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Galectins are an evolutionarily ancient and widely expressed family of lectins that have unique
glycan-binding characteristics. They are pleiotropic regulators of key biological processes, such
as cell growth, proliferation, differentiation, apoptosis, signal transduction, and pre-mRNA splic-
ing, as well as homo- and heterotypic cell-cell and cell-extracellular matrix interactions. Galectins
are also pivotal in immune responses since they regulate host-pathogen interactions, innate and
adaptive immune responses, acute and chronic inflammation, and immune tolerance. Some ga-
lectins are also central to the regulation of angiogenesis, cell migration and invasion. Expression
and functional data provide convincing evidence that, due to these functions, galectins play key
roles in shared and unique pathways of hormal embryonic and placental development as well as
oncodevelopmental processes in tumorigenesis. Therefore, galectins may sometimes act as
double-edged swords since they have beneficial but also harmful effects for the organism. Re-
cent advances facilitate the use of galectins as biomarkers in obstetrical syndromes and in vari-
ous malignancies, and their therapeutic applications are also under investigation. This review
provides a general overview of galectins and a focused review of this lectin subfamily in the con-
text of inflammation, infection and tumors of the female reproductive tract as well as in normal
pregnancies and those complicated by the great obstetrical syndromes.

Key Words: Alarmin; Epigenomics; Maternal-fetal interface; Neoplasms; Sex steroids
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INTRODUCTION TO THE GALECTIN FAMILY

More than half of all human proteins are glycosylated," and
glycans are attached to various additional glycoconjugates (e.g.
glycolipids) besides glycoproteins. Because of the abundance of
glycans intra- and extracellularly and also their high complexity,
glycans can store orders of magnitude larger biological informa-
tion than other biomolecules (e.g. nucleic acids and proteins).z’3
Lectins are sugar-binding proteins, which are not an antibody or
an enzyme, and can specifically bind glycans without catalyzing
their modification.** The interactions of lectins with glycans are
pivotal in the regulation of a wide variety of interactions of cells
with other cells, the extracellular matrix or pathogens.**

Galectins belong to a subfamily of lectins based on their unique
structural and sugar-binding characteristics, since their carbohy-
drate-recognition domains (CRDs) contain consensus amino acid
sequences and they specifically bind beta-galactoside—containing
glycoconjugates.”® Galectins are the most widely expressed ani-
mal lectins; they have been found in species ranging from spong-
es to humans.™ They regulate a wide variety of key biological
processes, such as cell growth, proliferation and differentiation,
apoptosis, signal transduction, pre-mRNA splicing, as well as
cell-cell and cell-extracellular matrix interactions.””” Galectins
are also pivotal in immune responses since they regulate host-
pathogen interactions, acute and chronic inflammation, and im-
mune tolerance (Fig. 1).*'*"> Moreover, some galectins are cen-
tral to the regulation of angiogenesis in the placenta and in
tumors."*" Interestingly, galectins can have opposing functions,
and the same galectin can also have varying or contrasting effects
based on the biological context and the microenvironment since
their functions depend on the differentiation or activation status
of the cell, the dynamic changes of their glycan partners on the
cell surfaces, the redox and oligomerization status of the galec-
tin, or its intra- or extracellular localization.*""*"” Thus, galec-
tins” double-edged action may sometimes be beneficial or harm-
ful to the organism.

The fundamental functions of galectins indicate that they are
strongly associated with reproductive functions as well as the es-
tablishment and maintenance of pregnancy.'*'*** Indeed, some
galectins are highly expressed at the maternal-fetal interface,' """
and these are evolutionarily linked to placental evolution in eu-
therian mammals.”””?*** Moreover, the dysregulated expres-
sion of these galectins in pregnancy complications has been in-
creasingly documented.'*#**7%*415! Galectins have also been
implicated in inflammatory, infectious and malignant diseases of
the reproductive tracts. Of importance, the same galectins may

http://jpatholtm.org/

be functional in pathways commonly shared by physiological
and pathological, placental, and tumor developmental processes
(e.g. cell invasion, angiogenesis, and immune tolerance). This re-
view aims to give a general overview of galectins and also a fo-
cused review of them in the context of inflammation, infection
and tumors in the female reproductive tract as well as in normal
and complicated pregnancies.

Structural features of mammalian galectins

Galectins were originally termed “S-type lectins,” where “S”
refers to their free cysteine residues.*® Galectins or galectin-like
proteins were also discovered in fungi, viruses, and even plants.*’
Because of the diversity between mammalian and non-mamma-
lian galectins, their nomenclature has diverged as mammalian
galectins have been named using sequential numbering, while
non-mammalian galectins have retained specific names (Table 1.
Nineteen galectins have been identified in mammals to date, 13
of which were found in humans.””’ These galectins can be divid-
ed into three structural groups:® (1) “proto-type” galectins (-1,
-2,-5,-7,-10,-13, -14, -15, -16, -17, -19, -20) contain a single
CRD of ~130 amino acids, which homodimerize;”*** (2) “tan-
dem-repeat-type” galectins (-4, -6, -8, -9, -12) contain two ho-
mologous CRDs connected by a short linker sequence. These
may differ in their sugar-binding affinities and enable multiva-

lent binding activity;””*

and (3) “chimera-type” galectin-3,
which contains a C-terminal CRD and an N-terminal non-lectin
domain important for multimerization and cross-linking as well
as functional regulation.”””?

Although the amino acid sequences of galectins have diverged
during evolution, the topologies of their CRDs are very similar,
often described as “jelly-roll;” these are -sandwiches consisting
of five- and six-stranded anti-parallel B-sheets (Fig. 1).°57
Highly conserved in galectin CRDs are eight residues, which are
involved in glycan-binding by hydrogen-bonds as well as elec-
trostatic and van der Waals interactions.””> All galectins specifi-
cally bind beta-galactosides™ except galectin-10, which has more
affinity to beta-mannosides.”” Of interest, some galectins have
high affinity for poly-N-acetyllactosamine or ABO blood-group
containing glycans, and the latter is responsible for their hemag-
glutinin activity, ¢
Functional characteristics of mammalian galectins

Galectins have multiple functions both inside and outside the
cell (Table 1).***% Intracellularly, certain galectins can modulate

8,59,60 vi

cell growth, differentiation, apoptosis, and migration ia

protein-protein interactions.**** Some galectins (-1 and -3)

http://dx.doi.org/10.4132/jptm.2015.02.25



shuttle into the nucleus where they function in pre-mRNA splic-
ing.*”? In spite of the fact that they do not have a secretory signal
sequence, galectins can be secreted from cells via a non-classical
pathway, avoiding the endoplasmic reticulum and Golgi appara-
tus, which is characteristic of only a small set of proteins (e.g.
high-mobility group box 1 protein, interleukin-1[).*" Extracel-
lularly, galectins predominantly localize to lipid rafts on cell sur-

852,62

faces where they exert their functions through binding to

cell-surface or extracellular matrix molecules, which carry their

A . .
2I8ILES26 They can form multivalent galectin-

glycan ligands.
glycan arrays, so-called lattices, by cross-linking their ligands on
cell surfaces, and these lattices can organize lipid raft domains and
modulate cell signaling for cell growth, metabolic functions, cy-
tokine secretion, and survival, as well as many other intracellular

8,11,13,17,

and extracellular interactions. 726 Some galectins can also

affect cell adhesion and apoptosis, and activate or inhibit im-

mune responses.>!

3 An interesting trait of galectins is that
their secretion is heightened upon response to stress conditions
(e.g. inflammation and infection) and cellular damage (e.g. necro-
sis); therefore, galectins have been implicated as “alarmins” which
signal tissue damage and elicit effector responses from immune
cells, thereby promoting the activation and/or resolution of im-

mune responses.'>*>*+

Expression profile of human galectins

Accumulating evidence in various species shows that galectins
have distinct but overlapping tissue expression patterns in mam-
mals including humans (Table 1).**"¢"% Among prototype ga-
lectins, galectin-1 and galectin-3 have a wide expression pattern
in humans, galectin-1 being the most abundant in the endome-
trium/decidua.®>***” Among tandem-repeat-type galectins, ga-
lectin-8 and galectin-9 have a broad and complex expression
pattern. Alternatively spliced isoforms of galectin-8 are differen-

. R :
tially expressed in various tissues®*"’

similar to galectin-9,
which is encoded by three genes.” These galectins are highly ex-
pressed in the female reproductive tract and at the maternal-fetal
interface,®!*1%5:227323433357399 Some galectins (-2, -4, -3, -6, -7,
-12) have more restricted tissue distribution.**” Of note, the ex-
pression of galectins in the chromosome 19 cluster is very re-
stricted. Among these, galectin-10 is expressed in T regulatory
(Treg) cells, as well as eosinophil and basophil lineages, and forms
the so-called Charcot-Leyden crystals at sites of eosinophil-asso-
ciated inflammation.”*”” The expression of galectin-13, -14 and
-16 is predominant in the placenta, while galectin-17 expression
is low in any tissues.””***""" Interestingly, these galectins (-10,
-13, -14, -16, -17), which are expressed from the chromosome

http://dx.doi.org/10.4132/jptm.2015.02.25
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19 cluster, emerged via birth-and-death evolution in anthropoid
primates and may regulate unique aspects of pregnancies, in-
cluding maternal-fetal immune regulation and tolerance in these

species.'®?""

GALECTINS IN INFECTION AND
INFLAMMATION OF THE FEMALE
REPRODUCTIVE TRACT

Due to the multiple functions of galectins, they have been
implicated in pathways and processes fundamental for reproduc-
tive functions in both the pregnant and non-pregnant state. Data
on the expression profile and functions of galectins regarding fe-
male reproductive tissues has recently emerged. Accordingly, a
growing body of evidence suggests that galectins play important
roles in immune responses in inflammatory and infectious diseas-
es and in the development of various tumors of the female repro-
ductive tract.

Galectins in infection of the female reproductive tract
Recent evidence suggests that the outcome of infection is also
significantly influenced by galectins (Fig. 1) as these glycan-
binding proteins acts as regulators of host-pathogen interac-
tions."” Similar to alarmins, upon tissue damage and/or prolonged
infection, cytosolic galectins can be passively released from dying
cells or actively secreted by inflammation-activated cells through
the non-classical ‘leaderless’ secretory pathway."” Once exported,
galectins act as soluble or membrane-bound ‘damage associated

molecular patterns’*®

or ‘pathogen associated molecular pat-
terns.” The latter, due to their CRDs, can specifically recognize
pathogen cell surface antigens like pattern recognition recep-

126673 Tndeed, various galectins have been shown to bind a

tors.
wide range of pathogens, which display their ligands on the sur-
faces, such as Gram-positive bacteria (e.g. Streprococcus prenmoni-
ae), Gram-negative bacteria (e.g. Klebsiella pneumoniae, Neisseria
meningitidis, Neisseria gonorvhoeae, Haemophilus influenzae, Pseudomo-
nas aeruginosa, Porphyromonas gingivalis, and Escherichia coli), envel-
oped viruses (Nipah and Hendra paramyxoviruses, human im-
munodeficiency virus {HIV}-1, and influenza virus A), fungi
(Candida albicans) and parasites (Toxoplasma gondii, Leishmania
major, Schistosoma mansoni, Trypanosoma cruzi, and Trichomonas vag-
im[ij).]z’%sz

It is interesting that the co-evolution of microbes and host gly-
cocalyx components is a continuously ongoing process, and the
evolutionary arms race, the “Red Queen effect,” has strongly im-
pacted pathogenic and invasive properties of those microbes in

http://jpatholtm.org/
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T cells B cells Eosinophils Neutrophils

Galectin-1 Galectin-1 Galectin-1 Galectin-1

1 IL-4, IL-5, IL-10 production 1 Expression upon activation | Migration 1 NADPH oxidase activity

1 Treg formation 1 Antibody production Galectin-3 | Chemotaxis

1 Expression and release in HTLV-1 infected cells 1 Plasma cell differentiation 1 IL-5 production | Extravasation
Activation of FoxP3+ cells Plasma cell survival ;

TA st fhyrcyis, ctiated Th1/Th17 cel T B coll deveoprrer Galectin-9 caedin®

! poptoslls (t .ymocytes, activate cells) 1 B cell development  Chemotaxis 1 Adhesion to laminin

| Cell proliferation Galectin-3 1 Adhesion to fibronectin

| Pro-inflammatory cytokine production
| Cell adhesion to ECM

Galectin-2

+ Apoptosis

1 IL-5, IL-10 production

| Pro-inflammatory cytokine production
Galectin-3

1 Cell proliferation

1 Apoptosis (extracellularly)

1 Expression in HIV-1 infected cells
| Apoptosis (intracellularly)
| IFNy production

| Adhesion of thymocytes to ECM
Galectin-4

1 IL-6 production
Galectin-8

1 Activation

Galectin-9

1 Apoptosis (thymocytes)
| IFNy production

Galectins-13, -14, -16, -17

Galectin-8
1 Antibody productio

NK and NKT cells

1 Apoptosis (activated T cells)  55/ectin-1
1 NK cell mediated immunosuppression
Basophils Galectin-3
Galectin-1 | Activation
| Degranulation Galectin-9
Galectin-3 1 Apoptosis
1 Activation 1 Activation

1 Plasma cell differentiation
| IL-4 induced survival

1 Plasma cell differentiation

Dendritic cells

1 Superoxide generation
1 Degranulation

Galectin-10
1 Secretion upon activation

1 IL-8 production

1 Chemotaxis

1 Extravasation in response to infection
1 NADPH oxidase activity

Galectin-8
1 NADPH oxidase activity

n

Macrophages
Galectin-1

1 Viral (HIV-1) adsorption

1 Arginase activity

| iNOS activity and NO production
| Arachidonic acid release

Galectin-3

+ Chemotaxis

1 LPS induced IL-1p secretion
t Phagocytosis

1 Respiratory burst

Galectin-1l 1 Activation and Ca?* influx

T Maturation 1 Phagosome formation

Galectin-3 | LPS induced IL-6, TNFa and INFy secretion
1 Expression by T. cruzi infection | Apoptosis

