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conform the ethical guidelines established in the World Medical
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submitted for publication must specify that the ethic standards of
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ethic committees and the participants.
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must include a statement that study protocol was approved by the
animal ethics committee of the relevant institution and that the
study was conducted in accordance with “Guide for the Care and
Use of Laboratory Animals” (http://www.nap.edu/catalog/5140.
html). Authors must send the approval of the relevant ethics
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correspondence and that could lead to a prejudiced and unfair
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6.		AUTHORSHIP & CONTRIBUTORSHIP CRITERIA
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International Committee of Medical Journal Editors (http://www.
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features and explanations of any commercial products advertised in
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		Turkish Journal of Pathology requires all authors to acknowledge,
on the title page of their manuscript, all funding sources that
supported their work, as well as all institutional or corporate
affiliations of the authors that might pose a conflict of interest in
connection with the submitted manuscript.
The confidentiality and privacy of patients and study participants:
		Authors should avoid descriptive information such as patient names,
initials, reference numbers or photographs in their article. Such
information can be published if absolutely necessary for scientific
reasons and only after obtaining written “informed consent” from
the patient (or parents, or guardian). The article must also state that
“informed consent” was obtained.
8.		RelatIons wIth EdItor(s), Author(s) and
Referee(s)
		Editors do not share information regarding articles (article receipt,
review process, referee opinions or final results) with anyone except
authors and referees. Referees and editorial board members cannot
discuss articles in a public manner. Editors must send copies of the
article to the editor once their review is complete. Referee reviews
cannot be printed or disclosed without permission of the author
and editor. Care is taken to keep the identities of the referees. In
some cases, the editor may decide to send referee opinions on the
article to other referees reviewing the same article to inform them
during the process. All articles submitted will be subjected to peer
review by the editorial board, and the authors will be informed
within four weeks. Editorial board reserves the right to make some
revisions in the article. Revised articles should also be accompanied
by a unique letter with responses to reviewers’ comments. Articles
that do not comply with the journal requirements listed below may
be returned without review at the discretion of the editors. If the
journal requests a revision, the author(s) should submit the revised
version within six months. Otherwise , it will be considered a new
submission.
9.		PREPARATION OF ARTICLE
		Articles should be typed in 12 pt (Times New Roman), double
spaced throughout with margins of 2.5 cm, and pages must be
numbered on the right upper corner. Manuscripts must be in
accordance with the International Committee of Medical Journal
Editors: Uniform Requirements for Manuscripts Submitted to
Biomedical Journals (http://www.icmje.org/). Original articles
should not exceed 15 double spaced typewritten pages, and case
reports should not exceed 10 pages. Articles should be sent in either
“doc” or “txt” format and organized as follows:
a.		Title page: The title page should contain the article title,
authors’ names, academic titles and affiliations, a running title
not exceeding 40 characters and the address for manuscript
correspondence including e-mail address and telephone and fax
numbers. If the article was presented at a scientific meeting, a
complete statement including the date and place of the meeting
should be provided.
b.		Abstract and key words: All articles should contain an abstract.
Abstracts must be no longer than 250 words. The abstracts
should be structured [objective, materials and methods,
results and conclusions]. Case reports should also include a
structured abstract [objective, case report(s), and conclusion].
Abbreviations should not be used in the abstract.
		The authors should list three to five key words or phrases taken
from Index Medicus Medical Subject Headings (http://www.
nlm.nih.gov/mesh/MBrowser.html).
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c.		Text: Original articles should be organized in four main
headings: introduction, material and method, results, and
discussion. Define abbreviations at first mention in the text
and in each table and figure. If a brand name is cited, supply
the manufacturer’s name and address (city and state/country).
Case reports should include the following identifiable
sections: introduction, case report(s), and discussion. An
“acknowledgement(s)” section may be added following these
sections to thank those who helped the study or preparation
of the article, if any. The acknowledgements are placed at the
end of the article, before the references. This section contains
statements of gratitude for personal, technical or material help,
etc.
d.		References: References should be arranged according to
the “Uniform Requirements for Manuscripts Submitted
to Biomedical Journals” rules developed by “International
Committee of Medical Journal Editors (ICMJE)”. Some examples
have been provided for frequently used reference types. The
http://www.nlm.nih.gov/bsd/uniform_requirements.html site
should be used for guidance on other types of references not
provided here. Each reference should be numbered and listed
according to their order in the text. They should be referred
to in parentheses at the end of sentences within the text. The
author(s) are responsible for the accuracy of the references.
Journal titles should be abbreviated according to Index Medicus.
Refer to the “List of Journals Indexed in Index Medicus” for
abbreviations of journal names, or access the list at http://www.
nlm.nih.gov/tsd/serials/lji.html. Abbreviations are not used for
journals not in the Index Medicus. Only published articles or
articles “in press” can be used in references. All authors names
must be written, do not use “et al”. Authors must add the DOI
and/or PMID numbers to the end of each citation.
		
Journals:
		Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation
in HIV-infected patients. N Engl J Med. 2002;347:284-7. PMID:
12140307 DOI: 10.1056/NEJMsb020632
		
Books:
Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd
ed. Wieczorek RR, editor. White Plains (NY): March of Dimes
Education Services; 2001.
		
Book chapters:
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2002. 93-113.
		
Meeting announcements:
		Christensen S, Oppacher F. An analysis of Koza’s computational
effort statistic for genetic programming. In: Foster JA, Lutton E,
Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming.
EuroGP 2002: Proceedings of the 5th European Conference on
Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin:
Springer; 2002. p. 182-91.
e.		Tables: Each table must be typed double-spaced on a separate
page following the references. Tables should be numbered
consecutively with Roman numerals in order of appearance
in the text and should include a short descriptive title typed
directly above and essential footnotes including definitions
of abbreviations below. They should be self-explanatory and
should supplement rather than duplicate the material in the
text.
f.		Figures: All figures should be numbered sequentially in the text
with Arabic numbers and should be referred to in parentheses
within the text. Art should be created / scanned and saved as
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either TIFF or JPEG format, submitted as a separate file, and not
embedded in the text file. Electronic photographs, radiographs,
CT scans, and scanned images must have a resolution of at least
300 dpi and 1200x960 pixels. Writing any text on the figures
should be avoided as much as possible.
g.		Figure legends: Include legends for all figures. Legends should
appear on a separate page after the tables, should be brief and
specific, and should include magnification and the stain used.
Abbreviations and symbols used in the figures must be denoted
in the legend.
10.		SUBMISSION OF ARTICLES
		All manuscripts must be submitted on-line through the web
site (http://www.turkjpath.org/submit). The corresponding
author should upload the “Turkish Journal of Pathology Author
Responsibility and Copyright Transfer Form” with the main
manuscript. The copyright transfer form can be downloaded from
“http://www.turkjpath.org/copyright_transfer_form.doc”
11.		ReprInts
		Authors will receive a complimentary electronic (PDF) reprint of
the article. No hardcopy complimentary reprints are provided by
the publisher.
12. CopyrIght
		Copyright Copyright of an accepted article should be transferred to
the Federation of Turkish Pathology Societies. This transfer covers
the exclusive rights to reproduce and distribute the article.
		Authors may make this published article available free on-line
provided that the source of the published article is cited and
the Federation of Turkish Pathology Societies is mentioned as
copyright holder. In such a case, a link to the original article
in Turkish Journal of Pathology accompanied by the following
statement should also be created: “The original article is available at
http://www.turkjpath. org”. All articles published in this journal are
protected by copyright. Manuscripts, figures and tables published
in the Turkish Journal of Pathology can be reproduced, archived
in a retrieval system, by providing proper citations. If there are
advertising purposes for using Federation’s intellectual properties
please contact the Federation of Turkish Pathology Societies. The
Federation of Turkish Pathology Societies does not accept any
legal responsibility for errors, omissions or claims with respect
to information published in the Journal. The “Turkish Journal of
Pathology Author Responsibility and Copyright Transfer Form”
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The World Health Organization Classification of
Odontogenic Lesions:
A Summary of the Changes of the 2017 (4th) Edition
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ABSTRACT
The 4th edition of the World Health Organization (WHO) Classification of Head and Neck Tumors was published in January 2017. The edition
serves to provide an updated classification scheme, and extended genetic and molecular data that are useful as diagnostic tools for the lesions
of the head and neck region. This review focuses on the most current update of odontogenic cysts and tumors based on the 2017 WHO edition.
The updated classification has some important differences from the 3rd edition (2005), including a new classification of odontogenic cysts,
‘reclassified’ odontogenic tumors, and some new entities.
Key Words: WHO classification, Odontogenic cysts, Odontogenic tumors, Update, Odontogenic keratocyst

INTRODUCTION
The World Health Organization (WHO) series on
histologic and genetic typing of human tumors are
generally updated approximately every 10 years for nearly
all organ systems. These reference books provide updated
tumor classification schemes based on currently available
data, diagnostic criteria, as well as an international
standard for professionals. The WHO 4th edition of Head
and Neck Tumors was published in January 2017 and it
is the ninth volume in the 4th edition of the WHO series
(1). The publication of this edition followed the meeting
of an expert consensus group that met in Lyon, France
January 13-16, 2016. The participants the WHO invited on
the Consensus and Editorial Panel included Prof Takashi
Takata, Japan, Chair; Prof Daniel Baumhoer, Switzerland;
Prof Samir El-Mofty, United States of America (USA);
Prof Edward Odell, United Kingdom (UK); Prof Paul
Speight, UK; Prof John Wright, USA, Prof Rosnah Zain,
Malaysia (2). In the field of odontogenic tumors and cysts,
this consensus work is critical given the reincorporation of
odontogenic cysts, reclassified tumors, new entities, and
current rapid rate of discovery of genetic and molecular
alterations. The working group debated and edited each
tumor/cyst in detail, and reviewed both historical and
current evidence of each entity in the literature in order to
provide a consensus text on all entities. Major objectives of
the panel were 1. Simplicity, 2. Reproducibility, 3. Scientific
accuracy, and 4. Utility for the practicing community of
surgical pathologists.
(Turk Patoloji Derg 2018, 34:1-18)
Received : 04.07.2017 Accepted : 13.07.2017

The 2017 edition, like earlier editions, mainly divided
odontogenic tumors into two categories, based on biologic
behavior as malignant and benign. However, the 2005
classification organized benign odontogenic tumors as
‘Odontogenic epithelium with mature, fibrous stroma
without odontogenic ectomesenchyme,’ ‘Odontogenic
epithelium with odontogenic ectomesenchyme, with
or without hard tissue formation,’ and ‘Mesenchyme
and/or odontogenic ectomesenchyme with or without
odontogenic epithelium’ (3), whereas the 2017 edition
includes a simpler format such as epithelial, mesenchymal
(ectomesenchymal), and mixed odontogenic tumors.
The complex and detailed malignant odontogenic tumor
classification of the 2005 edition was also made simpler by
this new classification. Another very important change of
the new edition is to have an odontogenic cyst classification
that was eliminated from the 2005 edition. The last effective
WHO odontogenic cyst scheme was published in 1992.
Therefore, the odontogenic cyst classification has been
significantly updated since 1992. Table I summarizes the
current odontogenic tumor and cyst classification (1).
The aim of this review is to discuss updates in the new
2017 WHO odontogenic lesions classification, outlining
changes from the 2005 WHO classification, with emphasis
on newly described and reclassified entities and illustrate
the salient pathologic features of this diverse group of cysts
and neoplasms.
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Department of Tumor Pathology, Institute of Oncology, Istanbul University,
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Table I: 2017 WHO classification of odontogenic tumors and cysts

Malignant Odontogenic Tumors
Ameloblastic carcinoma
Primary intraosseous carcinoma, NOS
Sclerosing odontogenic carcinoma
Clear cell odontogenic carcinoma
Ghost cell odontogenic carcinoma
Odontogenic carcinosarcoma
Odontogenic sarcomas
Benign Odontogenic Tumors
Epithelial Origin
Ameloblastoma, conventional
Ameloblastoma, unicystic type
Ameloblastoma, extraosseous/ peripheral type
Metastasizing (malignant) ameloblastoma
Squamous odontogenic tumor
Calcifying epithelial odontogenic tumor
Adenomatoid odontogenic tumor
Mixed (Epithelial-Mesenchymal) Origin
Ameloblastic fibroma
Primordial odontogenic tumor
Odontoma
Compound type
Complex type
Dentinogenic ghost cell tumor
Mesenchymal Origin
Odontogenic fibroma
Odontogenic myxoma/myxofibroma
Cementoblastoma
Cemento-ossifying fibroma
Odontogenic Cysts
Developmental Origin
Dentigerous cyst
Odontogenic keratocyst
Lateral periodontal and botryoid odontogenic cyst
Gingival cyst
Glandular odontogenic cyst
Calcifying odontogenic cyst
Orthokeratinized odontogenic cyst
Inflammatory Origin
Radicular cyst
Collateral inflammatory cyst

2
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MALIGNANT ODONTOGENIC TUMORS
• Ameloblastic carcinoma
• Primary intraosseous carcinoma
• Sclerosing odontogenic carcinoma
• Clear cell odontogenic carcinoma
• Ghost cell odontogenic carcinoma
• Odontogenic carcinosarcoma
• Odontogenic sarcomas
This section includes numerous updates from the 2005
edition, including simple reclassification of ameloblastic
carcinoma and primary intraosseous carcinoma, the
addition of the new entity of sclerosing odontogenic
carcinoma, reconstituting the entity carcinosarcoma,
odontogenic sarcomas without subclassification, and
excluding metastasizing ameloblastoma, which was
subclassified under the ameloblastoma group because
of its bland histologic features. While a majority of the
panel agreed to move metastasizing ameloblastoma from
malignant to benign, this decision was not unanimous.
In the 2005 classification, ameloblastic carcinomas were
divided into three categories; primary type (a), secondary
type (dedifferentiated) intraosseous (b) and secondary
type (dedifferentiated), peripheral (c). These tumors are
now classified under ‘ameloblastic carcinoma’ based on
the morphologic continuum and similar behavior between
these entities. Ameloblastic carcinoma is a malignant
counterpart of ameloblastoma and also shares the same
BRAF mutation (4). In addition to the classic malignant
features of ameloblastic carcinoma, this tumor expresses
SOX2 and has a higher Ki-67 proliferation index than its
benign counterpart, ameloblastoma (5-7) (Figures 1 A,B).
Like ameloblastic carcinomas, the primary intraosseous
carcinomas (PIOC) category was also narrowed and
became a single entity. It had previously been divided into
three different categories based on their histogenesis in
2005. PIOCs arise from odontogenic epithelium with no
precursor lesion or arise from odontogenic cyst epithelium
or other benign precursors. One hundred sixteen welldocumented PIOC cases arising from odontogenic cysts
have been published over the past 70 years starting from
1938. The most common precursor odontogenic cysts
are radicular/residual cysts, followed by dentigerous and
odontogenic keratocysts (8) (Figure 2). Seventy-seven
additional PIOC cases were published with prognostic
factors in 2016 by a single institute (9). When pathologists
are faced with PIOC, metastatic lesions, other malignant
odontogenic and intraosseous salivary gland tumors, and
carcinomas of other anatomic structures should be included
Vol. 34, No. 1, 2018; Page 1-18
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B

Figure 1: A) Ameloblastic carcinoma. Islands of cytologically atypical epithelium with central necrosis or keratinization (H&E; x100).
B) Ameloblastic carcinoma demonstrating palisading of the peripheral cells with reverse nuclear polarization. Oftentimes with
malignancy, this feature is only minimally retained (H&E; x200).

Figure 2: Primary intraosseous odontogenic carcinoma arising in
an apical periodontal cyst (H&E; x40).

Figure 3: Primary intraosseous carcinoma with hypercellularity,
cytologic atypia and mitoses (H&E; x100).

in the differential diagnosis. By default, once these other
possibilities have been ruled out, any malignant epithelial
tumor in the jaws is PIOC (Figure 3). Odontogenic
carcinomas, including ameloblastic carcinomas can rarely
show transition to malignant spindle cell proliferations. In
such cases, the diagnosis should be sarcomatoid or spindle
cell odontogenic carcinoma rather than odontogenic
carcinosarcoma (1, 10, 11).

and strands of epithelium in a markedly dense stroma. The
epithelial component can be conspicuous and highlighted
using immunohistochemical staining including CK19,
CK5/6, p63 positivity, and focal and subtle positivity of CK7
(12-14) (Figures 4A,B). However, the cytologic features
are bland, and invasion of skeletal muscle and nerve is
characteristic. Pathologists should keep this tumor in mind
because it is a new entity, and also exclude the diagnosis
of metastasis, epithelium-rich central odontogenic
fibroma, desmoplastic ameloblastoma, calcifying epithelial
odontogenic tumor, and clear cell odontogenic carcinoma
before making this diagnosis. The main treatment is
resection. To date, only one case recurred after initial
curettage (13) and no metastases have yet been reported.

Sclerosing odontogenic carcinoma was first described in
2008 (12). In the 2017 classification it was introduced as
a primary intraosseous carcinoma of the jaw, which has
densely sclerotic stroma, bland cytology, and aggressive
infiltration. To date, about 10 cases have been reported (1,
2). The tumor is characterized by small single-file cords
Vol. 34, No. 1, 2018; Page 1-18
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Figure 4: A) Sclerosing odontogenic carcinoma with thin strands of cytologically bland epithelium. The epithelial component can be
deceptive on H&E staining (H&E; x100). B) Sclerosing odontogenic carcinoma (Cytokeratin IHC; x200).

Figure 5: Clear cell odontogenic carcinoma. Epithelial neoplasm
with significant clear cell change. Metastatic disease must always
be ruled out (H&E; x100).

Figure 6: Ghost cell odontogenic carcinoma. The diagnosis
requires cytologic atypia, mitoses and ghost cells (H&E; x100).

This tumor needs genetic or molecular characterization to
fortify it being a separate entity from other carcinomas.

share many similar features (Figure 5). Metastatic renal cell
carcinoma, melanoma, and intraosseous mucoepidermoid
carcinoma with prominent clear cells should be kept in
mind as a priority when considering clear cell malignancy.
The old synonyms of ‘clear cell odontogenic tumor’ and
‘clear cell ameloblastoma’ were made obsolete.

No major changes were made in clear cell odontogenic
carcinomas and ghost cell odontogenic carcinomas, but
additional genetic and molecular data are now available.
Most clear cell odontogenic carcinomas have shown
rearrangements of EWSR1 in which some researchers
confirmed ATF1 to be the fusion partner (15,16). The
same translocation has long been known for hyalinizing
clear cell carcinoma of the salivary glands (17). These two
tumors also share similar immunohistochemical profiles
(18). With all these similarities, the question remains as to
whether these lesions are related. We think that the answer
will be revealed before the next classification. Clear cell
morphology in tumors are always challenging because they

4

Ghost cell odontogenic carcinoma (GCOC) is an extremely
rare tumor of ghost cells. An international collaborative
study group on ghost cell odontogenic tumors gathered
and discussed all ghost cell lesions (19). Of the 122 cases
discussed, only 3 were GCOC. GCOCs are a malignant
counterpart of calcifying odontogenic cyst (COC) or
dentinogenic ghost cell tumor (DGCT). GCOCs require
cytologic evidence of malignancy (Figure 6). p53 expression
and a high proliferation index are key aspects for a diagnosis
Vol. 34, No. 1, 2018; Page 1-18
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a
Figure 7: Odontogenic carcinosarcomas. The epithelial and
mesenchymal components show cytologic features of malignancy.
Consideration must be given to the possibility that the spindle cell
component is epithelial (H&E; x100).

of GCOC versus DGCT in the 2017 edition (20). There are
limited studies on molecular aspects because of the rarity
of the tumor. In the new edition, a single case has been
documented with a distinctive molecular profile, multiple
changes in the SHH signaling pathway, and a novel APC
mutation (21).
Odontogenic carcinosarcoma was added in the 1992 WHO
malignant odontogenic tumors classification and then
eliminated from the 2005 classification because most of the
cases published were prior to IHC and current diagnostic
criteria. Odontogenic carcinosarcoma has been accepted
again in 2017 edition because of cases with adequate
immunohistochemical and/or molecular support (22,23)
(Figure 7).
Previously, in 2005, odontogenic sarcomas were classified
as ameloblastic fibrosarcoma and ameloblastic fibrodentinosarcoma and ameloblastic fibro-odontosarcoma
depending on whether and what dental hard tissues were
formed (Figures 8A,B). Now, these malignant tumors are
collected under the umbrella of odontogenic sarcomas and
it has been clarified that most common type is ameloblastic
fibrosarcoma, which is the malignant counterpart of
ameloblastic fibroma (24). Most of the odontogenic
sarcomas are between low and intermediate grade.
Anaplastic type has also been reported and alterations of
the p53 and c-KIT genes restricted to the sarcomatous
component have been observed in this type of ameloblastic
fibrosarcoma (25).

Vol. 34, No. 1, 2018; Page 1-18

B
Figure 8: A) Odontogenic sarcoma. Specifically ameloblastic
fibrosarcoma since no dental hard tissues are formed. The
epithelial component is benign, the mesenchymal component
shows hypercellularity, increased mitoses and cytologic atypia
(H&E; x40). B) Odontogenic sarcoma. Note hypercellularity,
cytologic atypia and mitoses (H&E; x400).

BENIGN ODONTOGENIC TUMORS, EPITHELIAL
• Ameloblastoma, conventional
• Ameloblastoma, unicystic type
• Ameloblastoma, extraosseous/ peripheral type
• Metastasizing (malignant) ameloblastoma
• Squamous odontogenic tumor
• Calcifying epithelial odontogenic tumor
• Adenomatoid odontogenic tumor
The most notable change in this tumor group is that
keratocystic odontogenic tumors of 2005 are now classified
under developmental odontogenic cysts under the name of
odontogenic keratocysts (see odontogenic cyst section).
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Another major change in this group is the update of
ameloblastoma types based on current genetic studies.
Ameloblastomas were classified as solid/multicystic,
extraosseous/peripheral, desmoplastic, and unicystic types
in the 2005 classification. The 2017 classification has been
narrowed to ameloblastoma, unicystic ameloblastoma, and
extraosseous/peripheral types. The term solid/multicystic
was dropped because most conventional ameloblastomas
show cystic degeneration with no biologic differences.
The desmoplastic type was left under the histopathologic
subtype instead of becoming a separate entity because
ameloblastomas have different histopathologic types,
including follicular, plexiform, acanthomatous, granular

a
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cell, basaloid, and desmoplastic. Follicular is the most
common and diagnostic pattern where the central areas
of the neoplastic islands are loose and resemble the stellate
reticulum of the developing tooth germ and the peripheral
cells are columnar (palisaded) and display reverse nuclear
polarity (Figures 9A,B). Plexiform is characterized by thin
lamina like strands but there are two distinct patterns.
One where the cells are basaloid and often arranged in a
double row of basaloid cells without peripheral palisading
or reverse nuclear polarity. In the second pattern of
plexiform, the cords are thicker, the central cells more
squamous but without peripheral palisading or reverse
nuclear polarity (Figures 10A,B). The acanthomatous

B

Figure 9: A) Follicular ameloblastoma. Islands of epithelium with central loosening of short spindled epithelial cells with peripheral
palisading and reverse nuclear polarity (H&E; x200). B) Follicular ameloblastoma. Diagnostic feature of peripheral palisading (columnar
morphology) with reverse nuclear polarity (normal ameloblast nuclei are on the basement membrane but have to move to the other pole
of the cell when they secrete enamel matrix proteins) (H&E; x400).

a

B

Figure 10: A) Plexiform ameloblastoma. One plexiform pattern shows thin lamina like strands of basaloid epithelial cells, often without
peripheral palisading and reverse nuclear polarity (H&E; x200). B) Plexiform ameloblastoma. Another pattern where the cords are
thicker and looser and also without peripheral palisading or reverse nuclear polarity. This type often is unicystic and found in the second
decade (H&E; x100).

6
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pattern shows squamous differentiation centrally and
the differential diagnosis always includes squamous cell
carcinoma or squamous odontogenic tumor (Figure 11).
The granular cell and basaloid types show either granular
cell change (Figure 12) or basaloid morphology (Figure 13)
respectively. With the granular cell variety, some or all of
the cell can show granular cell change, often complicating
diagnosis. The nuclear crowding and hypercellularity
of basal cell ameloblastoma always raises a concern for
malignancy but by itself is not diagnostic of malignancy. In
the desmoplastic variant, the tumor cells can induce stromal
desmoplasia which often compresses the neoplastic cells,
resulting in loss of diagnostic peripheral palisading with
reverse nuclear polarity (Figure 14). While ameloblastomas

can show a predominant histologic subtype, most show
combinations of subtypes but all of these histopathologic
types have no clinical significance (26). Their clinical
behaviors are not different from conventional
ameloblastomas, including desmoplastic ameloblastomas,
which have distinctive clinical and radiologic features (27).
One of the most genetically studied tumors with the aim
of understanding their etiopathogenesis is ameloblastoma.
Today, we know that mutations in genes of the MAPK
pathway have been observed in almost 90% of all
ameloblastomas, and BRAF V600E is the most common
mutation (28-32). These genetic studies outline that a novel
treatment of aggressive and/or recurrent ameloblastoma
can be BRAF-targeted therapy. Another commonly

Figure 11: Acanthomatous ameloblastoma. There central cells
show more mature squamous differentiation (H&E; x200).

Figure 12: Granular cell ameloblastoma. Any or all of the cells of
ameloblastoma can accumulate lysosomes and show granular cell
change (H&E; x200).

Figure 13: Basaloid ameloblastoma. The entire islands of
neoplastic cells remains basaloid (H&E; x200).

Figure 14: Desmoplastic ameloblastoma. Marked stromal
desmoplasia compresses the neoplastic islands of epithelium
(H&E; x100).

Vol. 34, No. 1, 2018; Page 1-18
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observed mutation is SMO, in the non-MAPK pathway
(31,32). These results might define two different genetic
pathways for ameloblastomas. Table II summarizes the
prevalence of mutations according to localization (1).
The unicystic ameloblastoma represents an ameloblastoma,
which presents as a cyst and has a lower recurrence rate
following conservative removal. Three histopathologic
variants were recognized in the 2005 edition and the
original publication in 1978, luminal, intraluminal, and
mural depending on whether only the cyst lining is affected
(Figure 15) or whether solid neoplasm could be identified
that had grown intraluminally or infiltrated the wall of
the cyst. The most controversial type with this lesion is
mural due to the higher recurrence rate with conservative
treatment than with the other two types (33) Some
researchers suggest that if unicystic ameloblastoma has a
mural component, it should be considered as conventional
ameloblastoma with extensive cystic change rather than
unicystic ameloblastoma. This debate may be clarified
by the next classification. BRAF V600E mutations have
also been observed in a few studies (28, 29, 34) Clearly
additional evidence is needed.

SOLUK-TEKKEŞİN M and WRIGHT JM: A Commentary on the Fourth Edition

One of the characteristic histopathologic features of CEOT
is the eosinophilic, homogeneous hyaline material that is
accepted as one of the amyloid proteins. Now, both the
protein structure and DNA sequence of the responsible
gene have been described and the protein was named
provisionally as AODAM, which is encoded by exons 5-10
Table II: Prevalence of mutations in ameloblastomas in the
2017 edition (1)

Location of
ameloblastoma
Maxilla
Mandible

Prevalence of mutations
BRAF RAS family FGFR2 SMO
20%
40%
15%
55%
72%
5%
5%
5%

The extraosseous/peripheral type shows similar histologic
patterns as seen in the conventional type (35); however, no
genetic alterations have yet been demonstrated although
we have a case (unpublished) of extraosseous unicystic
ameloblastoma with BRAF immunoreactivity by IHC.
Metastasizing ameloblastoma is an ameloblastoma that
metastasizes despite its benign histologic appearance (36)
This tumor, which was in the odontogenic/ameloblastic
carcinoma section in the 2005 classification, is now
classified under ameloblastoma, although as pointed out
earlier, this decision was not unanimous.

Figure 15: Unicystic ameloblastoma where only the epithelial
lining of the cyst shows ameloblastic change with palisading
and reverse nuclear polarity. The suprabasilar areas often loosen
like stellate reticulum and compression of the surface layer often
produces a “red, white and blue” effect (H&E; x100).

No major changes were made in squamous odontogenic
tumor (SOT), calcifying epithelial odontogenic tumor
(CEOT) or adenomatoid odontogenic tumor (AOT) in this
tumor group, but some additional genetic and molecular
data are now available.
It has been mentioned that the cytodifferentiation of
SOT might be linked with Notch receptors and their
ligands (37). Even though an isolated familial case has
been reported (38), genetic susceptibility is minimal. SOT
consists of irregular islands of mature squamous epithelium
(Figure 16). Squamous cell carcinoma and acanthomatous
ameloblastoma are the largest diagnostic pitfalls but SOT
lacks cytologic atypia and there is no peripheral palisading
or reverse nuclear polarity.

8

Figure 16: Squamous odontogenic tumor. Irregular islands of
mature squamous epithelium (H&E; x100).
Vol. 34, No. 1, 2018; Page 1-18
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Figure 17: Calcifying epithelial odontogenic tumor. Islands
of polyhedral epithelial cells without peripheral palisading or
reverse nuclear polarity with amorphous masses of extracellular
matrix that calcifies (H&E; x200).

Figure 18: Adenomatoid odontogenic tumor. Characteristic
rosette or duct-like spaces (H&E; x200).

of the odontogenic ameloblast-associated protein (ODAM)
locus (39,40). The material shows a reaction with amyloid
stains. Mutations of PTCH, which is characteristically
associated with nevoid basal cell carcinoma syndrome, have
been identified in a small series of CEOT; however, CEOT
is not a component of that syndrome (41). Histologically,
CEOT is an epithelial tumor that lacks peripheral
features of ameloblastoma. Its salient diagnostic feature
is identifying the extracellular amyloid protein it excretes
that has a tendency to calcify (Figure 17). The cells can be
pleomorphic which raises the possibility of malignancy but
the mitotic rate is low.

BENIGN ODONTOGENIC TUMORS, MIXED

AOT has always been difficult to classify because of
its developmental histogenetic origin because some
tumors contain larger areas of calcified matrix, some of
which has reported as dentinoid or cementoid. And yet
it is impossible for an epithelial odontogenic tumor to
produce mesenchymal dental hard tissue. It seems that this
debate is going to continue for a while. Also, it is debated
about whether AOT is neoplastic or hamartomatous,
and immunohistochemical results might reflect the
hamartomatous behavior of AOT (42, 43). Although
no molecular anomaly was observed within exon 3 of
CTNNB1 (β-catenin gene), strong cytoplasmic expression
of β-catenin has been reported (44). Further studies are
needed to explain the specific regulation of β-catenin in the
pathogenesis of AOT. Histologically, the most diagnostic
features are the rosette or duct-like structures (Figure 18).
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• Ameloblastic fibroma
• Primordial odontogenic tumor
• Odontoma
• Compound type
• Complex type
• Dentinogenic ghost cell tumor
Some major changes were also made in the classification
scheme for this tumor group. Although odontoameloblastomas and calcifying cystic odontogenic tumors were
excluded from the mixed odontogenic classification, the
new entity of primordial odontogenic tumor was included
for the first time in the 2017 classification.
Odontoameloblastoma (45), which was added to the 2005
classification, is no longer used because the ameloblastic
areas in odontomas do not justify a separate entity and,
in fact, the combination of ameloblastoma and odontoma
histologically is more likely to be an ameloblastoma arising
in the odontomas from primitive ectoderm.
Calcifying cystic odontogenic tumor was excluded from this
tumor scheme and moved back into the developmental cyst
category as calcifying odontogenic cyst (see odontogenic
cysts section) because there was no evidence presented that
the cystic COCs were neoplastic.
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In 2005, the mixed odontogenic tumor, consisting of
odontogenic ectomesenchyme resembling dental papilla
and epithelial strands, and nests resembling dental lamina
with occasional formation of enamel organs had been
referred to according to the presence or absence of dental
hard tissue and were termed as ameloblastic fibroma
(Figure 19), ameloblastic fibrodentinoma and ameloblastic
fibro-odontoma (46). The last two were excluded from
the 2017 classification because there is some evidence
that once dental hard tissues are formed, these lesions
are programmed to develop into odontomas (47-49).
The genetic profile of ameloblastic fibroma needs larger
numbers of case studies; however, BRAFV600E mutation
and fractional allelic loss of tumor suppressor gene with a
low frequency have been reported (50, 51).

proliferation index is very low at <2%. All cases were
treated with conservative surgery and no recurrence has
been reported (1).

Primordial odontogenic tumor (POT) was included for the
first time in this section in the 2017 WHO classification.
POT is a mixed odontogenic tumor with fewer than one
dozen reported cases; some additional cases may have been
described under different names. POTs are composed of
variable cellular loose fibrous tissue resembling dental
papilla, entirely surrounded by cuboidal-to-columnar
epithelium similar to inner enamel epithelium of the
enamel organ (52,53) (Figure 20). The young age of
patients, affected mandible, well-circumscribed pericoronal
radiolucencies, and histopathologic uniformity are clues to
the diagnosis. Regarding immunohistochemical staining,
the mesenchymal tissue shows positivity with vimentin,
and the epithelial lining is positive for CK AE1/AE3, CK5,
CK14, and CK19, but negative for CK18 and CK20. The

Dentinogenic ghost cell tumors have been updated and
a profile of immunohistochemical features has been
added. The tumor is a relatively rare type of ghost cell
lesion characterized by ameloblastoma-like islands of
epithelial cells in a mature connective tissue stroma with
accumulation of ghost cells. Histopathologically, the most
challenging differential diagnosis is ameloblastoma with
ghost cells. The new edition outlined that the proportion
of ghost cells (>1-2%) and the presence of dentinoid are
important features in establishing this difference (1, 54)
(Figure 22). The epithelial cells might react with CK5, CK7,
CK14, and CK19. The Ki-67 proliferation index is <5%
(55). The recommended surgical treatment is segmental
resection because of the high recurrence rate and local
invasive nature of the tumor (56).

Figure 19: Ameloblastic fibroma. Lamina-like strands of
epithelium in an evenly distributed cellular embryonic
ectomesenchymal stoma without cytologic atypia (H&E; x100).
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Odontomas have been updated without remarkable
changes. Complex and compound types are explained
under the odontoma heading, which were separate sections
in 2005. The speculative relationship between developing
odontomas and ameloblastic fibromas/ameloblastic fibrodentinoma and ameloblastic fibro-odontoma has been
added. Odontomas are comprised of both odontogenic
hard and soft tissues. The primary diagnostic features are
demonstrating dentin which is a matrix similar to bone but
without cellular inclusions and containing tubules. Enamel
matrix should also be seen; it has a prismatic structure that
morphologically looks like fish scales (Figures 21A,B).

Figure 20: Primordial odontogenic tumor. Primitive
ectomesenchyme lined by columnar epithelial cells (H&E; x100).
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BENIGN ODONTOGENIC TUMORS,
MESENCHYMAL
• Odontogenic fibroma
• Odontogenic myxoma/myxofibroma
• Cementoblastoma
• Cemento-ossifying fibroma

Figure 21: A) Odontoma. Mixture of odontogenic hard and soft
tissues (H&E x200). B) Odontoma. Lower portions is acellular
dentin containing tubules. Superior portion is enamel matrix
(H&E ; x400).

