium (g) and of the
mucosal glands (h), as well as in the adjacent ITAC (i)

In the present study, we observed areas of IM in 28 % of the
ITAC specimens analyzed. This higher frequency in compar-
ison with previous studies may depend on the selection
methods that included the use of three immunohistochemical
markers of intestinal differentiation and on the characteristics
of our series of ITACs, which includes a high percentage of
workers exposed to leather or wood dusts. However, the
chances of detecting small foci of IM adjacent to ITAC are
likely to be influenced by the sampling of the surgical mate-
rial, and this may also explain the variable prevalence of
sinonasal IM reported in the literature.

The hypothesis that these metaplastic foci may represent
the precursor lesion of ITAC is reinforced by our observation
that they are often associated with dysplastic changes of the
metaplastic epithelium, including the presence of nuclear
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enlargement, hyperchromasia, loss of nuclear polarity, and
presence of prominent nucleoli. These morphologic changes
are the key features of other precancerous conditions associ-
ated with IM, such as dysplasia in Barrett’s esophagus and
gastric dysplasia, and are considered a key step in Barrett’s
esophagus and gastric carcinogenesis [4, 7].

Our immunohistochemical study confirms that sinonasal
IM is characterized by the expression of markers such as
CK20, CDX2, and MUC2. CK20 and CDX2, in particular,
were expressed in all the cases, and this is of particular interest
because CDX2 has been implicated in the pathogenesis of IM
in gastric and esophageal mucosa. In a CDX2-transgenic
mouse model, CDX2 overexpression was associated with
the appearance of foci of IM in gastric mucosa and CDX2
expression emerged before the expression of intestinal marker
genes, indicating that this gene may lead the changes driving
to IM [8]. Interestingly, in these models, the IM lesions
frequently evolved into cancerous lesions, and this process
was shortened when CDX2-transgenic mice were crossed
with p53 deficient mice [8]. Accordingly, foci of IM from
human gastric mucosa frequently harbor TP53 gene mutations
[9-11], and TP53 mutation and inactivation by LOH at 17p, as
well as CDX2 expression play an important role in the devel-
opment of IM in Barrett’s esophagus and its progression to
esophageal adenocarcinoma [12, 13]. Here, we first report that
sinonasal IM associated with ITAC frequently shows overex-
pression of p53 and may harbor the same TP53 gene mutation
present in the adjacent ITAC. Similar observations have been
made in carcinogenic sequence of Barrett’s esophagus to
esophageal adenocarcinoma [14], where the same TP53 mu-
tation is frequently present in high-grade dysplasia and sub-
sequent carcinoma, as well as in gastric tumorigenesis [15].

The frequency of TP53 mutations in ITAC has been re-
ported to vary between 18 and 86 % [16-20], and loss of
heterozygosity at the 17p13 locus that harbors the TP53 gene
has been observed in 58 % of the cases [17]. Three of six
ITACs analyzed in this study showed TP53 missense muta-
tions and were all from patients with occupational exposure to
wood or leather dusts. The most frequent TP53 alterations
detected in ITAC have been G>A transitions, which are also
strongly associated with an occupational history of wood or
leather dust exposure [17, 19, 20].

Overexpression of cyclin D1, a key regulator of cell cycle,
has been described in a wide variety of malignancies including
head and neck squamous cell carcinomas, and it has been
implicated in the early phases of carcinogenesis, in the pro-
gression from preneoplastic lesions to invasive carcinoma [21,
22]. The results of our immunohistochemical study do not
allow a definitive conclusion regarding the involvement of
cyclin D1 in the early phases of sinonasal ITAC development,
because, although it was detected in areas of IM, this marker
was expressed in inflamed sinonasal mucosa at comparable
levels. Nevertheless, we observed that cyclin D1 is frequently

over-expressed in ITACs, and this is in agreement with previ-
ous results showing that the CCND1 gene, which encodes for
cyclin D1, is amplified in ethmoid sinus adenocarcinomas,
although the histologic subtype was not further specified in
this study [23]. Similarly, we did not observe any difference in
terms of proliferative activity assessed as Ki67LI between the
metaplastic foci and normal mucosa, while ITACs showed a
significantly higher proliferation rate. However, it should be
noted that the series of cases analyzed is small.

Previous study conducted on sinonasal mucosa biopsies
obtained from subjects exposed to wood dust [24, 25] and to
leather dust [26], mostly reported non-specific changes of the
sinonasal mucosa, the most frequent being squamous meta-
plasia, cuboidal metaplasia, and goblet cell hyperplasia, while
IM was not identified. This may be due to sampling problems,
since a small biopsy of the sinonasal mucosa is quite unlike to
include IM areas composed of groups of few cells. Alterna-
tively, IM may be a late event that directly precedes the
development of ITAC.

In conclusion, our data suggest the existence of a clonal
relationship between areas of IM and the adjacent invasive
adenocarcinoma. Indeed, in our series, 28 % of ITACs was
associated with areas of IM, which frequently presented dys-
plastic changes (6 of 8, 75 %), and in two cases, there were
identical types of TP53-gene mutations. This indicates that IM
may represent a precursor of ITAC and suggests the existence
of a field effect determined by exposure to carcinogens. A
better understanding of the carcinogenic sequence leading to
the development of sinonasal ITAC may allow a more precise
identification of the patients at risk and may help to implement
preventive strategies.
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