Galectin-9 Galectin-13

1 Maturation 1 IL-1o and IL-6 production

Fig. 1. Galectins in inflammation and infection. The effects and expression changes of galectins in immune cells are depicted around the
three-dimensional model of galectin-1 (Protein Data Bank accession number: 1GZW).%5% Galectins’ effects are biological-context and micro-
environment dependent and relate to the differentiation or activation status of the cell, the dynamic changes of the glycan partners of galec-
tins on cell surfaces, the redox and oligomerization status of the galectin, or its intracellular or extracellular localization. ECM, extracellular
matrix; HIV-1, human immunodeficiency virus 1; iINOS, inducible nitric oxide synthase; IFN, interferon; IL, interleukin; LPS, lipopolysaccha-
ride; NK; natural killer; TNF, tumor necrosis factor. Parts of the figure are adapted from Than et al. Trends Endocrinol Metab 2012; 23: 23-31,

with permission of Elsevier.'®

relation to glycocalyx components that now infect our species.”*

For example, it has been observed that galectin-3 provides ad-
vantage for Helicobacter pylori in binding to gastric epithelial cells,
and thus, enhances the rate of infection.” Similarly, galectin-1
increases the spread of human T-cell leukemia virus type I by
stabilizing both virus-cell and uninfected-infected T cell interac-
tions.” Interestingly, due to their ligand-binding specificity, ga-
lectin-1, but not galectin-3, can influence the sexual transmis-
sion of HIV-1 through the increase of viral adsorption kinetics on
monocyte-derived macrophages.””*" Based on this data, the prog-

http://jpatholtm.org/

ress of microbial infections seems to depend on the expression
and localization of various galectins in the route of infection.
The most studied galectin in infections of the female repro-
ductive tract is galectin-3. It is expressed on the apical side of the
non-ciliated epithelial cells in the Fallopian tube and can bind
the lipooligosaccharides on Neisseria gonorrhoeae. Since galectin-3
participates in several endocytotic processes, such as its own re-
uptake, it can facilitate the invasion of human epithelial cells by
gonococci.” Interestingly, in response to gonococcal infection,
tumor nectosis factor o production increases in the Fallopian

http://dx.doi.org/10.4132/jptm.2015.02.25



Table 1. Mammalian galectins
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Participation in biological processes

Galectin Species Human tissue and cell localization .
relevant to tumors and pregnancy in mammals
Galectin-1 From fishes Adipose tissue, bone marrow, central nervous system, Angiogenesis, apoptosis, cell adhesion,
endocrine glands, endothelia, female and male reproductive  proliferation, migration and invasion, inflammation
systems, immune cells, lymphatic organs, placenta, and infection, immune tolerance, immune
respiratory system, skin, smooth muscle surveillance
Galectin-2 From fishes Blood, bone marrow, digestive tract, immune cells, Apoptosis, inflammation and infection,
lymphatic organs, placenta, urinary tract tumor cell adhesion
Galectin-3 From fishes Adipose tissue, bone marrow, central nervous system, Apoptosis, cell proliferation, migration and
digestive tract, endocrine glands, female and male invasion, inflammation and infection,
reproductive systems, heart muscle, immune cells, immune tolerance, immune surveillance,
lymphatic organs, placenta, respiratory system, skin, tumor and immune cell adhesion
smooth muscle, urinary tract
Galectin-4 From amphibians Digestive tract, male reproductive system, skin Inflammation, tumor cell adhesion
Galectin-5 Only in rodents - -
Galectin-6 Only in rodents - -
Galectin-7 From mammals Digestive tract, female reproductive system, Apoptosis, cell proliferation
hearth, lymphatic organs
Galectin-8 From amphibians Bone marrow, digestive tract, endocrine glands, Infection, tumor and immune cell adhesion
female and male reproductive systems, immune cells,
lymphatic organs, placenta, urinary tract
Galectin-9 From fishes Adipose tissue, bone marrow, digestive tract, Apoptosis, cell proliferation, migration,
endocrine glands, female reproductive system, inflammation and infection
immune cells, lymphatic organs, placenta,
respiratory system, skin, smooth muscle
Galectin-10 From primates Bone marrow, immune cells, lymphatic organs Inflammation, immune regulation
Galectin-12 From amphibians Adipose tissue, bone marrow, female reproductive system, Apoptosis, cell proliferation
immune cells
Galectin-13 From primates Placenta Apoptosis, immune regulation, immune tolerance
Galectin-14 From primates Placenta Apoptosis, immune regulation, immune tolerance
Galectin-15 Ruminants - -
Galectin-16 From primates Placenta Apoptosis, immune regulation, immune tolerance
Galectin-17 From primates Placenta Apoptosis, immune regulation, immune tolerance
Galectin-19 New World Monkeys - -
Galectin-20 New World Monkeys - -

tube and induces apoptosis of cells not protected by galectin-3.
Since the presence of gonococci is limited mainly to galectin-3—
positive non-ciliated cells, galectin-3 promotes the survival of
this pathogen.” The induction of this anti-apoptotic effect of
galectin-3 can be observed when it is phosphorylated in response
to infection, which increases the ability of galectin-3 to induce
arrest in the G1 growth phase” and to perpetuate the survival
and proliferation of infected cells.”

Besides galectin-3, galectin-1 and -7 can also bind Trichomonas
vaginalis. Surprisingly, the interaction of galectin-7 with this
pathogen is not carbohydrate-mediated, in contrast to galec-
tin-1, which is expressed by human cervical and vaginal epithe-
lial cells, the placenta, as well as endometrial and decidual tis-
sues.*”® Galectin-1 and -3 are capable of binding purified
lipophosphoglycan, which covers the whole surface of Trichomon-
as vaginalis.*® Galectin-1 is thought to be a general attachment
factor for this parasite and promotes the colonization of the fe-
male and male reproductive tracts, which could lead to vaginitis,
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bacterial vaginosis, increased risk of cervical cancer, human pap-
illomavirus and HIV infection in females, endometritis, infertil-
ity, preterm birth, and low birth weight.*" In addition, female
infants could get infected during birth and then would remain
symptomless until puberty.*’

In contrast to the harmful roles of galectins during Trichomonas
vaginalis infection, upon invasion of this parasite, vaginal epithe-
lial cells release galectin-1 and -3, and these galectins modulate
vaginal epithelial cell inflammatory responses by triggering resi-
dent immune cells, and thus, contribute to the elimination of
this pathogen.”" In addition, secreted galectin-3 initiates the
trafficking of phagocytic cells to the site of infection by support-
ing neutrophil adhesion to the endothelial cell layer, and this

also increases its phagocytic activity.*®

Galectins in inflammation of the female reproductive tract
Among various inflammatory diseases of the female reproduc-
tive tract, endometriosis has been the most studied in regard to
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galectins. Endometriosis is an inflammatory disease of reproduc-
tive-aged women, and it is strongly related to consequent infer-
tility.*” The pathophysiology of endometriosis involves chronic
dysregulation of inflammatory and vascular signaling,” process-
es in which galectins are operational. Not surprisingly, galec-
tin-1 and -3 are overexpressed in various forms of endometriotic
tissues.”* Moreover, higher galectin-3 concentrations are also
detected in peritoneal fluid samples from women with endome-
triosis than from controls.” Functionally, it has been shown that
corticotropin releasing hormone (CRH) and urocortin, two neu-
ropeptides that are also overexpessed in endometriosis, are in-
volved in the up-regulation of galectin-1, acting through CRH
receptor 1, in a human endometrial adenocarcinoma cell line and
in mouse macrophages.” This up-regulation of galectin-1 may
contribute to T cell apoptosis favoring the establishment, persis-
tence and immune escape of endometriotic foci.”” Moreover, ga-
lectin-1 may promote the vasculogenesis of endometriotic tis-
sues since it orchestrates vascular networks in endometriotic
lesions as demonstrated in mice with or without galectin-1 defi-

Galectins’ role in tumorigenesis
Angiogenesis

Galectin-3

1 Angiogenesis

Tumor invasion

Galectin-1

1 Tumor transformation

1 Gancer cell proliferation (intracellularly)

| Gancer cell proliferation (extracellularly)
11 Interactions during tumor invasion

Galectin-3

1 Cell-cell and cell-ECM interactions

| Tumorigenicity in the nucleus

Galectin-7

1 Metastasis via regulating metastatic genes

1 Resistance to drug induced apoptosis

1 Cell migration

Galectin-8

1 Cell adhesion through certain integrins

Galectin-9

1 Tumor metastasis depending on isoform

Immune tolerance and tumor immune escape

Galectin-1 Galectin-3
1 Apoptosis of activated T cells | Anti-apoptic effect
1 Treg and DC activation Galectin-7

1 Apoptosis of lymphocytes and monocytes

ciency,” and a neutralizing antibody against galectin-1 reduces
the size and vascularized area of endometriotic lesions within the
peritoneal compartment.”

Recent data have suggested that galectin-3 may play a role in
the development of pain due to endometriosis since it is involved
in myelin phagocytosis, Wallerian degeneration of neurons, and
triggers neuronal apoptosis induction after nerve injury.” In fact,
galectin-3, overexpressed in endometriotic foci, could induce
nerve degeneration, since there is a close morphological relation-
ship between nerves and endometriotic foci by means of perineu-
rial and endoneurial invasion, especially in the most painful form
of the disease.” Interestingly, neurotrophin, a nerve growth fac-
tor strongly expressed in endometriosis, up-regulates galcetin-3
expression.”’ These data underline the importance of galectin-1
and -3 in the pathogenesis of endometriosis.

Galectins’ expression in tumors
Breast
+ Galectin-1
| Galectin-3
1 Galectin-7
1 Galectin-8
| Galectin-9

Ovary
1 Galectin-1
| Galectin-3
1 Galectin-7

Uterus
1 Galectin-1
11 Galectin-3
11 Galectin-7

Cervix
+ Galectin-1
11 Galectin-3
| Galectin-7
| Galectin-9

Galectin-9

1 Treg differentiation

1 Apoptosis of Th1 and Tc cells
| Th17 differentiation

Fig. 2. Galectins in neoplasia of the female reproductive tract. The functional effects of various galectins in tumorigenesis and their expres-
sion changes in certain types of female tract neoplasia are depicted. The effects of galectins are biological-context and microenvironment
dependent. Galectins’ expression changes can be different according to the stage and type of various neoplasia as well as the type of the

expressing cell. DC, dendritic cell.
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GALECTINS IN TUMORS OF THE FEMALE
REPRODUCTIVE TRACT

The multifunctional role of galectins in cell growth, differen-
tiation, apoptosis, adhesion, invasion, and angiogenesis explains
why they are associated with different tumors. Indeed, many can-
cers have differential galectin expression compared to healthy con-
trols, including tumors of the female reproductive tract (Fig. 2).”
Of interest, certain galectins have been functionally implicated in
dysregulated pathways in tumor developmental processes, which
are physiologically tightly regulated during placental develop-
ment (e.g. invasion, angiogenesis, and immune tolerance)."*''*
In addition, galectins may also be dysregulated in tumor-associ-
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ated stromal cells or endothelial cells,””” and their glycan ligand

expression and/or glycosylation pattern can also be affected.""'""
Most of these studies focused on galectin-1 and -3, but an in-
creasing number of recent studies also investigated galectin-7,
-8, and -9.

Galectin-1 is differentially expressed in several tumors in the
female reproductive tract. An increased expression of galectin-1
protein is found in endometrial,'"*'* breast,'** ovarian,'” and
cervical'® cancers. The intensity of galectin-1 expression also in-
creases according to the pathologic grade of cervical'® or
breast'** cancer and correlates with the depth of invasion of the
cervical cancer and in lymph node metastases.'”” In breast cancers,
not only tumor cells but also cancer-associated stromal cells have
elevated galectin-1 expression.” In squamous cell carcinoma
(SCC) of the uterine cervix, the intracellular expression of galec-
tin-1 in tcumor cells is higher than in the tumor-associated stro-
ma, and galectin-1 is an independent prognostic factor associated
with local recurrence and cancer-specific survival in stage I-II
cervical cancer patients undergoing definitive radiation thera-
py.'™ It has been suggested that galectin-1 mediates radio-resis-
tance through the H-Ras signaling pathway that is involved in

DNA damage repair in cervical carcinoma cells,'”

underlining
the importance of galectin-1 in tumorigenesis and therapy.
Galectin-3 is down-regulated in cervical carcinomas, and its
expression is correlated to histopathologic grades.' It is also
down-regulated in advanced uterine adenocarcinoma cells com-
pared to normal adjacent endometrial cells.'”>'”® Moreover, ga-
lectin-3 expression is predominantly detected in the cytoplasm
and/or nucleus of uterine or breast cancer cells.'”>''""'* Of note,
those uterine endometrioid adenocarcinomas, where galectin-3
is detected only in the cytoplasm, are characterized by deeper in-
vasion of the myometrium.'” In addition, the neoplastic epithe-
lium within ‘MELF’ (microcystic, elongated, and fragmented
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glands) areas shows a consistent reduction in galectin-3 protein
expression, often contrasting with the adjacent galectin-3—posi-
tive conventional glands and reactive stromal cells. Conversely,
intravascular tumor foci often show cytoplasmic and nuclear ga-
lectin-3 immunoreactivity.'> On the contrary, in some ovarian
and endometrial carcinomas, including clear cell, serous, endo-
metrioid, and mucinous ovarian carcinomas, higher galectin-3