There were no major changes for mesenchymal odontogenic
tumors in the fourth edition, with the exception of the
addition of the term ‘cemento-ossifying fibroma (COF)’.
In fact, ossifying fibroma is used to describe a benign
bone-producing fibrous neoplasms of the skeleton which
is separated into two main clinicopathologic entities:
cemento-ossifying fibroma and juvenile ossifying fibroma,
the later which is further divided into two distinct types
(57). Cemento-ossifying fibroma has been variously called
ossifying fibroma, cementifying fibroma, and cementoossifying fibroma. In the 2017 classification, the latter
is preferred because of its descriptive value, and more
importantly, it was classified under odontogenic tumors to
distinguish it from the juvenile types. However, it is still a
fibro-osseous lesion and discussed in detail with the other
ossifying fibromas in the fibro-osseous lesions section of
the last WHO edition. Histologically it is characterized by a
variably cellular fibroblastic stroma with varying amounts
of matrix; some resembling bone as trabeculae with cellular
inclusions and some resembling “cementum”, often more
rounded or globular and acellular (Figure 23). COF is a
characteristic benign fibro-osseous lesion whose definitive
classification is best achieved with clinical and radiographic
correlation.

Figure 22: Dentinogenic ghost cell tumor. Band of atubular
dentin inferiorly and ghost cells superiorly (H&E; x200).

Figure 23: Cemento-ossifying fibroma. Spindled fibroblastic
stroma with trabecular and globular matrix (H&E; x200).
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Figure 24: Odontogenic fibroma. Mature fasciculating spindled
stroma with small islands of odontogenic epithelium, often with
clear cell change and calcifications (H&E; x200).

Figure 26: Cementoblastoma. Characteristic perpendicular
arrangement of the peripheral trabeculae to the external capsule
(H&E; x100).

A small change has also been made for the odontogenic
fibroma (OF) subclassification. In 2005, OF was applied
to two histopathologic types of lesions, the epithelium rich
(WHO-type or complex) and epithelium poor types (simple
type) (58,59). In the present classification, the subtypes were
excluded due to poorly defined and documented epithelialpoor types (2). The WHO currently defines OF as a rare
neoplasm of mature fibrous connective tissue, with variable
amounts of inactive-looking odontogenic epithelium, with
or without evidence of calcification (Figure 24).
The new entity, sclerosing odontogenic carcinoma,
might have some similar histologic features to central
odontogenic fibroma and should be considered in the
differential diagnosis.
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Figure 25: Odontogenic myxoma. Highly myxomatous tumor of
stellate to spindled mesenchymal cells without cytologic atypia
(H&E; x100).

Odontogenic myxoma/fibromyxoma and cementoblastoma
have been updated and continue in the 2017 classification.
The information of isolated odontogenic myxoma cases
that appeared associated with nevoid basal cell carcinoma
syndrome was added to the genetic profiles of the tumor
(60). Odontogenic myxomas histologically are myxoid and
hypocellular due to overproduction of glycosaminoglycans
(Figure 25). Diagnostic pitfalls might include normal
anatomic structures that look similar histologically; namely
dental papillae of developing teeth and hyperplastic dental
follicles around unerupted teeth. Cementoblastomas have
characteristic radiographic features of a sclerotic tumor
fused with tooth root(s) and surrounded by a radiolucent
zone. Histologically areas are identical to osteoblastoma
but the tumor is fused to a tooth root and peripherally the
trabeculae of “cementum” are perpendicular to the capsule
(Figure 26).
Peripheral/extraosseous types of odontogenic tumors have
been updated but remain relatively unchanged.
ODONTOGENIC CYSTS
• Developmental origin
• Dentigerous cyst
• Odontogenic keratocyst
• Lateral periodontal and botryoid odontogenic cyst
• Gingival cyst
• Glandular odontogenic cyst
• Calcifying odontogenic cyst
• Orthokeratinized odontogenic cyst
• Inflammatory origin
• Radicular cyst
• Collateral inflammatory cyst
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There has been no definitive revision of the classification
of odontogenic cysts since 1992. Because the 2005 WHO
classification of head and neck tumors did not include
odontogenic cysts, a few changes in terminology of ‘cystic’
lesions have occurred (3, 61). Two of the most significant
changes in 2017 were that ‘calcified cystic odontogenic
tumor’ and ‘keratocystic odontogenic tumor’ were moved
from the neoplastic category (2005) back into the cyst
category (2017). Calcified cystic odontogenic tumor is now
classified as a ‘calcifying odontogenic cyst;’ and keratocystic
odontogenic tumor is now listed as ‘odontogenic keratocyst
(OKC)’ in the 2017 classification of developmental
odontogenic cysts. In fact, the neoplastic designations
of the 2005 classification were never been fully accepted,
especially by many oral pathologists. The working group
did acknowledge that there was at least some justification,
namely mutations of the PTCH gene, to justify reclassifying
OKC as neoplastic in 2005, but they agreed that the overall
evidence was not sufficiently compelling at this time to
continue OKC as a neoplasm. The working group felt there
was never sufficient evidence to classify cystic ghost cells
lesions as neoplasms.
The term of odontogenic keratocyst was first used to
describe all odontogenic cysts that contain keratin
formations in the 1950s (62). When keratin formation
started to determine a range of other cysts, the distinct
distinction was made for a specific cyst type named
keratocyst. The odontogenic keratocyst term, synonymous
with primordial cyst, was used in the 1992 classification
(63). The 2005 classification reclassified this unique lesion
as a neoplasm and renamed it as ‘keratocystic odontogenic
tumor’ because of the high recurrence rate, aggressive
clinical behavior, association with nevoid basal cell
carcinoma syndrome, and mutations in the PTCH tumor
suppressor gene (3). The 2017 classification reverted back to
the original and well accepted terminology of OKC because
many papers showed that the PTCH gene mutation could
be found in non-neoplastic lesions, including dentigerous
cysts (64), and furthermore, many researchers suggested
that resolution of the cyst after marsupialization was not
compatible with a neoplastic process (65-67). In 2017, the
term primordial cyst was not used in the classification, but
keratocystic odontogenic tumor was carried forward as a
synonym of OKC. It is important and clinically relevant
to separate OKCs from the other odontogenic cysts. They
have diagnostic histologic features and are characterized by
a uniform stratified squamous epithelial lining without rete
ridges. They have palisaded and hyperchromatic basal cells
and often a corrugated surface layer of parakeratin (Figure
27).
Vol. 34, No. 1, 2018; Page 1-18
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Figure 27: Odontogenic keratocyst. Uniform stratified squamous
epithelium with basilar palisading, hyperchromasia and overlying
corrugated parakeratin (H&E; x400).

Ghost cell lesions were classified as odontogenic tumors
and cysts in the 1992 classification, with COC representing
the non-neoplastic cystic ones and dentinogenic ghost cell
tumor as the solid neoplastic variant which might have an
infiltrative pattern of growth (63, 68). The 2005 classification
addressed this dilemma and determined that both were
neoplastic, naming them as calcifying cystic odontogenic
tumors for cystic forms and dentinogenic ghost cell
tumors for solid forms (3). In the 2017 classification, the
cystic form of tumor was returned to the developmental
cyst scheme and the solid form was retained as a mixed
odontogenic neoplasm. COCs are simple cysts lined by
epithelium with focal accumulations of ghost cells (Figures
28A,B). Their relationship with other odontogenic tumors
has been well established in the 2017 classification, unlike
in 2005, and odontomas are associated in about 20% of
cases and occasionally ameloblastic fibroma, ameloblastic
fibro-odontoma or adenomatoid odontogenic tumor-like
areas can be detected (19).
Orthokeratinized odontogenic cyst (OOC) is a developmental odontogenic cyst that is entirely or predominantly
lined by orthokeratinized stratified squamous epithelium.
It was originally referred to as a type of OKC and described
in 1981 (69). In 2017, the classification of this cyst was
accepted as a separate entity for the first time. It differs
both clinically and histopathologically from OKC. OOCs
are not associated with any syndromes, do not have high
recurrence rates, and do not show aggressive clinical
behavior. Histopathologically, a prominent palisaded basal
layer of epithelial lining, characteristic of the OKC, is not
present (2, 70) (Figure 29).
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Figure 28: A) Calcifying odontogenic cyst with focus of ghost cells (H&E x100). B) Calcifying odontogenic cyst. Characteristic ghost
cells identical to those seen in pilomatrixoma and craniopharyngioma (H&E; x400).

Figure 29: Orthokeratinized odontogenic cyst. Luminal side
is orthokeratinized. Note lack of basilar palisading and nuclear
hyperchromatism (H&E; x200).

Figure 30: Glandular odontogenic cyst. Lining thickness is
variable and may contain mucous cells, clear cells, intraepithelial
lumina, cilia and hobnailing of the luminal surface (H&E; x100).

Glandular odontogenic cyst (GOC) was updated with new
diagnostic criteria and continues in the 2017 classification.
There are ten different histopathologic features and
observation of at least seven criteria is suggested to make
a definitive GOC diagnosis (71) (Figure 30). The new
edition especially outlined that GOCs might have similar
morphologic features with central mucoepidermoid
carcinoma. To distinguish these two lesions from each
other is very important; however, it can be impossible in
a small incisional biopsy. However, GOCs do not show
MAML2 gene rearrangements, which are often found in
central mucoepidermoid carcinomas (72).

No other major changes were made in the odontogenic
cysts group. Other developmental odontogenic cysts
such as gingival cysts, dentigerous cysts, and lateral
periodontal cysts have minor changes and continue in the
2017 classification. Lateral periodontal cysts were added
to the classification in 1992 and reference was made to
its multilocular variant of botryoid cyst (63). Botryoid
odontogenic cyst terminology has now been added under
developmental cysts, as a polycystic variant of lateral
periodontal cysts. ‘Gingival cyst of infants’ and ‘gingival
cyst in adults’ of the 1992 classification have been collected
under the heading of gingival cysts. Also ‘eruption cyst’
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immunohistochemical markers and genetic/molecular
data, provide a more uniform approach to the diagnosis of
lesions for pathologists to reference.
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ABSTRACT
Objective: Deviations in the apoptotic process have been demonstrated in prostate carcinogenesis. We aimed to evaluate especially the process of
extrinsic apoptosis in the spectrum of neoplastic lesions of the prostate epithelium so as to reveal the variations in the apoptotic process.
Material and Method: The study included 20 benign prostatic hyperplasia, 8 high-grade prostatic intraepithelial neoplasia and 82 prostatic
carcinoma patients. Immunohistochemistry was performed on sections obtained from materials of suprapubic prostatectomy, tru-cut biopsy,
transurethral resection and radical prostatectomy. While Fas and FasL were evaluated in glandular and stromal areas, DcR1 and FLIP were
evaluated in only glandular areas. Intensity and extent of immunostaining for Fas and FasL antibodies were separately scored and both scores
were summarized. The total score of ≥ 4 both for Fas and FasL, expressions of FLIP and DcR1determined in more than 5% of glandular areas
were accepted as positive.
Results: Glandular FasL positivity was observed in 63.8 and 20% of the cases with prostatic carcinoma and benign prostatic hyperplasia,
respectively (p=0.001). The loss of stromal Fas expression in PCa was obvious (p<0.001). FLIP positivity was more frequently seen in high-grade
prostatic intraepithelial neoplasia and PCa.
Conclusion: In prostatic carcinoma, decreased stromal Fas expression, contrary to higher glandular FasL positivity, supports the assertion
that sensitivity of epithelial and stromal cells to apoptosis and their protective pathways against apoptosis undergo alterations. Increased FLIP
expressions in high-grade prostatic intraepithelial neoplasia and prostatic carcinoma can also be interpreted accordingly.
Key Words: Prostate, Carcinogenesis, Fas, FasL, DcR1, FLIP

INTRODUCTION
Dysregulation of apoptotic mechanisms has an important
role in carcinogenesis. The blockages in he apoptotic
processes may cause genomic instability, accumulation
of mutations and finally uncontrolled cell divisions.
The extrinsic apoptotic pathway plays a critical role in
immunological and non-immunological elimination of
the cells exposed to genomic damage. Death and decoy
receptors and their regulators have an extraordinary
importance. The novel treatment modalities in prostate
cancer have come into question with the detection of death
and decoy receptors.
Fas (CD95, Apo-1) is a type 1membrane receptor of the
tumor necrosis factor/nerve growth factor receptor super
family. FasL (Fas ligand) is a natural ligand for Fas and a type
II transmembrane protein. Fas and FasL complex induces
apoptosis in target cells. A variety of cells express Fas. Some
of these cells are activated lymphocytes and natural killer
(Turk Patoloji Derg 2018, 34:19-28)
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cells. Fas and FasL have also been detected in malignant
neoplasms, including melanoma, colon carcinoma, renal cell
carcinoma, astrocytoma, esophageal carcinoma, and breast
carcinoma. The up-regulation of FasL in malignant cells
may play a role in escaping immune surveillance by inducing
apoptosis of activated lymphocytes and natural killer cells.
It has been shown that FasL is secreted constitutively by
prostate carcinoma cells in vitro. Dysregulation of Fas and
FasL homeostasis may play a role in the development and
progression of prostate carcinoma (1-5). Another receptor
family involved in the extrinsic apoptotic pathway is tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL)
and its receptors (TRAIL-R). TRAIL is an analogue of
FasL. TRAIL is expressed on the surface of many normal
cells, and up to five types of TRAIL-R have been described.
Among them, TRAIL-R1 (DR4) and TRAIL-R2 (DR5)
contain a cytoplasmic death region and transmit apoptotic
signals. TRAIL-R3 (DcR1) and TRAIL-R4 (DcR2) block
intracellular transmission of signals and hence they are
Correspondence: Reşit Doğan KÖSEOĞLU
Gaziosmanpasa University School of Medicine,
Department of Pathology, Tokat, Turkey
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called “decoy receptors” (6-8). FLIP (FLICE inhibitor
protein) is a protein with amino acid sequences similar
to caspase-8 and capsase-10. FLIP competes with them
for binding to FADD (Fas associated death domain) and
inhibits Fas-mediated apoptosis at the subreceptor level (9).
Some reports are available on FLIP expression in prostate
cancers (10).
In this study, our aim was to reveal the probable alterations
in extrinsic apoptotic mechanisms in prostatic cancer
tissues.
MATERIAL and METHODS
After the approval of the local ethics committee was
obtained, we retrospectively reviewed the medical files
of cases with benign prostatic hyperplasia (BPH; n=20),
high-grade prostatic intraepithelial hyperplasia (HGPIN;
n=8) and prostatic adenocarcinoma (PCa; n=82) from the
archives of our department. Paraffin blocks and slides of
these cases were obtained and reviewed for confirmation
of the diagnoses. A total of 110 study participants were
diagnosed between 2007 and 2011. Tissue samples of all
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BPH cases were suprapubic prostatectomy specimens,
while those of all HGPIN cases were obtained from trucut biopsy materials. The study material of PCa cases were
selected from radical prostatectomy (n=12), transurethral
resection (n=2) and tru-cut biopsy (n=68) specimens. PCa
cases were classified into three groups according to Gleason
total score as the differentiated group (DPCa; score 6),
moderately differentiated group (MDPCa; score 7) and
poorly differentiated group (PDPCa; score 8-10).
Immunohistochemistry
Immunohistochemical analyses were performed on paraffin
sections 4 µm thick. Characteristics of primary antibodies
used in the analysis are shown in Table I. The sections were
boiled in citrate buffer solution (pH=6) for the epitope
retrieval process. Immunohistochemical evaluation for
all antibodies was performed on areas that demonstrated
the most optimal immunostaining. Cytoplasmic and
membranous staining for both glandular and stromal cells
was considered as significant (Figure 1A-D). Intensity and
extent of immunostaining for Fas and FasL antibodies
were separately scored according to the following scheme

A

B

C

D

Figure 1: A) Glandular and stromal Fas expressions in BPH (Fas; x20). B) Glandular FasL expression in PCa (FasL; x10). C) Membranous
DcR1 expressions in PCa (DcR1; x30). D) FLIP expression in PCa (FLIP; x30).

20

Vol. 34, No. 1, 2018; Page 19-28

Turkish Journal of Pathology

İLERİ AB et al: Apoptosis in Carcinogenesis of Prostate

(Table II). Both scores were summarized and cases with
a total score of ≥ 4 both for Fas and FasL were accepted
as positive. Since HGPIN is a stroma-free lesion, stromal
expressions for Fas and FasL were not evaluated in this
group. In analyses of FLIP and DcR1, cytoplasmic staining
of glandular epithelial cells was considered to be significant
and immunostaining for these two antibodies in more than
5% of glandular areas was accepted as positive. Tonsil tissue
was used as the positive control tissue for all antibodies
and phosphate buffer solution (PBS) instead of primary
antibody as the negative control in the incubation period.
Statistical Analysis
One-way-ANOVA for age was performed while categorized
variables were analyzed by chi-square. Fisher’s exact test was
used if the number of cells with expected frequencies less
than five did not exceed 20% of all cells. The independent
samples t-test was used for comparison of the mean age
between the groups. A p value ≤0.05 was accepted as
significant.
RESULTS
The mean age of the study population was 68.4 (range;
47-81) years. The mean ages of the BPH, HGPIN and
PCa groups (67.3, 66 and 69, respectively) were close to
each other (p=0.324). The distribution of cases in the PCa

group according to total Gleason scores was n= 26 (31.7%)
for DPCa, n=24 (29.3%) for MDPCa and n=32 (39%) for
PDPCa. Mean ages of the groups according to Gleason
grade in PCa were 66.2, 69.5 and 70.8, respectively. Mean
ages of DPCa and PDPCa showed a statistically significant
difference (p<0.015). A statistically significant relationship
was determined between age and stromal FasL expression
in the BPH group. Stromal FasL positive cases’ mean age
(63.5) was lower than negative ones (69.8) in BPH (t=2.673,
p=0.016). No significant relationship was detected between
mean age and immunohistochemical parameters in other
groups.
Fas Analysis
Glandular Fas expression was not seen in cases of HGPIN
while groups of BPH and PCa showed glandular Fas
expressions at rates of 20% and 9.8%, respectively. Although
a statistical significant difference for glandular Fas
expression between the groups could not be demonstrated,
the BHP group showed a higher rate of glandular Fas
expression than those of other groups (p=0.340) (Table III,
Figure 2).
Stromal Fas expression showed a significant difference
between BPH and PCa. Stromal Fas expression was
detected in 45% (9 cases) of the cases in the BPH group

Table I: Primary antibodies.

Antibodies
Fas (CD95) Ab-3
FasL (N-20)
Anti-CASP8 (FLIP)
DcR1 (L19)

Dilution
1/15
1/50
1/50
1/50

Clone
GM30 Mouse monoclonal
Rabbit Polyclonal
Rabbit Polyclonal
Mouse Monoclonal

Trade Mark
ThermoScientific
Santa Cruz
antibodies-online Inc.
Santa Cruz

Incubation time
60 minutes (37ºC)
Overnight (4ºC)
Overnight (4ºC)
Overnight (4ºC)

Figure 2: Fas and FasL expression rates by
groups.
Vol. 34, No. 1, 2018; Page 19-28
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while the positivity rate was 1.2% (1 case) in the PCa group.
Stromal Fas expression had statistical significance in our
study (p<0.001) (Table III, Figure 2).
Glandular Fas expression was only seen in 8 cases (9.8%).
The rates of glandular Fas expression were similar in the
DPCa, MDPCa and PDPCa groups (11.5%, 8.3% and 9.4%,
respectively) (p=0.999) (Table IV, Figure 3).
Stromal Fas expression was noted in only one case (1.2%) in
the PCa group (p=0.296).
FasL Analysis
Glandular FasL expression could not be evaluated in
2 cases in the PCa group because of technical reasons.
Glandular FasL expression showed a statistically significant
difference between the groups. Eighty percent of the cases
of BPH were negative for FasL. The rates of positivity in
HGPIN and PCa were 62.5 and 63.8%, respectively. The
difference for FasL expression between BPH and the groups

representing neoplastic transformation (HGPIN and PCa)
was statistically significant (p=0.001) (Table III, Figure 2).
Stromal FasL expression did not show a significant difference
between BPH and PCa. Stromal FasL expression was seen in
28.8% of PCa cases while the other groups showed stromal
FasL expression at rates of 50%, approximately (Table III,
Figure 2).
Glandular FasL expression was detected in 51 (63.8%) of 80
cases in the PCa group. A significant intergroup difference
for glandular FasL expression was not seen between groups
Table II: The semiquantitative grading scheme used for analysis
of Fas and FasL immunostaining.

Wideness
No staining or < %10
10%-50%
50%-75%
>%75

Score
0
1
2
3

Intensity
No staining
Mild
Moderate
Severe

Score
0
1
2
3

Table III: The distribution of positivity rates for the apoptosis related antibodies according to the study groups.

Groups
BPH (20 cases)

Glandular
Fas (+)
4 (20%)

HGPIN (8 cases)

0

PCa (82 cases)
Total (110 cases)

8 (9,8%)
12 (100%)
x2=2.792,
p=0.248
p=0.340

Statistic
Statistic (Fisher exact test)

Stromal
Fas (+)
9 (45%)
Stromal expression
was not evaluated
in this category.
1 (1,2%)
10 (100%)
x2=34,440
p<0.001
p<0.001

Glandular
FasL (+)
4 (20%)

Stromal
FLIP(+)
DcR1(+)
FasL (+)
8 (40%)
1 (5%)
2 (10%)
Stromal expression
5 (62,5%) was not evaluated 3 (37,5%)
0
in this category.
51 (63,8%)
23 (28,8%)
15 (18,8%) 8 (9,8%)
60 (100%)
31 (100%)
19 (100%) 10 (100%)
x2=12.572,
x2=4.448, x2=0.864,
x2=0,947 p=0.331
p=0.002
p=0.108
p=0.649
p=0.001
p=0.418
p=0.102
p=0.999

BPH: Benign prostatic hyperplasia, HGPIN: High-grade prostatic intraepithelial neoplasia, Pca: Prostatic carcinoma.

Figure 3: Fas and FasL expression rates
according to the Gleason grades in PCa
group.
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as categorized by Gleason scores (p=0.541). The rates of
glandular FasL positivity in DPCa, MDPCa and PDPCa
were 60%, 58.3% and 71%, respectively (Table IV, Figure 3).
Stromal FasL positivity in the PCa group was determined
in 23 cases (28.8%). Stromal FasL positivity rates in each
subgroup categorized by total Gleason scores were close to
each other (p=0.641) (Table IV, Figure 3).
DcR1 Analysis
There was no difference for DcR1expression between the
groups (p=0.999). The highest rate for DcR1 positivity was
10% among all groups. Stromal and nuclear expressions of
DcR1 were not seen in any group (Table III, Figure 4).
The DcR1 positivity rate was 9.8% (8 cases) in the PCa
group. 3.8% of DPCa cases were positive for DcR1, while
15.6% of PDPCa cases showed DcR1 positivity (p=0.329).

DcR1 positivity was 8.3% in the MDPCa group (Table IV,
Figure 5).
FLIP Analysis
FLIP expression could be evaluated in only 80 cases in
the PCa group. Two cases were excluded due to technical
reasons. Only 5% of the cases in the BPH group showed
positivity for FLIP while the rates of FLIP positivity in the
HGPIN and PCa groups were 37.5% and 18.8%, respectively
(p=0.102). Stromal and nuclear positivity for FLIP was not
seen in any case (Table III, Figure 4).
Fifteen cases (18.8%) were positive for FLIP in the PCa
group. FLIP positivity according to Gleason grade did not
show a significant intergroup difference (p=0.262) (Table
IV, Figure 5).

Table IV: The distribution of positivity rates for the apoptosis related antibodies according to the total Gleason scores in PCa group.

PCa categories according to total
Gleason Score
5-6
DPCa (26 cases)
7
MDPCa (24 cases)
8-10
PDPCa (32 cases)
Total (82 cases)
Statistic
Statistic (Fisher exact test)

Glandular
Fas (+)

Stromal
Fas (+)

Glandular
FasL (+)

Stromal
FasL (+)

FLIP (+)

DcR1 (+)

3 (11,5%)

0

15 (60%)

8 (32%)

4 (16%)

1 (3,8%)

2 (8,3%)

1 (4,2%)

14 (58,3%)

5 (20,8%)

7 (30,4%)

2 (8,3%)

3 (9,4%)

0

22 (71%)

10 (32,3%)

4 (12,5%)

5 (15,6%)

8 (9,8%)
x2=0.154,
p=0.926
p=0.999

1 (1,2%)
x2=2.405,
p=0.300
p=0.296

51 (63,8%)
x2=1.156,
p=0.561
p=0.541

23 (28,8%)
x2=1.049,
p=0.592
p=0.641

15 (18,8%)
x2=3.006,
p=0.222
p=0.262

8 (9,8%)
x2=2.339,
p=0.311
p=0.329

Pca: Prostatic carcinoma, DPCa: Differentiated prostatic carcinoma, MDPCa: Moderately differentiated prostatic carcinoma; PDPCa: Poorly
differentiated prostatic carcinoma.

Figure 4: FLIP and DcR1 expression
rates by the groups.
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DISCUSSION
Many authors have reported that Fas expression manifested
differences in different cellular components of the prostate
gland and Fas expression decreased in tumoral prostate
tissue when compared with the normal prostate gland.
However some publications have revealed the lack of a
difference in expression rates between different cellular
components of the gland and also between the normal
and tumoral prostate gland (1-5). In a study by Kim et
al., the authors stated that the normal prostate gland and
all PIN lesions demonstrated strong Fas expression and
suggested that interruption of Fas-mediated apoptosis
caused by decreased or even lack of Fas expression in
prostate cancer is a late-onset manifestation of prostate
carcinogenesis (4). However Jiang et al. reported that Fas
expression was seen more frequently in HGPIN (36%)
and prostate cancers (50%) when compared with benign
prostatic tissue (14%) (5). Sasaki et al. indicated lack of any
difference between benign and malignant prostate tissues
(3). On the contrary, Kim et al. reported absence of Fas
expression in 44% of the prostatic adenocarcinoma samples
(4). According to the literature, loss of Fas expression was
not a stable finding in different prostatic cancer series.
One explanation of this phenomenon can be silencing of
promoter regions via hypermethylation. According to a
study, the hypermethylation rate of the Fas gene promoter
region was 12.5% (11). Our glandular Fas immunostaining
results contribute to literature data. Twenty percent of
the cases with BPH yielded Fas positive results, while
glandular Fas positivity was not detected in any of the
cases with HGPIN. However 9.8% of the cases with PCa
demonstrated glandular Fas positivity. In the PCa group,
glandular Fas expression was less frequently seen without
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any statistically significant intergroup difference (P=0.340).
Nonobservance of glandular Fas positivity in cases with
HGPIN and lower rates of Fas positivity in the PCa group
might suggest that loss of glandular Fas positivity can be
evaluated as a manifestation of prostate carcinogenesis.
However, our glandular Fas positivity rate (20%) in the BPH
group was lower than that cited in the literature. Higher
Fas expression rates were reported especially in benign
prostatic tissue samples. Only Jiang et al. obtained Fas
expression rates (14 %) close to ours (5). However, higher
rates had been detected in comparison with benign cases
in their prostatic adenocarcinoma series. These outcomes
have given rise to the question why antiapoptotic resistance
develops in cancer cells despite increased, unchanged
or insignificantly decreased Fas expression in malignant
cells relative to their benign counterparts. Jiang et al. also
drew attention to this issue. In their study, malignant
prostatic tissues and HGPIN samples had demonstrated
increased Fas expression. Jiang et al. reported an interesting
observation. They had detected cytoplasmic rather than
membranous Fas positivity in malignant prostatic tissues
and HGPIN samples (5). Indeed, the authors remarked
that membranous Fas expression should be present for
the apoptotic process, while cytoplasmic Fas positivity
indicated an impaired apoptotic mechanism (12-14).
We also detected mostly cytoplasmic Fas positivity. If
cytoplasmic staining is considered to represent an altered
Fas apoptotic pathway, one must deduce that our cases
were mostly devoid of Fas expression and Fas positive cases
had dysfunctional Fas pathways. In this case, one should
conceive that the Fas pathway was absent or altered in all
benign and malignant cases included in our study. It seems
not possible to assert that Fas expression was absent or the
Fas pathway was impaired in all of the cases in our series.

Figure 5: FLIP and DcR1 expression rates
according to the Gleason grades in the
PCa group.
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In our study, we also evaluated Fas expression by stromal
cells. Relative to cases with BPH (45%), a marked loss
of stromal Fas expression was seen in the PCa group
(1.2 %) (p<0.001). Recently, the role of stromal cells in
carcinogenesis has been more clearly understood and
many researchers have drawn the attention to the role of
stromal cells in prostate carcinogenesis and especially their
impact on promoting tumoral invasiveness (15). Increased
vulnerability of stromal cells to destructive processes
facilitates tumoral invasion. Therefore, an increase in
Fas expression by stromal cells can also facilitate tumoral
invasion. However, our results seem to contradict these
findings. In any event, some data related to prostate
carcinogenesis have indicated that loss of stromal Fas
expression might have a role in prostate carcinogenesis.
Microarray profiles of stromal tissue samples of the prostate
glands of the elderly have demonstrated the presence of
dysregulations related to some factors derived from stromal
cells (16, 17). Alterations in membrane-bound molecules
of stromal cells and their secreted molecules can exert
important effects on malignant transformation (16-18).
Loss of stromal Fas confers resistance on stromal cells at
least for a while against apoptosis and may maintain some
functions that will contribute to tumoral progression. Other
probable mechanisms related to development of resistance
to the apoptotic process despite increased Fas expression in
tumoral cells are as follows: production of soluble Fas which
neutralizes FasL, overexpression of bcl-2, overexpression
of Fas-associated phosphatase 1 which interacts with the
suppressive component of Fas, overexpression of FLIP
which inhibits Fas-associated apoptosis and mutations in
the primary structure of Fas, caspase-8 and caspase-10 (2,
19-28). From these outcomes one can infer that largerscale studies should be performed to reveal the state of Fas
expression in benign and malignant prostatic lesions.
In a study by Jiang et al., Fas and FasL expressions were
analyzed. FasL expression demonstrated marked increases
in benign prostate, HGPIN and prostate cancer tissue when
compared with Fas expression (5). FasL expression rates in
HGPIN and malignant prostate tissues were 92 and 97 %,
respectively and conspicuously higher relative to benign
prostate tissues (49%) (5). Overexpression of FasL in tumor
cells can protect tumor cells against the effects of cytotoxic
T-lymphocytes and natural killer cells. Results of some
in vitro cell culture studies support the above mentioned
assertion (1, 29, 30). In our study, glandular FasL expression
demonstrated significant differences between malignant
and benign cases (p=0.001). Glandular FasL expression was
detected in cases with BPH (20%), HGPIN (62.5 %) and
PCa (63.8%) in respective percentages. According to our
Vol. 34, No. 1, 2018; Page 19-28
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results, increased FasL expression can be evaluated as a sign
of prostate carcinogenesis starting from the HGPIN stage.
In our study, though a significant difference was not detected
between groups as for stromal FasL expression, higher loss
of stromal FasL expression in the PCa group relative to the
BPH group was a remarkable finding. Younger cases of
BPH showed significantly more expression of stromal FasL
than the older cases, in our study (p=0.016). In the PCa
group, an increase in glandular FasL expression despite loss
of stromal FasL expression can be meaningful in that this
condition facilitates the invasion/infiltration process.
Intragroup analysis in the PCa group according to Gleason
grade categories with respect to Fas and FasL expressions
did not demonstrate a significant difference regarding
glandular and stromal expressions, which indicates the
presence of a homogenicity for expressions of Fas and FasL
in the PCa group.
The idea of treatment with activation of apoptosis via
these receptors whose presence has been demonstrated in
vitro in prostate cancer cell strains has been evaluated as
an attractive treatment modality (6-8). Since, TNF-α and
FasL, have more toxic side effects than TRAIL, TRAIL is
thought to be a safer and more reliable therapeutic agent
(31). On the other hand, nearly 60% of malignancies seen
in human beings are resistant to TRAIL (32, 33). Though
the mechanism of this resistance is not known for sure,
this resistance was suggested to occur by containment
of decoy receptors in normal cells in competition with
death receptors (34) or the presence of apoptosis-inhibitor
molecules like FLIP (24, 35).
Outcomes of the study investigating the correlations
between TRAIL profile and resistance to TRAIL (36,
37) have indicated that expression of the DcR2 receptor
absolutely resulted in resistance to TRAIL despite the
presence of death receptors. Conversely, lack of expression
of decoy receptors in cancer cells was associated with
TRAIL sensitivity. Sanlioglu et al. demonstrated the
presence of death and decoy receptors in both benign
and malignant prostate tissues (38). These receptors were
specific to epithelial cells and they were not observed in
stromal cells. DcR2 receptors were expressed in increasing
amounts both in malignant and benign groups. However,
expressions of both TRAIL and its receptors demonstrated
a marked increase in prostate cancer. Expression profiles
of both TRAIL and TRAIL-R may have a critical value
in the discrimination between benign and malignant
tissues and also in the TRAIL-mediated gene therapy
(38). Increased DcR2 receptor expression may complicate
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this treatment approach (36, 37). Ionizing radiation and
classical chemotherapeutic agents reinforce TRAILinduced apoptosis (39-41). Therefore in prostate cancers
with increased DcR2 receptor expression, treatment with
ionizing radiation and chemotherapeutics might be useful
so as to overcome resistance to TRAIL (38). Anees et al.
reported that expression of TRAIL increased in the tumoral
parenchyma, while it got lost in the stromal tissue (18). They
observed that significant absence of TRAIL expression in
prostate cancer was associated with life-expectancy. High
grade prostate cancers exhibit more severe stromal cell
proliferation (42). Changes in the composition of stromal
cells may also indicate alterations in the interactions between
stroma and parenchyma. Anees et al. reported that loss of
expression of TRAIL in stromal tissue is an independent
parameter effective on the expectation of disease-free life
(18). It has been suggested that alterations emerging in
stromal environment with age may accelerate the process
of prostate carcinogenesis (43, 44). Anees et al. asserted
a tumor suppressive role of stromal TRAIL expression in
prostate carcinogenesis (18). Anees et al. explained their
hypothesis by a decrease in stromal TRAIL levels during
the course of malignant transformation and the presence of
a direct correlation between stromal TRAIL expression and
disease-free life-span (18). Anees et al. reported higher FLIP
levels in prostate cancer patients. It has been speculated
that over-expression of FLIP can exert a clear-cut impact
on the inhibition of apoptosis despite increased death
receptor and TRAIL levels while conversely, a decrease in
death receptors may result in net decreases in apoptotic
activity irrespective of lower levels of FLIP expression
(18). Anees et al. concluded that the loss of death receptor
was associated with higher Gleason score and advanced
age (≥ 60 years). Although decrease in TRAIL-mediated
apoptosis with advanced age and higher Gleason scores is
accompanied by a decrease in FLIP expression, a decrease
in death receptors is the determinative factor. It has been
suggested that loss of stromal TRAIL expression is seen in
malignant transformation, which is also strongly correlated
with an unfavorable prognosis (18).
In our study, DcR1 expression was not seen in the HGPIN
group while in other groups DcR1 expression was very close
to each other. Though any intra-group significant difference
did not emerge in the PCa group, DcR1 expression in the
DPCa, MDPCa and PDPCa groups was seen at a rate of
3.8 %, 8.3% and 15.6%, respectively (P=0.329). According
to our study, rates of DcR1 positivity increase contrary
to decrease in the degree differentiation in prostatic
adenocarcinoma. This result may demonstrate -though
partially- the potential impact of DcR1 on the progression
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of prostate cancer. In our study, stromal DcR1 expression
was not seen in any of the cases.
Increased FLIP expression has been reported in from
metastatic prostate cancer foci rather than primary foci
(45). Increased FLIP expression has been also demonstrated
in other malignant neoplasms relative to normal tissues
(21-24). Kim et al. reported that cytoplasmic and nuclear
FLIP expression was seen in nearly all of the benign and
malignant prostatic tissue samples, without any difference
between benign and malignant tissue samples (4). In our
study FLIP positivity was more frequently seen in the
HGPIN and PCa groups when compared with the BPH
group (37.5, %18.8 and 5 %, respectively) although the
difference was statistically insignificant (P=0.102). This
finding of ours indicates that the inhibition of apoptosis
has a role in malignant transformation. No intra-group
difference was observed in the PCa group as for FLIP
expression, and the PCa group can be said to demonstrate
homogenous FLIP expression as is the case with Fas and
FasL expressions.
We have noticed that different scoring systems are used in
various studies in the literature. Our scoring system was
modified from some of these scoring systems. Jiang et al.
scored their immunoexpressions according to staining
intensity and extensity. Weak, unequivocal-moderate and
strong intensities were scored as 1, 2 and 3, respectively,
while extensity was evaluated from 5% to 100%. Statistical
analysis was performed on the basis of this scoring
system. They did not use a cut-off value for positivity (5).
Şanlıoğlu et al. scored both of intensity and distribution of
immunostaining in their study. Their scoring system was as
follows; 0; negative, 1; weak, 2; moderate, 3; strong staining
for intensity, while the distribution scale was 0; <10%, 1;
10%-40%, 2; 40%-70% and 3; >70%. A cut-off value for
positivity was not used in their study (38). Anees et al. used
the values of <10%, 10-30% and >30% for distribution of
staining and the values of weak; 1, moderate; 2 and strong;
3 for staining intensity (18). We have determined our own
scoring system by modifying the scoring systems (Table II)
and we have used a cut-off value in our study.
As can be inferred from the outcomes of our study,
variations in the apoptotic process occur in benign and
malignant lesions of the prostatic parenchyma. During
carcinogenesis, genetic and molecular interactive changes
are observed in the parenchymal and stromal cells of
the prostate. Our results indicate that FasL expression
by glandular cells occurs in the stage of HGPIN during
prostate carcinogenesis. Decreased expression of Fas by
stromal cells detected in our study opposes alterations
Vol. 34, No. 1, 2018; Page 19-28
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facilitating anticipated tumoral invasion, while it might
also represent a variation that might prolong the lifespan of the stromal cell so as to contribute to malignant
transformation. However, FLIP expression in glandular
cells suggests that anti-apoptotic effectiveness is gained
during carcinogenesis. Another anti-apoptotic mechanism
of resistance may be acquired by increased DcR1 expression
observed with decreases in the degree of differentiation in
cases with malignancies.
Our outcomes indicate that anti-apoptotic mechanisms
play important roles in prostate carcinogenesis.
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Panel of Villin, Pro-Ex-C, Estrogen Receptor and
Progesterone Receptor Expressions Could Help
in Differentiation Between Endocervical and
Endometrioid Adenocarcinoma
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ABSTRACT
Objective: Endocervical and endometrioid adenocarcinoma have marked overlapping features and the differentiation between them is important
for their accurate management. Villin is an actin-binding protein which has an important role in the maintenance of microvilli in epithelial cells
and epithelial cell-specific anti-apoptotic protein processes. Pro-Ex-C is a marker for higher-risk human papilloma virus (HPV) which targets
the cell cycle proteins causing their overexpression. The aim of the study was to clarify the diagnostic and predictive role of villin, Pro-Ex-C,
estrogen receptor (ER) and progesterone receptor (PR) expression in endocervical and endometrioid adenocarcinoma.
Material and Method: We evaluated villin, Pro-Ex-C, ER and PR expressions in 15 cases of endocervical adenocarcinoma and 30 cases of
endometrioid adenocarcinoma. We analyzed the diagnostic and predictive role of that panel in both carcinoma subtypes. Sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy were calculated.
Results: Positive villin and Pro-Ex-C expressions were positively correlated with the presence and pattern of cervical stromal invasion (p<0.05).
ER was positive in all cases of endometrioid adenocarcinoma. PR was detected in most cases of endometrioid adenocarcinoma. The differences
of villin, Pro-Ex-C, ER and PR expression in endocervical and endometrioid adenocarcinoma was statistically significant (p<0.05). This
methodology for distinguishing endocervical and endometrioid adenocarcinoma had a sensitivity of 100%, a specificity of 100% and a significant
prognostic and predictive role.
Conclusion: In conclusion, villin, Pro-Ex-C, ER and PR expressions have diagnostic and predictive roles in endocervical and endometrioid
adenocarcinoma
Key Words: Endocervical adenocarcinoma, Endometrioid adenocarcinoma, Immunohistochemistry, Villin, Pro-Ex-C, ER, PR