113-116

expression is seen either by immunohistochemistry or by
reverse transcription polymerase chain reaction.'” Which bio-
logical functions of galectin-3 are utilized by tumor cells de-
pends on the localization of this galectin: nuclear galectin-3 may
function in mRNA splicing, cell growth and cell cycle regula-
tion; cytoplasmic galectin-3 may induce apoptosis resistance;
and secreted galectin-3 modulates cellular adhesion and signal-
ing, immune response, angiogenesis and tumorigenesis by bind-
ing to cell surface glycoconjugates such as laminin, fibronectin,
collagen I and mucin-1."""""""*" For example galectin-3 may
mediate chemoresistance via regulating the cell cycle as respond-
ers to chemotherapy have a higher proliferation activity than
non-responders. This finding was strengthened by experimental
results after knocking down galectin-3, which increases the frac-
tion of cells in the S-phase of the cell cycle and decreases the ex-
pression of p27 cyclin dependent kinase inhibitor in clear cell
carcinoma cell lines.""* Moreover, the ability of galectin-3 to pro-
tect cells against apoptosis induced by various agents, working
through different mechanisms, suggests that galectin-3 acts in a
common central pathway of the apoptotic cascade, involving
protection of mitochondrial integrity and caspase inhibi-
tion.*”'**'* Of importance, a galectin-3 polymorphism, the
substitution of a proline with histidine (P64H), results in suscep-
tibility to matrix metalloproteinase cleavage and acquisition of
resistance to drug-induced (e.g. doxorubicin, staurosporine, and

551 and homozygosity for this H allele is

genistein) apoptoss,
associated with increased breast cancer risk."*” On the other
hand, the Pro64 variant and phosphorylation of galectin-3 at
Ser6 seems to be important in tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL)~induced apoptosis of hu-
man breast carcinoma cells."”""** Interestingly, nicotine induces
the expression of galectin-3 in breast cancer cells and in primary
tumors from breast cancer patients through its receptor and
STAT? expression, increasing the anti-apoptotic effect of galec-
tin-3, and suggesting detrimental effects of smoking.'”
Galectin-7 up-regulation in cervical cancer is associated with
better overall survival after definitive radiation treacment,’* and
similar observations were made in other cancers (e.g. urothelial

and colon), as well.””"** On the other hand, galectin-7 induces
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chemoresistance in breast cancer cells via impairing p53' or via
mutant p53-induced galectin-7 expression.'*’

Galectin-8 is expressed by various ovarian and breast cancer
cell lines;'*" however, only one study reported that breast cancer
tissues constitute the only group of tissue to exhibit a higher im-
munohistochemical galectin-8 expression in the malignant, as
opposed to the benign, tumors.'*

Galectin-9 can be detected in normal epithelium and endo-
cervical glands, and it has decreased expression in cervical in-
traepithelial neoplasia and SCC. High-grade intraepithelial le-
sions express less galectin-9 than low-grade lesions. Unexpectedly,
galectin-9 expression is higher in well-differentiated SCC com-
pared to moderate or poorly differentiated SCCs. These results
imply the involvement of galectin-9 in the differentiation of cer-
vical cancer cells."®'* Recently, galectin-9 has been implicated
as a prognostic factor in breast cancer."® The various roles of ga-
lectin-9 in tumorigenesis, including the participation in apopto-
sis, cell cycle control, adhesion, aggregation, migration, invasion,
metastasis, angiogenesis, and immune escape, have recently been

summarized in a review. %

Galectins in tumor invasion

The invasive and metastatic phenotype of cancer cells is pre-
sumably associated with a specific pattern of expression of cell
adhesion molecules that allows for crossing through the base-
ment membranes and creating distant metastases. Emerging data
demonstrate the role of galectins in metastasis events, although
the data is conflicting, possibly due to the various effects that ga-
lectins may have according to the microenvironmental and phys-
icochemical changes.

Galectin-1, a laminin-binding molecule, may contribute to the
invasiveness of cancer cells, since higher galectin-1 binding to
cancerous epithelial cells was observed in stage III/IV endome-
trial carcinomas than in lower stage tumors.'**'"" Indeed, the
down-regulation of galectin-1 by siRNA results in the inhibi-
tion of cell growth, proliferation and invading ability of various
cervical cancer cell lines."”

Galectin-3, when localized to the cell surface, is involved in
Thomsen-Friedenreich antigen (GalB1-3GalNAca1 disaccharide)-
dependent homotypic cell adhesion and heterotypic cancer cell-
endothelial cell contact."®'* Therefore, the decreased expression
of this lectin could reflect the ability of cancer cells to detach
from each other before invasion. Nuclear and cytoplasmic pres-
ence of galectin-3 implies that its localization and phosphoryla-
tion status is correlated with the proliferation status of the
cells.”™” All aspects of this topic have been reviewed elsewhere."’

http://jpatholtm.org/

Galectin-7 is also involved in the regulation of tumor growth
and invasion. A recent 7z vitro study in human cervical SCC cell
lines revealed that knocking down galectin-7 enhances tumor
cell invasion and tumor cell viability against paclitaxel-induced
apoptosis likely through increasing the matrix metallopeptidase
(MMP)-9 expression and activating the phosphoinositide 3-ki-
nase/Akt signaling pathway."”” However, more studies demon-
strated that the expression of MMP-9 is increased by galectin-7
in cervical or ovarian cancer cell lines through the p38 mitogen
activated protein kinase signaling pathway or mutant p53, re-
spectively, resulting in increased cell invasion.””*"* In accord
with this earlier study, high expression levels of galectin-7 are
found exclusively in high-grade breast carcinomas; in a preclini-
cal mouse model of breast cancer, high expression of galectin-7
significantly increases the ability of cancer cells to metastasize to
lung and bone."”’

Galectins in tumor angiogenesis

Galectin-3 is involved in tumor angiogenesis and invasion, as
vascular endothelial growth factor C (VEGF-C)-mediated nucle-
ar factor kB signaling pathway promotes invasion of cervical
cancer cells via VEGF-C—enhanced interaction between VEGF
receptor-3 and galectin-3."® Moreover, the cleavage of galectin-3
and its subsequent release into the tumor microenvironment
leads to breast cancer angiogenesis and progression as supported
by the findings with BT-549-H(64) cells, in which galectin-3 in-
creases chemotaxis, invasion and cancer cell-endothelial cell in-
teractions resulting in angiogenesis and 3D morphogenesis. It is
suggested that this iz vitro angiogenic activity of galectin-3 is re-
lated to its ability to induce the migration of endothelial cells.”’
An in vivo study in immunocompromised mice transplanted
with human breast cancer cells that overexpress galectin-3 showed
increased density of capillaries surrounding the tumors, support-
ing that galectin-3 secreted by tumor cells induces angiogene-
sis."”

In addition, endothelial cells also express several galectins (-1,
-3, -8, and -9) that may regulate tumor angiogenesis. For exam-
ple, galectin-9 splice variants are expressed by endothelial cells,
and their expression is regulated during endothelial cell activa-
tion. It is suggested that galectin-9 is possibly involved in at-
tracting various immune cells (e.g. dendritic cells, DCs), which
release angiogenic growth factors like VEGE, and its altered ex-
pression in the endothelium may interfere with a proper anti-tu-

16 Additional data that has started to

mor immune response.
emerge on the role of galectins in tumor angiogenesis is reviewed

elsewhere.”
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Galectins in tumor immune tolerance

Studies published to date mainly address the involvement of
galectin-1 in tumor immune escape. Galectin-1 is involved in
CD4+CD25+Foxp3+ Treg cell'® and tolerogenic DC activa-
tion, which may contribute to immune escape of tumor cells.”
Th cells are important in anti-tumor immune responses'® in
all cancer types, and galectin-1 induces the selective apoptosis of
Th1, Th17, and Tc lymphocytes in mice'® and humans.” Of
note, anti-galectin-1 antibody treatment in combination with
cell therapy in a cervical cancer mouse model is more effective
than the treatment with tumor infiltrating lymphocytes alone.'*
This shows that inhibition of galectin-1 results in decreased im-
mune escape of tumor cells. In addition, galectin-1 silencing in
a breast cancer mouse model results in a marked reduction in
tumor growth and lung metastases.' These results suggest that
galectin-1 blockade may be a good therapeutic approach, and
further aspects on the roles of galectin-1 in tumor formation and
progression are reviewed elsewhere.'®

Extracellular galectin-3 and galectin-7 induces apoptosis of T
cells and peripheral blood mononuclear cells after binding to cell
surface glycoconjugate receptors through carbohydrate-depen-
dent interactions.”*'** In the case of galectin-3, CD7 and CD29
are identified as its apoptosis-inducing receptors. Furthermore,
galectin-3—negative cell lines are significantly more sensitive to
exogenous galectin-3 than those expressing this lectin. This sug-
gests crosstalk between the anti-apoptotic activity of intracellular
galectin-3 and the pro-apoptotic activity of extracellular galec-
tin-3, providing a new insight for the immune escape mecha-
nisms of cancer cells.

Galectin-9 has immunosuppressive activity similar to galec-
tin-1;" however, its role in tumor immune escape remains large-
ly unexplored. Galectin-9 suppresses Th17 cell differentiation
and induces the apoptosis of Th1 and Tc cells, while it enhances
CD4 + CD25 + Treg cell differentiation, suggesting immunosup-
pressive functions of this lectin. On the other hand, galectin-9
was shown to induce the expansion of DCs and the subsequent
potentiation of natural killer (NK) and Tc cell-mediated anti-
tumor immunity in melanoma and sarcoma models, respectively,
showing that galectin-9 may have various effects on immune es-
cape.'

Galectins implicated as blood biomarkers of tumors

A few studies have focused on determining the concentrations
of certain galectins (-1, -2, -3, -4, -8, -9)°*'®% o galectin li-
gands'®’ in the sera of healthy people and cancer patients. The se-

rum concentrations of galectin-2, -3, -4, and -8 were up to 31-
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fold higher in patients with breast cancer than in controls, in

particular those with metastasis.'®

It is important, since the pres-
ence of galectin-3 promotes cancer cell-endothelium adhesion 7z
vitro via the interaction with the T antigen on cancer-associated
mucin 1. In addition, galectin-2, -4, and -8 induce endothelial
secretion of pro-inflammatory cytokines and chemokines i vitr,
leading to the expression of endothelial cell surface adhesion
molecules, and consequently increase cancer-endothelial adhe-
sion and endothelial tube formation."”

Serum from breast cancer patients also contains an almost
two-fold higher concentration of galectin-1 ligand glycopro-
teins.'” The most abundant ones are @-2-macroglobulin, IgM
and haptoglobin. In accordance, galectin-1-bound and non-
bound haptoglobin uptake was also analyzed, and a dramatic dif-
ference was found in intracellular targeting, with the galectin-1
non-binding fraction targeted into lysosomes, while the galec-
tin-1 binding fraction targeted into larger, galectin-1—positive
granules. This suggests a major regulatory step in the scavenging
of hemoglobin by haptoglobin, which can be altered in cancer."”’

Galectin-3 concentrations in urine of various (e.g. breast, cer-
vical, and ovarian) cancer patients and healthy controls showed a
strong correlation between the stages of the disease and galec-

tin-3 concentration.'®

GALECTINS IN PREGNANCY

Pregnancy poses a substantial challenge to the maternal im-
mune system. The semi-allogeneic fetus, placenta and chorioam-
niotic membranes continuously interact with maternal immune
cells in the uterus, which is an immune privileged site,'” and those
in the maternal circulation."”” During implantation and placen-
tation, there is a continuous immune recognition and modulation
of the maternal immune system by trophoblasts at the maternal-
fetal interface.””""’* Moreover, there is a continuous deportation
of fetal cells and trophoblastic debris into the maternal circula-
tion, which leads to microchimerism and an increase in systemic
inflammation in the mother during pregnancy.””"”” Therefore,
normal pregnancy is associated with a mild inflammatory state, es-
pecially by neutrophils of the innate immune system."®*'"®" This is
significantly pronounced in preeclampsia, where the activation
state of neutrophils is higher than in sepsis."**'** Overtly activat-
ed neutrophils are also implicated in recurrent fetal loss or bacte-
rially induced abortions."' It was also revealed that other great
obstetrical syndromes (e.g. intrauterine growth restriction [[TUGR}
and preterm labor) are also associated with various changes in
the phenotypes as well as the behavior of maternal peripheral
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blood leukocytes and systemic inflammation.'®'* Since several
galectins are expressed at the maternal-fetal interface, the site of
contact between maternal and fetal cells that varies among dif-

7L they are proposed to promote maternal-fe-

ferent species,
tal immune tolerance and regulate local and systemic inflamma-
tion and infection.''*"”*%*" Indeed, changes in the expression of
galectins™**** have been reported in the great obstetrical syn-
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dromes (e.g. preterm labor, preeclampsia),” which are related to

local and/or systemic inflammation and infection, and are respon-

sible for most perinatal mortality and morbidity.'”**”

Galectin expression at the maternal-fetal interface in normal
pregnancy

The human maternal-fetal interfaces dynamically change dur-
ing gestation."” First, the syncytiotrophoblast is in direct con-
tact with maternal cells in the decidua for a few days post-im-
plantation and then with cells in the intervillous space. The latter
is also the site of the interaction between the syncytiotrophoblast
and maternal blood cells by the end of the first trimester, while
invasive extravillous cytotrophoblasts in the placental bed and
trophoblasts in the chorion laeve come into contact with mater-
nal cells in the decidua." In this dynamic context, the expression
of several galectins is also spatio-temporally regulated during de-
velopment (Fig. 3).* Galectin-1, -3, and -9 are broadly expressed
during human and mouse embryogenesis, suggesting that they
may play a role in embryo development in mammals.® Despite
that, galectin-1 or galectin-3 knock out (KO) mice are viable,™
possibly due to the redundancy in galectin functions.® In addi-
tion, galectin-1, -3, -8, -9, -13, -14, and -16 are also strongly ex-
pressed at the maternal-fetal interface in various mammals, some
in a developmentally regulated fashion,'®!%!92!:2:2732:3439

For example, galectin-1 expression is strong in the differentiated
syncytiotrophoblast but not in the cytotrophoblast during first

and third trimesters,'**""*"

and its expression in the extravillous
trophoblast is developmentally regulated during the first-trimes-
ter.'””” This latter phenomenon is also true for galectin-3, which
also localizes to villous cytotrophoblasts."”*** Galectin-4 has weak-
er placental expression,” which is down-regulated during tropho-
blast differentiation in rats.”"’ Galectin-8 has expression in villous
and extravillous trophoblasts,” while galectin-9 is mainly located
in the decidua.'® RNA and protein evidence have shown that ga-
lectins in the chromosome 19 cluster (-13, -14, -16, and -17) are
predominantly expressed by the syncytiotrophoblast but not by

27,28,31,33 46,

the underlying cytotrophoblasts. % This is supported by
galectin-13 immunolocalization to the multinucleated luminal

trophoblasts within converted decidual spiral arterioles in the
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first trimester.” A recent study demonstrated that the expression
of galectin-13, -14, and -16 is related to the differentiation and
syncytialization of the villous trophoblast,”” which is important
in the production of placental hormones and immune proteins
to control fetal development and immune tolerance."'"*'* I
vitro assays demonstrated that the expression of these galectins is
related to syncytium formation induced by cAMP.”” Interesting-
ly, the promoter evolution and the insertion of a primate-specific
transposable element into the 5’ untranslated region of an ances-
tral galectin gene introduced several binding sites for transcrip-
tion factors fundamental in syncytiotrophoblastic gene expres-
sion, leading to the gain of placental expression of these
chromosome 19 cluster galectins.”>*"* Of note, DNA methyla-
tion also regulates the developmental expression of these genes’
similar to other galectins.”* Of interest, galectin-1, -7, -9, -13,
-14, -16, and -17 are also expressed in the choricamniotic mem-
branes, but the developmental aspects of their regulation at this

. 4
site have not yet been revealed.'**3738

Galectins in embryo implantation

Embryonic implantation can be considered a pro-inflammato-
ry response in the decidua, which involves the chemotaxis of leu-
kocytes and their active participation in the regulation of im-
plantation via secreted immune and angiogenic factors.””*"
Decidual cell-derived factors also have a key role in implanta-
tion.”"” Of importance, several galectins are expressed by the
uterine endometrium and decidua in mammals and are strictly
regulated by sex steroids."****** The peak expression of these
galectins coincides with the implantation time window; there-
fore, their possible roles in blastocyst attachment and in the reg-
ulation of immune cell functions during implantation have been
implicated (Fig. 3).'%*"**

For example, a temporal expression change of galectin-1, de-
pendent on estrogen and progesterone, has been observed during
the estrus cycle in mice."*"® In humans, the expression of galec-
tin-1, -2, -3, -4, -8, -9, and -12 is described in the endometri-

21,22,98,113,223-22
um?>2298:113,223-225

where galectin-1 and galectin-3 are highly ex-
pressed during the implantation time window.”>**' Galectin-3
expression is increased in glandular epithelial cells in the secre-
tory phase, while galectin-1 expression is increased in stromal
cells in the late secretory phase and further increased in the de-
cidua.” Interestingly, galectin-1 is also expressed in the trophec-
toderm and inner cell mass of human pre-implantation stage
embryos, where it may be involved in the attachment to the
uterine epithelium.”® In spite of the identification of galectin-3
in trophoblasts, its role in implantation has not been well de-
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Maternal-fetal immune tolerance

Galectin-1

1 Apoptosis of activated decidual T cells

| T cell proliferation

1 Induction of tolerogenic DCs

1 Expansion of CD4+ CD25+ Treg cells

Galectin-8

1 Transformation of peripheral NK cells
into uterine NK cells

Galectin-9

1 Establishment of an immuno-privileged
environment for implantation

Galectin-13, -14, 16, -17

1 Apoptosis of activated T cells

Trophoblast invasion

Angiogenesis / vascular effects
Galectin-1

Galectin-1

1 Trophoblast invasiveness

1 Organization of ECM

1 Cell adhesion in the cell columns
1 Production of MMPs

1 Production of angiogenic factors Galectin-3

1 Production of MMPs 1 Organization of ECM

1 Vascular development 1 Cell adhesion in the cell columns
1 Endothelial cell migration Galectin-8

1 Endothelial cell adhesion SA e + Organization of ECM
Galectin-13 ¢ GEC 1 Cell adhesion in the cell columns
1 Vasodilatation Vascular Galectin-13

1 Utero-placental perfusion remodelling 1 Trophoblast invasion

Fig. 3. Physiological aspects of galectins at the maternal-fetal interface. The figure represents multiple roles of galectins in implantation, an-
giogenesis, maternal-fetal immune tolerance and trophoblast invasion. (A) Embryo implantation. (B) Formation of primary villi by proliferative
cytotrophoblasts. (C) Formation of tertiary villi, placental angiogenesis, extravillous trophoblast invasion and spiral artery remodeling. AE, am-
niotic epithelium; CCT, cell column trophoblast; DC, dendritic cell; DF, decidual fibroblast; EB, embryoblast; EC, endothelial cell; ECM, extra-
cellular matrix; EM, extraembryonic mesoderm; eCTB, endovascular cytotrophoblast; GC, giant cell; ICM, inner cell mass, iCTB, interstitial
cytotrophoblast; LUE, luminal uterine epithelium; L, lacunae; MMP, matrix metalloproteinase; NK, natural killer; pF, placental fibroblast; PS,
primitive syncytium; pV, placental vessel; SA, spiral artery; S, syncytium; SMC, smooth muscle cell; TE, trophectoderm; UG, uterine gland;
uNK, uterine NK cell; UV, uterine vessel; vCTB, villous cytotrophoblast. Cartoons are adapted from Knofler and Pollheimer. Front Genet

2013; 4: 190, under the terms of the Creative Commons Attribution License.?”

fined.

Data in humans and mice support that galectin-9 is also in-
volved in implantation. In mouse models, galectin-9 is associat-
ed with cell-to-cell interactions and the establishment of an im-
muno-privileged local environment for implantation and early
fetal development as well as the mediation of decidual cell mi-
gration and chemotaxis.” In humans, galectin-9 is expressed by
the endometrial glandular epithelial cells during the implanta-
tion time window as well as by the human decidua during early
pregnancy.” Electron microscopy clarified its localization on the
apical projections of the human endometrial epithelium called
uterodomes,” which are membrane projections that exclusively

http://dx.doi.org/10.4132/jptm.2015.02.25

feature the receptive endometrium during the implantation
time window. The contribution of galectin-9 to the develop-
ment of pregnancy is supported by the observation that normal
pregnancy and cases of spontaneous abortions differ significantly
in terms of endometrial galectin-9 splice variant profiles in both

mice and humans.?”’

Galectins in trophoblast invasion

A growing body of evidence suggests that human galectins
play key roles in placentation events beyond implantation. For
example, galectin-1, -3, and -8 are expressed in the extravillous

19,39

trophoblast in the first trimester'”” throughout the invasive
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pathway of trophoblast differentiation.”'**"** These galectins
are expressed in extravillous trophoblast cell columns, where
they actively deposit extracellular matrix and can bind to major
structural glycans of the placental bed (e.g. fibronectin and lam-
inin).*'"**?* Thus, galectin-1, -3, and -8 may play a role in the
organization of the extracellular matrix and the modulation of
cell adhesion in the cell columns."” In addition, galectin-1 and
-3 may have a role in the regulation of the extravillous tropho-
blast cell cycle since they are absent from the differentiated, non-
proliferating, interstitially migrating, highly invasive cytotro-
phoblasts (Fig. 3)."

Not only the expression pattern of galectin-1 in the first tri-
mester placenta but also the findings that blocking galectin-1
substantially abrogates migration of primary trophoblasts and
HTR8/SVneo cells cultured in matrigel " suggest that galec-
tin-1 modulates the invasive pathway of trophoblast differentia-
tion and enhances trophoblast invasiveness. Extravillous tropho-
blastic galectin-3'"*" may interact between cell and extracellular
matrix components, modulating adhesive interactions and im-
mune reactions as observed in a murine model.””’

In the case of galectin-13 (PP13), a different mechanism is
proposed to promote trophoblast invasion.” Galectin-13 is se-
creted by the syncytiotrophoblast to the maternal circulation,
from where it is transferred into the decidua in the first trimes-
ter, coinciding with the time of early trophoblast invasion. Inter-
estingly, galectin-13 forms crystal-like aggregates in the decid-
ua, where it attracts, activates and kills maternal immune cells,
diverting them from spiral arterioles and invading trophoblasts.”
In this manner, PP13 may serve to establish a decoy inflamma-
tory response, sequestering maternal immune cells away from the
site of extravillous trophoblast spiral artery modification.

Galectins in maternal-fetal immune tolerance

In eutherian mammals multiple immune mechanisms exist
which support the establishment and maintenance of immuno-
logical privilege in the pregnant uterus, as well as antigen-spe-
cific, local and systemic maternal-fetal tolerance,!****"!7!-174192
These mechanisms are strongly affected by the type of placenta-
tion and the interactions between fetal trophoblasts and mater-
nal immune cells at the maternal-fetal interfaces.'”"""'¥ In this
regard, it is important to note that galectins are also expressed
by maternal immune cells, which infiltrate the decidua and play
key roles in mammalian pregnancies (Fig. 3).”%°"%%!

For example, galectin-1 is strongly expressed by uterine natu-
ral killer (uNK) cells compared to peripheral blood NK cells.”

These CD56+ galectin-1+uNK cells comprise ~70% of maternal
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leukocytes at the implantation site, promote angiogenesis and

'™ and are pivotal for the maternal adapta-

trophoblast invasion
tion to pregnancy.”” Galectin-1, secreted by human uNK cells,
induces apoptosis of activated decidual T cells,” which is sup-
ported by data indicating that galectin-1 can selectively induce
apoptosis of Th1 and Th17 cells”® and contribute to maternal
immune-tolerance to the semi-allogeneic fetus.'””*° In addi-
tion, galectin-1 is among the immunosuppressive molecules se-
creted by villous trophoblasts, which were identified by a pro-
teomics study and found to inhibit T lymphocyte proliferation
and adaptive immune responses.” The villous trophoblast se-
cretes other galectins, expressed from the chromosome 19 galec-
tin cluster (-13, -14, and -16), which induce the apoptosis of ac-
tivated T cells, and thus, are assumed to exert special
homeostatic and immunobiological functions at the maternal-
fetal interface.'*”’

As in vivo evidence for the pivotal functions of human galec-
tin-1, a proteomics study identified it to be down-regulated in
villous placenta in early pregnancy loss, reflecting abnormalities
in the support for the maintenance of pregnancy.” Other i vivo
evidence comes from a mouse model of stress-induced fetal loss
in which the decidual expression of galectin-1 decreased, and
these mice, similar to galectin-1 KO mice, had a higher rate of
fetal loss in allogeneic pregnancies.”” This effect was reversed by
the administration of recombinant galectin-1 and also by pro-
gesterone treatment, supporting the progesterone-dependent
regulation of decidual galectin-1 expression. Galectin-1 treat-
ment also prevents the drop in progesterone and progesterone-
induced blocking factor serum concentrations in stressed ani-
mals, suggesting a synergistic effect of galectin-1 and progesterone
in pregnancy maintenance." It was also elucidated that galec-
tin-1 exerts its immune modulatory effect through the induc-
tion of tolerogenic DCs, which in turn trigger the expansion of
interleukin-10 expressing CD4+ CD25+ Treg cells i vivo." Subse-
quently, it was determined that Treg cells, which normally ex-
pand during pregnancy and suppress the maternal allogeneic re-
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sponse directed against the fetus,"” also overexpress galectin-10,

which has an important role in suppressive functions.”””"

The galectin-9/TIM-3 (T-cell immunoglobulin domain and
the mucin domain 3) pathway has been recognized as central in
the regulation of Thl immunity and tolerance induction.”**
Very recently, galectin-9 was also implicated in the regulation of
uNK cell function and the maintenance of normal pregnancy®”
as galectin-9, secreted by human trophoblast cells, induces the
transformation of peripheral NK cells into uNK-like cells via

the interaction with TIM-3. In addition, a decreased number of
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TIM-3+ulNK cells was detected in human miscarriages and abor-
tion-prone murine models, and a Th2/Th1 imbalance was de-
tected in TIM-3+uNK cells in human and mouse miscarriages,
suggesting the importance of the galectin-9/TIM-3 pathway.””
Moreover, Treg cells increase their galectin-9 expression with
advancing gestational age in accord with the increasing galec-
tin-9 concentrations in maternal blood, suggesting that galec-
tin-9 expressing Treg cells may have important roles in the
maintenance of pregnancy.”

Galectins in placental angiogenesis

Aside from modulating the immune system and trophoblast
invasion, human galectins have been implicated in key roles in
angiogenesis (Fig. 3). This is not surprising in light of the pivot-
al role of galectin-glycan interactions in angiogenesis™’ and the
angiostimulatory roles of several galectins reviewed elsewhere."
The most studied galectin, with respect to placental angiogene-
sis, is galectin-1. When this lectin is added exogeneously in a
rodent model of reduced angiogenesis, it enhances the produc-
tion of pro-angiogenic factors (e.g. angiogenin, heparin-binding
epidermal growth factor, and fibroblast growth factor-basic) and
matrix metallopeptidases (MMP-3, MMP-8, and MMP-9) to
promote normal vascular development, to rescue implantation
and to support healthy placentation.”® Galectin-1 acts via the
NRP-1-VEGF-VEGF-R2 signaling pathway,””*** which is
important in promoting angiogenesis during implantation, de-
cidualization and placentation.”""** Galectin-1 binding to neu-
ropilin-1 promotes VEGF-VEGF-R2 interactions, and conse-
quently, endothelial cell migration and adhesion,””**"*** and
these effects can be blocked by an NRP-1 neutralizing antibody,
which inhibits VEGF-VEGF-R2 signaling ****

Although several other galectins (-3, -8, and -9) have been
implicated in angiogenesis and endothelial cell biology, their
involvement in placental angiogenesis has not yet been elucidat-
ed. The effect of galectin-13 has recently been tested on rat vas-
culature, and it was found that recombinant galectin-13 reduces
blood pressure and increases utero-placental perfusion 7z vivo,

. . . . . . . . . 4
while it promotes vasodilation in isolated arteries 7z vitro.****®

Galectins in local inflammation in the womb

Term parturition is characterized by local pro-inflammatory
changes in the decidua and chorioamnion, which play funda-
mental roles in the initiation of labor and myometrial contrac-
tions.””*****” Evidence from microarray studies have shown that
galectins may also play a role in pathways leading to term labor
as galectin-7 is up-regulated in the amnion in oxytocin-induced
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labor, and galectin-9 is down-regulated in the chorion at the site
of rupture (Fig. 4).”