INTRODUCTION
Endocervical adenocarcinoma (ECA) is the 4th most
common cancer in females globally (1) and it has been
ranked the 14th most common cancer in Egyptian women
between fifteen and forty-four years old (2). Endometrioid
adenocarcinoma (EMC) is the 6th most common cancer
in females globally (3), and the 3rd most common cause
of female cancer-related mortality after cancers of the
ovary and cervix (4). EMC had accounted for 2.6% of
total Egyptian female cancers (5). ECA and EMC have
significantly overlapping histopathological criteria and the
differentiation between them both is important for their
accurate management, as surgical excision of cancer and
postoperative adjuvant chemo- and radio-therapy would
depend on the primary site of origin of the carcinoma.
ECA could be divided HPV-related ECAs which include
mucinous carcinoma with presence or absence of intestinal
(Turk Patoloji Derg 2018, 34:29-40)
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differentiation, serous and endometrioid carcinoma and
HPV-unrelated subtypes which include mesonephric, clear
cell, and gastric carcinomas (6-8). Recent World Health
Organization (WHO) Tumors of Female Reproductive
System Classification 2014 has included gastric subtype
adenocarcinomas as a rare aggressive ECA subtype (9).
The differentiation between ECA and EMC could be
difficult if the cancer involved the lower uterine segment
or the upper endocervix. Even if hysterectomy specimens
were taken, it would be difficult to detect the original site
of the carcinoma (10). Villin is an actin-binding protein
which plays an important role in the maintenance of
microvilli in epithelial cells and also has an essential role
in the regulation of cell morphology and cell-specific
epithelial anti-apoptotic mechanisms (11). Villin is also
expressed in intestinal metaplasia and is associated with
Barrett’s esophagus and chronic atrophic gastritis, but it
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was not expressed in normal gastric and esophageal tissues
(12). Villin is expressed in some adenocarcinomas but the
absence of expression in normal epithelial tissues indicates
a potential role in epithelial cell hyperplasia, dysplasia,
or carcinogenesis (13). Pro-Ex-C is a marker for HPV
related cervical cancer and it targets cell cycle proteins
like mini-chromosome maintenance protein-2 (MCM2),
and topoisomerase II-a (TOP2A) which are overexpressed
when viral DNA integrates into the host genome, leading
to aberrant S-phase induction (14). Many researchers
have evaluated the use of estrogen receptor (ER) and
progesterone receptor (PR) in distinguishing between ECA
and EMC but the results have not been conclusive (15).
The aim of this study was to clarify the diagnostic panel
of villin, Pro-Ex-C, ER and PR immunohistochemical
expression in the differentiation between ECA and EMC
and also to detect the predictive role of marker expression.
MATERIALS and METHODS
Patients Selection
Formalin-fixed, paraffin-embedded tissue blocks containing
15 cases of ECA and 30 cases of EMC were obtained
retrospectively from the archives of the Department of
Pathology, Faculty of Medicine, Zagazig University during
the period between November 2010 and November 2015.
Patient data such as age, tumor size, grade and stage were
acquired from the archives. We used the International
Federation of Gynecology and Obstetrics’ (FIGO) staging
system for staging our cases (16). We determined whether
there was stromal invasion by carcinoma and classified
such invasion by using recent patterns of stromal invasion
(17,18).
Immunohistochemical Staining
Villin, Pro-Ex-C, ER and PR expressions were assessed
using immunohistochemistry in sections from all the 45
blocks of paraffin. We analyzed correlations between the
levels of Villin, Pro-Ex-C, ER and PR expressions and
ability of panel of both markers in differentiation between
ECA and EMC; we also analyzed the predictive role of
marker expression. The streptavidine-biotin technique
was used for immunohistochemical staining (19). We
incubated sections with primary; rabbit monoclonal antiPro-Ex-C-antibody (MCM2 26H6.19), mouse monoclonal
anti-Villin-antibody (clone 1D2C3, ab739 , dilution 1:100)
at 4°C overnight (Abcam, Cambridge, MA, USA), antiestrogen receptor (clone GF11, dilution 1:50, Novocastra
Laboratories, Newcastle upon Tyne, United Kingdom)
and anti-progesterone receptor (clone 16, dilution 1:200,
Novocastra), followed by incubation with secondary
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antibodies. Sections from small intestine were used as a
positive control for villin, and sections from EMC were used
as the positive control for ER and PR receptor expression
(20,21). For negative controls, the primary antibodies were
removed but replaced with phosphate-buffered saline. We
evaluated the stained slides without previous identification
of the clinical and pathological parameters.
Evaluation of Immunohistochemical Expression of Villin
We evaluated villin with either cytoplasmic and/or
membranous staining, and scoring was according to the
following criteria: 0 (not stained); one (membranous
staining at less than 50% of the tumor cell); 2 (cytoplasmic
staining and/or membranous expression at more than 50%
of tumor tissues) (12).
Evaluation of Immunohistochemical Expression
of Pro-Ex-C
Pro-Ex-C staining was scored as negative when <5% nuclei
were stained, diffuse positive when >80% of nuclei were
stained (2), focal positive when 5% to 80% of nuclei were
stained (22).
Evaluation of Immunohistochemical Expression
of ER and PR Receptors
Nuclear staining was scored by combining both the stain
intensity and extent in tumor cells. Stain intensity was
graded from zero (negative) to three (strong). The stain
extent was graded as zero (negative expression), one
(positive expression in less than ten percent of the tumor
cells), two (positive expression in ten to fifty percent of the
tumor cells) and three (positive expression in greater than
50% of the tumor cells). The final score (zero to nine) was
reached by multiplying the staining intensity and extent
scores. A final cut off staining score of less than four was
interpreted as low expression and a score equal to or more
than four was interpreted as high expression (23).
Statistical Analysis
Validity of immunohistochemical markers in diagnosis
of histopathological type was calculated using diagnostic
performance depending on sample 2x2 contingency tables
generation. Sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy were
calculated. All tests were two sided. A p-value <0.05 was
considered significant. We used SPSS 22.0 Windows (SPSS
Inc., Chicago, USA) and MedCalc Windows (MedCalc
Software bvba 13, Ostend, Belgium) for statistical analysis.
Continuous variables were designated as mean ± SD and
median (range); categorical variables were designated as
numbers (percentage). We used Chi-square test for trend
Vol. 34, No. 1, 2018; Page 29-40
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and the Independent samples Student’s t-test for comparing
the age between groups.
RESULTS
A total of 45 cases were studied; the cases included: 15
cases of ECA, NOS and 30 cases of EMC. The age of all
patients ranged from 39 to 72 years; from 44 to 72 years
for EMC cases and from 39 to 65 for ECA cases (Table I).
There was one case with pattern A, two cases with pattern
B (both patterns A and B were Stage I) and thirty-two cases
with pattern C (stage II-IV). The types of stromal pattern
invasion are detailed in Table I.

Immunohistochemical Findings
The detailed immunohistochemical characteristics that
were observed in ECA and EMC using villin, Pro-Ex-C, ER
and PR are summarized in Tables II-IV and illustrated in
Figures 1A-E, 2A-D.
Villin Expression
Positive staining for villin was observed in 93.3% (14/15)
of ECA cases; 12 showed diffuse expression, while the
remaining 2 cases showed focal expression. On the other
hand, focal positivity was found in 6 cases (20%) of EMC.
The difference between villin expression in the two groups

Table I: The clinicopathological features of patients

Characteristics
Age (year)
Mean ± SD
Median (Range)
≤ 55 years
> 55 years
Histopathology
Endometrioid carcinoma
Endocervical adenocarcinoma
Size
<4 cm
>4 cm
Grade
Grade I
Grade II
Grade III
Myometrial invasion
Absent
<50%
>50%
N/A
LVSI
Absent
Present
Endocervical gland involvment
Absent
Present
Cervical stromal invasion
Absent
Present
Pattern A
Pattern B
Pattern C

Number

%

56.84 ± 7.84
57 (39 - 72)
18
40
27
60
30
15

66.7
33.3

17
28

37.8
62.2

18
20
7

40
44.4
15.6

4
17
9
15

8.9
37.8
20
33.3

37
8

82.2
17.8

26
19

57.8
42.2

10
35
1
2
32

22.2
77.8
Stage I
Stage I
Stages [II-IV]

Characteristics
Parametrial invasion
Absent
Present
N/A
Serosal invasion
Absent
Present
N/A
Adnexal invasion
Absent
Present
N/A
Peritoneal cytology
Negative
Positive
N/A
Lymph node
Negative
Positive
Distant metastasis
Negative
Positive
Stage
Stage I
Stage II
Stage III
Stage IV

Number

%

20
10
15

44.4
22.2
33.3

20
10
15

44.4
22.2
33.3

20
10
15

44.4
22.2
33.3

23
7
15

51.1
15.6
33.3

27
18

60
40

38
7

84.4
15.6

9
18
11
7

20
40
24.4
15.6

Continuous variables were expressed as mean ± SD and median (range); categorical variables were expressed as number (percentage).
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of gynecological malignancy was statistically significant
(p<0.001). Positive villin expression in ECA was statistically
significantly associated with the size of the tumor, the
presence of cervical stromal invasion (p<0.001) and pattern
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of stromal invasion (p=0.002) and the presence of lymph
node metastases (p=0.012). No significant correlations
were found between villin expression, FIGO clinical stage
and the presence of distant metastases.

A

B

C

D

E

32

Figure 1: Endocervical adenocarcinoma showed A) Diffuse
cytoplasmic villin expression (villin; x100), B,C) Diffuse
cytoplasmic villin expression (villin; x400), D,E) Diffuse nuclear
Pro-Ex-C expression (Pro-Ex-C; x400).
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Pro-Ex-C Expression
Positive nuclear staining for Pro-Ex-C was observed in
86.7% (13/15) of ECA cases; 10 was diffuse expression,
while the remaining 3 cases showed focal expression On
the other hand, no diffuse positivity was found in EMC
and focal positivity was found in 4 EMC cases (13.3%).
The difference of Pro-Ex-C expression in the two groups
of gynecological malignancy was statistically significant

(p<0.001). Positive Pro-Ex-C expression in ECA was
statistically significantly associate with the size of the
tumor (p=0.008), the presence of lymph node metastases
(p=0.003), the presence of cervical stromal invasion
(p<0.001) and the pattern of stromal invasion (p=0.002).
No significant correlations were found between Pro-Ex-C
expression, grade FIGO clinical stage and the presence of
distant metastases. The detailed IHC scoring of different
patterns of stromal pattern invasion was as follows: pattern

Table II: The correlation between clinicopathological features and villin expression

All
(n=45)
Characteristics
Age (years)
Mean ± SD
Median (Range)
≤ 55 years
> 55 years
Histopathology
Endometrioid carcinoma
Endocervical adenocarcinoma
Size
<4 cm
>4 cm
Endocervical gland involvement
Absent
Present
Cervical stromal invasion
Absent
Present
Pattern A
Pattern B
Pattern C
Lymph node
Negative
Positive
Distant metastasis
Negative
Positive
Stage
Stage I
Stage II
Stage III
Stage IV

Villin
Focal +ve
(n=8)
No. (%)

No. (%)

Negative
(n=25)
No. (%)

Diffuse +ve
(n=12)
No. (%)

56.84 ±7.84
57 (39-72)
18 (40)
27 (60)

61.28 ±5.84
60 (50-72)
2 (11.1)
23 (85.2)

51.87 ±5.27
51.50 (44-61)
6 (33.3)
2 (7.4)

50.91 ±7.26
50.50 (39-65)
10 (55.6)
2(7.4)

30 (66.7)
15 (33.3)

24 (80)
1(6.7)

6 (20)
2 (13.3)

0(0)
12 (80)

<0.001

17 (37.8)
28 (62.2)

9 (52.9)
16 (57.1)

8 (47.1)
0 (0)

0(0)
12 (42.9)

<0.001‡

26 (57.8)
19 (42.2)

20 (76.9)
5 (26.3)

6 (23.1)
2 (10.5)

0(0)
12 (63.2)

<0.001‡

10 (22.2)
35 (77.8)
1 (stage I)
2 (stage I)
32 (stage II-IV)

4 (40)
21 (60)
1
2
8

6 (60)
2 (5.7)
0 (0)
0 (0)
10

0(0)
12 (34.3)
0(0)
0(0)
12 0.002‡

<0.001‡

27 (60)
18 (40)

15 (55.6)
10 (55.6)

8 (29.6)
0 (0)

4 (14.8)
8 (44.4)

0.012‡

38 (84.4)
7 (15.6)

21 (55.3)
4 (57.1)

8 (21.1)
0 (0)

9 (23.7)
3 (42.9)

0.318‡

9 (20)
18 (40)
11 (24.4)
7 (15.6)

1 (11.1)
14 (77.8)
6 (54.5)
4 (57.1)

8 (88.9)
0 (0)
0 (0)
0 (0)

0 (0)
4 (22.2)
5 (45.5)
3 (42.9)

0.643§

p-value

<0.001*
<0.001‡

Categorical variables were expressed as number (percentage). * Independent samples Student’s t-test. ‡ Chi-square test. § Chi-square test for trend.
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A and B cases were negative for both villin and Pro-Ex-C
while pattern C cases showed more diffuse positivity for
both markers and these results were statistically significant
(p =0.002 and 0.003, respectively) (Tables III,IV).
ER and PR Expression
ER was positive in all cases (100%) of EMC where 26 cases
showed diffuse positive expression while the remaining
4 cases showed focal positive expression. ER was not
detected in any of the ECA cases although immunostaining
for ER is usually positive in ECA but our results may be
related to testing a small number of cases (n=15). PR was
detected in 26 out of 30 cases (86.7%) of EMC, while it
was positive in only two cases (13.3%) of ECA. PR was
recommended in recent publications in the differential
diagnosis of endometrioid adenocarcinoma cases. We
found highly significant positive correlations between
villin and Pro-Ex-C expression in ECA (p<0.001) and ER
and PR expression in EMC (p<0.001). This methodology
for distinguishing EMC and ECA had a sensitivity of 100%
and a specificity of 100% (Table V).

Elfeky M et al: Villin, Pro-Ex-C, ER and PR Expression in ECA and EMC

DISCUSSION
There is a marked morphologic similarity between
ECA and EMC which leads to difficult differentiation
on hematoxylin&eosin stained sections especially in
small pre-operative or D&C samples. The differentiation
between these two malignancies is essential for adequate
management (24).
Villin is an important component in the structure of
cytoskeleton and can bind actin in a calcium-dependent
manner (25). It is an anti-apoptotic epithelial protein that
plays an essential role in regulating cellular morphology,
survival and migration (26). We found in this study that
positive staining for villin was observed in 93.3% (14/15) of
ECA cases, while in EMC cases focal positivity was found
in only 6 cases (20%) and the difference of villin expression
between the two groups of gynecological malignancy was
statistically significant (p <0.001). These findings were
in agreement with Nakamura et al. who have conducted
immunohistochemical analysis of 14 villin-positive
tumors and revealed that thirteen of such positive cases

A

B

C

D

Figure 2: Endometrial adenocarcinoma showed A) Diffuse nuclear ER expression (ER; x100), B) Diffuse nuclear ER expression
(ER; x200) C,D) Diffuse nuclear PR expression (PR; x400).
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were ECA and the remaining one case was diagnosed as
small cell carcinoma of cervix, while no case of EMC was
villin-positive (11). Another study by Moll et al. showed
results similar to ours in that positive villin staining was
found in only in 4/11 EMC (27). The predictive role of

villin as well as correlation between villin expression and
clinicopathological characteristics has been addressed in
our study, and we found a significant association between
villin expression, cancer size, presence and pattern of
stromal invasion, and presence of nodal metastasis, therefore

Table III: The correlation between clinicopathological features and Pro-Ex-C expression

Pro-Ex-C
Focal +ve
(n=7)
No. (%)

Diffuse +ve
(n=10)
No. (%)

p-value

No. (%)

Negative
(n=28)
No. (%)

56.84 ±7.84
57 (39-72)
18 (40)
27 (60)

60.39 ±6.52
60 (44-72)
4 (22.2)
24 (88.9)

54.42 ±6.29
53 (48-65)
4 (22.2)
3 (11.1)

48.60 ±5.23
49.50 (39-55)
10 (55.6)
0 (0)

<0.001*

30 (66.7)
15 (33.3)

26 (86.7)
2 (13.3)

4 (13.3)
3 (20)

0 (0)
10 (66.7)

<0.001‡

17 (37.8)
28 (62.2)

12 (70.6)
16 (57.1)

5 (29.4)
2(7.1)

0 (0)
10 (35.7)

0.008‡

18 (40)
20 (44.4)
7(15.6)

10 (55.6)
13 (65)
5 (71.4)

5 (27.8)
0(0)
2 (28.6)

3 (16.7)
7 (35)
0 (0)

0.544§

37 (82.2)
8 (17.8)

23 (62.2)
5 (62.5)

7 (18.9)
0(0)

7 (18.9)
3 (37.5)

0.281‡

26 (57.8)
19 (42.2)

22 (84.6)
6 (31.6)

4 (15.4)
3 (15.8)

0 (0)
10 (52.6)

<0.001‡

27 (60)
18 (40)

18 (66.7)
10 (55.6)

7 (25.9)
0(0)

2 (7.4)
8 (44.4)

0.003‡

9 (20)
18 (40)
11 (24.4)
7 (15.6)

4 (44.4)
14 (77.8)
6 (54.5)
4 (57.18)

5 (55.6)
2 (11.1)
0(0)
0(0)

0 (0)
2 (11.1)
5 (45.5)
3 (42.9)

0.174§

10 (22.2)
35 (77.8)
1 (stage I)
2 (stage I)
32 (stage II-IV)

6 (60)
22 (62.9)
1
2
10

4 (40)
3(8.6)
0(0)
0(0)
12

0(0)
10 (28.6)
0 (0)
0 (0)
10

0.020‡

All
(n=45)
Characteristics
Age (years)
Mean ± SD
Median (Range)
≤ 55 years
> 55 years
Histopathology
Endometrioid carcinoma
Endocervical adenocarcinoma
Size
<4 cm
>4 cm
Grade
Grade I
Grade II
Grade III
LVSI
Absent
Present
Endocervical gland involvement
Absent
Present
Lymph node
Negative
Positive
Stage
Stage I
Stage II
Stage III
Stage IV
Cervical stromal invasion
Absent
Present
Pattern A
Pattern B
Pattern C

<0.001‡

0.003‡

Categorical variables were expressed as number (percentage). ‡ Chi-square test. § Chi-square test for trend.
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demonstrating the prognostic role of villin in addition to
the studied role in differentiation between EAC and ECA in
our study. However, the absence of significant correlations
between villin expression, FIGO stage and presence of
distant metastases in our study may be due to the small
sample size and was in agreement with the report by Wang
et al. that cells expressing villin migrate and form distant
metastases more commonly than villin-negative cells (28).
Khurana and George reported that villin may be modified
during metastasis (26). However, Al-Maghrabi et al. could
not establish any association between villin expression and
nodal metastasis and stated that villin expression was not
able to predict nodal metastasis. In addition, there was no
significant correlation between villin expression and tumor
stage (29). In our results, villin expression was significantly
positively correlated with size in tumors with a size less
than 4 cm in diameter compared to those of 4 cm or more,
and this finding was in line with results of Al-Maghrabi et
al. in colorectal carcinoma (29). All previous data that were
in line with ours have highlighted the possible predictive
and prognostic role of villin in addition to its diagnostic
role that we studied here in our study.
Fletcher et al. introduced Pro-Ex-C as a new marker
for cervical dysplasia and neoplasia (30). In our current
study, we have explored the diagnostic role of Pro-Ex-C

in the differentiation between ECA and EMC. We found
that positive nuclear staining for Pro-Ex-C was observed
in 86.7% (13/15) of ECA cases and only focal positivity
was found in 4 cases (13.3%) of EMC. The difference of
Pro-Ex-C expression in the two groups of gynecological
malignancy was statistically significant. These findings
were in line with results of Esheba et al. who reported that
80% of ECA cases exhibited positive nuclear staining for
Pro-Ex-C (25,31). On the other hand, we proved that only
10% of EMC cases showed Pro-Ex-C positive expression.
Similar results were obtained by Aximu et al. and Guo et
al., who reported that Pro-Ex-C was more sensitive than
p16 in detecting ECA as Pro-Ex-C was positive in 93%
(27/29) of ECA cases while p16 was over-expressed in 90%
(26/29) of ECA cases (32,33). It was not clear why ProEx-C expression was present in some cases of ECA. Kong
et al. explained such positivity had resulted from HPVindependent mechanisms (22), but Semczuk et al. have
identified HPV-independent mechanisms resulting in ProEx-C positivity in a small number of EMC cases (34).
We found that positive Pro-Ex-C expression in ECA was
significantly correlated with larger size of the tumor, the
presence of lymph node metastases, and the presence and
pattern of cervical stromal invasion which clarified that
Pro-Ex-C expression had a predictive and prognostic role

Table IV: The comparison between endocervical and endometrial adenocarcinoma as regard Pro-Ex-C, villin, ER and PR expressions

Characteristics
Villin
Negative
Focal positive
Diffuse positive
Pro-Ex-C
Negative
Focal positive
Diffuse positive
ER
Negative
Focal positive
Diffuse positive
PR
Negative
Focal positive
Diffuse positive

Endocervical
adenocarcinoma
(n=15)
No. (%)

p-value

No. (%)

Endometrioid
carcinoma
(n=30)
No. (%)

25 (55.6)
8 (17.8)
12 (26.7)

24 (80)
6 (20)
0 (0)

1 (6.7)
2 (13.3)
12 (80)

<0.001‡

28 (62.2)
7 (15.6)
10 (22.2)

26 (86.7)
4 (13.3)
0 (0)

2 (13.3)
3 (20)
10 (66.7)

<0.001‡

15 (33.3)
4 (8.9)
26 (57.8)

0 (0)
4 (13.3)
26 (86.7)

15 (100)
0 (0)
0 (0)

<0.001‡

17 (37.8)
9 (20)
19 (42.2)

4 (13.3)
7 (23.3)
19 (63.3)

13 (86.7)
2 (13.3)
0 (0)

<0.001‡

All
(n=45)

Continuous variables were expressed as mean ± SD and median (range).‡ Chi-square test.
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ER positive expression was found in all cases (100%) of
EMC in this study but it was not detected in any of the
ECA cases although immunostaining for ER is usually
positive in ECA but our results may be related to testing
a small number of cases (n=15). PR positive expression
was found in 26 out of 30 cases (86.7%) of EMC, while
it was positive in only two cases (13.3%) of ECA and PR
has been recommended in the differential diagnosis of
endometrial carcinoma in recent publications and these
finding were in agreement with Esheba who reported that
ER positive expression was found in 95% of EMC while it
was completely absent in ECA (31). On the other hand, PR
positive expression was detected in 80% of EMC and in 20%
of ECA. Konishi et al. suggested that reduced ER expression
and increased PR expression in ECA were related to the

in patients with that cancer in addition to its diagnostic role
and this was in agreement with previous researchers that
have suggested that Pro-Ex-C facilitates the detection of
atypical cells that have developed from normal, reactive or
other nonmalignant cells within a Pap cytology specimen
(35), and also that Pro-Ex-C is an essential marker for highgrade CIN that can confirm the diagnosis of high-grade
CIN and detect cases of atypical squamous metaplasia (36).
Thus, the use of Pro-Ex-C to select female patients at risk of
cancer progression and who need treatment could improve
patient outcome, help early diagnosis, and decrease patient
anxiety (35). The absence of significant correlations
between Pro-Ex-C expression, FIGO stage and presence
of distant metastases in our study may be due to the small
sample size.

Table V: Diagnostic performance of Pro-Ex-C, villin, ER and PR expressions in the differentiation between endocervical and
endometrioid adenocarcinoma

Markers
Villin (- or focal +)
Pro-Ex-C (- or focal +)
ER (diffuse + or focal +)
PR (diffuse + or focal +)
Villin (- or focal +) & Pro-Ex-C (- or focal +)
Villin (-or focal +) & ER (diffuse + or focal +)
Villin (- or focal +) & PR (diffuse + or focal +)
Pro-Ex-C (- or focal +) & ER (diffuse + or focal +)
Pro-Ex-C (- or focal +) & PR (diffuse + or focal +)
ER (diffuse + or focal +) & PR (diffuse + or focal )
Villin (- or focal +),
Pro-Ex-C (- or focal +) & ER (diffuse + or focal +)
Villin (- or focal +),
Pro-Ex-C (- or focal +) & PR (diffuse + or focal +)
Pro-Ex-C (- or focal +), ER (diffuse + or focal +) &
PR (diffuse + or focal +)
Villin (- or focal +), ER (diffuse + or focal +) &
PR (diffuse + or focal +)
Villin (- or focal +), Pro-Ex-C (- or focal +), ER
(diffuse + or focal +) & PR (diffuse + or focal +)

SN %
(95% CI)

SP %
(95% CI)
80
100
(59.8-100.2)
86.7
86.7
(74.5-98.8) (69.5-100)
100
100
86.7
86.7
(74.5-98.8) (69.5-100)
80
100
(59.8-100.2)
100
100
86.7
100
(74.5-98.8)
100
100
86.7
100
(74.5-98.8)
86.7
100
(69.5-100)
100
86.7
(74.5-98.8)
86.7
(74.5-98.8)
86.7
(74.5-98.8)
100

PPV %
NPV %
Accuracy %
(95% CI)
(95% CI)
(95% CI)
90.9
93.3
100
(81.1-100)
(86.1-100)
92.9
76.5
86.7
(83.3-100) (56.3-96.6) (76.7-96.6)
100
100
100
92.9
76.5
86.7
(83.3-100) (56.3-96.6) (76.7-96.6)
90.9
93.3
100
(81.1-100)
(86.1-100)
100
100
100
78.9
91.1
100
(60.6-97.3) (82.8-99.4)
100
100
100
78.9
91.1
100
(60.6-97.3) (82.8-99.4)
93.8
95.6
100
(85.4-100)
(89.5-100)

100

100

100

100

100

100

100

100

100

100

100

100

78.9
(60.6-97.3)
78.9
(60.6-97.3)
78.9
(60.6-97.3)

91.1
(82.8-99.4)
91.1
(82.8-99.4)
91.1
(82.8-99.4)

100

100

SN: Sensitivity, SP: Specificity, PPV: Positive Predictive Value, NPV: Negative Predictive Value, 95%, CI: 95% Confidence Interval.
We stated the finding of marker expression that we depended on for diagnosis inside the brackets as (- or focal +) or (diffuse + or focal +) according to
the method of marker evaluation.
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proliferation of normal cervical squamous epithelium, and
this proliferation-related receptor status which is probably
induced by HPV infection and is usually expressed in
neoplastic cervical squamous cells (37). Socolov et al.
reported that well-differentiated EMC was ER- and PRpositive, so that ER-positive expression was significantly
correlated with PR expression. Well-differentiated EMC
(GI) in the studied group also showed a higher content of
ER and PR compared to moderately-differentiated EMC
(GII) (38). Slightly different results were found by Esheba
et al. who have demonstrated that some cases of uterine
serous carcinoma showed focal strong staining for ProEx-C (2/4, 50%) and less ER and PR expression than usually
found in EMC (31). However, we have studied only EMC
and Esheba et al. studied other subtypes so it is important to
recognize the morphological pattern and specific subtype
to avoid misdiagnosis as an endocervical primary based on
strong Pro-Ex-C expression.

predictive roles of these markers in ECA and EMC. On the
other hand we found no significant correlations between
villin and Pro-Ex-C expression, FIGO stage and the presence
of distant metastases, possibly due to the small sample size
and inclusion of only ECA and EMC. We recommend
conducting another study that will include a large number
of patients to prove and highlight the predictive roles
of marker expression in both carcinoma types. Due to
the rarity of cervical adenocarcinoma subtypes, we have
included only cases of cervical adenocarcinoma, NOS in
our study and we have recommended conducting a future
study on such subtypes to assess the relations between
our marker expression pattern and aggressiveness of such
subtypes. It is recommended to perform another study
adding the more conventional markers such as p16 and
vimentin to compare our results, sensitivity and specificity
using larger sample size and all subtypes of ECA and EMC
for adequate interpretation.

We have chosen such recent markers because they were
found to be more sensitive than conventional markers,
e.g. p16 and vimentin (32, 33). Previous studies found
that p16INK4a had failed in distinguishing ECA and its
expression was also related to a carcinogenesis mechanism
involving HPV infection. p16 expression was observed in
(55%) 80% of ECA while it was positive in 20% of EMC,
and was correlated with HPV infection These results were
in keeping with the published data which have shown that
p16 immunostaining has a sensitivity for HPV infectionrelated ECA (range 82-100%) (39), but was less specific than
villin and Pro-Ex-C expressions. Conflicting observations
on the sensitivity of vimentin in EMC and ECA have been
reported. Khoury et al. reported that vimentin was positive
in 1 of 14 (7%) ECA, and 9 of 18 (50%) EMC (10), while
McCluggage et al. found that vimentin was detected in
29/30 (96.7%) of EMC, and in 2/26 (7.7%) of ECA (40)

CONFLICT of INTEREST

In conclusion, highly specific biomarkers such as villin
and Pro-Ex-C have the potential to improve the diagnostic
accuracy in differentiating between EMC and ECA,
NOS. Based on the above mentioned data, the optimal
approach to distinguishing between ECA and endocervical
adenocarcinomas, NOS would be to use Pro-Ex-C, a
hormone receptor marker (ER or PR), and villin as this
marker panel’s expression had a sensitivity of 100% and
a specificity of 100% which is higher than conventional
markers like p16 and vimentin that lead to many conflicting
results, lower sensitivity and specificity. We also found
significant positive correlations between villin and ProEx-C expression, tumor size and grade, and presence and
pattern of stromal invasion which highlighted the possible
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ABSTRACT
Objective: As there is continuing disagreement among the observers on the differential diagnosis between the epithelial changes/lesions and
neoplasms of the gallbladder, this multicentre study was planned in order to assess the rate of the epithelial gallbladder lesions in Turkey and to
propose microscopy and macroscopy protocols.
Material and Method: With the participation of 22 institutions around Turkey that were included in the Hepato-Pancreato-Biliary Study Group,
89,324 cholecystectomy specimens sampled from 2003 to 2016 were retrospectively evaluated. The numbers of adenocarcinomas, dysplasias,
intracholecystic neoplasms/adenomas, intestinal metaplasias and reactive atypia were identified with the review of pathology reports and the
regional and countrywide incidence rates were presented in percentages.
Results: Epithelial changes/lesions were reported in 6% of cholecystectomy materials. Of these epithelial lesions, 7% were reported as
adenocarcinoma, 0.9% as high-grade dysplasia, 4% as low-grade dysplasia, 7.8% as reactive/regenerative atypia, 1.7% as neoplastic polyp, and
15.6% as intestinal metaplasia. The remaining lesions (63%) primarily included non-neoplastic polypoids/hyperplastic lesions and antral/pyloric
metaplasia. There were also differences between pathology laboratories.
Conclusion: The major causes of the difference in reporting these epithelial changes/lesions and neoplasms include the differences related to the
institute’s oncological surgery frequency, sampling protocols, geographical dissimilarities, and differences in the diagnoses/interpretations of the
pathologists. It seems that the diagnosis may change if new sections are taken from the specimen when any epithelial abnormality is seen during
microscopic examination of the cholecystectomy materials.
Key Words: Gallbladder, Cholecystectomy, Dysplasia, Neoplasia, Sampling
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INTRODUCTION
Although resection materials of the gallbladder (cholecystectomy specimens) are common in our daily routine,
there are certain problems with the approaches towards
the epithelial changes/lesions and the neoplasms of the
gallbladder and this issue continues to be relevant with
increasing importance. It is a question of debate which
lesions are to be reported, in which cases a new sampling
would be required and how and by what size the resection
would be performed. Besides, there is disagreement
among the observers on the differential diagnosis between
the epithelial changes in reactive/regenerative atypia or
intestinal metaplasia and low-grade dysplasia, and between
high-grade dysplasia and invasive tumours. For this
very reason, our Hepato-Pancreato-Biliary Study Group
(HPBSG) planned a multicentre study in order to assess
the rate of the epithelial gallbladder lesions in our country
and to propose microscopy and macroscopy protocols and
we collected the pathology report diagnoses of gallbladder
resection specimens from multiple centres in Turkey.
Epithelial changes/lesions and neoplasms of the gallbladder
are rarely encountered lesions (1,2). However, as cholecystectomy is a relatively common surgical procedure,
epithelial lesions of the gallbladder, as rare as they are,
may be confronted by surgical pathologists. Among the
epithelial changes/lesions of the gallbladder, one can count
metaplastic changes/lesions (antral/pyloric metaplasia,
intestinal metaplasia), benign epithelial neoplasms
(adenomas/cystadenomas), biliary intraepithelial neoplasias (BilIN) (dysplasia/carcinoma in situ), and invasive
carcinomas (2). The protocols to be followed in sampling
and microscopic examination of the gallbladder are still

Figure 1: Mass forming invasive adenocarcinoma of gallbladder.
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of paramount importance and continue to be an issue of
debate as high-grade dysplasia and even invasive carcinoma
cannot be macroscopically identified to a large extent (3).
MATERIALS and METHOD
In this multicentre study conducted with the participation
of 22 institutions around Turkey that are included in the
HPBSG, 89,324 cholecystectomy specimens sampled in
various time periods from 2003 to 2016 were retrospectively
evaluated. The number of adenocarcinomas (primary
invasive carcinomas), low- and high-grade dysplasias such
as BilIN, intracholecystic neoplasms/adenomas, intestinal
metaplasias, reactive atypia, and some other lesions was
identified. As this work, which is the first step of our study,
aim to provide awareness of where we stand in terms of
gallbladder lesions and cholecystectomy sampling, only
the pathology results were evaluated where it was noticed
that each institute had their own sampling method which
usually includes three tissue samples from the gallbladder
wall without any standardized sampling criteria dedicated
to this issue. Then, the regional and countrywide incidence
rates were presented in percentages.
RESULTS
In the retrospective review of 89,324 cholecystectomy
specimens obtained from all centres that participated in
the study, it was found that epithelial changes/lesions were
reported in 5,293 of these specimens (6%). Of those lesions,
411 (7%) were reported as adenocarcinoma (Figure 1,2),
49 (0.9%) as high-grade dysplasia (Figure 3), 208 (4%)
as low-grade dysplasia (Figure 4), 413 (7.8%) as reactive/
regenerative atypia (Figure 5), 90 (1.7%) as neoplastic
polyp (biliary adenoma-tubular/tubulopapillary/villous),

Figure 2: Invasive adenocarcinoma of gallbladder (H&E; x100).
Vol. 34, No. 1, 2018; Page 41-48

EsendaĞli G et al: Epithelial Lesions of the Gallbladder

Turkish Journal of Pathology

and 831 (15.6%) as intestinal metaplasia (Figure 6). The
remaining 3,291 lesions (63%) included primarily nonneoplastic polypoids/hyperplastic lesions and antral/pyloric
metaplasias (Figure 7). The differences in the findings of
the pathology laboratories showed the rates to be between
0.11%-5% for adenocarcinoma, 0.03%-5% for high-grade
dysplasia, %0.14-%16 for low-grade dysplasia, 0.12%-2.5%
for reactive/regenerative atypia, 0.03%-11% for neoplastic
polyp, and 0.05%-5% for intestinal metaplasia (Table I
and Figure 8). Besides, in the cholecystectomy specimens
with identified intestinal metaplasia, accompanying lesions
such as low- and high-grade dysplasias (3.03%), antral

metaplasia (2.65%), adenocarcinoma (1.1%) and reactive
atypia (0.12%) were also found (Table II).

Figure 3: High-grade dysplasia in gallbladder epithelium (H&E;
x400).

Figure 4: Low-grade dysplasia in gallbladder epithelium (H&E;
x400).

Figure 5: Reactive atypia in gallbladder epithelium nearby
intestinal metaplasia (H&E; x400).

Figure 6: Intestinal metaplasia in gallbladder epithelium (H&E;
x400).

Vol. 34, No. 1, 2018; Page 41-48

The geographical distribution of certain important lesions
is presented in Table III. Because results from the Black Sea
Region were obtained from only one centre, specimens from
that region are relatively limited in number. According to the
available data, the highest rates of invasive adenocarcinoma
was found in the Aegean Region while the highest rate of
high-grade dysplasia was in yjr Mediterranean Region,
the highest rate of reactive atypia and intestinal metaplasia
was in the Black Sea Region, and the highest rate of biliary
adenoma was in the Central Anatolia Region.
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Figure 7: Antral metaplasia in gallbladder epithelium (H&E;
x200).

Figure 8: The percentages of epithelial lesions detected in
cholecystectomy specimens.

Table I: The percentages of epithelial changes/lesions detected in cholecystectomy specimens

Epithelial lesions of the gallbladder (n: 5,293)
Adenocarcinoma (n:411)
High-grade dysplasia (n:49)
Low-grade dysplasia (n:208)
Reactive/Regenerative atypia (n:413)
Biliary adenoma (n:90)
Pure intestinal metaplasia (n:831)
Other non-neoplastic lesions (antral metaplasia, mucosal
hyperplasia, non-neoplastic polyp etc.) (n:3,291)

In all epithelial lesions In all cholecystectomy specimens
7%
0.4%
0.9%
0.05%
4%
0.2%
7.8%
0.4%
1.7%
0.1%
15.6%
0.9%
63%

3.79%

Table II: The percentages of accompanying epithelial lesions in the presence of intestinal metaplasia

Intestinal metaplasia

Adenocarcinoma
1.10%

Dysplasia
3.03%

Biliary adenoma
0.12%

Reactive atypia
0.12%

Antral metaplasia
2.65%

Table III: Distribution of certain major epithelial lesions by geographical regions

Adenocarcinoma
High-grade dysplasia
Low-grade dysplasia
Reactive atypia
Biliary adenoma
Intestinal metaplasia
Total cholecystectomy materials

Marmara
Region

Aegean
Region

Central Anatolia
Region

Mediterranean
Region

Black Sea
Region

87 (0.37%)
16 (0.07%)
104 (0.44%)
49 (0.21%)
21 (0.09%)
294 (1.26%)
23,426

191 (0.80%)
8 (0.03%)
91 (0.38%)
3 (0.01%)
13 (0.06%)
205 (0.86%)
23,840

85 (0.29%)
15 (0.05%)
98 (0.33%)
293 (0.99%)
48 (0.16%)
226 (0.76%)
29,862

45 (0.57%)
10 (0.13%)
50 (0.64%)
42 (0.54%)
8 (0.10%)
67 (0.86%)
7,840

3 (0.4%)
0
16 (2.2%)
26 (3.6%)
0
39 (5.4%)
714

DISCUSSION
Various epithelial changes/lesions developing from
the gallbladder mucosa are found in cholecystectomy
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specimens. The spectrum of these epithelial changes/lesions
primarily included metaplastic changes, benign neoplasms
(adenomas), low- and high-grade dysplasias as BilIN and
invasive adenocarcinomas.
Vol. 34, No. 1, 2018; Page 41-48
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Gallbladder carcinomas are usually incidentally detected
in cholecystectomy specimens taken out due to cholestasis
and display themselves as carcinoma in situ or carcinoma
with superficial invasion (2). In our study, the rate of
primary invasive adenocarcinoma in all cholecystectomy
specimens was found to be 0.4% and this rate is reported in
the literature to be between 0.15-2.3% (4-10). In addition,
the world-wide incidence, mortality, and prevalence rate
for 5 years of gallbladder cancer is reported, respectively,
to be 1.3%, 1.7%, and 06% in the GLOBOCAN Project that
establishes up-to-date estimates at the national level about
the incidence, mortality, and prevalence for major cancers
in many countries (11). In our study, the prevalence rate
for 5 years for gallbladder cancer was found to be 0.5%
for Turkey and this figure is in accordance with the data
provided by GLOBOCAN.
Gallbladder dysplasia is not a frequent condition and its
incidence is reported to be 3.3% (12). However, there are
studies in the literature that claim this rate can go up to 25%
(13-16). The rate of dysplasia detected in all cholecystectomy
specimens in our study, on the other hand, was 0.25%. The
number of studies in the literature that focuses on this
issue is not adequate but the rate is reported to be between
0.7-3.3% in all studies available (5-7, 12). The fact that the
rate found in our study is well below the ones reported
in the literature suggests that either these pre-neoplastic
epithelial lesions could not be sampled or not recognized
enough or low-grade dysplasia was misinterpreted as
regenerative atypia. It is reported in different series that the
incidence rate of intestinal metaplasia is 10-30% among all
cholecystectomy specimens (2). A striking result in this
respect was found in a study conducted in the population
of Chile, which is known to have a relatively higher rate
of gallbladder cancer. The rate of intestinal metaplasia
detected in cholecystectomy specimens was reported in
this study to be 58.1% (17). In our study, the relevant result
was 0.9%. This figure was again below the ones reported in
the literature and it was thought that this results from the
discrepancies in routine reporting of intestinal metaplasia
in pathology reports by pathologists and/or institutions and
the non-uniformity in macroscopic sampling.
For macroscopic examination and sampling of cholecystectomy specimens, it was recommended in the handbook of
macroscopic examination (18) prepared by the HPBSG
of the Federation of Turkish Pathology Societies in 2013
that all cholecystectomy specimens should be handled
according to the following: (i) The specimen should be
measured in three dimensions, opened on the anti-hepatic
side and the bile drained off. It should be noted whether the
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gallbladder has already been opened and the container in
which the specimen has been sent should be investigated
for lesions that may have come off. The specimen should
not be opened in the sink under running water. (ii) The
number, size, shape and colour of the gallstones should be
described. (iii) The mucosa should be examined thoroughly
and its appearance, yellow mottlings, and whether it has an
ulcer or a mass lesion be specified. (iv) The thickness of
the gallbladder wall should be documented based on the
thickest part of the specimen. (v) The neck (isthmic) lymph
node (so called “Cattle ganglion”) should meticulously
be searched for and sampled completely after being cut
into two. (iv) The surgical margin of the cystic duct and
the hepatic aspect of the gallbladder should be marked
with ink and the samples from the peritonealized surface
of the organ should be noted, and also painted with ink.
This handbook also includes recommendations on the
sampling method and the number of slices to be sampled in
cholecystectomies performed due to tumour-associated or
non-tumour-associated reasons or due to the existence of
tumour suspicion on macroscopic examination.
It is also noticed that various sampling methods are
available for the sampling of cholecystectomy specimens
in the reference books of pathology that are in current
international use. Among these are: (i) especially for the
specimens with a prediagnosis of carcinoma, draining off
the bile with the help of an injector, injecting formalin in
the bladder, leaving the specimen to be fixed in formalin
overnight and then opening and sampling; for other
specimens, sampling three pieces each from the fundus,
body, and the neck to represent the whole wall of the
gallbladder and sampling cystic duct and any lymph node
in case of any macroscopic abnormality (19); (ii) sampling
by multiple transverse sections after rolling the emptied
organ to examine the whole mucosa on a single slide,
especially for the specimens with suspicion of carcinoma
in situ or dysplasia (12); (iii) sampling by circumferential
transverse sectioning of the proximal cystic duct margin
and by one slice divided into appropriate pieces obtained
from a whole cut transverse section of the cholecystectomy
specimens without any macroscopic abnormality (20); (iv)
sampling of the fundus and neck of the gallbladder each cut
in the transverse plane and the margin of cystic duct with
fine transverse sectioning (21).
There are also several studies in our country on the
prevalence of epithelial lesions in the gallbladder mucosa.
As for dysplasia and intestinal metaplasia which are
thought to have a connection with the development of
adenocarcinoma and neoplasms, Bahadır et al. (22) detected
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intestinal metaplasia in 24 of the 351 gallbladders with 11
having epithelial dysplasia of varying degrees. Incidental
carcinoma was found in 4 of the 11 cases with intestinal
metaplasia and dysplasia. In their study on polypoid lesions,
Yıldırım et al. (23) detected 1 case of adenocarcinoma in
1420 cholecystectomy specimens. In a similar study by
Tunçel et al. (24), 1 adenocarcinoma was reported in 99
polypoid lesions that were found in 4,479 cholecystectomy
specimens. Koca et al. (25) reported the incidence of
carcinoma, biliary intraepithelial neoplasia and papillary
neoplasia as approximately 2%. A similar percentage was
also reported by Mazlum et al. (26). Argon et al. (27)
recommend sampling a full slice longitudinally all along the
gallbladder as this method reveals the presence of a higher
number of pyloric metaplasia, intestinal metaplasia, lowgrade dysplasia, and invasive carcinoma than the method
of sampling the fundus and the body separately. Bolat et
al. (28) stated that the routine method in their pathology
laboratory is to take three samples from cholecystectomy
specimens. They mapped and examined 75 cholecystectomy
specimens and reported that they observed an increase in
the incidence of metaplasia, dysplasia, and early carcinoma
detection when the number of samplings was increased.
The adenoma-carcinoma sequence has also been extensively
debated recently (2). Some authors claim that the adenomacarcinoma sequence is a natural process in adenocarcinoma
development (29). There are other studies that support
this idea, stating that there is a presence of adenomatous
residue in the areas where invasive carcinoma develops
(30). There are also other publications of case series where
early microcarcinoma development in the area of adenoma
was reported (31) and there are also certain studies that
focus on the adenomas with dysplasia-carcinoma in situinvasive carcinoma development including pyloric gland
adenomas (32). However, the results obtained from a
comprehensive series study do not support this view (2).
Intestinal metaplasia has been reported to have a significant
correlation with epithelial hyperplasia and dysplasia (17).
The importance and necessity of specifying each and every
lesion encountered in the gallbladder is also another object
at issue. It seems that the diagnosis may change if new
sections are taken from the specimen when any epithelial
abnormality is seen during microscopic examination of
the cholecystectomy materials (3). Bivins et al. (33) assert
that 4 sections would be sufficient in detecting most cases
of dysplasia. Similarly, it is reported that, in cases where
dysplasia or reactive atypia is detected after the routine
sampling process, a re-sampling of up to 4 sections cut from
the re-examined gallbladder is sufficient in detecting all
important lesions and that sampling the entire gallbladder
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is not necessary (34). In cases of in situ carcinoma/highgrade dysplasia where the suspicion of invasion is excluded
and the given lesions are entirely followed up, the clinical
course has been reported to be quite good (35,36). However,
criteria for both sampling and diagnosis of low-grade
lesions and for the differentiation between reactive atypia
and low-grade dysplasia have not been clearly specified yet
(37). Pathologists generally feel the need for sampling new
sections and extending the investigation mostly when highand low-grade BilIN is present. According to Renshaw
and Gould (34), consultant institutions recommend a
reexamination of the cholecystectomy specimen and
sampling of the entire gallbladder upon identification of
these lesions but this, in accordance with the aforementioned
study, is not a necessary and appropriate approach in order
to reach a definitive diagnosis. Regarding the stance of these
authors, in a short article written by Adsay et al. (3) in 2013,
it is stated that neoplastic lesions are not easily identified,
particularly in macroscopic examination of the gallbladder
samples, and the risk in the population should also be
taken into account in these terms. It is also emphasized
that the relative coexistence of epithelial lesions in the
gallbladder with neoplastic lesions should be kept in mind.
Regarding this issue, the decision taken in the consensus
meeting sponsored by Americas Hepato-Pancreato-Biliary
Association in 2015 asserts that in high incidence areas,
sampling of the routine cholecystectomy specimens should
include a minimum of three sections representing the
wall of the bladder and the cystic duct margin; and that
the specimens with dysplasia or cancer should be entirely
sampled (38).
As proven above, there are various methods and
recommendations in the literature and reference books
for surgical pathology regarding the procedure for the
sampling of cholecystectomy specimens.
In conclusion, although the percentage of invasive
carcinoma in all cholecystectomy specimens examined in
our study is compatible with the ones in the literature, the
rates of metaplasias and neoplasms are different and also
the incidence rate of the lesions differ from one institution
to another. The major causes of this difference include the
differences in the frequency of oncological surgery among the
institutions, non-uniformity of the macroscopic sampling
protocols, geographical dissimilarities, and the differences
in the diagnoses/interpretations of the pathologists. Besides,
during the routine pathology practices, pathologists do not
feel the need for reporting some epithelial changes/lesions
identified in the cholecystectomy specimens (i.e. antral and
intestinal metaplasia).
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It is necessary for putting an end to this confusion to identify
the accurate incidence rate of the gallbladder lesions in
Turkey, design a common path for the standardisation of
reporting with uniformity in diagnosis/terminology and
to conduct more studies including different geographical
regions by developing a new standardised method of
macroscopic sampling and microscopic examination.
In accordance with the results obtained, new sampling
criteria were specified and a prospective multicentre study
has been commenced with the aim of identifying the
accurate incidence rate of gallbladder lesions, standardising
the reporting process, and promoting uniformity in the
diagnosis/terminology according to these prescribed
methods of macroscopic sampling and microscopic
examination.
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Are CD68 and Factor VIII-RA Expression Different in
Central and Peripheral Giant Cell Granuloma of Jaw:
An Immunohistochemical Comparative Study
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ABSTRACT
Objective: Central giant cell granuloma and peripheral giant cell granuloma of the jaw and oral cavity are identical in histopathologic features,
although they are different in pathogenesis and clinical behavior. The aim of present study was to compare CD 68 and factor VIII related antigen
(VIII-RA) immunoreactivity in central giant cell granuloma and peripheral giant cell granuloma to determine the biologic nature and clinical
behavior of these lesions which may lead to a better or new treatment modality.
Material and Method: CD68 and factor VIII-RA expression were examined immunohistochemically in 22 cases of central giant cell granuloma
(10 aggressive and 12 non- aggressive ) and 19 cases of peripheral giant cell granuloma. The Kruskal-Wallis test followed by the Dunn test was
used for data analysis.
Results: CD68 expression was observed in approximately 100% of multinucleated giant cells and 50% of mononuclear cells. Overexpression of
factor VIII-RA in the endothelial cells of capillary like vessels in the periphery of the lesions was prominent. A statistical significant difference for
CD68 intensity score in mononuclear cells among three groups (P=0.016) was observed. Indeed, factor VIII-RA intensity score in the endothelial
cells of central giant cell granuloma and peripheral giant cell granuloma showed significant difference (P=0.004).
Conclusion: These findings support the histiocyte/macrophage nature of multinucleated giant cells and mononuclear cells. Overexpression and
high intensity score of CD68 in mononuclear cells and the high intensity score of factor VIII-RA in endothelial cells represent less aggressive
behavior in central giant cell granuloma.
Key Words: Giant cell granuloma, CD68, Factor VIII-RA, Jaw

INTRODUCTION
Central giant cell granuloma (CGCG) is an intraosseous
lesion of unknown etiology. There is much debate regarding
whether this entity presents a reactive process or a benign
neoplasm. CGCG is classified as aggressive and nonaggressive based upon radiographic criteria and clinical
features (1,2). The lesions that recur after treatment or are
greater than 5 cm in size are considered aggressive types.
Tooth displacement, cortical perforation or root resorption
are also radiologic criteria of aggressive lesions. Nonaggressive lesions exhibit few or no symptoms with slow
growth and constitute most of the cases (3,4). Histologically,
CGCG is characterized by multinucleated giant cells
(MGCs) in a fibroblastic vascularized background (5,6).
Some evidence indicates the histiocyte/macrophage nature
of MGCs, while others suggest an osteoclastic phenotype
(7-11). Fibroblasts make up the proliferative component
of CGCG because they express proteins related to the
cell cycle. They are also responsible for recruitment and
retention of monocytes and subsequent transformation of
(Turk Patoloji Derg 2018, 34:49-56)
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MGCs (7-10). Interestingly, there are no reliable markers
to predict the prognosis and clinical behavior of CGCG.
Peripheral giant cell granuloma (PGCG) is a relatively
common extraosseouss reactive lesion of the oral cavity.
Inflammatory or developmental reactions in the periosteum
or periodontal ligament have been proposed as possible
etiologic factors of PGCG. PGGG bears microscopic
resemblance to CGCG despite different clinical features.
MGCs presence in PGCG remains unclear (12,13).
CD68 is a transmembrane glycoprotein with an unknown
function. At a very low dose, it is expressed in most cell
types but strongly expressed by tissue macrophages,
human monocytes, osteoclasts and histiocytes (7,8). CD 68
expression in MGCs and mononuclear cells (MCs) of giant
cell lesions has been reported previously (11).
Factor VIII Related antigen (VIII-RA), the most commonly
recommended endothelial cell marker, is produced by
endothelial cells and megakaryocytes (14,15). The literature
evidenced a direct activity of factor VIII-RA complex on
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osteoclastogenesis and a role in bone remodeling or bone
damage (16). Therefore, the objective of this study was to
compare the CD68 and factor VIII-RA immunoreactivity
in aggressive CGCG, non-aggressive CGCG and PCGG of
the jaw and oral cavity to determine the biologic nature and
clinical behavior of these lesions which may lead to a better
or new treatment modality.
MATERIALS and METHODS
In this retrospective study, 22 paraffin-embedded tissue
samples of CGCG (10 aggressive, 12 non-aggressive) and
19 samples of PGCG were collected from the archive of the
department of Oral Pathology, Shahid Beheshti University
of Medical Sciences, Tehran, Iran.
The CGCG classification into aggressive and nonaggressive was conducted based on Choung and Kanban’s
classification system (3).
Clinical information on each case including age, gender and
location were determined. Root resorption, rapid growth,
tooth displacement, cortical thinning, recurrence, size and
perforation were obtained from medical records to classify
CGCGs. Cases without complete data and inadequate
paraffin-embedded tissue were excluded from the study.
Immunohistochemistry: 3 µm sections of routinely
processed paraffin-embedded blocks were cut and mounted
on adherent glass slides. The sections were deparaffinized
in xylene and rehydrated in graded ethanol series and
then treated with 3% hydrogen peroxide. Microwave
pretreatment for 15 minutes in citrate buffer (PH 6.0, 10
mM) was performed to retrieve antigen. The sections were
then incubated for one hour at room temperature with
primary antibodies: 1) CD68- mouse monoclonal antibody
(KP1, Dako, Denmark), 2) factor VIII-mouse monoclonal
antibody (F8/86, Dako, Denmark). This was followed by

incubation with secondary antibody (Dako Envision TM)
for 30 minutes and finally diamiobenzidine (DAB) for
3-5 minutes. The slides were counterstained with Mayer’s
hematoxylin.
Lymph node germinal center and blood vessels in the
periphery of the lesions were used as positive control for
CD68 and factor VIII-RA, respectively. In the negative
control, non-immune serum was used instead of primary
antibody.
CD68 and factor VIII-RA expression were assessed
in multinucleated giant cells, mononuclear cells and
endothelial cells in eight high power (x400) fields. Each
field was evaluated for the proportion of stained cells and
the staining intensity.
Staining intensity was graded as: 0, negative; 1, light
staining; 2, moderate staining; 3, intense staining. The
proportion score of stained cells for CD68 and factor VIIIRA was assessed as: 0, no stained cells; 1, <25% stained
cells; 2, 25-50% stained cells; 3, >50% stained cells (17,18).
The data were stored and analyzed with the SPSS 21 Software
Package (SPSS, Inc, Chicago, IL, USA). Data analysis was
performed using the Kruskal-Wallis test followed by the
Dunn test. Significance was established at P-value < 0.05.
RESULTS
In total, 22 cases of CGCG and 19 cases of PGCG were
studied. The average age in non-aggressive CGCG and
aggressive CGCG, and PGCG were 24.52 ± 11.72, 22.67±
14.42 and 40.11±17.36, respectively. All groups occurred
more often in the mandible than the maxilla (Table I).
Eight (66.6%) cases of non-aggressive CGCG presented as
painless swelling and 4 (33.4%) cases were asymptomatic.
Clinical features of aggressive CGCG cases are given in
Table II.

Table I: Demographic details of patients with central giant cell granuloma and peripheral giant cell granuloma

Parameter
Age (mean±SD)
Gender
Female
Male
Location
Mandible
Maxilla
Mandible & maxilla

Non-aggressive
CGCG (n=12)
24.52±11.72

Aggressive CGCG
(n=10)
22.76±14.42

10 (83.3%)
2 (16.6%)

5 (50%)
5 (50%)

PGCG (n=19)

P-value

40.11±17.36

0.006
0.76

8 (42.1%)
11 (57.9%)
0.176

8 (66.6%)
4 (33.3%)
0 (0%)

5 (50%)
4 (40%)
1 (10%)

16 (84.2%)
3 (15.8%)
0 (0%)

CGCG: Central giant cell granuloma, PGCG: Peripheral giant cell granuloma
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Immunohistochemical evaluation of the three groups
examined showed a positive reaction for both CD68 and
factor VIII -RA. The MGCs expressed CD68 in all cases
as cytoplasmic reactivity, high proportion score (score
III) and intense staining (Figure 1). CD68 was detected

in some of MCs and endothelial cells (Figure 2,3A,B) of
all groups (Table III). Factor VIII-RA immunoreactivity
was observed in MGCs, MCs and endothelial cells of all
categories. Notably, the expression was less prominent than
CD68. With respect to factor VIII-RA in MGCs, a score
of 2 was obtained in most PGCG cases (36.8%), whereas
a predominance of negative staining and score of 2 were
observed in both groups of CGCG (Table IV).
The analysis of factor VIII-RA expression in MCs revealed
no reactivity in most cases of the groups. On the other hand,
positivity of factor VIII-RA in endothelial cells presented a
discrete predominance of score 0 and score 2 in all groups
(Figure 4,5). Immunoreactivity was more remarkable at the
periphery of the lesions especially in PGCG. Data analysis

Figure 1: CD68 stained multinucleated giant cells and mononuclear cells in peripheral giant cell granuloma (CD68; x100).

A

Figure 2: CD68 stained endothelial cells in peripheral giant cell
granuloma(CD68; x100).

B

Figure 3: CD68 stained A) mononuclear cells, B) multinucleated giant cells in central giant cell granuloma (CD68; x200).
Vol. 34, No. 1, 2018; Page 49-56
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demonstrated no significant difference among groups
regarding the CD68 and factor VIII-RA expression by
MGCs (p>0.05).
The Kruskal-Wallis analysis showed a significant difference
in CD68 intensity score in MCs among groups (P=0.016),
with a higher intensity score observed in non-aggressive
CGCG (Table V). Pairwise comparison of CD68 intensity
score of MCs using the Dunn test showed significant
difference between aggressive and non-aggressive CGCG
(p=0.045). No significant difference was seen between
aggressive CGCG and PGCG. The percentage of CD68
positive MCs was less in aggressive CGCG compared with
the non-aggressive type. However, the difference was not
significant (p>0.05). CD68 positive endothelial cells were
statistically significantly higher in PGCG than CGCG
Table II: Clinical Features of aggressive central giant cell
granuloma cases

Case
1
2
3
4
5
6
7
8
9
10

Clinical features
Cortical perforation, size >5 cm, paresthesia
Size >5 cm, recurrence
Size >5 cm, cortical perforation
Cortical perforation, recurrence
Cortical perforation, size >5 cm
Cortical perforation, size >5 cm, root resorption,
tooth displacement
Cortical perforation, rapid growth, tooth
displacement, recurrence
Size >5 cm, Cortical perforation
Root resorption, tooth displacement, cortical
perforation
Cortical perforation, recurrence, rapid growth

Figure 4: Factor VIII-RA stained endothelial cells in central giant
cell granuloma (Factor VIII-RA; x200)
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(p=0.016) (Table VI), but no difference between aggressive
and non-aggressive CGCG was found (p=0.838). Regarding
the overall expression of factor VIII-RA, data analysis
showed a significantly higher intensity score in endothelial
cells of PGCG (p=0.004) (Table VII).
DISCUSSION
Despite histochemistry, immunohistochemistry and
ultrastructure studies focused on giant cell lesions of the
jaw and oral cavity, the pathogenesis and nature of these
lesions are still elusive. Neoplastic, reactive, inflammatory
and proliferative vascular processes have been proposed
(3, 19). Many believe that prominent MGCs are a reactive
component and have phagocyte, osteoclast or endothelial
cell origin (11,19). The stromal MCs are mostly spindle
cells with fibroblastic/myofibroblastic and endothelial
differentiation that is responsible for the proliferative
activity of the lesions (20-23).
To our knowledge, this is the first study to examine and
compare CD68, a specific macrophagic/histiocytic marker,
and factor VIII-RA, a specific endothelial marker, in
aggressive CGCG, non-aggressive CGCG and PGCG.
Our results showed CD68 expression in approximately
100% of MGCs as well as a fraction of MCs in the three
groups studied. This suggests a histiocyte/macrophage
origin for some of the cellular components and an important
role played by stromal MCs in MGC development through
fusion, which is consistent with previous studies (12,24-26).
Of note, the presence of functional characteristic osteoclast
like bone resorption, growth inhibition by calcitonin, and
expression of osteoclast markers (TRAP, MB1) in MGCs
confirm the osteoclastic phenotype of these cells (10,11,
21,27).

Figure 5: Factor VIII-RA stained endothelial cells in peripheral
giant cell granuloma (Factor VIII-RA; x200)
Vol. 34, No. 1, 2018; Page 49-56
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Table III: Distribution of CD 68 proportion score and intensity score among groups

Proportion score (n, %)
1
2

Groups

0
Aggressive CGCG (n=10)
Multinucleated giant cell
0 (0%)
0 (0%)
0 (0%)
Mononuclear cell
3 (30%) 4 (40%) 2 (20%)
Endothelial cell
3 (30%) 4 (40%) 2 (20%)
Non-aggressive CGCG(n=12)
Multinucleated giant cell
0 (0%)
0 (0%)
0 (0%)
Mononuclear cell
0 (0%)
6 (50%) 6 (50%)
Endothelial cell
5 (41.7%) 6 (50%) 1 (8.3%)
Peripheral giant cell granuloma (n=19)
Multinucleated giant cell
0 (0%)
0 (0%)
0 (0%)
Mononuclear cell
3 (15.8%) 5 (26.3%) 6 (31.6%)
Endothelial cell
1 (5.3%) 9 (47.4%) 5 (26.3%)

3

Intensity score (n, %)
1
2

0

10 (100%) 0 (0%)
1 (10%) 3 (30%)
1 (10%) 2 (20%)

0 (0%)
2 (20%)
2 (20%)

0 (0%)
5 (50%)
6 (60%)

3
10 (100%)
0 (0%)
0 (0%)

12 (100%) 0 (0%)
0 (0%)
0 (0%)
12 (100%)
0 (0%)
0 (0%) 1 (8.3%)
9 (75%) 2 (16.7%)
0 (0%) 2 (16.7%) 2 (16.7%) 7 (58.3%) 1 (8.3%)
19 (100%) 0 (0%)
0 (0%)
0 (0%)
19 (100%)
5 (26.3%) 2 (10.5%) 9 (47.4%) 7 (36.8%) 1 (5.3%)
4 (21.1%) 0 (0%) 7 (36.8%) 12 (63.2%) 0 (0%)

CGCG: Central giant cell granuloma

Table IV: Distribution of VIII-RA Proportion score and intensity score among groups

Proportion score (n, %)
1
2

Groups

0
Aggressive CGCG (n=10)
Multinucleated giant cell
5 (50%)
Mononuclear cell
7 (70%)
Endothelial cell
6 (60%)
Non-aggressive CGCG (n=12)
Multinucleated giant cell
3 (25%)
Mononuclear cell
8 (66.7%)
Endothelial cell
6 (50%)
Peripheral giant cell granuloma (n=19)
Multinucleated giant cell
4 (21.1%)
Mononuclear cell
13 (68.4%)
Endothelial cell
7 (36.8%)

1 (10%)
0 (0%)
1 (10%)

2 (20%)
1 (10%)
2 (20%)

3

0

2 (20%)
2 (20%)
1 (10%)

4 (40%)
4 (40%)
4 (40%)

Intensity score (n, %)
1
2
3 (30%)
5 (50%)
5 (50%)

3 (30%)
1 (10%)
1 (10%)

3
0 (0%)
0 (0%)
0 (0%)

2 (16.7%) 5 (41.07%) 2 (16.7%) 1 (8.3%)
6 (50%) 5 (41.07%) 0 (0%)
2 (16.7%) 2 (16.7%) 0 (0%)
7 (58.3) 4 (33.3%) 1 (8.6%) 0 (0%)
1 (8.3%) 3 (25%) 2 (16.7%) 4 (33.3%) 4 (33.3%) 4 (33.3%) 0 (0%)
2 (10.5%) 7 (36.8%) 6 (31.6%) 2 (10.5%) 15 (78.9%) 2 (10.5%) 0 (0%)
2 (10.5%) 3 (15.8%) 1 (5.3%) 9 (47.4%) 9 (47.4%) 1 (5.3%) 0 (0%)
4 (21.1%) 6 (31.6%) 2 (10.5%) 0 (0%)
7 (36.8%) 12 (63.2%) 0 (0%)

CGCG: Central giant cell granuloma

Table V: Comparison of CD 68 intensity score of mononuclear cells among groups

Intensity score
0
1
2
3
Total
Mean rank
Median

Aggressive CGCG
(n, %)
3(30%)
2(20%)
5(50%)
0(0%)
10
17.2
1.5

Non-aggressive CGCG
(n, %)
0(0%)
1(8.3%)
9(75%)
2(16.7%)
12
28.63
2.0

PGCG (n, %)

p-value

2(10.5%)
9(47.4%)
7(36.8%)
1(5.3%)
19
18.18
1.0

0.016

CGCG: Central giant cell granuloma, PGCG: Peripheral giant cell granuloma
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Table VI: Comparison of endothelial cells CD 68 Proportion score among groups

Proportion score
0
1
2
3
Total
Mean rank
Median

Aggressive CGCG
(n, %)
3(30%)
4(40%)
2(20%)
1(10%)
10
19.5
1.0

Non-aggressive CGCG
(n, %)
5(41.7%)
6(50%)
1(8.3%)
0(0%)
12
14.29
1.0

PGCG (n, %)

p-value

1(5.3%)
9(47.4%)
5(26.3%)
4(21.1%)
19
26.3
1.0

0.016

PGCG (n, %)

p-value

0(0%)
7(36.8%)
12(63.2%)
0(0%)
19
26.92
1.0

0.004

CGCG: Central giant cell granuloma, PGCG: Peripheral giant cell granuloma

Table VII: Comparison of endothelial cells factor VIII-RA intensity score among groups