Preterm parturition is a syndrome that has many etiologies,
predominantly those associated with intra-amniotic infection
and inflammation.'”>*”*" The pathways initiated in preterm
parturition are different from those in term labor, whereas the
terminal pathway of cervical effacement and dilatation, chorio-
decidual, as well as myometrial activation, are shared between
the two.'?*"#62" Interestingly, proteomics studies show that
galectin-1 is upregulated in the fetal membranes in preterm pat-
turition,™ reflecting heightened local inflammation.

Preterm premature rupture of the membranes (PPROM) is a
syndrome in which approximately 32%-75% of the cases are
associated with microbial invasion of the amniotic cavity.'>'*'%
To date, only galectin-1 expression has been studied in PPROM
using detailed gene and protein expression profiling;™ it is in-
creased in the choricamniotic membranes in patients with histo-
logic chorioamnionitis, but not in those without this condition.
Galectin-1 expression is increased”’ in a temporal and spatial
fashion in amnion epithelial cells, maternal neutrophils and cho-
ricamniotic macrophages and myofibroblasts™" with advancing
inflammation. Since galectin-1 is associated with the up-regula-

2 it has been pro-

tion of genes encoding for MMPs in DCs,
posed that the overexpression of galectin-1 in the choricamniotic
membranes may be the link between inflammation, tissue re-
modeling, and membrane weakening, which may contribute to
the membrane rupture.** Moreover, the increased expression of
galectin-1 by chorioamniotic macrophages upon inflammation
suggests a role for galectin-1 in the active barrier functions of
the membranes, protecting the fetus from bacterial infection and
promoting the recognition and phagocytic removal of invading
maternal neutrophils.”* This hypothesis is supported by findings
that (1) activated macrophages are present in the fetal mem-
branes in association with fetal inflammatory response upon in-
fection,”*?®’ (2) the choricamniotic membranes have antimicro-
bial properties,”® (3) galectin-1 expression is up-regulated in

7 where it regulates macrophage effector

activated macrophages
functions,”® (4) galectin-1 decreases macrophage inducible ni-
tric oxide synthase expression and inhibits lipopolysaccharide-
induced NO metabolism,” and (5) it regulates the cell surface
258

expression of FcYRI.

Galectins in inflammatory conditions in the neonate

Due to galectins’ roles in immune responses, their relevant
roles in term and preterm parturition in the neonate have also
been investigated, mainly regarding galectin-1 and galectin-3
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Fig. 4. Galectin expression at the maternal-fetal interface. The figure represents the maternal-fetal interfaces where maternal and fetal cells
appose each other from the end of the first trimester of human pregnancy. The villous syncytiotrophoblast (depicted with gold) is bathed in
maternal blood, whereas invasive extravillous trophoblasts in the placental bed (depicted in red) and chorionic trophoblasts in the fetal mem-
branes (depicted in red) are in contact with maternal cells in the decidua (depicted in dark blue). The differential expression of galectins is de-
picted according to the interface where observed in normal pregnancy and in pregnancy complications. Sy., syndrome, Cartoon was adapt-
ed from Than et al. Trends Endocrinol Metab 2012; 23: 23-31, with permission of Elsevier.'®

(Fig. 4).260-262

In term parturition, in spite of the physiological systemic in-
flammation in the mother at the time of normal delivery, cord
blood plasma contains more galectin-3 than maternal plasma,
regardless of the delivery mode.” In addition, cord blood neu-
trophils show priming in comparison to maternal neutrophils by
responding to galectin-3 with reactive oxygen species (ROS) pro-
duction, suggesting that inflammatory stimuli associated with
labor promotes neutrophils to develop a reactive phenotype with
extensive priming features.”®” Indeed, when cord blood leuko-
cytes are stimulated by invasive bacteria, there is an induction of
galectin-3 expression, suggesting its importance for innate im-
munity in the neonate.”” Although galectin-1 is also expressed
in cord blood, lymphocytes expressing galectin-1 were not deter-
mined to have a major role in immune reactivity in cord blood.™

In preterm parturition, the earlier preterm birth occurs, the
higher the rate of intra-amniotic infection and inflammation.'”

http://jpatholtm.org/

Since 5%—-13% of pregnancies are aftected by preterm parturi-

"% the resulting severe complications (i.e. intraventricular

tion,
hemorthage, cystic periventricular leukomalacia, bronchopul-
monaty dysplasia {BPD}, and cerebral palsy) have disastrous
short-term and life-long impacts on the neonate, and the health-
care and social impacts are immense.'”*”” In regard to these, ga-
lectin-3 concentrations are elevated in the cerebrospinal fluid of
infants suffering from birth asphyxia, and even higher in those
with abnormal outcomes.*' Since galectin-3 is produced by ac-
tivated microglia/macrophages and activates NADPH oxidase,
leading to neurotoxic production of ROS and contributing to
hypoxic brain injury in an animal model,”* it has been proposed
to serve as a marker for abnormal outcomes.”®' In addition, in a
small preliminary study, galectin-3 concentrations in tracheal as-
pirates of premature infants tended to be elevated in the first
week of life in those who later developed BPD (Staretz ¢ /.,
personal communication).
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TUGR is one of the most heterogeneous syndromes in obstet-
rics; it is associated with fetal malformations and chromosomal
abnormalities, as well as maternal autoimmune disorders and
placental dysfunction resulting from poor implantation, making
the understanding of an IUGR fetus a challenge. In addition,
neonates may be small-for-gestational age (SGA) due to a nor-
mal condition in short-stature couples.” Of interest, a recent
report showed that galectin-3 concentrations in cord blood have
a positive correlation with gestational age, and SGA neonates
have higher concentrations of galectin-3 than those that are ap-

260

propriate for gestational age,” which may be a sign of an in-

flammatory condition.

Galectins in preeclampsia, a systemic inflammatory state
Based on the above data, it is not surprising that galectins have
been implicated in the development of preeclampsia, a syndrome
with impaired trophoblast invasion, an anti-angiogenic state and
an exaggerated maternal systemic immune response.'”*® Pre-
eclampsia is a severe complication of pregnancy, which affects
5%—7% of pregnant women and is a leading cause of maternal
and perinatal morbidity and mortality.”’*® It also confers a high
risk to the mother and fetus for metabolic and cardiovascular dis-
eases later in life.”*"* Preeclampsia is a syndrome with a spec-
trum of phenotypes, which may present at various gestational
ages, with different degrees of severity at clinical onset, and also

with or without the involvement of the fetus.”’**"

It is a multi-stage disease that has placental origins'***”*"” due
to the failure of extravillous trophoblast invasion into the uterine

7821 and impaired villous trophoblastic syncytializa-

tissues
tion.”******! Subsequent rheological changes in uterine blood
flow, metabolic changes, and ischemic stress of the villous placen-
ta lead to the liberation of anti-angiogenic molecules, highly in-
flammatory placental debris, and cell-free fecal DNA that may
also be pro-inflammatory and cause an exaggerated maternal
systemic inflammatory response, anti-angiogenic conditions and
end-organ damage.'’>!8H 1901927125271 282 90 Oyther Jess severe
pathologies are also implicated that result in the terminal path-
way of systemic inflammation and an anti-angiogenic state.”’
Importantly, several members of the galectin family have been
implicated in the development of various stages of this syn-

drome (Fig. 4).

Impaired extravillous trophoblast invasion
Indirect evidence of galectin involvement is the up-regulation
of galectin-1 and -3 in the extravillous trophoblasts in the pla-

38,158

cental bed during preeclampsia and HELLP syndrome,
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which is associated with the failure of extravillous trophoblast
invasion.”” It was also observed that low galectin-13 expression
is associated with deficient trophoblast invasion, failure of spiral
arteriole conversion, and the development of preeclampsia.”

Impaired villous trophoblastic syncytialization

Galectin-13 and galectin-14 mRNA expression is decreased
in the syncytiotrophoblast in preeclampsia associated with or
without HELLP syndrome at the time of clinical onset, pre-
dominantly in the early-onset forms.****’* Importantly, de-
creased galectin-13 mRNA expression can be detected as early
as the first trimester in laser captured specimens of chorionic
villous trophoblasts as well as decreased galectin-13 protein and
mRNA concentrations in first trimester maternal serum sam-
pled from patients destined to develop preeclampsia.”® This
phenomenon possibly reflects abnormal villous trophoblast syn-
cytialization starting from early pregnancy and may be one of
the earliest placental indicators for the subsequent development
of preeclampsia. A recent study’ revealed that GCM1 and
ESRRG, two transcription factors that regulate villous tropho-
blastic syncytialization and metabolic functions, are down-reg-
ulated in the placenta in preeclampsia. Functional and evolu-
tionary evidence also implicates these two factors in regulating
trophoblastic expression of chromosome 19 galectin cluster
genes. This is supported by the observation of decreased
GCM1-mediated trophoblast fusion in impaired galectin gene
expression in preeclampsia.”” Furthermore, the differential
methylation of LGALSI3 and LGALS14 is also found in the
villous trophoblast in preterm preeclampsia, suggesting that
potential additional disease-mechanisms may account for the tro-
phoblastic pathology in preterm preeclampsia.””

Villous placental stress
Galectin-1 and -8 are overexpressed in the villous trophoblast

3239 where increased pla-

in preeclampsia and HELLP syndrome,
cental stress occurs preceding exaggerated maternal systemic in-
flammation.?”?7¢#%#3% It is possible that galectins may func-
tion as “alarmins” in this condition.'*** Alarmins are endogenous
danger signals secreted by activated cells via non-classical path-
ways or released from necrotic cells, which signal tissue damage
and contribute to the activation and/or resolution of immune re-
sponses.®® Galectin-13 may also be considered a placental alarm-
in since it is excessively secreted or shed from the syncytiotro-
phoblast at the time of the clinical onset of preeclampsia and
HELLP syndrome.”* Interestingly, the syncytiotrophoblast mi-

crovillous membrane and microvesicles, which are shed from the
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syncytiotrophoblast, stain strongly for galectin-13, suggesting
that the increased release of galectin-13—positive microvesicles
from the syncytiotrophoblast may lead to elevated maternal se-
rum galectin-13 concentrations when the clinical symptoms ap-
pear. 6
Anti-angiogenesis

Placental and maternal blood galectin-1 expression is down-
regulated in patients with early-onset preeclampsia, and Lga/s]
KO mice exhibit preeclampsia-like symptoms, probably due to
the inhibition of pro-angiogenic effects of galectin-1."* Moreover,
blocking galectin-1-mediated angiogenesis with anginex, a syn-
thetic peptide, also promotes preeclampsia-like symptoms in mice
and inhibits human extravillous trophoblast functions 7z vitro.”**
Maternal systemic inflammation

The number of galectin-1-expressing NK cells and Treg cells

12627 which may reflect a failure

is decreased in preeclampsia,
of immune tolerance in this syndrome.”® Recently, the involve-
ment of galectin-9 and its TIM-3 ligand has been implicated in
maternal systemic inflammation in preeclampsia.”” In this re-
gard, decreased TIM-3 expression by T cells, cytotoxic T cells,
NK cells, and CD56dim NK cells, as well as increased frequen-
¢y of galectin-9+ peripheral lymphocytes, is detected in women
with early-onset preeclampsia, suggesting that the impairment
of the galectin-9/TIM-3 pathway can result in an enhanced sys-
temic inflammatory response including the activation of Thl
lymphocytes in preeclampsia.””
Galectins implicated as maternal blood biomarkers
in obstetrical syndromes

Due to the dysregulation of some galectins at the maternal-fe-
tal interface and in maternal blood in various obstetrical syn-
dromes, investigations have been expanded on their possible val-
ue as diagnostic, predictive and prognostic biomarkers of these
pregnancy complications. Most data is available for galectin-13,
also known as PP13, which has been widely investigated by in-
ternational collaborative studies (Fig. 4)."”"*® The changes in
the expression patterns of galectin-13 in the placenta during
gestation in normal and preeclamptic pregnancies, the fact that
galectin-13 is expressed only in the placenta,” and it is not de-
tected in non-pregnant patients (Madar-Shapiro er a/., personal
communication), make this galectin a suitable and promising
first trimester maternal blood biomarker for the prediction of
preterm preeclampsia. In addition, genetic studies found certain
single nucleotide polymorphisms, including an exonic variant
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(221delT) in the LGALS13 gene, which may increase the risk
for preterm labor and preeclampsia.’” Recent advancement in
the field has also facilitated the study of the potential use of this
galectin as a therapeutic drug for preeclampsia.”**** The utiliza-
tion of other galectins as biomarkers has recently been started.

In the first trimester of pregnancy, there is a lower PP13
mRNA content in maternal blood in preeclampsia compared to
controls;””*** however, the predictive value of the detected ma-
ternal blood PP13 mRNA species is currently limited due to
the varying and low amounts of trophoblastic mRNA reaching
the maternal circulation. Much more promising results were de-
rived from studies on maternal blood PP13 concentrations in
the first trimester for the prediction of preeclampsia, which were
analyzed by a recent meta-analysis.”” The results were pooled
from 19 studies on singleton pregnancies, which were included
in prospective or nested case-control studies or fully prospective
studies in which a total of 16,153 pregnant women were tested
for PP13 between 6 and 14 weeks of gestation,” %8331 For
all cases of preeclampsia, the mean detection rate (DR) for pre-
dicting preeclampsia was 47% (95% confidence interval [CI},
43 to 65) at a 10% false-positive rate (FPR). For preterm pre-
eclampsia, the DR was 66% (95% CI, 48 to 78); for early-onset
preeclampsia, the DR was 83% (95% CI, 25 to 100). For all cases
of preeclampsia, the positive likelihood ratio (LR) {sensitivity/
(1-specificity)} was 5.82, while the negative LR [(1-sensitivity)/
specificity} was 0.46. For preterm preeclampsia, both of these in-
dices were better (positive LR, 6.94; negative LR, 0.34).

Of interest, the introduction of maternal ABO blood groups
into the prediction model could improve the DRs for pre-
eclampsia, which can be explained by the differential binding of
PP13 onto ABO blood group antigen-containing cell surfaces
and the varying bioavailability of PP13 in maternal blood de-
pending on the ABO blood type.” Moreover, the performance of
the first trimester PP13 test could further be improved by the
inclusion of PP13 into panels of multiple biomarkers (e.g.
ADAM metallopeptidase domain 12 {ADAM12], pregnancy
associated plasma protein A [PAPP-A}, placenta growth factor
[PIGF}),**"* which is necessitated in light of the syndromic na-
ture of preeclampsia.”*'* In addition, risk predictions based on
combining PP13 and uterine artery Doppler pulsatility index
(PI) also showed increased prediction accuracy,***304306314316
Moreover, the combination of PP13, Doppler PI, and maternal
artery stiffness (MAP) increased the DR of preeclampsia to 93%
for early-onset preeclampsia and to 86% for all cases of pre-
eclampsia at 109 FPR." This is in line with comprehensive risk
algorithms based on combined multi-marker analysis of back-
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ground risks, MAP, Doppler PI, and a panel of blood biomarkers
that can yield much higher predictive value and accuracy than
individual markers,” especially for early-onset (< 34 weeks) and
preterm (< 37 weeks) preeclampsia. Therefore, the introduction
of a broad biomarker panel for the evaluation of preeclampsia
and other obstetrical syndromes in the first trimester is suggest-
ed in order to change antenatal care as formulated by the invert-
ed pyramid model of perinatal evaluation in pregnancy.’”’

In the second trimester of pregnancy, galectin-13 does not
have much diagnostic or predictive value due to the sharp in-
crease in PP13 maternal blood concentrations in preeclampsia
between the first and third trimesters compared to the moderate
change in women with normal pregnancy.’”® Interestingly, ga-
lectin-1 has recently emerged as a potential preclinical biomark-
er for preeclampsia since a prospective study detected decreased
galectin-1 maternal blood concentrations and placental expres-
sion in early-onset preeclampsia compared to normal pregnancy
in mid pregnancy.” Of note, placental galectin-1 expression is
increased in preterm and severe preeclampsia compared to nor-
mal pregnancy.””**

In the third trimester of pregnancy, galectin-13 may have di-
agnostic significance for the clinical development of preeclamp-
sia according to a recent meta-analysis.”"® This included eight
clinical studies that contained third trimester maternal blood
PP13 data from 2750 pregnant women,”* 428319320 Maternal
blood PP13 was higher in women who subsequently developed
preeclampsia compared to unaffected women. The mean DR at
10% FPR for all preeclampsia cases was 59.4% (95% ClI, 49.7
to 64.5), and for preterm preeclampsia was 71.7% (95% ClI,
60.3 to 75.3). Interestingly, the DR appeared to be related to
the severity of the cases in a given study, showing that the higher
the hypertension and proteinuria, the higher the third trimester
PP13 in maternal blood. A combined algorithm of PP13, MAP
and proteinuria yielded a 95% DR for preterm preeclampsia and
85% for all preeclampsia at 5% FPR. The positive LR for all
cases of preeclampsia was 5.94 and the negative LR was 0.45,
providing an overall LR of 26.24. The positive LR for preterm
preeclampsia was 7.17 and the negative LR was 0.31, providing
an overall LR of 37.99. Therefore, the meta-analysis indicates
that higher third trimester maternal blood PP13, among wom-
en who subsequently developed preeclampsia, reached clinical

diagnostic levels.’

CONCLUSION
Galectins are an evolutionarily ancient family of lectins that
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have pleiotropic functions in the regulation of key biological
processes. Galectins are pivotal in immune responses, angiogen-
esis, cell migration and invasion, and due to these functions,
they have double-edged functions in shared and unique path-
ways of embryonic and tumor development. Recent advances fa-
cilitate the use of galectins as biomarkers in obstetrical syn-
dromes and in various malignancies, and their therapeutic
applications are also under investigation.
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Endoscopic assessment has a crucial role in the management of inflammatory bowel disease
(IBD). It is particularly useful for the assessment of IBD disease extension, severity, and neoplasia
surveillance. Recent advances in endoscopic imaging techniques have been revolutionized over
the past decades, progressing from conventional white light endoscopy to novel endoscopic tech-
niques using molecular probes or electronic filter technologies. These new technologies allow for
visualization of the mucosa in detail and monitor for inflammation/dysplasia at the cellular or sub-
cellular level. These techniques may enable us to alter the IBD surveillance paradigm from four
quadrant random biopsy to targeted biopsy and diagnosis. High definition endoscopy and dye-
based chromoendoscopy can improve the detection rate of dysplasia and evaluate inflammatory
changes with better visualization. Dye-less chromoendoscopy, including narrow band imaging,
iScan, and autofluorescence imaging can also enhance surveillance in comparison to white light
endoscopy with optical or electronic filter technologies. Moreover, confocal laser endomicroscopy
or endocytoscopy have can achieve real-time histology evaluation in vivo and have greater accu-
racy in comparison with histology. These new technologies could be combined with standard en-
doscopy or further histologic confirmation in patients with IBD. This review offers an evidence-
based overview of new endoscopic techniques in patients with IBD.

Seodaemun-gu, Seoul 120-752, Korea
Tel: +82-2-2228-1990

Fax: +82-2-393-6884

E-mail: geniushee@yuhs.ac

Inflammatory bowel disease (IBD) includes Crohn’s disease
(CD) and ulcerative colitis (UC), is a chronic, relapsing inflam-
matory disease in the gastrointestinal tract. The cause of IBD is
unknown. It has been suggested that genetic, environmental, and
immunologic factors are involved in the pathogenesis of IBD,
but the precise etiologic mechanisms remain unclear.

Diagnostic and therapeutic approaches for IBD have evolved
over the past decades, but precise diagnosis and assessment of
disease status is still an important matter of concern for physi-
cians and IBD specialists. Precise diagnosis and assessment of
patients with IBD is particularly difficult because medical thera-
pies, surgical approaches, and long-term prognosis differ by IBD
subtypes, even if patients have similar signs and symptoms.

The most valuable tool for primary diagnosis of IBD is endo-
scopic assessment with tissue sampling."” It can be used to ob-
serve inflammatory changes in the intestinal mucosa, evaluate
the extent of disease. It also plays a role in assessing treatment
efficacy in terms of mucosal healing and the risk of postsurgical
recurrence. Importantly, colonoscopy with random biopsy is es-
sential to endoscopic diagnosis, management, and treatment of
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IBD. The relationship between longstanding IBD and increased
colorectal cancer (CRC) risk has been well established.” CRC is
regarded as the primary cause of death in up to 15% of IBD pa-
tients. The overall rate of CRC in UC patients is 3.7% with cu-
mulative probabilities of 18% by 30 years, according to a meta-
analysis of 116 studies on the subject.* There is also a 2-3 fold
increased risk of CRC in CD than in patients without IBD 18.3
years after initial CD diagnosis.” Recent studies suggest a de-
creased risk of CRC in IBD patients as highly developed endo-
scopic surveillance techniques have been adopted. According to
a one time-trend study, the relative risk of CRC decreased from
1.34 in 19791988 t0 0.57 in 1999-2008.° In this sense, prop-
er cancer surveillance with conventional and novel endoscopic
techniques has major clinical implications for patients with
IBD.

Generally, the standard recommendations for random biopsy
in surveillance colonoscopy for IBD patients include four quad-
rant biopsies taken every 10 cm. These biopsies generally begin
8 to 10 years after diagnosis. Extra biopsies can be obtained from

strictured, raised, or color changed areas in the colorectum.*"
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However, these biopsies can be time consuming and laborious.
Recent endoscopic techniques are evolving with the aim of visu-
alizing detailed surface architecture of the mucosa, vascular pat-
terns, and even the cellular and subcellular structures in real time.
Precise observation and targeted biopsy are possible with the
progress of technologies such as high definition endoscopy, nar-
row band imaging, chromoendoscopy, confocal endomicroscopy,
etc. The present review focuses on novel endoscopic technolo-
gies and diagnostic strategies for inflammation and dysplasia in
IBD patients.

RECENT DEVELOPMENT OF TECHNIQUES
FOR ENDOSCOPY IN INFLAMMATORY
BOWEL DISEASE

Endoscopic techniques have led to improved observation of
mucosal details, which may lead to reduced random biopsies
since biopsies will be able to be targeted for histological evalua-
tion. These techniques include image enhancement with modi-
fying conventional endoscopy and improvement in mucosal im-
aging with magnification or several optical techniques (Table 1).

Each of these techniques is at a different stage of development
and use in clinical medicine. Some of the equipment, such as
probe-based or scope-based confocal laser techniques or endocy-
toscopy, are available only in specialized academic centers,
whereas high definition endoscopy has become the standard and
is widely used in clinical practice. In addition, specialized train-
ing and adequate clinical experience are necessary to adequately
petform these novel endoscopies. In the case of image-enhanced
endoscopy, it is important to prepare the patient with bowel
cleansing in order to ensure the efficacy and safety of the proce-
dure prior to use. This technique should be used to visualize a

Table 1. Categories of endoscopic techniques used in inflamma-
tory bowel disease

Category
White light endoscopy

Endoscopic technique

Standard definition colonoscopy
High definition colonoscopy
Water immersion colonoscopy
Chromoendoscopy with absorptive
agents, contrast agents, tattooing,
reactive staining agents
Dye-less image enhanced Narrow band imaging
endoscopy i-Scan
Autofluorescence imaging
Confocal laser endomicroscopy
Balloon assisted enteroscopy
Endocytoscopy
Molecular imaging
Spectroscopy

Dye-based image enhanced
endoscopy

Other emerging endoscopic
techniques

http://jpatholtm.org/

specific area in detail rather than for observation of the entire co-
lon. Each of the advanced endoscopies has their own advantages
and limitations. These techniques are far from being used as the
gold standard in IBD, and some studies have been controver-
sial. Thus, it requires more experience before implementing
them in clinical practice and cautious use for patients on clinical

use.

High definition endoscopy

High definition or high resolution endoscopy presents signal
images with 850,000 to 1 million pixels, while standard defini-
tion signals offer 100,000 to 400,000 pixels on an SD format."*"
High resolution endoscopy results in visualization of subtle mu-
cosal details and improves the sensitivity and specificity of dys-
plastic lesion detection. Furthermore, it facilitates endoscopic
resection by delineating borders of neoplastic lesions in IBD
patients.

The majority of published data comes from non-IBD patients
and found high definition endoscopy to be superior compared
with conventional endoscopy. A retrospective study with 160
colonoscopies including long-standing (> 7 years) colonic IBD
patients demonstrated 2.21 greater likelihood (95% confidence
interval {CI}, 1.09 to 4.45) adjusted prevalence ratio of detect-
ing any dysplastic lesions and 2.99 (95% CI, 1.16 to 7.79) of
detecting dysplastic lesions on targeted biopsy with high defi-
nition colonoscopy compared to conventional endoscopy.' There
was also a 3-fold higher neoplasia detection rate with high defi-
nition endoscopy when compared with standard definition en-
doscopy in IBD patients.

Chromoendoscopy

Chromoendoscopy is considered a cost-effective technique in-
tended to enhance visualization of mucosal detail, submucosal
vascular patterns, and lesion characterization. In particular, chro-
moendoscopy can facilitate the identification of flat lesions hat-
boring intraepithelial neoplasia. With this, it can guide biopsies
and reduces the number of biopsies. It is divided into dye-based
and dye-less imaging techniques.

Dye-based chromoendoscopy has been used for over a decade
and increases the rate of dysplastic lesion detection, especially in
patients with long-standing IBD (Fig. 1A). In addition, Dye-
based chromoendoscopy allows for improved assessment of dis-
ease severity and extent. Absorptive agents (e.g., Lugol solution,
methylene blue, toludine blue, and cresyl violet), contrast agents
(e.g., indigo carmine and acetic acid), agents for tattooing (e.g.,
India ink, Indocyanine green, and methylene blue), and reactive

http://dx.doi.org/10.4132/jptm.2015.04.09
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Fig. 1. Chromoendoscopy using indigocarmine (A) and combined with magnification technique (B) for colonic dysplasia in ulcerative colitis

(Courtesy of Dr. Jeong-Sik Byeon at Asan Medical Center).

staining agents (e.g., congo red and phenol red) can be used in
dye-based chromoendoscopy.'"'® Several studies have shown the
superiority of chromoendoscopy compatred to conventional white
light endoscopy. Dye-based chromoendoscopy has a moderate
to high sensitivity for diagnosis, improved dysplasia detection,
and prediction of mucosal change using magnification tech-
niques (Fig. 1B). Two meta-analyses also demonstrated the su-
periority of targeted biopsy with dye-based chromoendoscopy
in diagnosing and assessing mucosal ulcerations and dyspla-

ia'”*” while reducing the number of biopsies. Most recently,

s
Soetikno et al.”’ included 665 patients from 6 studies and con-
firmed that the rate of detection of any dysplasia was approxi-
mately 9 times higher with dye-based chromoendoscopy with
targeted biopsy than using white light endoscopy, with an 8.9
pooled odds ratio (95% CI, 3.4 to 23.0). When comparing the
difference in the mean procedure time, dye-based chromoendos-
copy is 10.9 minutes shorter than white light endoscopy, includ-
ing the time spent on random biopsies.