Intensity score
0
1
2
3
Total
Mean rank
Median

Aggressive CGCG
(n, %)
4(40%)
5(50%)
1(10%)
0(0%)
10
13.35
1.0

Non-aggressive CGCG
(n, %)
4(33.3%)
4(33.3%)
4(33.3%)
0(0%)
12
18.00
1.0

CGCG: Central giant cell granuloma, PGCG: Peripheral giant cell granuloma

Vk et al. reported less CD68 positive MGCs in CGCG
compared with PGCG but we did not find any significant
difference between the groups (17). This can be attributed to
the smaller sample size and evaluation of CGCG separately
in two subtypes.
Despite no significant difference of CD68 expression in
MCs among groups, positive CD68 MCs in aggressive
CGCG was less than in non-aggressive CGCG and PGCG,
whih was in agreement with the Syrio et al. study (12).
Moreover, the intensity score of CD68 in non-aggressive
CGCG was significantly higher than aggressive CGCG.
Taken together, these findings suggest that there may be a
correlation between CD68 proportion and intensity score
of MCs and the behavior or aggressiveness of the lesions.
Most of the researchers evaluated CD31, CD34 and VEGF
expression as angiogenic markers in giant cell lesions
(7,13,28,29).
A few studies analyzed factor VIII-RA as a vascularization
marker in giant cell lesions (13, 18, 24). The current study
demonstrated factor VIII-RA immunoreactivity in MGCs,
MCs and endothelial cells in both PGCG and CGCG,
implying MGCs and MCs as the sources of factor VIII-

54

RA in addition to endothelial cells. In contrast to previous
study (13), we found no significant difference regarding
percentage of factor VIII-RA positive endothelial cells
among the groups. This discrepancy may be due to the
evaluation method of factor VIII-RA expression. Matos
et al. only focused on microvessel density and showed
larger number of factor VIII-RA reactive vessels in PGCG.
Also in that study, a negative correlation between VEGF
expression and microvessel density in CGCG was observed,
supporting the function of VEGF in osteoclastogenesis. On
the other hand, possible interaction of factor VIII-RA in
osteoclastogenesis through regulating OPG, RANK and
RANK-L may be present. Baud’huin et al. (16) examined
the role of factor VIII-RA on osteoclastogenesis using a
cellular model. They concluded that the interaction between
factor VIII-RA and OPG can cause inhibition of RANK-L
induced osteoclastogenesis. Considering the significance of
OPG, RANK and RANK-L as essential osteoclast formation
components (30,31), further attempts to clarify the role and
correlation of factor VIII-RA with osteoclastogenesis may
lead to a new treatment modality in giant cell lesions.
One of the most important findings in the present study
was prominent factor VIII-RA immunoexpression in
capillary like blood vessels in the periphery of the lesions.
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Furthermore, the morphology of the reactive blood vessels
was completely different and slit-like in the center.
In line with present study, ultrastructural analysis of
the microvasculature of giant cell granuloma showed a
remarkable difference between the blood vessels of periphery
and those deeper within the lesion around MGCs. Blood
vessels of the periphery were lined with endothelial cells
and basal lamina, thus presenting mature and normal blood
vessels despite the central blood vessels (18). In accordance
with these finding, Quindere et al. indicated a lack of
collagen IV expression in blood vessels deeper within the
lesion confirming the existence of a poorly formed vascular
structure (13). However, Dewsnup et al. evaluated CD34
staining in giant cell lesions and no apparent difference
was observed between the central and peripheral portion
(28). Interestingly, we found that endothelial cells in PGCG
stained intensely with factor VIII-RA. This may represent
the reactive process of PGCG, targeting higher production of
pro-angiogenic factors and greater inflammatory reaction.
In conclusion, the results of present study supported
the histiocyte / macrophage nature of MGCs and MCs.
Furthermore, overexpression and high intensity score of
CD68 in MCs and high intensity score of factor VIII-RA
in endothelial cells represent less aggressive behavior in
CGCG.
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A Unique Immunofluorescence Protocol to Detect Protein
Expression in Vascular Tissues: Tacking a Long Standing
Pathological Hitch
Puneet GANDHI, Richa KHARE
Department of Research, Bhopal Memorial Hospital & Research Centre, Bhopal-38, India

ABSTRACT
Objective: Autofluorescence induced interference is one of the major drawbacks in immunofluorescence analysis of formalin-fixed
paraffin-embedded tissues, as it decreases the signal-to-noise ratio of specific labeling. Apart from aldehyde-fixation induced artifacts; collagen
and elastin, red blood cells and endogenous fluorescent pigment lipofuscin are prime sources of autofluorescence in vascular and aging tissues.
We describe herein, an optimized indirect-immunofluorescence method for archival formalin-fixed paraffin-embedded tissues tissues and cryo
sections, using a combination of 3-reagents in a specific order, to achieve optimal fluorescence signals and imaging.
Material and Method: Human telomerase reverse transcriptase, a protein implicated as a proliferation marker, was chosen relevant to its expression
in solid tumors along with 3 other intracellular proteins exhibiting nuclear and/or cytoplasmic expression. Staining was performed on 10 glioma
tissue sections along with 5 of their cryo sections, 5 sections each of hepatocellular, lung, papillary-thyroid and renal cell carcinoma, with 10
non-malignant brain tissue samples serving as control. Specimens were imaged using epifluorescence microscopy, followed by software-based
quantification of fluorescence signals for statistical analysis and validation.
Results: We observed that the combined application of sodium-borohydride followed by crystal violet before antigen retrieval and a Sudan
black B treatment after secondary antibody application proved to be most efficacious for masking autofluorescence/non-specific background in
vascular tissues.
Conclusion: This unique trio-methodology provides quantifiable observations with maximized fluorescence signal intensity of the target protein
for longer retention time of the signal even after prolonged storage. The results can be extrapolated to other human tissues for different protein
targets.
Key Words: Autofluorescence, Immunofluorescence, Immunohistochemistry, Signal intensity

INTRODUCTION
Immunofluorescence (IF) is a sensitive and versatile tool for
histological studies (1). However, IF staining of formalinfixed- paraffin-embedded (FFPE) tissues is not a routinely
used method in clinical pathology due to the associated
autofluorescence. On the other hand, immunoperoxidase
staining of FFPE tissues is a fundamental technique for
diagnostic pathology as well as research, although there are
some major limitations associated with it. The first among
these is the resolution of antigen localization by light
microscopy that remains limited because chromogenic
substrate saturates and precipitates easily. Another issue is
the thickness of the sections that are imaged for analysis
(2). Sometimes the antigen diffuses prior to fixation,
making localization difficult specially in the case of soluble
proteins like Glial Fibrilliary Acidic Protein (GFAP) (3).
All of these conditions hinder evaluation. Additionally, the
conventional staining method is less specific than antigen
(Turk Patoloji Derg 2018, 34:57-65)
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localization by immunofluorescence, making quantifiable
assessment difficult and therefore inherently subjective (4).
Autofluorescence induced interference is one of the major
hitches in IF analysis of FFPE tissues, as it decreases the
signal-to-noise ratio of specific labeling. The greatest source
of autofluorescence in mammalian tissues is artifacts due
to aldehyde fixation along with endogenous fluorophores:
collagen, elastin, lipofuscin, red blood cells, and others.
Vascular tissues contain massive amounts of collagen and
elastin, along with haem, which are typical constituents of
blood vessels (5-7), while lipofuscin is known to accumulate
with aging and oxidative stress in various tissues (8,9).
Under a fluorescence or confocal microscope, lipofuscin
appears as tiny, dot like structures within the cells, strongly
fluorescing over a wide excitation range of 360-647 nm (10),
which overlaps with the commonly used fluorophores and
interferes with specific immuno-fluorescent signals (11). In
the present method validation, we describe the optimized
Correspondence: Puneet Gandhi
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indirect IF method on vascular, archival FFPE tissues and
cryo sections.
Glioma (brain tumor), being highly vascular, proliferative
and invasive, was considered for the present study. The
technique was also performed on brain cryo-sections
and non-malignant brain tissue sections along with lung,
kidney and thyroid tissue sections and their results were
compared for reproducibility. Expression of protein human
Telomerase Reverse Transcriptase (hTERT), implicated as
a proliferation marker in various cancers (12-14), was used
to verify and replicate the procedure, and quantitatively
analyze and statistically validate the methodology using
fluorescence tagged antibody. Subsequently, expression of
other nuclear and cytoplasmic fluorescein isothiocyanate
(FITC) tagged protein targets, namely High Mobility
GroupA1 (HMGA1), Kinesin Family Member14 (KIF-14)
and Synaptophysin, was also checked on glioma tissues.
MATERIAL and METHODS
Treatment Reagents
The following reagents were used in this study: Neutral
detergent (Extran, Merck, UK), acetic acid (Merck, UK),
ethanol (Merck, UK), poly L-lysine (Sigma, USA), sodium
borohydride (Hi-media, India), crystal violet (Hi-media,
India), NaCl (Rankem, India), sodium citrate (Qualigens,
India), Phosphate buffer saline (PBS) (Thermo fisher
Scientific, India), Tris (hydroxymethylaminomethaneQualigens, India), Triton X-100 (Sigma, USA), horse
serum (Santa Cruz Biotechnology, USA), BSA (bovine
serum albumin- Sigma, USA), hTERT primary antibody
(Monoclonal, Abcam, UK), HMGA1 (Monoclonal,
Abcam, UK), Synaptophysin (Monoclonal, Santa Cruz
Biotechnology, USA), KIF 14 (Monoclonal, Santa
Cruz Biotechnology, USA), host specific Fluorescein
isothiocyanate (FITC) labeled secondary antibodies (Santa
Cruz Biotechnology, USA), 4’, 6-Diamidino-2-phenylindol
(DAPI, Hi-Media, India), p-phenylenediamine (Anti-fade,
Sigma, USA), Sudan black B (SBB, Hi-Media, India).
The specific labelling of hTERT protein in selected tissuesections by immuno-florescence immunohistochemistry
(IF-IHC) was performed as per the protocol discussed here.
To start with, slides were cleaned with neutral detergent,
washed in running tap water for 30 min, and further dipped
in 1% acidic ethanol followed by rinsing in deionised water.
The slides were then coated with poly-L-lysine solution
(1:10, diluted in deionised water), then kept overnight at
room temperature. 3 µm sections were overlaid onto the
coated slides and coded. At the beginning of the procedure,
tissue sections were deparaffinized in the oven at 65°C,
followed by immersing in 3 changes of xylene, 5 minutes
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each. The slides were then dipped in 100% and 95% ethanol
for 2 changes of 5 minutes each, followed by immersing
in 80%, 70% and 50% alcohol respectively, for 5 minutes
each. Finally, slides were rinsed in running tap water for 15
minutes.
Pre-Treatment
Freshly prepared 0.1% sodium borohydride in phosphate
buffer saline (PBS, pH 7.4) was applied to sections for 2
changes, 2.5 minutes each without any in-between wash.
Then 0.5% crystal violet (10% stock in methanol) freshly
diluted in normal saline was laid on the sections for 9
minutes and drained. Lastly, 0.9% NaCl was overlaid on the
tissue, creating a bubble of liquid over the section for three
washes of 5 minutes each.
Epitope Retrieval
Sodium citrate buffer (0.01 M, pH=6) was preheated at
P-high (1350 watt) for 5 minutes, in a microwave oven.
The slides were immersed in this pre-warmed retrieval
solution and the sections boiled for 6 minutes at P-high.
After a pause of 1 minute to lower down the temperature of
retrieval solution, the sections were re-heated at P-40 (540
watt) for 9 minutes. The container was removed to room
temperature and the slides allowed to cool for 20 minutes.
On cooling, the slides were flushed in running tap water for
15 minutes. Excess water was drained-off from the slides
and the sections covered with PBS (pH=7.4), creating a
bubble of buffer over the tissue for 5 minutes.
Troubleshoot
Standardization of protocol was done by immersing the
slides directly in retrieval solution and boiling the sections
for 5 minutes at P-high, P-80 (1080 watt), P-60 (810 watt)
and P-40, which did not give satisfactory florescence signal
intensity.
Permeabilization
The sections were permeabilized by dipping in 0.2% Triton
X-100 in PBS (pH 7.4) for 45 minutes at room temperature.
Slides were rinsed and PBST (0.1% Tween in PBS) dropped
on the tissue, creating a layer of buffer over the section for
5 minutes.
Troubleshoot
• 1% Triton X-100 in PBS (pH 7.4) for 30 minutes at room
temperature
• 0.5% Triton X-100 in PBS (pH 7.4) for 45 minutes at
room temperature
Both the above combinations did not yield desired results.
Vol. 34, No. 1, 2018; Page 57-65
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Blocking

Mounting

70 µl blocking buffer (10% horse serum and 1% BSA in
PBS, pH=7.4) was pipetted onto the sections followed by
incubation in a humidified chamber at room temperature
for 1 h. Excess blocking buffer was drained off from the
slides before proceeding to the next step.

Slides were mounted in the dark using antifade, placed on a
filter paper to drain excess mounting medium and allowed
to dry. The cover-slips were sealed with transparent nail
varnish and the slides were then kept for 1 hr at -20°C for
curing before visualizing.

Troubleshoot

The slides were stored in tight moisture-free boxes for 1824 months and could be reviewed thrice without fading of
fluorescence signal. Each glioma sample was processed in
duplicate sections for the complete procedure.

• 10% horse serum and 5% BSA in PBS, pH 7.4, at room
temperature for 1 h
• 9% horse serum and 3% BSA in PBS, pH 7.4, at room
temperature for 1 h
• 10% horse serum and 3% BSA in PBS, pH 7.4, at room
temperature for 1 h
• 10% horse serum and 2.5% BSA in PBS, pH 7.4, at room
temperature for 1 h
None of the above combinations yielded complete inhibition
of non-specific binding.
Antigen Localization
70 μl of primary antibody hTERT (1:750 dilutions)
reconstituted in blocking buffer, was applied to the tissue
sections and incubated overnight at 4˚C in a humidified
chamber. After removal from the incubation chamber,
sections were covered with PBST for 5 minutes creating
a bubble and then rinsed with a gentle stream of PBST
(repeated thrice). Then sections were treated with 70 μl host
specific FITC labelled, secondary antibody (1:300 dilution)
re-constituted in PBS (pH 7.4). Sections were incubated for
60 minutes in the dark in a humidified chamber at room
temperature, followed by washing as mentioned for primary
antibody. Counterstaining of the sections was done using
DAPI (5 μg/ mL in PBS, pH 7.4) for 15 minutes in the dark
at RT, and then the slides were washed as described in the
permeabilization step. This procedure was repeated with
each of the other four antibodies on glioma tissue sections.
The specificity of each monoclonal antibody was checked
by western blot before application.
Final Treatment
After the counterstaining procedure, sections were treated
with a freshly prepared 0.1% solution of SBB in 70%
ethanol, for 5 minutes in the dark. Slides were then given
a final wash with PBST as per procedure followed earlier.
Throughout the procedure the tissue was not touched or
allowed to dry.
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Microscopy
For epifluorescence microscopy, Axioskop 2 plus Imager
(Carl Zeiss, AG, Oberkochen, Germany) equipped with a
super high pressure mercury lamp (HBO 100) and VDS
high resolution (1280x1024 effective pixels) cooled chargecoupled device-1300 (Hamamatsu Photonics, Hamamatsu,
Japan) was used. DAPI was detected using Zeiss-01 filter set
(excitation BP, 365/12 nm; beam splitter FT, 395; emission
LP, 397 nm) and FITC was detected using Zeiss-09 filter set
(excitation BP, 450/490 nm; beam splitter FT, 510; emission
LP, 515 nm). All images were observed with Plan-Neofluar
40 X 0.75 NA lens. With regard to the protein assessed,
areas with highest protein labeling were considered.
Approximately 1000 cells per section were randomly
selected and captured with 400x magnification followed
by digitalization and analysis with the Case Data Manager
Expo 4.5 software (Applied Spectral Imaging, Edingen
Neckarhausen, Germany). These images were exported
as TIFF files to Image-J software (version 1.45, National
Institute of Health, USA) for quantification of fluorescence
signals of interest.
Quantification of fluorescence signals: Image-J software
generated data on fluorescence signal intensity was analyzed
separately by two different observers. The results were
compared and found to be reproducible. The procedure
adopted for this was as follows: an outline was drawn
around each positively expressing cell, for calculating the
area under consideration, mean fluorescence and integrated
density. This step was repeated for adjacent background by
creating a grid. The corrected total cellular fluorescence
(CTCF) was calculated as = Integrated density - (area of
selected cell × mean fluorescence of background).The
value of CTCF for treated cells was then equalized against
the CTCF of untreated cells in the same field of view and
results compiled for the trio treatment.
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Statistical Analysis
Quantitative assessment of specifically labeled signal with
increased intensity after the triple reagent treatment was
compared with signals of paired untreated sections using
Wilcoxon matched-pairs signed rank test (two-tailed
Student’s t-test; non-parametric). Results are presented as
median values with inter quartile range (IQR=Q1-Q3).
All analysis was done using the Graph Pad Prism software
(version 7.03).
RESULTS
In this study, a preliminary screening was done to
determine the efficacy of the selected agents singularly
and in combination(s); and also to define the sequence
that can efficiently quench autofluorescence. Treatment of
copper sulphate in 50 mM sodium acetate for 10 minutes
(Figure 1A-C), ammonium chloride treatment (50 mM in
Tris buffered saline for 10 minutes) (Figure 1B, F) and high
performance UV-C light (15 W/single wavelength 254 nm)
treatment for 3 hours (Figure 1C-G) individually showed
only negligible changes. When a combination of sodium
borohydride and SBB was tried out, partial reduction of
autofluorescent background and non-specific binding
could be achieved (Figure 1D, H).
To validate staining integrity following our triple treatment
protocol, we took a two-pronged approach: staining of the

tissue specimen by conventional IF protocol (Figure 2A),
and staining of section from the same block with selected
reagents. All test reagent incubations were performed
at RT. For all reagents, various concentrations as well as
incubation periods were tested until a satisfactory result
was obtained or it failed. A single application of 0.1%
sodium borohydride resulted in slight dampening of
autofluorescent background (Figure 2B). 0.5% crystal violet
treatment (Figure 2C) resulted in partial quenching of
background with maximization of both specific and nonspecific signals. Lone application of 0.1% SBB for 5 minutes
(Figure 2D) eliminated background autofluorescence but
also led to a drastic reduction of both specific and nonspecific signal intensities. Therefore, sodium borohydride,
crystal violet and SBB, the most promising candidates, were
selected for further study.
Combinational testing for treatment sequence was then
performed to attain the best possible signals for protein
of interest; and to achieve reproducible observations and
imaging. The combination of sodium borohydride, crystal
violet and SBB, in this specific order, resulted in complete
dampening of autofluorescent background, masking of
lipofuscin and non-specific signals; with brighter/ more
intense fluorescent signal of the tagged protein (Figure 2E)
as compared to these treatments alone or a combination
(refer Figure 3 for CTCF values of treatments 2A to 2E).

A

B

C

D

E

F

G

H

Figure 1: Superiority of present methodology over some commonly used reagents. FFPE sections A-D) processed as per conventional
IF protocol. Corresponding sections treated with E) CuSO4, F) NH4Cl, G) Single wavelength 254 nm UV, H) Combination treatment
with NaBH4 and SBB; all leading to only fractional reduction of autofluorescent background and non-specific binding. (Autofluorescent
background is highlighted in red circle while lipofuscin and red blood cells are marked by white arrows.) (Scale Bar: 50 µm)
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A

B

C

D

E

F

G

H

I

Figure 2: Histochemical treatments for reducing tissue autofluorescence. FFPE section A) Processed as per conventional IF protocol,
B) Treated singularly with sodium borohydride resulting only in slight dampening of autofluorescent background, C) Crystal violet
application resulted in partial quenching of autofluorescent background while maximizing both specific and non-specific signals,
D) Application of SBB eliminated lipofuscin autofluorescence, resulting in total diminishing of autofluorescence but also a drastic
reduction of specific and non-specific signal intensities, E) Combined treatment with sodium borohydride + crystal violet + SBB
resulted in total quenching of autofluorescent background, masking of lipofuscin and non-specific signals. Quenching of red blood cell
autofluorescence F) Red blood cells exhibiting intense green fluorescence which interferes with FITC labeled signal of tagged molecule in
the section processed as per conventional IF protocol, G) Complete quenching of blood cell and background autofluorescence after trio
treatment. Lipofuscin and red blood cells marked by white arrows and nonspecific green autofluorescent background highlighted with
a red circle. Immunofluorescence labeled signal after storage of FFPE samples H) Image taken within 24 hours of fluorescent labeling
that is on day 1, I) Section imaged again after storage at -20°C for 24 months clearly indicating that the signal intensity remains the same
(Scale Bar: 50 µm)
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Dealing with the other element, namely red blood cells,
which exhibit green fluorescence that overlaps in the FITC
channel (as seen in conventionally treated section, Figure
2F); our novel trio treatment resulted in total quenching
of blood vessel autofluorescence as shown in Figure 2G.
Thereafter, the order for this optimal staining combination
was fixed as sodium borohydride followed by crystal violet
treatment before antigen retrieval step and SBB treatment
after staining with DAPI. This proved to be best suited for
diminishment of autofluorescent background and nonspecific binding; paving way for successful visualization of
the fluorescence tagged marker.
The increased intensity of desired signal achieved by
our trio treatment has also enabled us to overcome the
limitation of archiving IF labelled sections, facilitating

storage for as long as 24 months with periodic review and
without fading of the signal (Figure 2H, 2I; refer to Figure 3
for CTCF value). This is a huge increment on the previously
reported storage period of 9 months (2). The method was
also successfully assessed and validated using 3 other
antibodies, with both nuclear and cytoplasmic expression
(HMGA1, Synaptophysin, KIF- 14) (Figure 4A-C).
The current standardized IF-IHC protocol also has
potential application on varied vascular tissue types as well
as frozen brain sections, with results comparable to archival
tissue (Figure 5). A negative control to check non-specific
binding of secondary antibody was also employed for the
fluorescence tagged molecule. No evidence of secondary
antibody-induced background fluorescence (non-specific
fluorescence signal) was observed for hTERT protein.

Figure 3: Graph depicts the corrected
total cell fluorescence (CTCF) values of IF
signals of different treatments represented
in Figure 2 A to E and 2 H to I, indicating
that trio treatment is best suited for
complete quenching of autofluorescence
and maximization of signal intensity of
target protein.
NaBH4: Sodium-borohydride,

CV: Crystal violet, SBB: Sudan Black B,
Triple treatment: Combination of NaBH4,

CV and SBB in that order

A

B

C

Figure 4: Nuclear and cytoplasmic immunoflorescence labeling of different primary antibodies on glioma tissue A) HMGA1,
B) Synaptophysin , C) KIF-14. (Scale bar: 50 µm)
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Subsequently, the above standardized method was validated
on different tissue samples and controls. The expression of
hTERT was negative in non-malignant brain tissue samples;
while it was up-regulated in different tumors types.
To validate the results, a quantitative analysis of 10
paired glioma tissue sections was carried out. CTCF was
calculated for positive cells and background in each of
these sections. The Wilcoxon signed-rank paired t-test
showed that signal intensity of protein expressing cells in
terms of CTCF of treated sections (median 3261.80 (IQR
1780.44-6075.93)) was significantly higher than CTCF of
untreated sections (median 1164.54 (IQR 574.925-2225.10),
p=0.002). However, the signal intensity of the background
in treated sections was significantly lower (median 235.174

(IQR 46.27-570.32)) than the background of untreated
sections (median 2950.79 (IQR 742.71-5340.73), p=0.002),
validating our methodology (Table I).
DISCUSSION
IHC is a validated technique for diagnostics and research.
During the use of a chromogenic system for antigen
localization, problems may arise due to saturation and
precipitation of substrate (15) or diffusion of the antigen
(16) making quantification difficult. However, IF-IHC
staining, though more sensitive, is not frequently applied
to FFPE tissues in diagnostic histopathology, the perceived
thought being that endogenous autofluorescence of vascular
tissues renders IF imaging unreliable. In our case as well,

Table I: Corrected total cell florescence (CTCF) of untreated and treated background and cells expressing hTERT in glioma sections.

S.No. / per field
1
2
3
4
5
6
7
8
9
10

Background
Untreated
Treated
5488.659
392.0153
4896.968
103.3064
606.966
5.696
164.634
18.5
10295.388
629.7608
212.267
36.0638
3816.9
742.35
2084.68
367.0418
10275.619
662.15425
1149.952
76.9036

Expressing Cells
Untreated
Treated
383.272
2204.11
3810.958
9605.009
274.95
385.1
658.43
1794.71
547.09
888.06
1211.2
1775.69
2047.935
7924.168
2284.164
4319.506
1117.8988
4964.9695
4522.887
6446.257

A

BRAIN

BRAIN CRYOSECTION

THYROID

LIVER

KIDNEY

LUNG

B

Figure 5: Expression of FITC tagged hTERT protein. A) In untreated tissue sections of brain, its cryosection, thyroid, liver, kidney and
lung, B) Unambiguous hTERT expression in respective sections of different tissues after trio treatment with sodium borohydride, crystal
violet and SBB. (Cells expressing the markers are indicated with white arrows, Scale Bar: 50 µm)
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efficacious visualization of specific fluorescent label was
hindered by extensive autofluorescence when conventional
IF protocol was employed on different human FFPE tissues
and cryo sections. Therefore, the present study evaluated
protocols for diminishing tissue autofluorescence in
archival and cryo sections from different types of vascular
tissues.
Our reagent selection was led by protocols frequently
reported in the literature for quenching autofluorescence;
hence sodium borohydride, crystal violet, UV-treatment,
SBB, copper sulphate and ammonium chloride were
selected to obtain a reduction in background. Santhosh
Kumar and co-workers have recommended the use of UVlight (17). Nybo has employed ammonium chloride to
quench autofluorescence (18), while Spitzeret et al. have
suggested the use of copper sulphate with ammonium
acetate for achieving the desired results (19).
Sodium borohydride (1% in phosphate buffer) treatment
has been used for both antigen retrieval and to reduce
aldehyde induced autofluorescence of formalin fixed tissue
(20). Crystal violet treatment of FFPE tissue sections is
cited to reduce the endogenous autofluorescence (21) while
allowing IF staining with FITC conjugated antibodies (22).
Tissue treatment with 0.1% SBB in 70% ethanol has also
been suggested as a good method to reduce/ eliminate tissue
autofluorescence and background, while preserving the
specific fluorescence signals (23,24). In a study by Viegas
et al. a combination of short-duration, high-intensity UV
irradiation and SBB has been suggested as a better approach
to reduce autofluorescence in highly vascular, high
lipofuscin containing murine kidney tissues (25). Another
documentation of sequential treatments by Kajimura et al.
advocates the use of 0.1% sodium borohydride followed
by 0.3% SBB in 70% ethanol as an effective procedure for
decreasing autofluorescence (26). However, the current
novel trio-treatment of sodium borohydride, crystal violet
and SBB gave best reproducible results in all tissues types
with both nuclear and cytoplasmic antigen localization,
without compromising the signal intensity on extended
storage.
Our study outcome thus clearly indicates that this indirectIF based triple treatment methodology is able to provide
successful quantifiable observations with a dampening
of autofluorescence and non-specific background
fluorescence, findings that can be extrapolated to other
vascular human FFPE tissues and cryo sections for different
protein targets.
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ABSTRACT
Objective: Knowledge concerning treatment and care of hand lesions is often based on small case series, case reports and a few large general
case series. The aim of this study is to present our experience with hand tumors’ and tumor-like lesions’ incidence, age range and localizations.
Material and Method: Between 2006-2016, 402 patients operated and histopathologically diagnosed with bone and soft tissue tumorous
conditions of the hand were evaluated retrospectively.
Results: Three hundred sixty one out of 402 cases (89.8%) were soft tissue tumors and 41 cases (10.2%) were osseous tumors of the hand. A total
of 10 malignant tumors (2.5%) were encountered in the hand. The average age of the patients was 41.9 years (ranged from 1 to 83 years). Among
361 soft tissue tumors, only 6 cases (1.6%) were malignant and they were squamous cell tumors (n=5) and synovial sarcoma (n=1). The most
common soft tissue pathology was ganglion cyst (n=125). The most common bone tumor was enchondroma, diagnosed in 26 patients (6.4%
of all patients). Primary malignant bone tumors were extremely rare in the hand; one osteosarcoma and one chondrosarcoma were reported.
Metastatic tumors to the hand were seen in two patients; and they were lung carcinoma and chondrosarcoma metastasis.
Conclusion: Up-date knowledge and a thorough understanding of the nature and demographic characteristics of the tumorous conditions of the
hand are crucial for accurate diagnosis and appropriate treatment.
Key Words: Hand, Neoplasms, Bone, Soft tissue, Metastasis

INTRODUCTION
Tumorous conditions of the hand are frequently
encountered by hand surgeons throughout their career.
Because of the conspicuous nature of the hand, a larger
variety of abnormalities and variations become apparent.
The presence of an enlarging mass lesion is the most
frequent presenting complaint. Undescribable, localised
pain can sometimes be the only symptom. Most of the
tumorous conditions can be diagnosed by thorough history
and physical examination, but the establishment of a
definitive diagnosis is completed through biopsy (1). Early
diagnosis and initiation of treatment is important to realize
the aim of preservation of hand function. Clinicians should
be familiar with the frequency, distribution and clinical
characteristics of hand tumors and tumor-like lesions as
they differ from those seen elsewhere in the body. Thus
a thorough working knowledge of benign and malignant
diseases affecting the hand is necessary (1). Knowledge
concerning treatment and care of hand lesions is often
based on small case series, case reports and a few large
general case series (2). The aim of this study is to present

(Turk Patoloji Derg 2018, 34:66-72)
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our experience with hand tumors’ and tumor-like lesions’
incidence, age range and localizations.
MATERIAL and METHODS
A total of 402 patients operated and histopathologically
diagnosed with bone and soft tissue tumorous conditions of
the hand between 2006-2016 were evaluated retrospectively.
Approval from the ethics committee was obtained. The
average age of the patients was 41.9 years (range 1 to 83
years). Analysed data of the patients were sex, age, clinical
presentation, radiological investigations, localization of the
tumor and histopathological features.
The biopsy procedures were undertaken by either
excisional biopsy, in which the whole lump or suspicious
area is removed, or incisional biopsy, in which only
a sample of tissue is removed with preservation of
the histological architecture of the tissue’s cells (3). All
lesions were treated surgically. Patients with malignant
or metastatic tumors underwent full metastatic workup,
including laboratory studies, chest radiography, computed
tomography of the abdomen, chest and pelvis, and MRI for
the sarcomas.
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RESULTS
Three hundred sixty one out of 402 cases (89.8%) were soft
tissue tumors while 41 cases (10.2%) were osseous tumors
of the hand. A total of 10 malignant tumors (2.5%) were
encountered in the hand; 4 of them were osseous and 6 were
of soft tissue origin. Two hundred sixteen patients (53.7%)
were female and 186 (46.3%) were male. The average age
of the patients was 41.9 years (range 1 to 83 years). A mass
growth and pain were the major complaints of the patients.
Demographic data of all patients with soft tissue tumors
and tumor-like lesions and localizations are presented in
Table I and Table II, respectively. Among the 361 soft tissue
tumors, only 6 cases (1.6%) were malignant and they were
squamous cell tumors (n=5) and synovial sarcoma (n=1).
The most common soft tissue pathology was ganglion cyst
(GC) (n=125). Female predominance was seen in ganglion
cysts (n=71, 56.8%). Among all lesions, 64 cases occurred
in the left hand, 61 in the right hand. The majority of the
lesions were located in the wrist (n=86, 68.8%), and the
majority of the wrist location was the dorsal side (n=49).
The distribution of the other locations of the lesions were
the dorsum of the hand, palm, and the 1st, 2nd, 3rd, 4th
and 5th fingers at 13.7%, 1.6%, 3.2%, 2.5%, 6.5%, 3.2% and

0.8% respectively. All lesions were treated surgically. Giant
cell tumor of tendon sheath (GCTTS) accounted for 22.1%
of all soft tissue tumors as the second most common tumor
(n=80) (Figure 1A-D). The index finger was the most
common site for GCTTS with 27 cases (33.75%). Only one
case developed recurrence during the follow-up period.
Forty one cases (10.2%) were diagnosed as hemangioma.
The distribution of the types of the hemangiomas were
lobular capillary hemangioma (pyogenic granuloma) in
21 cases, cavernous hemangioma in 10 cases, capillary
hemangioma in 7 cases, intramuscular hemangioma in
one case, Masson’s hemangioma in one case and hobnail
hemangioma in one case. Another tumor of vascular
origin, glomus tumors were found in 18 patients. The main
clinical presentation was pain. Other soft tissue tumors and
tumor-like lesions are listed in Table I.
A total of 41 patients (10.2%) were diagnosed with osseous
tumors of the hand (Table III). The majority of bone
tumors were benign (n=37, 90.2%). The most common
bone tumor was enchondroma, diagnosed in 26 patients
(6.4% of all patients). Thirteen patients (50%) were female
and 13 patients (50%) were male with a mean age of 32.7
years (range 6 to 61 years). The location of the tumors were

Table I: Soft tissue tumors

Tumor
Ganglion cyst
Giant cell tumor of tendon sheath
Hemangioma
Lipoma
Glomus tumor
Schwannoma
Epidermal cyst
Palmar fibromatosis
Fibroma
Lipoblastoma
Traumatic neuroma
Papillary endothelial hyperplasia
Granular cell tumor
Extraskeletal chondroma
Angiolymphoid hyperplasia
Fibroepithelial polyp
Cutaneous leiomyoma
Synovial chondromatosis
Squamous cell carcinoma
Synovial sarcoma
Vol. 34, No. 1, 2018; Page 66-72

Number of
Patients
125
80
41
20
18
10
20
17
7
2
5
3
1
1
1
2
1
1
5
1

Range
3 - 83
10 - 78
8 - 62
23 - 83
28 - 71
26 - 77
13 - 75
9 - 74
13 - 60
1-7
7 - 33
15 - 62
35 - 45
45 - 71
-

Age

Mean
41.4
44.2
38.2
51.3
48.1
54.9
39.6
52.4
38.4
4
23.8
38
32
26
53
40
4
65
58.8
36

Gender
(F/M)
71/54
53/27
24/17
12/8
11/7
6/4
3/17
4/13
2/5
1/1
1/4
3/0
0/1
1/0
1/0
2/0
1/0
0/1
1/4
0/1
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as follows: proximal phalanx in 13 cases, middle phalanx
in 5 cases, distal phalanx in 5 cases, and the metacarpal
bones in 2 cases. The ring finger was the most common site
for enchondromas (n=8, 30.7%). Surgical treatment with
curettage and bone grafting was performed in all patients.
Other benign osseous tumors reported in this study were
aneurysmal bone cyts (n=2), osteoid osteomas (n=4), giant
cell tumors of the bone (n=2), osteochondroma (n=1)
and giant cell reparative granuloma (n=2). Os capitatum,
hamatum, trapezoideum and the proximal phalanx of
the middle finger were the locations of osteoid osteoma.
Localizations of all osseous tumors are presented in Table
IV. Primary malignant bone tumors were extremely rare
in the hand; one osteosarcoma and one chondrosarcoma
were reported. Tumors metastatic to the hand were
seen in two patients and they were lung carcinoma and
chondrosarcoma metastasis (Figure 2 A-D).
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DISCUSSION
Tumorous conditions of the hand are commonly seen by
clinicians. Soft tissue lesions of the hand consist of 15% of all
soft tissue tumors. Of all bone tumors, 6% occur in the hand
(5). A systematic diagnostic workup should be initiated
when a hand mass is encountered. Plain radiographs can be
helpful to determine whether the tumor is of soft tissue or
bone origin. As hand lesions are mostly of soft tissue origin,
magnetic resonance imaging (MRI) plays a major role in
the diagnosis and pre-operative evaluation (6). Especially
for the masses that are deeply located with close proximity
to neuro-vascular structures, MRI can reveal fine detail and
signs of tissue invasion and satellite lesions. MRI is also the
imaging technique of choice to distinguish benign tumors
from malignant ones.

a

B

C

D

Figure 1: A,B) Pre-operative view of the GCTTS of the third finger. C,D) Microscopic view showing GCTTS. Small, histiocyte-like,
rounded or polygonal mononuclear cells and larger epithelioid mononuclear cells with varying numbers of osteoclast-like giant cells
(H&E; x200 and x400).
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In Campanacci’s series of patients with hand tumors and
tumor like lesions, benign ones accounted for 89.8% and
malignant tumors for 10.2% (7). These incidences were
similar in Dahlin’s series; out of 194 hand tumors, 86.6% of
the patients had benign lesions (8). In this study including
402 patients with hand tumors and tumor like lesions,
patients with benign lesions accounted for 97.5% (n=392)
and malignant tumors for 2.5% (n=10). Nonagressive,

benign neoplasms are usually treated with simple surgical
excision. Although the majority of the lesions are benign,
malignancy should always be suspected with rapid growth
and rapid change in the characteristics of the lesions.
Ganglion cysts (GC) are the most frequently encountered
masses of the hand and wrist, affecting women more
commonly than men (9,10). Ganglions generally (70%)
occur between the second and fourth decade of life (2).