Dye-less chromoendoscopy is a novel imaging technology
that allows for a detailed examination of both the mucosal sur-
face and the mucosal vascular pattern by pushing a button on
the handle of the endoscope, thereby enabling high-contrast im-
aging of the mucosal surface in real time without the use of spe-
cial equipment. These dye-less chromoendoscopy techniques are
divided into two types. One is an optical filter system including
narrow band imaging (NBI) from Olympus, Tokyo, Japan and
Compound Band Imaging from Aohua, Shanghai, China, and
the other is digital chromoendoscopy with a post-processing sys-
tem including i-Scan from Pentax, Tokyo, Japan and FICE (Fuji
intelligent color enhancement from Fujinon, Tokyo, Japan).”"*
Optical chromoendoscopy techniques are based on optical

http://dx.doi.org/10.4132/jptm.2015.04.09

lenses integrated within the light source of the endoscope, usu-
ally in front of the excitation white light source, to narrow the
bandwidth in the blue and green regions of the spectrum.”**
In contrast, digital chromoendoscopy uses digital postprocessing
of endoscopic images made in real-time by the video processor.”
Recent studies indicate that dye-less chromoendoscopy, includ-
ing optical and digital ones, are useful and practical for the dif-
ferentiation of adenoma versus hyperplastic colon polyps and

have good histological correlations.”**

Narrow band imaging

NBI is the most recognized among the virtual chromoendos-
copy. This 7 vivo method uses optical filters in front of the light
source to narrow the wavelength of the projected light to a 30
nm wide blue (415 nm) and green (540 nm) spectra, which en-
ables visualization of micro-vessel morphological changes in su-
petficial neoplastic lesions. NBI enhances the visibility of the
small irregularities that accompany non-neoplastic inflammato-
ry changes using the same logic as dye-based chromoendoscopy
(Fig. 2).

However, the role of NBI in detecting dysplasia in IBD re-
mains somewhat uncertain due to conflicting results in the lit-
erature. A paper by Bast ¢ 2.’ was the first to describe the use
of NBI to distinguish dysplastic from nondysplastic mucosa in
patients with longstanding. Subsequent to this case report, sev-
eral randomized controlled studies have been published. Dekker
et al.”” demonstrated that NBI does not improve the detection
rate of neoplasia in UC compared with high-definition white
light endoscopy with a randomized crossover study of 42 patients.
Of 11 patients with neoplastic lesions, four were detected with
both modalities, four with NBI alone, and three with standard

http://jpatholtm.org/
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Fig. 2. Observation findings of colonic dysplasia using white light endoscopy (A), narrow band imaging technique (B), and autofluorescence
imaging technique (C) in ulcerative colitis (Courtesy of Dr. Jeong-Sik Byeon at Asan Medical Center).

white light colonoscopy alone.

Two additional randomized trials comparing NBI to white
light endoscopy also found no significant difference in the de-
tection of neoplastic lesions. Random background biopsies were
also ineffective in detecting dysplasia. According to Ignjatovic
et al.,’" dysplasia detection was 9% in each arm and the yield of
dysplasia detection from random nontargeted biopsies was
0.04%. Van den Broek et a/.** found 13 of 16 neoplastic lesions
(81%) using high definition-NBI compared with 11 of 16 neo-
plastic lesions (69%) using high definition -white light endosco-
py. A study using a new-generation NBI system compared with
dye based chromoendoscopy for the early detection of colitis-as-
sociated dysplasia and cancer in patients with longstanding co-
lonic IBD demonstrated that NBI is less time-consuming (26.87 +
9.89 minutes vs 15.74 + 5.62 minutes, p <.01), but has no ad-
vantages over conventional endoscopy for the detection of in-
traepithelial neoplasia.”” However, NBI has some advantages
over dye-based chromoendoscopy, as it does not require addi-
tional dye agents and is easier to use in practice. These findings
have led to controversy regarding the real role of NBI in dys-
plasia detection in IBD patients.

i-Scan

Currently, two virtual chromoendoscopy techniques are avail-
able, including FICE and i-Scan is a new endoscopic system us-
ing post processing light filter technology based on software al-
gorithms with real time image mapping. It enhances different
elements of the mucosa by three different image processes such
as surface enhancement, tone enhancement, and contrast en-
hancement. Activation between different modes is done by
pushing a button on the handle of the endoscope.”*” To date,
most randomized trials have not shown that NBI or FICE can
improve the detection of colorectal neoplasia when comparing
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colonoscopy with and without filter enhancement.

A randomized controlled study was conducted on 78 IBD pa-
tients in Germany to identify whether i-Scan has the potential
to enhance assessment of disease severity and extent in mild or
inactive IBD patients. The average duration of the examination
for high definition—white light endoscopy and i-Scan groups
was 18 and 20.5 minutes, respectively, but these differences
were not statistically significant. When comparing the endo-
scopic prediction of inflammatory extent and activity with the
histological results, there was overall agreement of 48.71% and
53.85% in the high definition—white light endoscopy group
and 92.31% and 89.74% in the i-Scan group (p<.001 and p=
066).%

Patients with intestinal food allergy present with lymphoid
hyperplasia, slight mucosal edema, and blurred mucosal vascu-
lar pattern in the colon. Based on this, an observational study re-
ported on the potential of i-Scan for prediction of mucosal chang-
es with suspected food allergy. Positive and negative predictive
values for i-Scan to predict food allergy were 92% and 80%, re-
spectively. Moreover, i-Scan predicted food allergy with a sensi-
tivity, specificity, and accuracy of 85%, 89%, and 86%, respec-
tively.”’

Confocal laser endomicroscopy

Observation and characterization of the colonic mucosal sur-
face and abnormalities of blood vessel architecture are crucial in
predicting histology, and this can be performed more efficiently
with chromoendoscopy. However, histologic confirmation is
needed to determine whether the presence of mucosal abnor-
malities is a result of IBD or not. This can be accomplished by
confocal endomicroscopy ## vivo, which may provide images
similar to histologic findings in real time (Fig. 3). Endomicros-
copy is regarded as optical biopsy that can achieve an image of
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the cellular structure of the mucosa with 1,500 fold magnifica-
tion.”® Currently, two endomicroscopy systems are available in-
cluding an integrated endoscopy system (iCLE, Pentax) and a
probe-based system (pCLE, Cellvizio, Mauna Kea Technologies,
Paris, France). In vivo CLE uses an excitation wavelength of 488
nm with a single line laser; the laser power output is up to 1
mW at the tissue surface. Images are collected at a scan rate of
0.8 frames per second at a resolution of 1,024 x 1,024 pixels or
1.6 frames per second with 1,024 x 512 pixels.” It can capture
the z axis which enables interrogation of the epithelium and
lamina propria 0—250 mm below the surface layer.” The pCLE-
system uses a fixed laser power and a fixed image plane depth.
The purpose of the system is to observe mucosal microarchitec-
ture with an increased field of view (4 x 2 mm) through postpo-
cessing with Cellvio Viewer (Fig. 4A). It enables virtual stain-
ing of mucosal structures to further enhance tissue contrast. The
probe requires an accessory channel of 2.8 mm and has a resolu-
tion of 1 pm with a field of view of 240 pm and a fixed image

plane depth varying between 55-65 pm (Fig. 4B).

Fig. 3. Confocal laser endomicroscopic findings for normal muco-
sa (A) and mucosa in active ulcerative colitis (B). In ulcerative coli-
tis, lamina propria widening, inflammatory infiltrates, goblet cell de-
pletion, and crypt distortion are observed.

Fig. 4. Cellvizio system for probe based confocal laser endomi-
croscopy (A) and a probe (B).
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Crypt architecture, microvascular alterations, fluorescein
leakage, and cellular infiltrates within the lamina propria are
important observational markers in CLE evaluation.”"** CLE
can aid in demonstrating mucosal healing in terms of deep re-
mission beyond the absence of mucosal ulceration.

Wiatanabe ¢ al.* investigated the features of CLE in the in-
flamed and noninflamed rectal mucosa of 17 UC patients and
compared these results to standard histology. In this study, the
crypts of colonic mucosa in active UC were large, variously
shaped and irregular in arrangement. Numerous inflammatory
cells and capillaries were visible in the lamina propria with CLE.
Li et al.* also assessed crypt architecture, fluorescein leakage,
and microvascular alterations in 73 consecutive UC patients and
showed a correlation with histological results (p <.001). On
post-CLE objective assessment, subjective architectural classifi-
cations were supported by the number of crypts per image (p <
.001), but not fluorescein leakage results by gray scale (p = .194).
Most recently, CLE also proved a sensitive tool in predicting UC
relapse. In this study, 17 of 20 patients (85%) with histologi-
cally confirmed normal or chronic inflammation were diagnosed
as having nonactive inflammation by real-time CLE. Twenty
two of 23 patients (96%) with histologically confirmed acute
inflammation were diagnosed as having active inflammation by
CLE. The results of CLE were highly consistent with those of
conventional histology (kappa value = 0.812). Eleven percent of
patients in the nonactive inflammation group relapsed, while
64% of patients in the active inflammation group relapsed. The
relapse rate of patients with active inflammation was signifi-
cantly higher than of those with nonactive inflammation (p <
.001).

Neumann ¢ .

proposed the Crohn’s Disease Endomicro-
scopic Activity Score for assessing CD activity iz vivo from com-
parison data between CD patients and a normal control group
with standard white-light endoscopy followed by CLE. Active
CD patients showed a higher proportion of increased colonic
crypt tortuosity, enlarged crypt lumens, microerosions, aug-
mented vascularization, and increased cellular infiltrates within
the lamina propria. In the case of quiescent CD patients, there
was a significant increase in crypt and goblet cell number com-
pared with controls.

Autofluorescence imaging

Autofluorescence imaging (AFI) is a technique using the nat-
ural principle that cells contain molecules that become fluores-
cent when excited by UV/Vis radiation of a certain wavelength.
Among the endogenous fluorophores, collagen and elastin have
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a relatively high quantum yield, so the extracellular matrix usu-
ally contributes to the autofluorescence emission more than cel-
lular components. Autofluorescence imaging videoendoscopy
produces real-time pseudo-color images based on tissue autoflu-
orescence emitted by excitation of endogenous tissue fluoro-
phores.

It is well known that cell and tissue state change resulting
from modifications of the amount and distribution of endoge-
nous fluorophores and the chemical-physical properties of their
microenvironment during physiological and/or pathological
processes. Therefore, AFI can be utilized in order to obtain in-
formation about the morphological and physiological state of
cells and tissues (Fig. 2).

AFI has been used to highlight various lesions, such as neo-
plastic tissue, minimal changes in reflux esophagitis, the extent
of chronic atrophic fundal gastritis, and Barrett’s esophagus.”"
AFI improves detection rates of neoplasia in patients with IBD
and decreases the number of random biopsies needed. In a ran-
domized, comparative study with 50 UC patients, neoplasia
miss-rates for AFI and white light endoscopy were 0% and 50%,
respectively (p =.036).”" AFI had 100% of sensitivity since all
neoplasia was colored purple on AFI, while NBI had a 75% of
sensitivity according to the Kudo classification.

AFI also has the ability to detect inflammatory lesions, in-
cluding microscopic activity, in the colonic mucosa. Osada ez /.’
evaluated 572 images from 42 UC patients including white
light endoscopy and AFI to validate the clinical relevance of
AFI endoscopy for the assessment of the severity of inflamma-
tion. The green color component of AFI corresponded more
closely with mucosal inflammation sites (r =-0.62, p <.01) than
the red (r=0.52, p<.01) or blue (r=0.56, p <.01) color compo-
nents. There were significant differences in green color compo-
nents between limited (0.399 + 0.042) and extensive (0.375 +
0.044) (p = .014) polymorphonuclear cell infiltration within
MES-0. It was observed that the green color component of AFI
decreased as the severity of the mucosal inflammation increased.

Endocytoscopy

Endocytoscopy (Olympus, Tokyo, Japan) is a new technique,
enabling observation of the gastrointestinal mucosa at the cellu-
lar level. Microscopic imaging for the gut mucosal layer can be
observed at a magnification up to 1,400-fold with a contact light
microscope.”® It requires preparation of the mucosal layer with
absorptive contrast agents like methylene blue or toluidine blue.
Thus, endoscopists can distinguish architectural details such as
epithelial structure, cellular features, and vascular patterns in
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terms of size, leakage, and tortuosity.”*°

Some studies suggest that endocytoscopy has a potential role
in 7n vivo evaluation. A study in patients who have colorectal ab-
errant crypt foci demonstrated that endocystoscopy was able to
detect tissue abnormalities in the normal mucosa surrounding
CRC and to identify neoplasia in aberrant crypt foci with 91.4%
sensitivity.”® A pilot study with IBD patients showed that en-
docytoscopy could reliably distinguish single inflammatory cells
with high sensitivities and specificities (neutrophilic [60% and
95%]1, basophilic {74.43% and 94.44%1, eosinophilic granulo-
cytes {75% and 90.48%]1, and lymphocytes {88.89% and
93.33%}). It also showed that the concordance between endo-
cytoscopy and histopathology for grading intestinal disease ac-
tivity in IBD was 100%.”* This new imaging technique intro-
duces possibilities for the development of 7z viww research while
allowing surface magnification at cellular and subcellular reso-
lution, but little data is currently available on endocytoscopy.

CONCLUSION

Diagnostic techniques in the field of IBD including endosco-
py, molecular pathology, genetics, epigenetics, metabolomics,
and proteomics have emerged over the past few decades. An im-
provement in endoscopic techniques has enabled precise diag-
nosis and identification of dysplasia with advanced image pro-
cessing software and optical filter technology. The two major
advances provide better recognition of abnormalities enabling a
refined classification and characterize the extent and depth of the
inflammation or mucosal healing, facilitating targeted biopsy.
Real-time microscopy during the ongoing endoscopy at a sub-
cellular resolution is noninvasive and timesaving. These features
provide high diagnostic accuracy for the detection of disease ac-
tivity, location, severity, and complications and can provide valuable
guidance for choosing medical and surgical treatments (Table 2).

Despite the promising data, the generalizability of the proce-

Table 2. Potential clinical use of image-enhanced endoscopy in
inflammatory bowel disease

Disease severity Detection
and extent of dysplasia
High definition endoscopy + ++
Chromoendoscopy (dye-based) + +++
Narrow band imaging ++ +0r +
i-Scan +0r++ ++
Confocal laser endomicroscopy ++ ++
Autofluorescence imaging + ++
Endocytoscopy ++ +0r+
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dure should be confirmed with more well designed clinical in-
vestigations. Moreover, the utility of these techniques are depen-
dent on the skill of the observers, so it is practically impossible
to avoid “intra-observer variation” and “inter-observer variation.”