Table II: Localizations of soft tissue tumors

Tumor
Ganglion cyst
Giant cell tumor of tendon sheath
Hemangioma
Lipoma
Glomus tumor
Schwannoma
Epidermal cyst
Palmar fibromatosis
Fibroma
Lipoblastoma
Traumatic neuroma
Papillary endothelial hyperplasia
Granular cell tumor
Extraskeletal chondroma
Angiolymphoid hyperplasia
Fibroepithelial polyp
Cutaneous leiomyoma
Synovial chondromatosis
Squamous cell carcinoma
Synovial sarcoma

1st
4
15
4
1
5
6
2
2
-

2nd
3
27
6
3
3
1
7
1
3
1
1
2
-

Fingers
3rd 4th
8
4
16
6
7
3
2
2
2
5
1
2
3
5
1
2
1
1
1
-

5th
1
7
3
2
1
1
6
1
1
-

Hand
Palm
Dorsum
2
17
3
3
13
8
2
1
5
4
2
1
1
2
1
1

Wrist

Total

86
3
5
1
3
3
1
1
-

125
80
41
20
18
10
20
17
7
2
5
3
1
1
1
2
1
1
5
1

Table III: Bone tumors

Tumor
Enchondroma
Osteoid osteoma
Aneurysmal bone cyst
Giant cell tumor of bone
Giant cell reparative granuloma
Osteochondroma
Osteosarcoma
Chondrosarcoma
Lung carcinoma metastasis
Chondrosarcoma metastasis
Vol. 34, No. 1, 2018; Page 66-72

Number of
patients
26
4
2
2
2
1
1
1
1
1

Range
6 - 61
20 - 35
12 - 32
38 - 54
18 - 54
-

Age

Mean
32.7
27.7
22
46
36
17
28
43
43
47

Gender
(F/M)
13/13
1/3
1/1
2/0
1/1
1/0
0/1
0/1
0/1
0/1
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Table IV: Localizations of bone tumors

Tumor
Enchondroma
Osteoid osteoma
Aneurysmal bone cyst
Giant cell tumor of bone
Giant cell reparative granuloma
Osteochondroma
Osteosarcoma
Chondrosarcoma
Lung carcinoma metastasis
Chondrosarcoma metastasis

1st
1
1
1
-

2nd
6
-

Fingers
3rd 4th
3
7
1
1
1
1
1
-

a

B

C

D

5th
6
-

Hand
Metacarpal bone
2
1
2
1
1

Wrist

Total

1 (distal ulna)
3
-

26
4
2
2
2
1
1
1
1
1

Figure 2: A) Lung carcinoma metastasis to the left thumb. B) X-ray of lung carcinoma metastasis; destructive osteolytic lesion in proximal
phalanx. C) Coronal image of the lesion on MRI. D) Metastatic carcinoma in the soft tissue as irregular adenoid structures and solid
communities (H&E; x 200).
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Clinically, ganglions usually occur singly, and there are
four typical locations at which GCs are most likely to arise;
dorsum of the wrist, volar wrist, dorsal distal interphalangeal
joint and volar metacarpophalangeal joint (10). In a series
of 134 hand masses, 27% of cases were diagnosed as GC
(11). In the present study, GC was the most frequent
pathology encountered in the hand, including 125 out of
402 patients with bone and soft tissue tumors of the hand
(31%). Our findings are also consistent with the literature
as the majority of the ganglion cysts were seen in females
and between the second and fourth decade. GCs do not
pose a risk for malignant degeneration, and conservative
management with observation or splinting is initially
recommended. Other nonoperative treatments such as
aspiration, closed rupture or injection of hyaluronidase
or sclerosing solutions have higher recurrence rates
(10). Surgery should be considered in the presence of a
consistent symptomatic cyst, limitation of movement and
nerve palsies. If a stalk is visualized during the excision of
a ganglion cyst by either open surgery or arthroscopically,
it should be completely removed to prevent recurrence
(3,10). Recurrence has been reported to be as high as 40%
following incomplete removal (12).
Giant cell tumor of the tendon sheath (GCTTS), also
known as fibrous xanthoma or pigmented villonodular
tenosynovitis, is a benign soft tissue tumor which is the
second most common tumor seen in the hand (2). GCTTS
mostly occurs in the third to fourth decade, with a female
predominance (2/1) (13). Our results were correlated with
the literature; GCTTS was the second most common tumor
with 22.1% of all bone and soft tissue tumors (n=80). There
was female predominance (1.9/1) with a mean age of 44.2.
In their study on 191 patients, Saglık et al. reported GCTTS
to be the most common soft tissue tumor; however patients
with extraosseous ganglion cyts were not included (14).
Volar surfaces of the radial three digits are typical locations
for GCTTS (2,16). The index finger was the most common
site in our study. Marginal excision is the recommended
treatment, although the reported risk of recurrence is from
0 to 44 percent (15,16). High recurrence rates are associated
with poor encapsulation, satellite lesions, concurrent
degenerative joint disease, intraosseous involvement, distal
locations or involvement of the adjacent joint/tendon
(16,17).
Hemangiomas are neoplastic proliferations of the
endothelium. The hand is the third most common site,
involving 15% of whole body hemangiomas (18). These
neoplasms arise during the first weeks of life, experience
a period of growth followed by involution, and typically
regress over the first 7 years of life (9-19,20). Hemangiomas
Vol. 34, No. 1, 2018; Page 66-72
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do not undergo malignant degeneration and, bleeding and
ulceration are uncommon in the hand (3,21). Management
of hemangiomas is usually conservative but medical (steroid,
vincristine, interferon alfa, laser ablation) or surgical
treatment should be considered when the lesions are large
enough to interfere with hand function, noninvoluting, or
symptomatic (ulceration, bleeding, recurrent infection) (23-9-22,23). Surgical treatment should be complete excision
of the lesion, and the 5-year recurrence after excision is
reported as 19% (24). In our series, hemangiomas were the
third most commonly observed soft tissue pathology and
the most common type was lobular capillary hemangioma
(pyogenic granuloma), seen in 21 cases.
The most common primary bone tumors arising from the
hand are enchondromas (2,3). Approximately 35% of all
enchondromas arise in the hand and enchondromas account
for 90 percent of all primary bone tumors encountered
in the hand (1,2). Farzan et al. assessed 99 patients with
osseous hand tumors and 31 cases (31.3%) were diagnosed
as enchondromas (25). Sağlık et al. reported 59 patients
with enchondroma in the hand (four within soft tissue)
out of 210 patients with enchondroma located elsewhere
in the body (28.09%); enchondromas also constituted
52.3 percent of the whole bone tumors of the hand in the
same study (14). In another study, enchondromas were
diagnosed in 297 patients (%47.1) out of 631 patients with
primary bone tumors (26). Our findings are consistent
with the literature. In this study, 26 cases (63.4 percent of
all bone tumors) were diagnosed as enchondroma.
Soft tissue sarcomas are relatively rare in the hand.
Various soft tissue sarcomas of the hand exist and the
most common ones are synovial and epithelioid sarcomas
(2,27). Rhabdomyosarcoma is most frequently seen in
childhood and alveolar rhabdomyosarcoma is the most
common histologic variant seen in the hand (2). Sağlık et al.
reported alveolar rhabdomyosarcoma as the most common
malignancy in soft tissue in their study (14). There were 4
cases of squamous cell carcinoma and one case of synovial
sarcoma in the present study.
Bone sarcomas are also rarely seen in the hand; however
careful preoperative planning is required to ensure
complete removal of the tumor. Chondrosarcoma is the
most common primary malignant bone tumor occurring
in the hand. These tumors are either, arising de novo, or
secondary, arising from a pre-existent cartilaginous mass
such as enchondroma or osteochondroma. Malignancy
should be kept in mind when there are signs like rest pain,
advanced patient age, bony cortical disruption, associated
soft tissue mass, and permeative lytic pattern on x-ray (28).
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Osteogenic sarcoma is the most common primary bone
tumor seen in children and adolescents, but it is rarely
seen as a primary lesion in the hand. As Ewing’s sarcoma’s
clinical features resemble infection, care must be taken to
avoid misdiagnosis.
Metastatic tumors of the hand are extremely rare,
encompassing 0.1% of all skeletal metastases. The most
frequent sites of primary cancer are the lung, breast and
kidney (3). There is a predilection for the distal falanx. In
Campanacci’s series, patients with metastasis to the hand
comprised 0.5% of whole bony metastases (7). In another
study of hand tumors with 191 patients, this rate was
1.4% (14). Ozcanli et al. reported three patients with hand
metastasis, composed of one transitional cell carcinoma,
one chondrosarcoma, and one colonic adenocarcinoma,
during a 20-year period, from 1980 to 2000 (29). In the
present study, we observed 2 cases of metastatic tumors of
the hand among 402 patients (0.5%), consisting of one lung
carcinoma and one chondrosarcoma metastasis.
In conclusion, up-to-date knowledge and a thorough
understanding of nature and demographic characteristics
of the tumorous conditions of the hand are crucial for an
accurate diagnosis and appropriate treatment.
CONFLICT of INTEREST
The authors declare no conflict of interest.
REFERENCES
1. Henderson M, Neumeister MW, Bueno RA Jr. Hand tumors: II.
Benign and malignant bone tumors of the hand. Plast Reconstr
Surg. 2014;133:814-21.
2. Athanasian EA. Bone and soft tissue tumors. In: Wolfe SW,
Hotchkiss RN, Pederson WC, Kozin SH, editors. Green’s
operative hand surgery. 6th ed. Philadelphia: Churchill
Livingstone; 2011. 2141-97.
3. Hsu CS, Hentz VR, Yao J. Tumours of the hand. Lancet
Oncol. 2007;8:157-66.
4. Garcia J, Bianchi S. Diagnostic imaging of tumors of the hand
and wrist. Eur Radiol. 2001;11:1470-82.
5. Kransdorf MJ, Meis JM. From the archives of the AFIP:
Extraskeletal osseous and cartilaginous tumors of the extremities.
Radiographics. 1993;13:853-84.
6. Khaled W, Drape JL. MRI of wrist and hand masses. Diagn Interv
Imaging. 2015;96:1238-46.
7. Campanacci M. Bone and soft tissue tumors: Clinical features,
imaging, pathology, and treatment. Wein: Springer-Verlag; 1999.

CAVİT A et al: Tumorous Conditions of the Hand

10. Nahra ME, Bucchieri JS. Ganglion cysts and other tumor related
conditions of the hand and wrist. Hand Clin. 2004;20:249-60.
11. Capelastegui A, Astigarraga E, Fernandez-Canton G, Saralegul I,
Larena JA, Merino A. Masses and pseudomasses of the hand and
wrist: MR findings in 134 cases. Skeletal Radiol. 1999;28:498-507.
12. Thornburg LE. Ganglions of the hand and wrist. J Am Acad
Orthop Surg. 1999;7:231-38.
13. De Schepper AM, Bloem JL. Soft tissue tumors: Grading,
staging, and tissue-specific diagnosis. Top Magn Reson Imaging.
2007;18:431-44.
14. Sağlık Y, Atalar H, Armangil M, Başarır K, Yıldız Y, Bilgin S.
Management of tumors and tumor-like lesions of the hand: A
review of 191 patients. Eklem Hastalık Cerrahisi. 2013;24:149-55.
15. Adams EL, Yoder EM, Kasdan ML. Giant cell tumors of the
tendon sheath: Experience with 65 cases. Eplasty. 2012;12:e50.
16. Lanzinger WD, Bindra R. Giant cell tumor of the tendon sheath.
J Hand Surg Am. 2013;38:154-7.
17. Williams J, Hodari A, Janevski P, Siddiqui A. Recurrence of giant
cell tumors in the hand: A prospective study. J Hand Surg Am.
2010;35:451-6.
18. Finn MC, Glowacki J, Mulliken JB. Congenital vascular lesions:
Clinical application of a new classification. J Pediatr Surg.
1983;18:894-900.
19. Sobanko JF, Dagum AB, Davis IC, Kriegel DA. Soft tissue tumors
of the hand: 1. Benign. Dermatol Surg. 2007;33:651-67.
20. Canavese F, Soo BC, Chia SK, Krajbich JI. Surgical outcome in
patients treated for hemangioma during infancy, childhood and
adolescence: A retrospective review of 44 consecutive patients. J
Pediatr Orthop. 2008;28:381-6.
21. Upton J, Coombs CJ, Mulliken JB, Burrows PE, Pap S. Vascular
malformations of the upper limb: A review of 270 patients. J
Hand Surg Am. 1999;24:1019-35.
22. Palmieri TJ. Vascular tumors of the hand and forearm. Hand
Clin. 1987;3:225-40.
23. Blei F. Vascular anomalies: From bedside to bench and back
again. Curr Probl Pediatr Adolesc Health Care. 2002;32:72-93.
24. Tang P, Hornicek FJ, Gebhardt MC, Cates J, Mankin HJ. Surgical
treatment of hemangiomas of soft tissue. Clin Orthop Relat Res.
2002;399:205-10.
25. Farzan M, Ahangar P, Mazoochy H, Ardakani MV. Osseous
tumours of the hand: A review of 99 cases in 20 years. Arch Bone
Jt Surg. 2013;1:68-73.
26. Simon MJ, Pogoda P, Hövelborn F, Krause M, Zustin J, Amling M,
Barvencik F. Incidence, histopathologic analysis and distribution
of tumours of the hand. BMC Musculoskelet Disord. 2014;15:182.
27. Brien EW, Terek RM, Geer RJ, Caldwell G, Brennan MF, Healey
JH. Treatment of soft-tissue sarcomas of the hand. J Bone Joint
Surg Am. 1995;77:564-71.

8. Unni KK. Dahlin’s bone tumors. General aspects and data on
11087 cases. 5th ed. Philadelphia: Lippincott-Raven; 1996.

28. Ogose A, Unni KK, Swee RG, May GK, Rowland CM, Sim FH.
Chondrosarcoma of small bones of the hands and feet. Cancer.
1997;80:50-9.

9. Henderson M, Neumeister MW, Bueno RA Jr. Hand tumors:
I. Skin and Soft-tissue tumors of the hand. Plast Reconstr
Surg. 2014;133:154-64.

29. Ozcanli H, Özdemir H, Özenci AM, Soyuncu Y, Aydın AT.
Metastatic tumors of the hand in three cases. Acta Orthop
Traumatol Turc. 2005;39:445-8.

72

Vol. 34, No. 1, 2018; Page 66-72

Original Article

doi: 10.5146/tjpath.2017.01412

Changes in the Hematopoietic System and
Blood Under the Influence of Heavy Metal Salts
Can Be Reduced with Vitamin E
Anatolii Romaniuk, Mykola Lyndin, Yulia Lуndіna, Vladyslav Sikora, Natalia Hrintsova,
Olena Timakova, Olena Gudymenko, Oksana Gladchenko
Department of Pathology, Sumy State University, Sumy, Ukraine

ABSTRACT
Objective: The aim of our work was to study the blood parameters and bone marrow morphological changes in rats exposed to increased
amounts of heavy metal salts and the effect of vitamin E.
Material and Method: Investigation of bone marrow structural features and blood parameters was performed in sexually mature Wistar male
rats (n=84).
Results: Exposure to increased amounts of heavy metal salts led to the inhibition of erythropoiesis and leukopoiesis, as well as a synchronized
increase in the number of megakaryocytes which was clearly reflected in the blood: the number of erythrocytes, leukocytes and Hb decreased,
and the number of platelets increased. These changes in the blood and bone marrow were less pronounced when vitamin E was used as an
adjuster.
Conclusion: When increased amounts of HMS enter the rats` bodies, suppression of erythropoiesis and leukocytopoiesis occurs while
thrombocytopoiesis increases. These changes depend on the period of intake of heavy metal salts. The adjustment of vitamin E reduces the
severity of the cytotoxic effect of heavy metals and improves readaptation in the recovery period.
Key Words: Heavy metal salts, Vitamin E, Hematopoietic system, Bone marrow

INTRODUCTION
Nowadays hemato-ecological problems are becoming
considerably urgent and research is being conducted in
this area considering the impact of exogenous factors on
biocoenosis. Some of the most powerful pollutants are
heavy metal salts (HMS), and in some districts of the
Sumy region of Ukraine, their concentrations exceed the
maximum permissible range in the water and soil (1).
Unfortunately, relatively little research has been devoted to
the study of the impact of heavy metal compounds (HMC)
on the hematopoietic system despite the rather clear impact
of these factors on the majority of organs (2). Moreover, the
research available on this theme is devoted only to blood, or
only to the hematopoietic system in most cases (3,4).
Qualitative and quantitative blood indicators reflect the
function of the hematopoietic system and the operation of
other internal organs. The influence of pathogenic factors
related to HMS on the process of hematopoiesis may occur
through their direct impact on the bone marrow (BM) or
indirect damage of other internal organs (5). Their negative
effects have been listed as lipid peroxidation induction,
(Turk Patoloji Derg 2018, 34:73-81)
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competitive replacement of essential trace elements in
the structure of hydroxyapatite, deactivation of enzyme
systems, DNA damage and so on (6). All these negative
impacts can occur in the process of hematopoiesis, and this
is reflected in the peripheral blood.
Recently more attention has been paid to the investigation of
changes in hematopoietic tissue. This has been achieved by
means of trephine biopsy of the iliac bone and preparation
of histological specimens that allow evaluation of the
parenchymal component of bone marrow and changes in
the stroma, which play a regulatory role in the proliferation
and maturation of hematocytes (7).
Another important objective of modern medicine is the
search of adequate corrective and preventive ways that
increase body resistance to the conditions of constantly
growing urbanization and technological progress that lead
to rapid contamination of the environment.
The purpose of our work was the study of the laboratory
parameters of blood and morphological changes of bone
marrow in rats exposed to increased amounts of HMS
Correspondence: Anatolii Romaniuk
Sumy State University, Department of Pathology, Sumy, Ukraine
E-mail: pathomorph@gmail.com Phone: +38 097 715 55 24

73

Turkish Journal of Pathology

to investigate the possible correction of the changes with
vitamin E.
MATERIAL and METHODS
The investigation of bone marrow structural features and
blood parameters was performed in sexually mature Wistar
male rats (4 months old, n=84), considering the impact
of the animals` ages on the process of hematopoiesis. All
investigations were performed in accordance with “General
ethical animal experimentation” (Kyiv, 2001) and the
Helsinki Declaration of the General Assembly of the World
Medical Association (2000). Rats were kept on a standard
diet (except some peculiarities in water consumption) in
the vivarium at 20-25ºC temperature, no more than 50%
humidity, and at day/night light mode.
The distribution of the animals into the groups was as
follows:
The first group included three series of rats (12 rats in each
series). The first series was used as control and the animals
drank ordinary water. In the second series, the rats received
aqueous mixture of heavy metal salts in the concentration
appropriate for the Sumy region and containing 5 mg/l zinc
(ZnSO4x7H2O), 1 mg/l copper (CuSO4x5H2O), 10 mg/l
iron (FeSO4), 0.1 mg/l manganese (MnSO4x5H2O), 0.1
mg/l lead (Pb(NO3)2), and 0.1 mg/l chromium (K2Cr2O7)
(1). In the third series, the rats received the same heavy
metal nsalts mixture with vitamin E correction (9.1 mg/kg
of 10% oil oral solution). The animals` dosage calculation
was based on the average daily therapeutic dose for adults.
To examine the effects of subacute and chronic exposure to
HMS on the blood and hematopoiesis, 6 animals in each
series of the first group were removed from the experiment
by decapitation under ether anesthesia on the 30th and
90th days of the study.
The second group, including four series of laboratory
animals with 12 rats in each series, was used to investigate
the readaptation process. The first series was control. The
second included rats that had been consuming a mixture
of heavy metal salts solution for 90 days and then moved
to ordinary drinking water. In the third series, the rats had
been consuming a mixture of heavy metal salts solution with
vitamin E correction for 90 days and had then been moved
to ordinary drinking water and continued to use vitamin
E. In the fourth series, the animals had been consuming a
mixture of heavy metal salts solution for 90 days and had
then started to use ordinary drinking water with vitamin E.
The process of rapid and remote readaptation was examined
by taking 6 animals in each series out of the experiment on
the 30th and 90th days.
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Blood obtained from the rats` aorta served as the material
for laboratory research in which the number of erythrocytes,
leukocytes, platelets, hemoglobin (Hb), erythrocyte
sedimentation rate, and the levels of Ca, Na, K, creatinine
and urea were determined when the rats were taken out of
the experiment.
The study of structural bone marrow peculiarities was
performed using the femur. The material was fixed in
10% buffered formalin solution. Decalcification had
been conducted with EDTA solution (pH 7.0) for 14
days, with daily change of the solution. After standard
tissue processing, 4μ-thick sections were taken from
paraffin-embedded tissues and stained for H&E. In order
to differentiate erythropoietic and leukopoietic lines
of hematopoiesis, immunohistochemical studies were
performed to determine the receptors to myeloperoxidase,
CD3 and CD79α. Unfortunately, cytological examination
and quantitative assessment of the stromal component
could not be performed due to the technical difficulties.
The measurement of the size of microspecimen constituent
elements was conducted in the environment of the
«Digimizer» morphometric program (Figure 1). Obtaining
and storage of the images was carried out by means of
the digital image output system «SEO Scan» (Ukraine).
Statistical calculations were performed using Microsoft
Excel 2010 and Attestat 12.0.5. Non-parametric tests
were performed with the Mann-Whitney U test while the
Spearman correlation test was used in correlation analyses.
The results were considered statistically reliable at a
probability level of more than 95% (p <0.05).
RESULTS
Both upwards and downwards variations in blood
test indicators were found (Figure 2), establishing the
dynamic changes in blood under the influence of HMS
and their adjustment with vitamin E, as the duration of
the experiment was prolonged. Blood counts showed
the decrease in erythrocytes, leukocytes and Hb, and the
increase of platelets while rats were receiving HMS.
After day 30, Hb decreased by 11% (p<0.01) and the
number of erythrocytes by 23.3% (p<0.01) in rats of the
second series of the first group. There was a 4.6% increase in
the number of leukocytes and 2.5% increase in the number
of platelets but were not found to be significant (p=0.11 and
p=0.08, respectively). With prolonged duration of receiving
exogenous pollutants (on day 90), a consistent decrease in
Hb levels and in the number of leukocytes and erythrocytes
was observed (18.4%, 32.5%, 15.3%, respectively) while
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platelets were increased by 11% (p<0.01). The changes were
not so impressive in the blood of rats in the third series of
the first group. On the 90th day, Hb indicators decreased by
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6.6%, the number of erythrocytes by 23.3% and leukocytes
by 13.2%, while the number of platelets conversely increased
by 8.2% (p<0.01).

Figure 1: A screen shot as an example of
working with images in the environment of
the «Digimizer» morphometric program.

Figure 2: Indicators of rats’ complete blood
counts. Exp: the period of the experiment,
Read: the period of readaptation.
Blue line: control group, red line: rats
that drank water with HMS, green line:
rats that drank water with HMS and were
administered vitamin E, violet line: rats
that were administered vitamin E during
rehabilitation after HMS.
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In the readaptation process, blood indicators gradually
normalized, but did not reach the levels of animals in the
control group. The tempo of this process also depended
on the conditions of readaptation. Thus, in rats of the
second series of the second group, increases in Hb levels
and erythrocyte and leukocyte numbers were observed
(12.6%, 35.9%, 8.4%, respectively), while platelet numbers
decreased by 5.3% (p<0.01) on the 90th day. Increases in Hb
levels and erythrocyte and leukocyte numbers were 17.5%,
39.3%, 11.5%, respectively, in animals of the fourth series
of the second group; and 8.9%, 26.3%, 11.3%, respectively,
in rats of the third series of the second group. For these last
two groups, decreases in platelet numbers were found at
rates of 6.8% (p<0.01) and 5.6% (p<0.01), respectively.
The changes in blood biochemical parameters in the rats
of the second and third series of the first group had similar
dynamics (Table I), which was expressed by decreases in
the measured values of Ca (p<0.01) and K (p=0.01) and
by increases of Na (p<0.01), creatinine (p=0.04) and urea
(p<0.01). During readaptation, these indicators gradually
normalized, but in most cases they did not reach the values
of animals in the control group. The speed of recovery
depended on readaptation conditions (whether adjustment
with vitamin E was present or absent) and readaptation
duration.
In the study of morphological features of bone marrow
structure, we found that it undergoes quantitative and
qualitative changes during the experiment, both at the level
of the epiphysis and the diaphysis (Figure 3,4). A gradual

decrease in the number of erythropoietic and leukopoietic
cells with simultaneous increase in the number of
megakaryocytes was taking place (control group indicators
were 5.25±1.42%, 14.75±1.42%, 0.16±0.05% at the
epiphysis level and 17.83±0.75%, 51.17±3.27%, 0.16±0.05%
at the diaphysis level, respectively (8)), which reached
maximum values on the 90th day of the experiment. Thus,
the area of erythropoiesis in the second series of rats was
reduced by 30% at the epiphysis level (p=0.03) and by
17.8% at the diaphysis level (p=0.025) in 3 months; the
area of leukopoiesis decreased by 6.1% (p=0.16) and 13.7%
(p<0.01), respectively. The number of megakaryocytes
increased by 27%.
Adipose tissue and sinusoids crowded with blood replaced
the area being released from hematopoietic tissue during
the experiment (normally they accounted for 11±2% and
18.7±2.1%, respectively) (8).
Hematopoiesis indicators gradually returned to normal
during readaptation, but they did not reach the values of
the control group of animals (Figure 5). The speed and the
completeness of recovery depended on the use of vitamin E
for adjustment. In rats of the second series, erythropoiesis
increased by 35.6% and 18.1% (p=0.01) respectively in the
femur segment, leukopoiesis increased by 9.5% (p=0.045)
and 8.4 % (p=0.01), and thrombopoiesis decreased by 18%
on the 90th day of readaptation. In animals of the third
series, the area occupied by erythropoiesis increased by
29.5% (p=0.01) at the epiphysis level and by 18.5% (p<0.01)
at the diaphysis level. Leukopoietic areas increased by 5.8%

Table I: Indicators of the biochemical blood tests of the animals.

Series 1
30th 90th
day day
3.03
3.0
Ca
±0.06 ±0.07
134.9 135.3
Na
±4.1
±3
4.68
4.7
К
±0.32 ±0.33
78.7 79.1
Cr
±4.9 ±5.6
4.89 4.87
U
±0.35 ±0.21

Group I
Series 2
30th
90th
day
day
**
2.81*
2.75
±0.05 ±0.11
144.6** 155**
±2.6
±3.6
*
4.3
3.98**
±0.14 ±0.15
88.3** 90.4**
±2.3
±1.2
5.73** 6.12**
±0.52 ±0.46

Series 3
30th
90th
day
day
*
2.87
2.81**
±0.12
±0.05
140.1*
147.5**
±1.1
±3.1
4.5
4.2*
±0.23
±0.1
84.8*
87.1*
±3.3
±1.7
5.38*
5.73**
±0.29
±0.19

Series 1
30th 90th
day day
3.03 3.01
±0.08 ±0.09
135.1 135.6
±1.6 ±2.5
4.65 4.68
±0.27 ±0.17
78.5 78.9
±2.7 ±2.4
4.85 4.83
±0.19 ±0.28

Group ІІ
Series 2
Series 3
30th 90th 30th 90th
day
day
day
day
2.88
2.94
2.84 2.98**
±0.05 ±0.13 ±0.12 ±0.05
149.6* 143.8** 142.3 137**
±2.3
±4.4 ±1.5 ±2.6
*
4.17
4.37**
4.3
4.55**
±0.1 ±0.12 ±0.14 ±0.16
86.8** 82.4** 83.1* 80.1**
±1.9
±1.8 ±3.1 ±1.3
5.63
5.15* 5.28** 4.95**
±0.26 ±0.38 ±0.15 ±0.22

Series 4
30th
90th
day
day
2.87
2.96*
±0.07 ±0.08
146.3** 139.9**
±2.6
±2.5
4.2
4.45**
±0.18 ±0.23
84.5** 81.7**
±1.9
±1.6
5.47*
5.28*
±0.45
±0.4

Ca: Calcium; Na: Sodium; K: Potassium; Cr: Ceatinine, U: Urea.
* The probability value (p) between two independent samples according to the U criterion on the basis of the Mann-Whitney criterion p <0.05,
** p <0.01.
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(p=0.03) and 11.4% (p<0.01) respectively, and the number
of platelets decreased by 23%. Indicators of the third series
of animals were as follows: erythropoiesis increased by
35.5% and 18.9% (p=0.01) and leukopoiesis by 10.5%
(p=0.03) and 9.4% (p=0.01), and the number of platelets
decreased by 36%. The area occupied by predecessors of Tand B-lymphocytes (CD3 and CD79α receptors expression)
did not show any statistically significant changes (p>0.05)
during the experiment and readaptation and it was about
5%.
Comparing the area occupied by leukocyte predecessors
to the area of erythropoiesis (the myeloid/erythroid (M:E)
ratio), a gradual increase was established (due to more rapid
suppression of erythropoiesis) from 1:2.8 (normal) to 1:3.46
(in the 90 days of the experiment). During readaptation, we
have observed some optimization of the M:E ratio (1:2.75),
but it did reach normal values due to the lack of complete
recovery of hematopoiesis.
Laboratory and morphological parameters of the bloodforming system were monitored during the whole period
and we established a direct correlation between the number
of erythrocytes and erythropoiesis area (r=0.71, p<0.001 for
the epiphysis and r=0.67, p<0.001 for the diaphysis), as well
as between the number of leukocytes and the leukopoietic
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area (r=0.7, p<0.001 and r=0.87, p<0.001, respectively)
and the platelet levels and the number of megakaryocytes
(r=0.47, p<0.001). Hb values and their sensitivity were
identical to erythrocytes: as the erythropoiesis area became
smaller, the rates of Hb decreased (r=0.47, p<0.001 and
r=0.36, p=0.002 in the appropriate topography of the
femur).
Among the qualitative changes in rats’ bone marrows
during the experiment, we observed hemorrhages, focal
adiposis (due to inhibition of hematopoiesis), myxomatosis
phenomena, sinusoidal ectasia, histiocytic infiltration,
degenerative changes (atrophy, necrosis and apoptosis
phenomena) and others (Figure 6). The intensity of these
changes and the rate of their recovery depended on the
adjustor availability - changes developed slowly and not in
full extent when using vitamin E.
DISCUSSION
The bone marrow undergoes significant changes during
vital activity, which is associated with age characteristics
and the impact of the environment (4,9). The study was
carried out on 84 rats to determine the impact of increased
amounts of HMS on the hematopoietic system. We found
that exposure to exogenous pollutants led to the inhibition

Figure 3: Indicators of bone marrow area that are engaged in various pathways of hematopoiesis in rats.
Exp: The period of the experiment, Read: The period of readaptation, C: indicators in the control series of rats, Blue Line: Rats that
drank water with HMS, Red Line: Rats that drank water with HMS and were administered vitamin E, Green Line: Rats that were
administered vitamin E during rehabilitation after HMS.
Vol. 34, No. 1, 2018; Page 73-81
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of erythropoiesis and leukopoiesis and synchronized
growth in the number of megakaryocytes which was
clearly reflected in the blood: the number of erythrocytes,
leukocytes and Hb decreased, and the number of platelets
increased. These changes are associated with the direct and
indirect hematotoxic influence of HM, directly affecting
the function of hematopoietic cells (increased lipid
peroxidation and the formation of active oxygen forms, the
DNA destabilization, deactivation of enzyme systems) (6).
HM suppresses the proliferative activity of cells and blocks
their maturation. The estrogen-resembling activity of HM
plays a significant role in the inhibition of hematopoiesis
(10), which is reflected in a normal blood test (erythrocytes
and Hb indicators of men are higher and platelet indicators
are lower compared to women). Therefore, the increase in
the number of HM in the blood enhances their estrogenresembling effect on the bone marrow, considering the

presence of estrogen receptors in hematopoietic cells (11).
We do not rule out a direct cytotoxic effect of metals on
blood corpuscles (3). Reactive thrombocytosis is also
associated with slowly progressive anemia, and as a result,
the rate of maturation of platelet predecessors increases and
their destruction decreases (12). The study showed more
pronounced changes in hematopoiesis - the blood system,
namely during the subacute period of the experiment
(30 days) with a gradual slowing on the 90th day, which
is associated with activation of endogenous adaptive
compensatory processes in rats when their living conditions
change.
As seen from the results of the study, significant changes
in biochemical blood tests (increased urea, creatinine,
dismicroelementosis) occur due to the nephrotoxic effects
of HMS. There are also negative effects on bone tissue

1A

2A

3A

1B

2B

3B

Figure 4: Longitudinal section of rat femur on diaphysis. 1) Control group, 2) Rats of the second series of the first group (30th day),
3) Rats of the second series of the first group (90th day). (A: H&E; x400, B: Immunohistochemical determination of myeloperoxidase
receptors; ×400).
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and the parathyroid gland (initial decrease of Ca because
of probable inhibition of parathormone synthesis and
subsequent increase in the washout of calcium from the
hydroxyapatite bone structure) (13,14). Indirect effects of
HMS on hematopoiesis are realized precisely because of
increasing metabolic products of nitrogenous bases and
dismicroelementosis.
Erythropoietic tissue was found to be the most sensitive
part of bone marrow. Its inhibition reaches 36.6%
(leukopoiesis is maximally inhibited by 14%), which
manifests itself as a rapidly arising anemia. Anemia can
stimulate thrombocytosis, which is also provoked by heavy
metals. It seems that the least affected part of hematopoiesis
is lymphopoiesis. Other studies are needed to see whether
lymphoid tissue is affected in the other parts of the lymphoid
system, i.e. the thymus, spleen, lymph nodes, etc.

As HMS strongly inducts lipid peroxidation, we used
vitamin E as an adjustment agent that has a strong protective
effect on lipids and DNA as a common antioxidant (15). We
observed the protective effects of vitamin E, as the reparative
changes occurred more fully in vitamin E administered rats.
It is also stated that vitamin E does not have any significant
negative effect on the process of hematopoiesis in mature
rats (16). However, the changes that occurred during the
experiment were not completely eliminated in any case
even with the constant administration of vitamin E. This
finding emphasizes the cumulative properties of exogenous
pollutants. Also, we have not observed any significant
difference in the hematopoiesis recovery rate during
different periods of rehabilitation, indicating the gradual
and slow excretion of HMS.

4A

5A

1A

4B

5B

1B

Figure 5: Longitudinal section of rat femur on the diaphysis. 1) Control group, 4) Rats of the second series of the first group (30th day),
5) Rats of the second series of the first group (90th day). (A: H&E; x400, B: Immunohistochemical determination of myeloperoxidase
receptors; x400).
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Figure 6: Qualitative changes in rats’ bone marrow influenced by HMS. 1) Focal lipomatosis (H&E; x100). 2) Clusters of megakaryocytes
(H&E; x100). 3) Sinusoidal ectasia (H&E; x100). 4) Myxomatosis (H&E; x100). 5) Atrophy (H&E; x100). 6) Hemorrhages (H&E; x100).
7) Emperipolesis (H&E; x400). 8) Dysmegakaryopoiesis (H&E; x400). 9) Apoptosis (H&E; x400). (A: Megakaryocyte with a leukocyte
inside, B: Wrinkled megakaryocyte with symptoms of kariopiknosis and chromatin condensation, C: Cells in the state of apoptosis)
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In conclusion, the bone marrow is very vulnerable and also
very sensitive to the variability of living conditions, which
leads to both a parenchymal and stromal reaction. Increased
amounts of heavy metal salts oppress erythropoiesis and
leukocytopoiesis in rats while thrombotcytopoiesis occurs,
as demonstrated in our study. The level of qualitative and
quantitative destructive changes depends on the direct and
indirect effects of exogenous pollutants. More pronounced
changes were observed during the subacute period of the
experiment (first 30 days) with gradual slowing on the 90th
day, which is associated with activation of endogenous
adaptive-compensatory processes in rats when living
conditions change.
The adjustment of vitamin E reduces the severity of the
cytotoxic effect of heavy metals and improves readaptation
in the recovery period. However, even with constant use of
vitamin E, the full range of morphological changes of the
bone marrow does not reach normal levels, which reflects
the cumulative properties of heavy metal salts in the body.
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Perivascular Epithelioid Cell Tumor (PEComa) of the
Uterine Cervix in a Patient with Tuberous Sclerosis
Complex: A Literature Review
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ABSTRACT
Perivascular epithelioid cell tumors (PEComa) are a rare type of mesenchymal tumor arising from perivascular epithelial cells. These tumor cells
are a co-expression of both melanocytic and myogenic antigens, such as HMB 45 and smooth muscle actin, and at least in some patients, are
located around vessels. PEComas has been reported at various sites, including visceral organs, soft tissue, the prostate gland and broad ligaments.
In the female reproductive system, the uterine corpus is the most common site of involvement. Some cases are related to tuberous sclerosis
complex. Cervical PEComa with tuberous sclerosis complex is presented in the case of a 41 year-old and the literature is reviewed. There have
been only eight cases of cervical PEComas and only one other case associated with tuberous sclerosis complex reported to date.
Key Words: Perivascular epithelioid cell neoplasm, Uterine cervical neoplasm, Tuberous sclerosis

INTRODUCTION
The perivascular epithelioid cell (PEC) was first reported in
1943 by Apitz. It was described in renal angiomyolipoma and
considered an “abnormal myoblast”. In 1992, Bonetti et al.
suggested the term “perivascular epithelioid” to define these
cells (1). In 2002, the World Health Organization (WHO)
designated PEComas as “mesenchymal tumors composed
of histologically and immunohistochemically distinctive
perivascular epithelioid cells” (2). It is a recognized as
group of tumors containing PEC differentiation and
includes renal or extra renal angiomyolipoma (AML),
lymphangioleiomyomatosis (LAM), clear cell “sugar” tumor
(CCST) of the lung, clear-cell myomelanocytic tumor of the
falciform ligament, and a heterogeneous group of rare, clear
cell tumors in other locations (2).

tuberous sclerosis complex (TSC) have been reported.
We present the clinical and histopathological features of a
cervical PEComa case and emphasize differential diagnosis
and regular monitoring.
CASE REPORT
A 41-year-old virgin woman was admitted to hospital with
a history of intermittent vaginal bleeding for fifteen days.
She had a remarkable history of TSC, with epileptic seizures
starting at the age of two, intellectual disability, radiological
evidence of angiomyolipomas in the liver and kidney
parenchyma, and cutaneous hypopigmented macula. She
was taking antiepileptic drugs for seizures. Transabdominal
sonography suggested a complex cervical mass. Magnetic
resonance imaging confirmed a 4 x 3.5 cm solid, cervical
mass originating from the right, lateral wall of the cervix.

PEComa is a generally acknowledged as a family of
tumors but there are also some uncertainties about
their designation. Their differential diagnosis has been
problematic and the association with epithelioid smooth
muscle tumor is debatable. Because of the limited number
of cases reported, the biological behavior of uterine
PEComas is also uncertain, especially those of the cervix
(3). Although most uterine PEComas are benign or have
uncertain malignancy potential, malignant PEComas have
been reported, although rarely (4). Only eight cases of
PEComa in the cervix and one other case associated with

On the evening of hospitalization, she had excessive
vaginal bleeding which necessitated emergency surgery.
The intraoperative findings from the abdominal cavity and
ovaries were normal. However, there was a solid cervical
mass of approximately 4 x 3 cm in diameter.
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Pathological Findings
Macroscopically, the uterus measured 9 x 5x 3.5 cm and
there was a friable, solid mass arising from the cervix.
The mass was measured at 4 x3.5x2 cm. The section of the
mass was gray-white in color and had areas of hemorrhage.
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Microscopically, the cervical mass had a small, infiltrative
growth pattern (Figure 1). It consisted of a fascicular and
sheet-like pattern of epithelioid cells that had well defined
margins. Cellularity was moderate and there was a scant
amount of intervening stroma which was rich in blood
vessels. Areas of hemorrhage and focal necrosis constituted
less than 5% of the tumor. Tumor cells were of medium
size, round to polygonal in shape, eosinophilic, and had
pale granular cytoplasm with round nuclei (Figure 2).
There were some multinucleated cells and ‘spider like’
giant cells (Figure 3A,B), but they were rare. The mitotic
count was 1 per 50 under high power field (HPF) and
none of them was atypical. Lymphovascular invasion
was not detected. Immunohistochemically, these cells
were diffusely positive for HMB45 (dilution 1:100, clone
HMB45, Thermo Scientific), vimentin (dilution 1:100,
clone SP20, Thermo Scientific), desmin (dilution 1:150,
clone D33, Thermo Scientific) and caldesmon (ready to
use, clone h-CALD, Thermo Scientific), and focally positive
for SMA (dilution 1:800, clone 1A4, Thermo Scientific)
(Figure 4). The tumor cells were negative for cytokeratin
(dilution 1:50, clone AE1/AE3, Thermo Scientific), CD10 (dilution 1:50, clone 56C6, Thermo Scientific), S-100
(Ready to use, clone 4C4.9, Thermo Scientific), CD-68
(dilution 1:1000, clone Kp-1, Thermo Scientific) and CD34 (dilution 1:400, clone QBEnd/10, Novocastra). The Ki67 (ready to use, clone SP6, Thermo Scientific) index was
3-4 %. The endometrium, myometrium and both ovaries
were free of the tumor. The final histological diagnosis was
PEComa arising from the cervix. Close surveillance of the
patient for the following three years produced no evidence
of recurrence or metastasis.

Figure 1: Infiltrative pattern of tumor mass to cervical stroma
(H&E, x100).
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DISCUSSION
In 1991, it was reported that renal AML and CCST of the
lung displayed HMB45 immunoreactivity, which is a marker
for tumors displaying melanocytic differentiation (5). In
addition to immunophenotypic similarities, both tumors
share a distinctive cell type, with an epithelioid to spindle
cell shape, a clear or eosinophilic granular cytoplasm, and
a perivascular distribution (4). Bonetti et al. reported the
same histopathologic and immunohistochemical findings
in LAM of the lung. They suggested that CCST, AML
and LAM are in the same group of tumors because they
originate from the same cell type, which is the “perivascular
epithelioid cell”(6).
The normal counterpart and origin of PEC is unknown.
It has been hypothesised that these cells originate from
melanocytic cells, smooth muscle cells, pericytic cells or
perivascular cells, or originate from undifferentiated cells
of the neural crest that are positive with both melanocytic
and myogenic antigens (1). Fukunaga proposed that
primitive mesenchymal cells could be differentiating
towards both smooth muscle and HMB45 positive PEC
and that the degree of differentiation may differ between
cases. Therefore, some tumors may show pure PEC or pure
smooth muscle differentiation, and some of them may show
incomplete differentiation (3).
Until the last few years, uterine epithelioid mesenchymal
tumors were thought to be epithelioid smooth muscle
tumors. Recently, it was reported that uterine epithelioid
tumors were comprised focally or entirely of HMB45
positive cells. These cells have a histopathological and

Figure 2: Sheet-like pattern of epithelioid tumor cells which has
eosinophilic pale granular cytoplasm with round shaped nucleus
(H&E, x400).
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Figure 3: Multinucleated (A) and ‘spider like’ (B) giant tumor cells (H&E, x1000).

PEComa is a distinct entity, if the tumor is related to TSC
and LAM, the occurrence of multinucleated giant cells and
‘spider like’ cells are indicative of PEComa under the current
concept. A delicate capillary network and cytokeratin
negativity also indicate of PEComa (9).
Eight cases of cervical PEComa have been reported (4, 1015). Clinical findings, treatment and follow-up of these
cases are presented in Table I. In the present case, the patient
was treated with total hysterectomy and bilateral salphingooopherectomy and through three years of checkups there
was no recurrence.

Figure 4: Tumor cells diffusely positive with HMB45 (DAB, x200).

immunophenotypical resemblance to perivascular
epithelioid cells of AML, CCST and myomelanocytic
tumors of the falciform ligament (3,7). HMB45 positivity
has been reported in some uterine smooth muscle and
stromal tumors, and normal myometrium, but this
positivity was generally focal and weak (3). Because
PEComa has immunophenotypic and histopathologic
features in common with epithelioid smooth muscle
tumors, differential diagnosis may be problematic. In
the past, this tumor has been designated PEComa, if the
HMB45 positive cells are around the vascular structures.
However, the definition has expanded in recent years, with
all HMB45 positive epithelioid tumors now included in the
definition of PEComa, whether or not there is perivascular
distribution (8). Although some authors do not agree that
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PEComas are related to TSC, which is a genetic disorder
attributable to the absence of the TSC1 (9q34) or
TSC2 (16p13.3) genes. Clinically, it is characterized by
mental retardation, seizures, intellectual disability and
some tumors, such as cardiac rhabdomyomas, AMLs,
subependymal giant cell tumors, cutaneous angiofibromas
and LAM. Similar absences of the TSC genes are indicated
in some PEComas when related to TSC, and in sporadic
cases (1). According to the reported cases, the presence
of PEComa with the tuberous sclerosis complex varies
between 6-9% (11,14). Schoolmeester et al. investigated
the clinical and pathological features of 16 gynecological
PEComa cases, and 1 had a history of TSC (16). In the
present study, the cervical PEComa was also associated with
TSC and therefore represents the second cervical PEComa
case associated with TSC.
Owing to the rarity of PEComas, it is not yet possible to
produce a prognostic classification and to predict the
biological behavior of these tumors. Folpe et al. reported 26
cases of PEComa in soft tissue and the female reproductive
Vol. 34, No. 1, 2018; Page 82-86
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Table I: Literature review of cervical PEComa

Age *TSC Diameter and localization of mass
Case 1
(Natella et al, 2013

52

No

12 cm mass in cervix

Case 2
(Yang et al, 2012)

46

No

3 cm right part of cervix

Case 3
(Bradshaw et al, 2010)

46

No

3-4 cm, localized to cervix

Treatment
Radical pelvectomy front
and rear with removal
of the uterus, vagina,
bladder and anal canal +
Adjuvant radiotherapy
Total hysterectomy and
bilateral salphingooopherectomy
Radical Hysterectomy
Bilateral Salpingooopherectomy+ External
beam irradiation and
immunotherapy

Membranous tissue similar to
endometriosis was removed
(pathology was PEComa) two
Local excision
cervical recurrences four months
after the first and seven months after
the second operation
Anterior lip of cervix fungating
Radical hysterectomy and
growth
lymphadenectomy

Case 4
(Yamamoto et al, 2010)

24

No

Case 5
(Azad et al, 2006)

25

No

Case 6
(Folpe et al, 2005)

48

No

2 cm cervical mass

Local excision +
Adjuvant radiotherapy

Case 7
(Folpe et al, 2005)

28

No

3 cm cervical mass

Hysterectomy + Lymph
node dissection

Case 8
(Fadare et al, 2004)

41

Yes

2.2 cm mass in cervix
intraabdominal PEComatosis

Total hysterectomy and
bilateral salphingooopherectomy

Yes

4 cm cervical mass, intraabdominal
Total hysterectomy and
PEComatosis, cutaneous macula,
bilateral salphingoepileptic seizures, intellectual
oopherectomy
disability

Our Case

41

Follow-up
12 months
follow-up, no
recurrence
Disease-free at 1
year
Disease-free at 3
years
After the third
operation,
12 months
follow-up, no
recurrence
Not available
21 months
follow-up, no
recurrence
36 months
follow-up, no
recurrence
35 months
follow-up, no
recurrence
36 months
follow-up, no
recurrence

*TSC: Tuberous Sclerosis Complex

tract. Of these patients, 24 were followed up (mean 30
months) and metastasis was detected in 8 patients. Folpe
et al. proposed criteria to classify these tumors as ‘benign’,
‘uncertain malignancy potential’ and ‘malignant’. In the
same research, they reported a meaningful relationship
between tumor size (>5 cm), mitotic activities (>1/50
HPF), necrosis, high nuclear grade and infiltrative growth
pattern with aggressive behavior (14). Schoolmeester et
al. investigated the clinical and pathological features of 16
gynecological PEComa cases (mean follow-up 26 months)
and they suggested a modified classification system; namely,
if there are 4 or more unfavorable histological findings
(size ≥5 cm, mitosis ≥1/50 HPF, significant nuclear atypia,
necrosis, lymphovascular invasion), the tumor is classified
as malignant. If none of criteria are met, the tumor is
Vol. 34, No. 1, 2018; Page 82-86

classified as benign. If the tumor meets 1 to 3 of the criteria,
it is difficult to predict the behavior of the tumor. Therefore,
it is classified as ‘benign or of uncertain malignancy
potential’ (16). According to the modified system, our case
had one unfavorable feature (focal necrosis) for aggressive
behavior. However, there was no evidence of recurrence or
metastasis after three years of regular checkups.
In summary, this case is reported to increase awareness
among pathologists of the need for inclusion of PEComa
in the differential diagnosis of epithelioid uterine
mesenchymal tumors because their histopathological
criteria for predicted biological behavior and classification
are different from epithelioid smooth muscle tumors.
Given the small series of reported cases, the most effective
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treatment approach for uterine PEComa is also uncertain.
Large numbers of cases with long duration follow-up
of their clinical behavior are required to confirm the
effective management and prognostic classification of this
tumor. Based on limited current data, uterine and cervical
PEComas should be considered tumors of uncertain
malignancy potential. They should be monitored for a long
period because of their potential for local recurrence and
metastasis. At least some of these tumors, as in our case,
have a close relationship with TSC. It is therefore important
to recognize PEComa in the evaluation and diagnosis of the
other components of TSC.
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Lipofibromatous Hamartoma of the Median Nerve in
Association with or without Macrodactyly
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ABSTRACT
Lipofibromatous hamartoma is a rare tumour-like condition involving the peripheral nerves, particularly the median nerve. It commonly affects
the volar aspect of the hands, wrists and forearms of young adults. Most patients present either early with macrodactyly or later with a forearm
mass lesion or symptoms consistent with compressive neuropathy of the involved nerve. The clinical and histomorphological findings of five
patients with lipofibromatous hamartoma of the median nerve are analysed. The presentation, pathological features and differential diagnosis
of neural lipofibromas are discussed along with a brief review of the literature. Of the five cases of lipofibromatous hamartoma, all were seen to
involve the median nerve, occurring in four women and one man. Three of these cases had associated macrodactyly which was congenital in two
and was seen from childhood in one. Microscopic examination showed fibrofatty tissue surrounding and infiltrating along the epineurium and
perineurium. The nerve bundles were splayed apart by the infiltrating adipose tissue. Neural fibrolipomatous hamartoma is a benign condition.
Most respond to conservative management with surgical exploration, biopsy and carpal tunnel release to decompress the nerve. Correct diagnosis
of this uncommon lesion is important as surgical excision of the lesion may lead to loss of neurological function.
Key Words: Carpal tunnel syndrome, Median nerve, Hamartoma

INTRODUCTION
Lipofibromatous Hamartoma (LFH) of the nerve is a rare
tumour-like condition involving the peripheral nerves, most
commonly in the upper extremity with a predilection for
the median nerve. It is almost always described in children
and young adults. The lesion is sometimes associated with
macrodactyly and lipomatous macrodystrophy of muscles
and subcutaneous fat in the region supplied by the nerve.
The characteristic enlargement of the affected nerve trunk
is caused by the proliferation of the epineural adipose tissue
associated with perineural fibrosis.
CASE REPORTS
Five cases of LFH of the median nerve sent for
histopathological examination from July 1991 to June 2011
were retrieved from the departmental records maintained
in our institute. The H&E stained paraffin sections were
reviewed for the histomorphological features.
Case 1: A 30-year-old woman presented with a fiveyear history of swelling in the left hand and wrist. On
examination she had features of carpal tunnel syndrome.
On surgical exploration the carpal tunnel was tight and
showed thickened median nerve from eight centimeters
above the wrist joint. The carpal tunnel was decompressed

(Turk Patoloji Derg 2018, 34:87-91)
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and the thickened nerve sheath relieved. A biopsy was sent
for histopathology.
Case 2: An 18-year-old girl presented with complaints of
insidious onset of pain and swelling in the right hand of one
month duration associated with macrodactyly of ring finger
which was present since childhood. On examination, there
was diffuse swelling in the ventral aspect of the forearm and
hand along with enlargement of the ring finger (Figure 1).
There was no neurological deficit. On exploration, the mass
was seen to arise from the median nerve (Figure 2).
Case 3: A 28-year-old woman came to the orthopedic
outpatient department with an insidious history of swelling
in the right hand and forearm associated with macrodactyly
of thumb and index finger since birth. On examination
she had diffuse swelling in the volar aspect of the right
hand, macrodactyly of thumb and index finger. There was
ventral angulation and deformity of the index finger. The
movements of the wrist joint, the index finger and thumb
were slightly limited and mildly painful when forced.
Surgical exploration with decompression of the median
nerve and excision of the mass involving the digital nerve
of the index finger was done. The right index finger was
then reconstructed.
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Case 4: A 16-year-old girl presented with a history of
progressively increasing swelling in the right hand and
forearm associated with macrodactyly of thumb since
birth. On examination, the right hand showed a diffuse
mass in the ventral aspect of the forearm, wrist and thenar
region along with enlargement of the thumb. There was no
neurological deficit. Fibrofatty tissues were dissected and
removed from the nerve. The result of surgical debulking
was satisfactory. Post-operatively there was no change in
function or recurrence of the mass.
Case 5: A 30-year-old man presented with complaints of
swelling in the right forearm of six years duration associated
with intermittent pain. On examination, there was diffuse
swelling in the ventral aspect of the forearm. There was no
neurological deficit. On exploration, an oval bright yellow
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mass was seen to arise from the median nerve. The fibrofatty
sheath was decompressed and the mass was excised.
The case histories and clinical findings of the five patients
are summarized in Table I.
Histopathological findings: The H&E stained slides of
all the lesions showed fibrofatty tissue surrounding and
infiltrating along the epineurium and perineurium (Figure
3). The nerve bundles were splayed apart by the infiltrating
mature adipose tissue (Figure 4). Perineural fibrosis was
identified in four cases and focal myxoid change was
seen in one case. Immunohistochemical staining with S
100 protein in one of the case showed strong positivity of
the nerve fibres (Figure 5). All lesions were diagnosed as
lipofibromatous hamartoma of the median nerve.

Figure 1: An 18-year-old girl presented with diffuse swelling in the ventral aspect of the hand and enlargement of the ring finger.

Figure 2: Intraoperatively a mass was seen to arise from the
median nerve.
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Figure 3: Section shows fibrofatty tissue surrounding and
infiltrating along the epineurium and perineurium. (H&E; x100).
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Table I: The clinical details of the five patients are summarized below

Age

Sex

Case 1 30 years

F

Case 2 18 years

F

Case 3 28 years

F

Case 4 16 years

F

Case 5 30 years M

Presenting feature Duration Paresthesia Location Macrodactyly
Management
Carpal tunnel
Left
Carpal tunnel
syndrome,
Five years
+
median
decompression with
swelling left forearm
nerve
biopsy
Pain and diffuse
swelling of the
Right
Surgical exploration
Since
ventral aspect of the
median +, ring finger
fasciotomy with
childhood
right forearm and
nerve
biopsy
hand
Median nerve
Right
decompression and
Swelling in the right
+, thumb and
Since birth
+
median
excision of the index
hand, forearm
index finger.
nerve
finger digital nerve
mass
Progress-ively
Right
increasing swelling
Surgical debulking
Since birth
median
+, thumb
in the right hand,
and biopsy taken
nerve
forearm
Right
Swelling right
Since six
Decompression and
median
forearm
years
excision
nerve

Figure 4: Section shows nerve bundles splayed apart by the
infiltrating mature adipose tissue. (H&E; x100).

Figure 5: Section shows cross section of nerve bundle with
perineural proliferation and strong immunoreactivity of the
Schwann cells for S 100. (S100; x200).

DISCUSSION

which about one-fourth were associated with true macrodactyly in the territory of the nerve distribution, predominantly in females (3). We present five more cases of lipofibromatous hamartoma of the median nerve occurring in
four women and one man. Three of these cases had associated macrodactyly.

Lipofibromatous hamartoma of the nerve is an uncommon
neural non-neoplastic lesion demonstrating gross enlargement of a nerve caused by epineural and perineural proliferation of fibrofatty tissue (1-5). Less than 100 cases of
LFH affecting the median nerve have been documented, of

Vol. 34, No. 1, 2018; Page 87-91

89

Turkish Journal of Pathology

Numerous synonyms have been used for describing
this condition, the most common ones being neural
fibrolipoma, neural fibrolipomatosis, neural lipofibroma,
neural lipomatous hamartoma, neural fibrolipomatous
hamartoma, fatty infiltration of nerve and fibrofatty
proliferation of peripheral nerve (3-9).
This uncommon benign slow growing lesion with an
indolent course was first reported by Mason in 1953
(6). This was followed by two cases of diffuse fibrofatty
overgrowth involving the adipose tissue of the median
nerve published by Mikhail in 1964 (7). One was a case of
macrodystrophia lipomatosa of the thumb and index finger
with a marked fibrofatty infiltration of the median nerve
and its digital branches to the thumb and index finger. The
other was termed fibrolipoma of the median nerve trunk.
Yeoman reported three patients with fatty infiltration of the
median nerve and stated that the intimate association of the
fibrofatty tissue within the nerve precluded enucleation of
the swelling (8). Johnson and Bonfiglio in 1969 reviewed
the literature and put up a case of their own with detailed
histological account of the lesion and coined the term
lipofibromatous hamartoma of nerve, which aptly fits the
microscopic description (9).
In our series there was 100% involvement of the median
nerve, four of the five cases were in women, three had
macrodactyly, and the age range at presentation varied
from 16 to 30 years. Approximately, 80% of these lesions
originate in the distribution of the median nerve with a
predilection for the carpel tunnel (1-12). Other reported
sites of involvement include the ulnar nerve (2,11,13-15),
radial nerve (16), nerves of the foot (3), brachial plexus,
and cranial nerves (17). Patients commonly present within
the first three decades of life with few reports in children
that are considered congenital by some authors (8,9,14).
The female: male ratio is approximately 2:1 (14). The
most common presentation of LFH is a mass or swelling
on the volar aspect of the wrist or distal forearm. Neural
fibrolipomatous hamartoma can be asymptomatic or
accompanied by pain; there may be local motor or sensory
symptoms, and late compression neuropathy. Macrodactyly
is seen in 25 to 60 percent of patients with LFH and is most
often congenital (2,3,14). Macrodactyly was present in three
of our cases, was congenital in two and seen from childhood
in one. Two of our patients presented with tingling and
paraesthesia along the distribution of the median nerve
in the hand predominantly affecting the palmar aspect of
thumb and index finger.
Neural fibrolipoma is an orange- yellow, fusiform, sausage
like or ropelike enlargement of the nerve (3,4,10,11,18). The
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sheath of the nerve is shiny, intact and non-adherent, but
thick, firm and non-resilient as in case 1 in this study. The
nerves may be markedly increased in length and diameter
in the involved area (4). Preoperative diagnosis is made
by Magnetic Resonance Imaging (MRI) where the lesion
produces the characteristic feature known as the cable sign
(5). The thickened nerve bundles surrounded by uniformly
distributed fat appear as serpentine, low intensity structures
encircled by high intensity signal giving rise to the cable
like appearance in the axial plane and a spaghetti- like
or strands of hair appearance in the coronal plane (1).
Electromyography and nerve conduction studies can show
prolonged latency of sensory or motor innervations and
fibrillations in distal muscles to confirm a compressive
myopathy (4,14). None of our patients had undergone MRI
evaluation.
Morphology remains the mainstay of diagnosis and
immunohistochemistry does not aid in the diagnosis of
these lesions. The Schwann cells typically are strongly
positive for S 100 protein and myelin in the nerve fibres
show intense positivity for basic myelin protein. The
perineural cells stain positive for epithelial membrane
antigen (17,18).
Lipofibromatous Hamartoma is considered to be a
hamartoma because of the overgrowth of the normal
connective tissue components: fat and fibrous tissue (15,17).
On microscopic examination, a fibrofatty expansion of the
epineural space is seen with splaying of the nerve bundles.
Perineural fibrosis and endoneural fibrosis may be seen.
Occasionally, in long standing lesions, metaplastic bone is
found in the fibrofatty tissue (1,2). The differential diagnosis
of LFH on histopathology includes neural lipomas, diffuse
lipomatosis, neuromas and neurofibromas. Lipoma of the
nerves is an encapsulated fatty proliferation encloses the
nerve sheaths (2,3). Histology clinches the diagnosis as there
is no characteristic scattering of individual nerve fascicles
within the fatty mass in these tumours (2,3,17). In diffuse
lipomatosis there is primary involvement of muscle and
subcutis with the nerves being secondarily involved. Other
differential diagnoses such as neuromas and neurofibromas
can be ruled out by the absence of proliferation of the
neural elements.
Neural fibrolipomatous hamartoma is a benign condition.
Treatment of LFH is directed towards management of the
digital or soft tissue involvement and management of the
enlarged nerve. The surgical management of this condition
is controversial and most often involves conservative
management with surgical exploration, biopsy and carpal
tunnel release to decompress the nerve. The ideal plan is
Vol. 34, No. 1, 2018; Page 87-91
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to release the fascia of the forearm, carpal tunnel, palm, or
digit, as indicated by the location of the lesion (1,3,10). The
lesion can be debulked extensively to improve the functional
status. Extensive microsurgical intraneural dissection can
lead to significant ischemic complications (12,14). Nerve
fasciotomy with simple excision of fatty tissue and sparing of
the nerve is the treatment of choice. Complete excision of a
lipofibromatous hamartoma of the median nerve can result
in disastrous loss of neurological function. Patients with
macrodactyly or advanced disease may require debulking
and reconstructive procedures aimed at improving hand
function (4). Awareness of this condition is crucial in order
to avoid misdiagnosis on biopsy, which may result in a
more drastic surgery.
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Lhermitte-Duclos Disease: A Rare Lesion with Variable
Presentations and Obscure Histopathology
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ABSTRACT
Since Lhermitte-Duclos is a quite rare disorder with both neoplastic and hamartomatous features, clinical and pathological diagnosis can
sometimes be challenging. For the pathologist it is of extreme importance to be aware of variable clinical and histopathological presentations
of such a rare lesion particularly to differentiate it from the low-grade glial and neuronal tumors. We present four cases of Lhermitte-Duclos
in a histopathological perspective. Although enlargement of the internal granular layer of the cerebellum is a consistent finding in our cases,
morphological severity was highly variable and in some cases the enlargement was insignificant. Frozen sections of one case did not reveal
diagnostic findings. The vacuolar change observed in the paraffin sections was obscure in the frozen. Pathological diagnosis of Lhermitte-Duclos
disease can be extremely difficult in the absence of proper clinical information and the pathologist should be watchful for any irregularity in the
internal granular layer in evaluating the cerebellar tissue which is otherwise normal.
Key Words: Lhermitte-Duclos, Cerebellum, Histopathology

Introduction
Lhermitte-Duclos disease (LDD), also known as dysplastic
cerebellar gangliocytoma, is a unique disorder of cerebellum
with the features of malformation, hamartoma and benign
neoplasm. Although it is categorized as a WHO grade I
tumor, its histology is more likely a hamartoma with enlarged
abnormally developed cerebellar folia containing dysplastic
rather than neoplastic cells (1,2). Combination of aberrant
migration and hypertrophy of the granular cells have been
shown to be responsible from its histogenesis (2). Since the
initial report by Lhermitte and Duclos in 1920, LDD was
reported to occur at any age but most cases are identified in
adults at 3rd or 4th decades (2,3). Accumulating evidences
indicate a strong association between LDD and Cowden
disease (CD), which is a multiple hamartoma syndrome
with an increased risk of benign and malignant tumors
(4,5). Germline mutations in the phosphatase and tensin
homologue (PTEN) gene on chromosome 10 was found
to be linked to both conditions and the loss of inhibitory
influence of PTEN on the PI3K pathway and activation of the
AKT/mTOR signaling was suggested to be the responsible
pathogenetic mechanism (5,6). Nevertheless, sporadic
cases are also well known, particularly if the onset is in the
childhood (6,7). Presentation of the disease may be variable
but most common symptoms are progressive mass effect in
posterior fossa with cerebellar dysfunction and increased
intracranial pressure. Magnetic resonance imaging (MRI)
(Turk Patoloji Derg 2018, 34:92-99)
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is certainly the imaging modality of choice and it usually
displays a hyperintense lesion with a characteristic striated
pattern of exaggerated folia in T2-weighted images (8).
In particular for pathologist, making a diagnosis of LDD
can be extremely difficult in the absence of proper clinical
information. However recognition of the disease carries
critical importance not only for differentiating it from
other cerebellar tumors, but also making a prompt clinical
examination with respect to CD. Here we present four
cases of LDD in a histopathologic perspective. Clinical and
radiological background of each case was also provided.
Informed consents were obtained for all the cases prior to
this report.
Case Reports
Case 1: A 42-year-old male presented with headache, blurry
vision and seizure. His physical and systemic examinations
were normal. Bilateral papilledema was observed in
neurological examination. Cranial MRI revealed a
well-defined lesion in the right cerebellar hemisphere,
hypointense to brain parenchyma on T1-weighted images.
The lesion was slightly hyperintense on T2 weighted images.
The cerebellar folia were prominent with compression to 4th
ventricle and causing hydrocephalus (Figure 1A-C). The
patient underwent surgical removal with the suspicion of
LDD. Pathological evaluation of the H&E stained slides
revealed multiple fragments of cerebellar tissue without an
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apparent change. Close examination demonstrated some
neuronal appearing cells forming two or three disorganized
rows in one of the fragments. The cells had large vesicular
nuclei and prominent nucleoli. The orientation was
haphazard and there were some smaller ganglionic cells
and a few Purkinje cells in between. Some nuclei were
pleomorphic but mitosis was absent. A cystic degeneration
was observed in the neighbouring molecular layer (Figure
2A,B). An immunohistochemistry panel composed of
glial fibrillary acidic protein (GFAP), synaptophysin,
chromogranin, neurofilament, Ki67 and PTEN was
applied. GFAP positivity was observed only in the fibrillary
background whereas synaptophysin, neurofilament and
chromogranin positivity demonstrated the neuronal
nature of these cells (Figure 3). PTEN expression was weak

A

and variable. Ki67 labelling was observed in one or two
isolated cells. The family history was negative for CD. No
hamartomatous lesion was found in physical examination.
The post-operative course was uneventful and patient is
doing well at 10 years follow-up.
Case 2: A 26-year-old female complained of ataxic gate
and dizziness. Her physical, systemic and neurological
examinations were normal. Cranial MRI demonstrated
a well-defined lesion in the left cerebellar hemisphere
that was slightly hypointense on T1-weighted images and
hyperintense on T2 sections. The patient underwent surgery
and frozen section was performed with an initial diagnosis
of low-grade glioma. The post-operative MRI revealed a
residual mass lesion (Figure 4A-D). Re-evaluation of the

B

C

Figure 1: T2-weighted axial (A), coronal (B) and sagittal FLAIR (C) sections showing a well-defined and slightly hyperintense lesion in
the right cerebellar hemisphere.

A

B

Figure 2: Slightly enlarged internal granular layer (A) Dysplastic neuronal cells in the internal granular layer of cerebellum (B)
(H&E; x200, H&E; x400).
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frozen sections demonstrated a subtle irregularity in the
internal granular layer. The usual fine fibrillarity was lost in the
adjacent white matter, eosinophilia was increased and white
matter somewhat appeared as an amorphous pink material
requiring to be differentiated from the necrosis (Figure 5).

Figure 3: Synaptophysin positivity in neuronal elements
(Synaptophysin; x400).

A

C
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However, the subsequent routine follow-up slides clarified
that it was not the necrosis but the extensive vacuolation
of the white matter underlying the pink amorphous
appearance. In the squash preparations the background was
fibrillar and in focal area there were a few cells corresponding
to the dysplastic neurons (Figure 6). The post-operative
course was uneventful. The H&E stained slides of operation
material revealed cerebellar fragments with prominently
enlarged and disorganised internal granular layer. The cells
had large vesicular nuclei and demonstrated some degree
of pleomorphism. Mitosis was not observed. Orientation
was haphazard with some overlapping. Normal ganglionic
cells were very few. Extensive vacuolation throughout the
molecular layer and white matter was a striking finding
(Figure 7). On immunohistochemical evaluation, GFAP
positivity was observed only in the fibrillary background
whereas synaptophysin, neurofilament and chromogranin
positivity demonstrated the neuronal nature of these cells.
PTEN expression was weak and variable (Figure 8). Ki67
labelling was observed in one or two isolated cells. The
family history was negative for CD. No hamartomatous
lesion was found in physical examination. The postoperative

B

D

Figure 4: Postoperative T1-weighted
axial MRI (A), T2 weighted axial (B),
coronal (C) and sagittal FLAIR (D)
images showing a well-defined residual
mass in the left cerebellar hemisphere,
slightly hyperintense on the T2
sequence.
Vol. 34, No. 1, 2018; Page 92-99
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Figure 5: A subtle irregularity in the internal granular layer.
Increased eosinophilia and loss of fibrillarity through the white
matter in frozen section (H&E; x200).

Figure 6: Small ganglionic cells and a few dyplastic neuros in a
fibrillary background of a cytologic preparation (H&E; x400).

Figure 7: Large vesicular nuclei and prominent nucleoli of the
dyplastic neurons of the internal granular layer (H&E; x400).

Figure 8: GFAP expression is limited to the background (GFAP;
x400).

course was uneventful with exception of the residual mass
appearance in MRI. The patient improved and was doing
well at 6 mounts of follow-up.

oriented and enlarged internal granular layer was observed.
The cells of the internal granular layer had large, vesicular
nuclei. Scattered cells with nuclear pleomorphism were
detected. Mitosis was not present and a few ectatic vessels
were observed in the lesion. Immunohistochemistry
demonstrated immunoreactivity with synaptophysin,
neurofilament and chromogranin (Figure 10 A-C). The
dysplastic cells were totally negative with GFAP and PTEN
(Figure 11). No nuclear staining was detected with Ki67.
The family history was negative for CD. No hamartomatous
lesion was found in physical examination. The patient died
in two mounts after biopsy.

Case 3: A 77-year-old female was admitted with severe
headache. Her physical, systemic and neurological
examinations were normal. MRI demonstrated a right
cerebellar lesion and a pontocerebellar arachnoid cyst with
mass effect on T1 and T2-weighted sections (Figure 9A-F).
Biopsies were taken due to the co-morbidity of the patient.
The initial diagnosis was LDD. Pathological evaluation
revealed fragments of distinctly vacuolated white matter.
Among these, a small cerebellar fragment with haphazardly
Vol. 34, No. 1, 2018; Page 92-99

95

Turkish Journal of Pathology

Önder E et al: Lhermitte-Duclos Disease: Four Cases

Case 4: A 19-year-old female presented with headache
and dizziness. Her complaints started three months ago.
Her physical and systemic examinations and neurological
examinations were normal. MRI demonstrated a right
cerebellar hyperintense lesion compressing the fourth
ventricle in T2 images. The lesion was slightly hypointense
on T1 sequence. Surgical removal was performed with an
initial diagnosis of low-grade glioma. The post-operative
course was uneventful. Pathological evaluation revealed
small fragments of cerebellar tissue without any apparent
neoplastic infiltration. Cystic vacuolation was not so
prominent. Careful examination demonstrated some
large vesicular nuclei in the internal granular layer with
a disordered arrangement. A slight pleomorphism was
observed and some identical cells also appeared to infiltrate
the white matter (Figure 12 A,B). Immunohistochemistry
demonstrated immunoreactivity with synaptophysin,
neurofilament and chromogranin (Figure 13). The
dysplastic cells were totally negative with GFAP. PTEN
expression was weak and variable. No nuclear staining
was detected with Ki67. The family history was negative

for CD. No hamartomatous lesion was found in physical
examination. The patient improved and was doing well at
2 years of follow-up.
Discussion
Lhermitte-Duclos disease (LDD) is a unique disorder
of cerebellum and its pathologic bases have long been
debated. It had been suggested to be a neurocytic blastoma,
hamartoma or hyperplasia. Currently it is known to be
associated with CD and both conditions are linked to germ
line mutations on PTEN gene. There are also sporadic cases
that lack a PTEN mutation and CD phenotype, especially
if the onset is in the childhood (5,6). Since it is a quite
rare disorder with both neoplastic and hamartomatous
features, the clinical and pathological diagnosis of LDD can
sometimes be challenging. Although MRI is particularly
sensitive in depicting the enlarged folia, vague radiographic
findings and variable presentation may sometimes further
complicate the diagnosis (9,10). In addition, some other
cerebellar lesions and especially medulloblastoma have

A

B

C

D

E

F

Figure 9: T2-weighted axial (A), T1-weighted axial (B), DWI (C), T2-weighted axial FLAIR (D), T2-weighted coronal (E) and T2weighted sagittal FLAIR (F) images showing right pontocerebellar arachnoid cyst and thickening of cerebellar folia with striations and
abnormal signal. The lesion is bright on diffusion-weighted images as well as on the ADC map.
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A

Figure 11: Loss of PTEN expression in neuronal cells (PTEN;
x400).

B
A

C
Figure 10: Extensive vacuolation and dilated vessels in the white
matter (A) Nuclear pleomorphism in dysplastic neurons (B)
Chromogranin positivity in the neurons infiltrating the white
matter (C) (H&E; x400, H&E; x400, Chromogranin; x400).
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B
Figure 12: Partial replacement of the internal granular layer by
the dysplastic neurons (A), some neurons infiltrate the white
matter (B) (H&E; x400).
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as vacuolated in LDD (2). In all of our cases there were
fragments of molecular layer or white matter demonstrating
some vacuolation. In case 1 and case 2, this appearance
required differentiation from a glioma but in case 4 the
vacuolation was not so prominent. Although calcification
is another finding reported in LDD, we did not observe
such foci (2,6). In one of our cases (case 3) ectatic vessels
was prominent as another known finding of LDD. None of
our cases had proliferated vascular structures resembling to
those of high-grade glial tumors. LDD is known as a lesion
with a very low or undetectable proliferative activity (6).
Accordingly, in our cases proliferative activities estimated
by Ki67 were lower than 1%.
Figure 13: Neurofilament positivity in neuronal cytoplasms
(Neurofilament; x200).

also been reported to demonstrate radiological features
mimicking LDD (11,12). Likewise the pre-operative
diagnoses were low-grade glioma in two of our four cases.
So with respect to pathological diagnosis, especially in the
absence of suggestive clinical data, awareness of this rare
lesion is of extreme importance.
The relative preservation of the cerebellar architecture seems
to be the most important challenge for pathologist. Although
the most prominent histopathological abnormality in LDD
is the massive replacement and expansion of the internal
granular layer by large neurons with vesicular nuclei, this
replacement is not uniform and morphological severity
varies between patients and within the individual lesion
(2). This variation was a pronounced feature of our cases.
Although the enlargement and crowdedness of internal
granular layer was a consistent finding, in two cases (case 1
and case 4) the enlargement was somewhat inconspicuous
requiring a careful examination. In these cases there were
also some scattered cells in the molecular layer that needed
to be differentiated from other infiltrations such as glioma.
The other two cases demonstrated an apparent enlargement
with varying thicknesses. The frozen sections, on the other
hand, demonstrated only some subtle changes and did
not yield a diagnostic frozen report. In all of our cases the
cellular arrangement was haphazard. The cells populating
the internal granular layer had vesicular nuclei larger than
that of the normal inhabitants. Nucleoli were prominent and
our three cases (case 1, case 2 and case 3) demonstrated some
degree of pleomorphism appearing as marked variation
in nuclear size and shape. None of our cases had mitosis.
The molecular layer also enlarges and usually appears
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In the medical histories of our patients there were no other
primary or secondary tumors. Further evaluation with
respect to hamartomatous lesions and family history did
not reveal any possible association with CD however our
cases were not genetically screened for PTEN mutation.
Although all of our patients are adults, the ages were
distributed in a wide range. Still it is important to keep in
mind that pediatric cases exist in the literature (13).
Since Lhermitte-Duclos is a quite rare disorder, there
have been only a few systematic studies and literature
data is largely from single case reports. Most of these
reports focuses on the radiological features. However it
is extremely important for the pathologist to be aware of
the variable clinical and histopathological presentations of
such a rare lesion particularly to differentiate it from the
low-grade glial and neuronal tumors. In frozen sections the
changes can be further subtle and even a normal appearing
cerebellar tissue should be closely evaluated with respect to
any derangement in the internal granular layer.
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ABSTRACT
Placental mesenchymal dysplasia is an increasingly recognizable abnormality. Early cases have been confused with partial hydatidiform mole.
Placental mesenchymal dysplasia is probably under-diagnosed because of being an unfamiliar clinical entity and also mistaken for gestational
trophoblastic disease due to the similar sonographic findings of two entities. In this report, we describe the clinical, gross, and histopathological
findings of placental mesenchymal dysplasia in two cases. The 33-week-preterm baby of a 26-year-old woman with cardiovascular disease and
342 gram placenta and the 19-week fetus with trisomy 21 of a 40 year-old woman were terminated. Macroscopically thick-walled vessels and
microscopically hydropic villous with peripherally localized thick-walled vessels without trophoblastic cell proliferation were observed in both
cases. These two cases represent a rare placental anomaly that is benign but it is challenging to distinguish placental mesenchymal dysplasia
from an incomplete mole. Placental mesenchymal dysplasia should be included in the differential diagnosis of sonographic findings that show a
normal appearing fetus and a placenta with cystic lesions. Placental mesenchymal dysplasia is associated with pregnancy-related hypertension.
In conclusion, the most important point is “you can diagnose it if you consider it”.
Key Words: Placental mesenchymal dysplasia, Molar pregnancy, Diagnostic errors

INTRODUCTION
Placental mesenchymal dysplasia (PMD) was first
recognized by Takayama et al. as a distinct pathologic entity
of the placenta (1). Other reports of unusual placentas with
vascular abnormalities were published in 1980s and 1990s;
finally Moscoso et al recognized the uniqueness of this order
in 1991 and described it as a placental vascular anomaly with
diffuse stem villous hyperplasia (2). PMD is an increasingly
recognizable, rare placental vascular abnormality which
is characterized by aneurysmal dilatation on the fetal
surface of the placenta, with dilated stem cell villi (3). In
contrast to molar pregnancies, trophoblastic proliferation
is absent (4). Clinically and pathologically, PMD should be
differentiated from complete mole, spontaneous abortion
with hydropic changes, as well as confined placental
mosaicism (5). Early cases of PMD have been confused
with partial hydatidiform mole (6-10). PMD is probably
under-diagnosed as it is an unfamiliar clinical entity and
also mistaken for gestational trophoblastic disease because
of similar sonographic findings of the two entities (11).
The differential diagnosis is important as PMD is usually
compatible with a karyotypically and morphologically
normal fetus and a good maternal-fetal outcome (12) .
(Turk Patoloji Derg 2018, 34:100-103)
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Data on PMD is limited to affected pregnancies because of
the disorder’s relatively recent recognition (13). The aim of
this paper was to emphasize the recognition and diagnosis
of this new entity.
We describe the clinical, gross and histopathological
findings of PMD in two cases in this report.
CASE REPORTS
Case 1: A 26-year-old gravida 5, para 1 woman in her 32nd
week of gestation, was referred to our perinatology unit
from the cardiology department for intractable maternal
tachycardia and the need to give birth. Her personal
and family history was unremarkable, except having 2
intrauterine demises and an atrial-mitral valve replacement
operation. In the present pregnancy, she had used warfarin
from the first trimester, and had no history of fever (with or
without rash) or ionizing radiation exposure. First trimester
screening for aneuploidy had revealed a risk of 1:780 for
Down syndrome. Her routine pregnancy follow-up was
otherwise eventless. Cesarean section was performed and a
healthy 2550 gram baby was delivered. The baby and mother
were discharged in good condition 2 weeks later. Pathology
examination showed an enlarged placenta weighing 487
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gram. Macroscopically, the placental disc had prominent
thick, circoid vessels and a white nodule (Figure 1).
Case 2: A 40-year-old gravida 2, para 1 woman in her
18th week of gestation, was referred to Akdeniz University
Gynecology and Obstetrics Department, with a nuchal
translucency measurement of 2.29 mm and combined
risk of > 1/5 for Down’s syndrome detected in the first
trimester screening test for fetal aneuploidy. Her personal
and family histories were unremarkable. Her previous
pregnancy was uneventful and the child was healthy. Her
non-consanguineous husband was 45 years old.
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counseling about Down’s syndrome. The karyotype was
trisomy 21 and macroscopically the 288 gram placenta had
thick-walled vessels on the placental disc.

An amniocentesis was performed the same day to analyze
the fetal karyotype. Trisomy 21 was revealed two weeks later.
The parents chose pregnancy termination after receiving

Microscopically variable villous maturation was present,
ranging from mature with increased syncytial knotting to
enlarged stem villi in both cases. The abnormal stem villi
were large and edematous and contained peripherally
localized, prominent thick-walled vessels of which
some were obstructed (Figure 2,3). Trophoblastic cell
proliferation and stromal inclusions were not observed.
Evidence of villous edema was seen in some of the villi
cisternae. These cisternae were negative for CD34 and D240 on immunohistochemical staining (Figure 4, 5). These
findings were consistent with PMD.

Figure 1: Placenta with prominent thick vessels (white arrow) and
white nodule (black arrow).

Figure 2: Light microscopy of Case 1 (H&E; x10).

Figure 3: Light microscopy of Case 1 (H&E; x20).

Figure 4: Villus with CD34 negative cisternae (CD34; x5).
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replacement. This case had a history of hypertension but
her blood pressure was under control before and during
the pregnancy. Also our second case had no history of
hypertension or pregnancy-related hypertension.

Figure 5: Villus with D2-40 negative cisternae (D2-40; x10).

DISCUSSION
Placental mesenchymal dysplasia (PMD) is a rare disorder
that is estimated to occur in 0.02% of pregnancies (14).
The true incidence of the PMD is difficult to calculate
because it is likely to be an under-diagnosed and underreported clinico-pathological entity; and only placenta
from patients with medical co-morbidities or complicated
pregnancies are sent for pathological examination (13).
Some pathologists are not aware of such a clinical entity
(13,15). The incidence of PMD may increase as a result of
increasing awareness by pathologists of PMD as a clinical
entity. It is therefore important to discuss the diagnostic
criteria and the differential diagnosis of the disorder.
PMD is a rare benign placental anomaly that is difficult
to differentiate from a complete mole with co-twin.
Differential diagnosis of PMD and molar pregnancy is
important because complete mole and partial mole carry
significant morbidity for mother (16). On the other hand,
PMD is benign disorder and termination is not needed
so that only clinical follow-up is offered. PMD should
be included in the differential diagnosis of sonographic
findings that show a normal appearing fetus with cystic
lesions of placenta (11). Detection of PMD is not only
necessary for differential diagnosis of hydatidiform mole
but also for clinical follow-up because it is said that PMD
has a relationship with pregnancy-related hypertension
(16). However, it is not known whether PMD is the result or
the reason of pregnancy- related hypertension. In contrast
to the literature, neither of our cases had pregnancy-related
hypertension, pre-eclampsia or eclampsia. One of our cases
had a cardiovascular disorder history that was associated
with atrial-mitral valve impairment and resulted in valve

102

Neither case was diagnosed prenatally because the placental
changes were not prominent enough for prenatal diagnosis
but macroscopically both had an enlarged placenta with
thick-walled vessels suggesting PMD. One of our cases had
a chromosomal abnormality, trisomy 21, in which hydropic
villi and mild degrees of circumferential trophoblastic
proliferation could be observed and this would be
challenging when making the differential diagnosis of
PHM (17,18). To the best of our knowledge, our case is
the first PMD case associated with trisomy 21. It is known
that hydropic villi can be seen in trisomy 21 (17,18) but
peripherally located thick-walled vessels and the absence of
trophoblastic proliferation were the most important clues
for the diagnosis of PMD (15,16). In both of our cases,
some of the villi were hydropic and had cisternae, while
some had peripherally located thick-walled vessels. These
findings confirmed the diagnosis of PMD.
PMD cases have been associated with the BeckwithWiedemann Syndrome (BWS) in many cases in the
literature (14,19,20). The classic form of BWS includes
hyperplastic visseromegaly, macroglossia, omphalocele,
adrenal cytomegaly and gigantism. The association of PMD
and BWS was first recognized by Lage in her series of four
cases of BWS associated with placentomegaly with massive
hydrops of placental stem villi and diploid DNA content
(21). In PMD cases, the fetuses are usually normal but have
BWS features in 25-30% (14,19,20). We did not observe any
features of Beckwith-Wiedemann Syndrome in our cases.
Diagnosis of PMD is both prenatally and also
histopathologically difficult. Early cases of PMD have been
confused with partial hydatidiform mole (PHM) (6-10,
22). Molar pregnancies are characterized by massive fluid
accumulation within the villous parenchyma that leads to
formation of microcysts within the villi and trophoblastic
proliferation. Fetal blood vessels are usually absent
(23). PMD is an increasingly recognized abnormality
that presents with placentomegaly, marked stem vessel
hydrops, mesenchymal dysplasia with prominent thickwalled vessels, enlarged villi with myxoid stroma and
decreased, occasionally obliterated blood vessels. Some
of the surface vessels are thrombotic but the trophoblasts
seem to be normal (3,23,24). The most important clue for
the differential diagnosis of PHM from PMD is absence of
abnormal trophoblastic proliferations and trophoblastic
pseudoinclusions (3). Placentomegaly, mesenchymal
Vol. 34, No. 1, 2018; Page 100-103
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dysplasia with prominent thick-walled vessels, enlarged
hydropic villi with cisternae were observed, but trophoblastic
proliferations and trophoblastic pseudoinclusions were
absent in our two cases.
In conclusion, PMD is an increasingly recognized placental
pathology that should be differentiated from partial mole
hydatidiform. Unlike molar pregnancies, PMD co-exists
with viable fetuses. There is also an association with PMD
and BWS. The most important message is that PMD should
be considered in the differential diagnosis of a case with a
normal-appearing fetus and placenta with cystic lesions.
The most important point is “you can diagnose it if you
consider it”.
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ABSTRACT
Liposarcoma is one of the most common sarcomas in adults, but very rarely presents as a primary in the upper gastrointestinal system. Herein,
we present a 71-year-old male patient who underwent wedge excision biopsy twice and then fine needle aspiration and total gastrectomy for a
recurrent gastroeosophageal junction mass. In microscopic sections, both well-differentiated and dedifferentiated components were seen. Tumor
cells were positive for MDM2, CDK4 and negative for CD117, DOG1, CD34, SMA, Desmin, S-100, HMB45, SOX10, AE1/AE3, CAM5.2, CK18.
Fluorescence in situ hybridization (FISH) was performed and MDM2 gene (12q15) amplification was detected. According to these findings,
a diagnosis of dedifferentiated liposarcoma was supported. We believe this is the first reported case of dedifferentiated liposarcoma of the
gastroesophageal junction.
Key Words: Gastrointestinal neoplasms, Gastroesophageal junction, Dedifferentiated liposarcoma

INTRODUCTION
Liposarcoma is one of the most common malignant soft
tissue tumors in adults. Current World Health Organization
(WHO) divides liposarcomas into four subtypes (1,2). The
atypical lipomatous tumor/well differentiated liposarcoma
(WDLPS) is the most common subtype and, along with
dedifferentiated liposarcoma (DDLPS), commonly occurs
in the retroperitoneum (3, 4), whereas the myxoid, and
pleomorphic types typically present in the extremities (5).
In general, liposarcomas are extremely uncommon in the
gastrointestinal tract (6-13), especially at the gastroesophageal
junction. We describe herein the first case of DDLPS of the
gastroesophageal junction. The diagnosis was based on
morphology, MDM2 and CDK4 immunoexpression and
fluorescence in situ hybridization analysis.
CASE REPORT
A 71-year-old male with a history of long-term dysphagia
underwent a wedge excision in 1996 for presumed benign
gastroesophageal junction mass, as per history from the
patient. In 2006, repeat endoscopy revealed a recurrent
lesion and another partial excision was performed.
Pathology materials of these excisions were not available
for our evaluation.
The patient was regularly followed up and a 3-4 cm mass
with ulceration was found in the cardia at upper endoscopy,
performed in 2013. Biopsies were non-diagnostic.
Endoscopic ultrasound revealed a 2.2 cm hypoechoic
mass with superficial erosions at the gastroesophageal
(Turk Patoloji Derg 2018, 34:104-107)
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junction. It was thought to be arising from the mucosa
and likely invading the superficial submucosa. The
muscularis propria was intact. Fine needle aspiration
(FNA) biopsy/cell block revealed a spindle cell neoplasm
with nuclear pleomorphism and hyperchromasia. The
neoplastic cells were positive for CD34 while negative for
CD117 and DOG1, SMA, S100, and pan-cytokeratin. The
morphological and immunophenotypic findings were not
sufficient for a definitive diagnosis but sarcoma was favored.
Axial oral-IV contrast enhanced computerized tomography
(CT) revealed a solid mass in the gastroesophageal junction
protruding into the lumen (Figure 1). There was no
definitive evidence of metastatic disease.
The resection specimen consisted of total gastrectomy
material with distal esophagus. There was a relatively wellcircumscribed, submucosal lesion at the gastroesophageal
junction measuring 3 cm in length, 2.5 cm in width and
1.1 cm in depth. Sectioning revealed a tan-white, solid cut
surface. The overlying mucosa was eroded but the adjacent
mucosa was unremarkable.
Microscopic sections revealed a multinodular neoplasm
at the gastroesophageal junction, predominantly located
within the submucosa and focally extending to the surface
epithelium (Figure 2). The tumor was cellular and was
predominantly composed of pleomorphic and spindle cells
(Figure 3), associated with a polymorphic inflammatory
infiltrate including neutrophils, eosinophils, lymphocytes,
and plasma cells. Some of the cells had cytoplasmic vacuoles/
bubbly cytoplasm. The mitotic count was up to 15/50 HPF.
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The differential diagnosis included gastrointestinal stromal
tumor (GIST), leiomyosarcoma, schwannoma, malignant
melanoma, and less likely sarcomatoid carcinoma.
Performed immunohistochemical stains revealed that
the tumor cells were negative for CD117, DOG1, CD34,
SMA, Desmin, S-100, HMB45, SOX10 as well as AE1/
AE3, CAM5.2, and CK18, arguing against these differential
diagnoses. At this point additional sampling was done and
revealed a small component composed of adipose tissue with
fibrous septae containing atypical hyperchromatic stromal
cells and scattered lipoblasts (Figure 4), suggesting DDLPS
as the likely diagnosis. Second round immunohistochemical
stains revealed that the tumor cells were indeed positive for

MDM2 (Figure 5A), and CDK4, supporting the diagnosis
of DDLPS. In order to confirm the diagnosis, fluorescence
in situ hybridization (FISH) was performed and MDM2
gene (12q15) amplification was detected (Figure 5B).

Figure 1: Axial oral-IV contrast enhanced CT images showing a
solid mass (arrow) in the gastroesophageal junction protruding
into the lumen.

Figure 2: A multinodular spindle cell tumor at the gastroesophageal
junction (H&E; x40).

Figure 3: The dedifferentiated component is predominantly
composed of highly pleomorphic spindle cells with nuclear
hyperchromasia (H&E; x100).

Figure 4: Atypical lipomatous tumor/well differentiated
liposarcoma component is characterized by adipose tissue with
fibrous septae containing atypical hyperchromatic stromal cells
(H&E; x400).
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The patient was alive with no evidence of disease 4 months
after the resection.
DISCUSSION
Per its first description by Evans (14), dedifferentiated
liposarcoma (DDLPS) is defined as a combination of
atypical lipomatous tumor/well-differentiated liposarcoma
(WDLPS) and a high-grade non-lipogenic sarcoma-
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B

Figure 5: A) Tumor cells show diffuse nuclear labeling with MDM2 antibody (MDM2; x200), B) Fluorescence in situ hybridization
analysis show amplification of the MDM2 gene (Green - CEP 12 and red - MDM2).

like component, such as undifferentiated high-grade
pleomorphic sarcoma (i.e. malignant fibrous histiocytoma),
fibrosarcoma, or myxofibrosarcoma. It occurs in late adult
life (sixth to seventh decades) with an equal distribution
between males and females (1). The most common location
is the retroperitoneum.
DDLPS can occur de novo (90%) while about 10% occur
as recurrence from a preexisting WDLPS (10%) (15). If
it arises from a preexisting WDLPS, dedifferentiation
develops in 20% of the first local recurrences and 44% of
the second local recurrences (5). Although we could not
evaluate the previous pathology materials, the history of
recurrent lesions at the gastroesophageal junction suggests
preexisting WDLPS in our patient.
CT imaging have been described as the best way to confirm
the adipose component in these tumors (16, 17) and FNA/
tru-cut biopsy seems to be the best way to confirm the
diagnosis of sarcoma (18), and the tissue obtained by biopsy
may even be used for molecular tests.
The histological diagnosis is usually based on the
identification of WDLPS areas, which was very limited in
our case. In such cases, immunopositivity for CDK4 and
MDM2 and detection of amplification of the MDM2 and
CDK4 genes are diagnostically helpful. Although MDM2
and CDK4 immunohistochemical staining alone is sufficient
for the accurate diagnosis in the appropriate context (19,
20), they are not 100% specific and sensitive. Therefore,
FISH, quantitative polymerase chain reaction (PCR), and/or
comparative genomic hybridization (CGH) may be essential
in cases with diagnostic difficulties (21, 22).
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To our knowledge, this is the first DDLPS of the
gastroesophageal junction and only two primary DDLPS
cases of the esophagus have been reported in the English
literature (23, 24). Both patients were elderly males who
presented with progressive dysphagia, weight loss, and
large masses measuring up to 10 cm, one protruding
into the lumen. In one of these cases, the tumor was also
predominantly located in the mucosa and submucosa, as
seen in our case.
DDLPS appears to have a better prognosis (especially
in terms of metastatic potential) than other high-grade
sarcomas. However, careful long-term follow-up is
recommended as approximately 40% of DDLPS cases will
recur locally, 17% will metastasize and 28% of patients will
ultimately die of disease (1). Surgery is still the best choice
of treatment for DDLPS and it is important to remove the
tumor entirely (4). Targeted chemotherapeutic agents and
radiation therapy are being investigated (25).
DDLPS of the upper gastrointestinal system is rare but
should be considered in the differential diagnosis of any
poorly or undifferentiated sarcoma, and extensive sampling
may be required for accurate diagnosis. We believe
that our case represents the first report of DDLPS of the
gastroesophageal junction with both well-differentiated
liposarcoma and dedifferentiated sarcoma components, as
well as confirmation with molecular analysis.
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Multiple Pigmented Seborrheic Keratosis with
Sebaceous Differentiation - A Case Report
R Vimal Chander, P Jayaganesh, Ganthimathy Sekhar, S Chitra
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ABSTRACT
Seborrheic keratosis is a benign lesion that is common in the trunk and head and neck regions. It shows a considerable variety of histological
appearances leading to different variants. The presence of sebaceous differentiation in seborrheic keratosis is very rare and can histologically
mimic benign and malignant tumors with sebaceous differentiation. We present a case of a 65-year-old male presenting with multiple nodules
over the right and left sides of neck and the right preauricular region, histopathological examination of which revealed multiple pigmented
seborrheic keratoses with sebaceous differentiation. This case is reported for its rare sebaceous differentiation and multiplicity along with the
importance of differentiating it from a variety of benign to malignant neoplasms showing sebaceous differentiation.
Key Words: Seborrheic keratosis, Sebaceous differentiation, Differential diagnosis

INTRODUCTION
Seborrheic keratosis is a benign epidermal lesion occurring
mainly on the trunk, head and neck region and in the
extremities, excluding palms and soles, usually after the
age of 50 years (1). They are sharply demarcated, brownish
slightly raised from the surface with a stuck-on appearance.
Seborrheic keratoses show a considerable variety of
histological appearances including the irritated type,
adenoid or reticulated type, clonal type, melanoacanthoma
type, inverted follicular keratosis and benign squamous
keratosis types. All types show hyperkeratosis, acanthosis
and papillomatosis. The presence of sebaceous differentiation
in seborrheic keratosis is very rare. We present a case of
multiple seborrheic keratosis with sebaceous differentiation
in a 65 year old male.
CASE REPORT
A 65-year-old male presented with multiple wart-like lesions
over the right and left sides of the neck and in the right
preauricular region for the past 3 years. An excisional biopsy
was performed and sent for histopathological examination.
Macroscopically, there were multiple skin-covered irregular
gray brown soft tissue fragments varying in size from 1 cm
in diameter to 2x2x1 cm, with cut section showing black
and yellow areas (Figure 1).
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Microscopically, the section showed hyperplastic stratified
squamous epithelium with acanthosis and proliferation
of basaloid cells, papillomatosis and pigment deposition
throughout. Multiple interspersed horn and pseudohorn
cysts are seen (Figure 2). Deeper areas of the lesion showed
small clusters and scattered sebaceous cells intermixed with
the basaloid cells (Figures 3, 4). There was no evidence of
atypia or increased mitotic figures thus ruling out malignancy.
A final diagnosis of pigmented seborrheic keratosis
with sebaceous differentiation was made. His complete
blood count, serum urea and electrolytes, liver function
tests and serum protein electrophoresis was found to be
within normal limits. Chest X-ray, abdominal computed
tomography, upper gastrointestinal endoscopy and
colonoscopy were also performed which did not reveal
any internal malignancy. No mass or recurrence was noted
during the routine follow up after 6 months.
DISCUSSION
Seborrheic keratosis is a benign epidermal lesion occurring
mainly on the trunk, commonly in the interscapular area,
sides of the neck, face and also on the extremities, excluding
palms and soles, usually after the age of 50 years (1). They
are sharply demarcated, brownish with a verrucous surface,
slightly raised from the surface. The lesions are coin-like,
sharply demarcated from the surrounding skin with a
stuck-on appearance (2). Rarely, they can have a targetoid
appearance (3).
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Figure 1: Gross appearance of the lesion

Figure 2: Microscopy showing acanthosis, proliferation of
basaloid cells with melanin pigments in the cytoplasm along with
a horn cyst (H&E; x100).

Figure 3: Seborrheic keratosis with deeper areas showing
sebaceous differentiation (H&E; x40).

Figure 4: Areas showing sebaceous differentiation amongst the
basaloid cells (H&E; x100).

The lesions are composed of basaloid cells with an admixture
of varying amount of squamoid cells. Keratin-filled
invaginations and small cysts (horn cysts) are a common
feature. Approximately one third of the lesions appear
hyperpigmented. Seborrheic keratoses show a considerable
variety of histological appearances and is usually classified
into several subtypes: acanthotic, hyperkeratotic, adenoid
or reticulated, clonal, irritated, desmoplastic, inverted
follicular keratosis and melanoacanthoma. All types show
hyperkeratosis, acanthosis and papillomatosis (4). Rare
changes include focal trichilemmal differentiation with
glycogen-rich cells, acantholysis with basal clear cells and
sebaceous differentiation. Very rarely, seborrheic keratosis

with pseudorosettes and adamantinoid types has also been
reported as two new histologic variants (5).
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The differential diagnosis of seborrheic keratosis ranges from
various benign lesions such as papilloma, senile keratosis,
keratoacanthoma and verrucous epidermal hyperplasia to
malignant lesions such as basal or squamous cell carcinoma
(6). Very rarely, progressive transformation to in-situ
squamous cell carcinoma (bowenoid transformation) has
been reported (7).
The presence of sebaceous differentiation in seborrheic
keratosis is very rare. The differential diagnosis of such cases
include sebaceoma variant with surface changes of verruca/
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seborrheic keratosis, and other tumors with sebaceous
differentiation such as trichoblastoma with sebaceous
differentiation, sebocrine adenoma (apocrine poroma with
sebaceous differentiation), superficial epithelioma with
sebaceous differentiation, low-grade sebaceous carcinoma
and basal cell carcinoma with sebaceous differentiation.
In the sebaceoma variant with surface changes of verruca/
seborrheic keratosis, there is proliferation of infundibular
keratinocytes (basaloid cells or squamous cells) associated
with hypergranulosis and tunnels of cornified cells
(thus mimicking verruca or seborrheic keratosis) with
a random admixture of sebaceous cells. In contrast
to seborrheic keratosis, sebaceoma is centered on the
upper and mid dermis, with an increased proportion of
sebaceous cells compared to the basal cells (8). Recently,
the term “sebomatricoma” has been proposed as the most
appropriate term for all benign neoplasms with sebaceous
differentiation including seborrheic keratosis with
sebaceous differentiation (9,10).
Rarely, sebaceoma may arise in continuity with seborrheic
keratosis wherein the lesion may be composed of two
different adjacent tumors - seborrheic keratosis with
hyperkeratosis and acanthosis with irregular proliferation
of apparently benign basaloid and squamous keratinocytes
and small horn pseudocysts and the other part composed
of sebaceoma characterised by various sized lobules with
immature sebocytes mixed with single or clustered mature
sebaceous cells (11).
In trichoblastoma with sebaceous differentiation, there is
proliferation of follicular germinative cells associated with a
highly fibrotic stroma and peripheral palisading in contrast
to seborrheic keratosis. Sebocytes and sebaceous duct like
structures are observed within the basaloid aggregations
(8).
In contrast to seborrheic keratosis, apocrine poroma
with sebaceous differentiation (sebocrine adenoma) is a
benign cutaneous adnexal neoplasm differentiating in the
direction of sebaceous and apocrine glands. The sebaceous
differentiation is characterized by solitary instances or
clusters of sebocytes and sebaceous ducts. The apocrine
differentiation is characterized by basaloid aggregations
composed of poroid cells and cuticular cells associated with
tubular structures (12).
Superficial epithelioma with sebaceous differentiation is a
rare histologically distinct benign neoplasm, occurring as
multiple or solitary lesions on the face, neck and trunk in
elderly persons. Histologically it shows superficial well-
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demarcated plate like proliferation of basaloid cells with
numerous broad attachments to the overlying epidermis
with gradual merging of the tumor cells with the overlying
epidermal cells at the dermoepidermal junction. Sebaceous
cells scattered as small clusters may be seen in the lower
portion of these lobules. Within the tumor mass, few keratin
filled cystic structures lined with squamous epithelium
of epidermal or sebaceous duct. There is no peripheral
palisading of the cells nor any retraction artefact (13).
Low-grade sebaceous carcinoma is composed of
cytologically neoplastic cells with large, crowded, vesicular
pleomorphic nuclei with prominent nucleoli, which is
absent in seborrheic keratosis. Rarely some cases of basal cell
carcinoma present with areas of sebaceous differentiation,
which can be differentiated from seborrheic keratosis by
the characterictic architectural pattern with peripheral
palisading and cytology of the neoplastic cells in basal cell
carcinoma (8).
In the present case, there was hyperplastic stratified
squamous epithelium with acanthosis and proliferation
of uniform basaloid cells with interspersed horn and
pseudohorn cysts with deeper areas showing sebaceous
differentiation. The proportion of the sebaceous cells
are lower compared to the basaloid cells, in contrast to
sebaceoma. There was absence of peripheral palisading,
fibrotic stroma, duct-like structures or platelike proliferation
of basaloid cells. Thus a diagnosis of seborrheic keratosis
with sebaceous differentiation is arrived at.
Although seborrheic keratosis with sebaceous differentiation
is not known to present with the rare Muir-Torre syndrome,
any benign sebaceous or transitional squamosebaceous
neoplasm should be considered a possible manifestation of
this syndrome (14).
Complete surgical excision is the curative method although
local destructive methods such as cryotherapy or curettage
can also be done.
Sudden onset of numerous seborrheic keratosis (termes as
Leser-Trelat sign) has been reported in most of the cases
in association with internal malignancy, most commonly
adenocarcinoma of the stomach (15). Other associated
tumors include leukemia, bronchogenic carcinoma, breast
carcinoma, colorectal carcinoma, renal cell carcinoma,
transitional cell carcinoma and anaplastic ependymoma.
In contrast, occasional cases have been reported with the
Leser-Trelat sign without internal malignancy even after
extensive investigations (16).
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Patients with multiple seborrheic keratosis are at risk for
internal malignancy. Hence these patients need to be under
routine screening and regular follow up.

7. Rajabi P, Adibi N, Nematollahi P, Heidarpour M, Eftekhari M,
Siadat AM. Bowenoid transformation in seborrheic keratosis: A
retrospective analysis of 429 patients. J Res Med Sci. 2012;17:21721.

In conclusion, seborrheic keratosis is a benign epidermal
lesion characterised by hyperkeratosis, acanthosis along
with keratin-filled horn cysts and pseudohorn cysts,
and various subtypes have been reported. Sebaceous
differentiation in seborrheic keratosis, as in the present
case, is very rare. This case is reported for its rare sebaceous
differentiation and multiplicity along with the importance
of differentiating it from a variety of benign to malignant
neoplasms showing sebaceous differentiation.

8. Misago N, Mihara I, Ansai S, Narisawa Y. Sebaceoma and related
neoplasms with sebaceous differentiation: A clinicopathologic
study of 30 cases. Am J Dermatopathol. 2002;24:294-304.
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