The new endoscopic imaging modalities used in clinical prac-
tice still warrant further investigation. In addition, even if en-
doscopy in IBD patients is clear, final diagnosis of intraepitheli-
al neoplasia and disease activity still remains on histopathology. It
will be important to identify the challenges associated with imple-
menting these advanced endoscopy techniques in clinical practice.
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Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide and the third most common cause of death
from cancer.' Asia is an endemic area of HCC. It is estimated
that approximately 75%-80% of the HCC cases worldwide de-
velop in Asia.” The primary etiological factor in Asia is the hepa-
titis B virus; however, the proportion of hepatitis C virus—related
HCC has been increasing.” In chronic hepatitis B or C, multi-
step hepatocarcinogenesis, in which dysplastic nodules progress
to early HCC and eventually advanced HCC, is widely accepted
as the main mechanism of HCC development.*

Knowledge of the mechanism of hepatocarcinogenesis is im-
portant, as it may contribute to improved detection of HCC at
an early stage and more successful therapeutic outcomes. In fact,
the 5-year survival rate for patients with HCC has improved
over the past several decades, and the early detection of HCC is
one of the most important contributing factors.” In particular,
the nationwide surveillance for HCC among high-risk individ-
uals has allowed small HCCs less than 2 cm in diameter to be
easily detected.” Furthermore, the rapid development of nonin-
vasive imaging technology, including the rapidly developing,
high-quality magnetic resonance (MR) techniques using new,
cell-specific contrast agents, may allow further improvement of
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Understanding the important alterations during hepatocarcinogenesis as well as the characteris-
tic magnetic resonance imaging (MRI) and histopathological features will be helpful for managing
patients with chronic liver disease and hepatocellular carcinoma. Recent advances in MRI tech-
niques, such as fat/iron quantification, diffusion-weighted images, and gadoxetic acid-enhanced
MRI, have greatly enhanced our understanding of hepatocarcinogenesis.
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the detection and characterization of small nodules in cirrhotic
livers.® As a result, we are currently able to diagnose more early-
stage HCCs. Pathologists and radiologists should be aware of
the variable imaging features of these early-stage HCCs, as they
frequently show different characteristics than advanced HCC.
In this study, we review the important changes in magnetic res-
onance imaging (MRI) and histopathologic features during mul-
tistep hepatocarcinogenesis as well as the recent developments
in MRI technology for detecting and characterizing hepatocel-
lular nodules.

MULTISTEP HEPATOCARCINOGENESIS:
HISTOLOGIC CHANGE

Multistep hepatocarcinogenesis is characterized by progressive
dedifferentiation of phenotypically abnormal nodular lesions in
the liver and the emergence of successively more advanced pre-
cancerous, early cancerous, and overtly cancerous lesions (Fig.
1).”® Chronic inflammation causes repeated injury to liver cells
and regeneration of injured tissue, both of which promote accu-
mulation of genetic and epigenetic alterations.”'” These altera-
tions begin from the early preneoplastic phase and progress par-
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Fig. 1. Schematic view of multistep hepatocarcinogenesis. Unpaired arterial supply replaces portal supply progressively from regenerative
nodules to progressed hepatocellular carcinoma (yellow, nodules with portal supply; red, nodules with unpaired arterial supply). Degrees of
various pathologic components are depicted as gradient bars. DN, dysplastic nodule; HCC, hepatocellular carcinoma; HG, high grade; LG,

low grade; RN, regenerative nodule.

allel to the evolution of hepatic fibrosis or cirrhosis."!*

This linear, repetitive, and successive process of the expansion
and development of less differentiated, aberrant clonal popula-
tions of hepatocytes causes their evolution over time.” These de-
differentiated clonal populations eventually completely replace
those of the more differentiated environment. Repetitive clonal
growth and expansion ultimately generates nodules of the ma-
lignant phenotype. The dedifferentiated evolution process occurs
in serial order as a biologic continuum 7z vive; however, these
processes are divided into discrete steps for clinical use.'®

In 1995, after the stepwise development of HCC from regen-
erating nodules of liver cirrhosis was proposed, the International
Working Party IWP) of the World Congress of Gastroenterol-
ogy defined regenerative nodules (RNs), low-grade dysplastic
nodules (DNGs), high-grade DNs, and HCC as steps from regen-
eration to cancer.”'® In addition, the IWP defined small HCCs
as tumors less than 2 cm in diameter. However, there had been
debate regarding the definition of small HCC, as these tumors
can be divided into early HCGs, i.e., an early stage of hepato-
carcinogenesis, and progressed HCCs, i.e., advanced HCC less
than 2 cm in diameter. In addition, the accurate pathological
definition of early HCCs differentiated from DNs was not es-
tablished until recently. Finally, in 2009 the International Con-
sensus Group for Hepatocellular Neoplasia ICGHN) reached a
consensus regarding the pathological criteria of early HCCs, as
discussed below."” These international efforts have contributed
greatly to the standardization of the nomenclature regarding
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nodules during hepatocarcinogenesis.

Regenerative nodules

A RN, also known as a cirrhotic nodule, is a well-defined nod-
ular region surrounded by fibrotic/scar tissue, which has emerged
from the regenerative process of the injured liver tissue. In RNs,
the cells are histologically normal and lack clonal features.”® A
RN is considered a benign hepatocellular nodule.

Dysplastic nodules

DN are small nodules which are in the precancerous stage
between benign RNs and malignant HCC. DN usually differ
from the surrounding liver parenchyma in color, texture, and
cellular change."” DN are subdivided into low-grade DN and
high-grade DN.

Low-grade DNs show features suggestive of a clonal cell pop-
ulation without significant architectural or cellular atypia (Fig.
2A). Occasionally, low-grade DNs demonstrate large cell change,
although they do not show small cell change. Low-grade DNs can
show a mild increase in cell density with a monotonous pattern.
A nodule-in-nodule pattern is not present in low-grade DNs."**

In contrast, high-grade DNs show cytological and architec-
tural atypia, although those changes are insufficient for a diag-
nosis of malignancy." Small cell change is the most frequently
seen cytological atypia. The architectural atypia observed in
high-grade DN includes the thick cell plates up to three cells
thick and/or pseudoglandular structures (Fig. 2B). The cell den-
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Fig. 2. Representative pathologic images of multistep hepatocarcinogenesis. (A) Low-grade dysplastic nodule (right of the dashed line)
shows increased cellularity, and residual portal tracts (arrow) are easily identifiable within the nodule. (B) High-grade dysplastic nodule (left of
the dashed line) shows further increased cellularity and frequent unpaired arteries (arrow). (C) Early hepatocellular carcinoma (below the
dashed line) is poorly demarcated but shows unequivocal cytological atypia and stromal invasion (arrow). (D) Advanced hepatocellular carci-

noma is well demarcated by a thick capsule and shows overt features of malignancy.

sity of these lesions is usually 1.3-2 times greater than that of
the adjacent cirrhotic parenchyma."

Early HCC

In 2009, the ICGHN made a consensus for the definition of
early HCC." Early HCCs are considered “/n situ carcinoma”
showing well-differentiated proliferation.'”’ Early HCCs are
referred to as ‘small HCC of the vaguely nodular type.” The most
important histologic feature that distinguishes early HCCs
from high-grade DN is stromal invasion, defined as the pres-
ence of tumor cells invading the portal tracts or fibrous septa
(Fig. 2C). Early HCC:s also show various combinations of the
following histologic features: “(1) increased cell density more
than two times that of the surrounding liver parenchyma and
with an increased nuclear/cytoplasm ratio and irregular, thin
trabecular pattern; (2) varying numbers of portal tracts within
the nodule (intratumoral portal tracts); (3) a pseudoglandular
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pattern; (4) diffuse fatty change; and (5) various numbers of un-
paired arteries.”"”

There may be confusion regarding the terminology of early
HCC and small HCC. By the definition of the IWP consensus
in 1995, small HCC is a tumor less than 2 cm, whereas early
HCC refers to well-differentiated HCC of the vaguely nodular
type during the hepatocarcinogenesis process. The question has
remained for small HCCs with moderate or poor differentia-
tion. After much debate, such tumors are now termed “small
progressed HCC” or “small HCC of the distinctively nodular
type.” In Table 1, the terminology and histologic characteristics
of these small, hepatocellular lesions are summarized.

Progressed HCC

Progressed HCCs are overtly malignant hepatocellular le-
sions. Small lesions with a maximum diameter less than 2 cm
usually have distinctly nodular macroscopic features," while
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Table 1. Terminology and histologic characteristics of these small (less than 2 cm) hepatocellular lesions

Terminology Feature Histologic characteristic
Regenerative nodules Gross Well-defined rounded regions of the cirrhotic parenchyma surrounded by scar tissue
Microscopic Phenotypically normal cells
Dysplastic nodules Gross Distinctly nodular lesions which differ from adjacent cirrhotic parenchyma with regard to size,
color, texture, and degree of bulging at the cut surface
Microscopic Divided into low-grade DNs and high-grade DNs
— Low-grade DN: a clonal cell population without significant architectural atypia and with a mild
increase in cell density
— High-grade DN: a clonal cell population with cytological and architectural atypia although not
sufficient for a diagnosis of malignancy
Early HCCs (=small HCCs Gross Vaguely nodular lesions with indistinct margins

of the vaguely nodular type) Microscopic

Well-differentiated histology of HCC with increased cell density and an irregular, thin-trabecular

pattern; the stromal invasion is the most helpful feature to differentiate early HCC from

high-grade DN
Distinctly nodular lesions
Well (G1) to moderately (G2) differentiated histology of HCC

Progressed HCCs (=small HCCs Gross
of the distinctly nodular type) Microscopic

DN, dysplastic nodule; HCC, hepatocellular carcinoma.

large lesions greater than 2 cm in diameter, which are termed
“large HCCs,” have variable macroscopic features. Although
three common macroscopic patterns of large HCCs have been
proposed,”’ six macroscopic patterns, which were proposed by
the Korean Liver Cancer Study Group, are more widely accepted
in Korea.”* Briefly, expanding nodular pattern is defined by one
single, dominant mass and is the most common type. In these
tumors, mosaic architecture is frequently observed, characterized
by the multiple sub-nodules separated by fibrous septations and
foci of hemorrhage or necrosis.”> Nodular and perinodular exten-
sion type and infiltrative pattern show a dominant mass with in-
filtration into adjacent hepatic parenchyma along < 50% of tu-
mor border in the former and 250% in the latter. Those tumors
are usually associated with poorly differentiated cancer cells that
spread into the surrounding sinusoids and cell plates.'”** Cir-
rhotomimetic pattern represents widespread infiltration by in-
numerable small nodules that frequently replace the whole liver.”'
In addition, multinodular confluent type and pedunculated type
have also been described.”” These progressed HCCs with both
small and large lesions frequently show macroscopic vascular
invasion with involvement of portal veins and less frequently
hepatic veins. Sometimes, bile duct invasion may be seen mac-
roscopically.

On histology, the main hallmark of HCC is that the malig-
nant cells resemble the normal liver, both in architecture and cy-
tology. Progressed HCCs can show different degrees of hepato-
cellular differentiation ranging from well-differentiated to poorly
differentiated. Based on the degree of nuclear anaplasia, the Ed-
mondson and Steiner system was proposed and is widely used to
divide HCC into four grades from I to IV.""* The common his-
tological patterns include (1) trabecular pattern, where tumor
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cells with hepatocellular differentiation are arranged in plates of
various thickness, separated by sinusoid vascular spaces (Fig. 2D);
(2) pseudoglandular pattern, where gland-like dilatation of the
canaliculi are present between tumor cells forming the lumen;
(3) compact pattern, which is composed of thick trabeculae com-
pressed into a compact mass; (4) scirrhous pattern, where des-
moplastic stroma divides tumor cell masses into smaller nests;
and (5) fibrolamellar pattern, which shows characteristic lamel-
lar collagen bundles running between large glassy tumor cells.

RECENT ADVANCES IN MAGNETIC
RESONANCE IMAGING TECHNIQUES

Recently, the diagnosis of hepatocellular carcinoma has be-
come primarily based on imaging.” In clinical practice, com-
puted tomography (CT) is the most widely used imaging mo-
dality to diagnose HCC. With the dramatic technical advances
in MR, it is currently more useful than other imaging modali-
ties for diagnosing HCC because it provides better soft-tissue
contrast and information regarding cellularity, tissue compo-
nents, and hemodynamic changes of the hepatocellular nodules.
In the recent past, the spatial resolution and scan speed were
generally better on CT than on MRI;”** however, recently de-
veloped MRI units have fast scanning with high spatial resolu-
tion, comparable to CT scanning. Therefore, the use of MRI for
the diagnosis of HCC has greatly increased.

Nonradiologist physicians may not be familiar with MRI se-
quences and the information that can be obtained from those
sequences. Indeed, there are many sequences of liver MRI which
may cause confusion. In addition, the interpretation of MRI
largely depends on which contrast agent is used. We summarize
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the commonly used sequences in Table 2 and illustrate the rep-
resentative images of such sequences in Fig. 3.

T2-weighted images
T2-weighted imaging (T2-WI) highlights the differences in
the T2 relaxation time of tissues. Sequences for T2-W1 are the

Table 2. Commonly used MRI sequences for liver imaging

basic components of MRI, and are quite helpful for the differ-
ential diagnosis of liver tumors. For example, hepatic cysts and
hemangiomas show very high T2 hyperintensity, while HCCs
show intermediately high T2 hyperintensity (Fig. 3A).”

For routine liver MRI, two kinds of T2-WI sequences are
used: sequences moderately weighting T2, including fast spin-

MRI sequences

Information

T2-weighted images

T1-weighted dual gradient-echo images
(in-phase and opposed-phase)

Multiphasic dynamic imaging (arterial phase, portal-venous phase, and
three-minute equilibrium phase)

Hepatobiliary phase imaging (i.e., 20-minute delayed image)

Diffusion-weighted imaging

Helpful for differential diagnosis

Hepatic cysts and hemangiomas show very high T2 hyperintensity, while HCCs
show intermediately high T2 hyperintensity

Helpful for detecting the intralesional fat component

Evaluate the hemodynamic pattern of hepatic tumors

HCCs typically show arterial enhancement and delayed washout

When gadoxetic acid is used as a contrast agent, the hepatobiliary phase is used
to improve the detection and characterization of hepatocellular nodules

Helpful for the detection and characterization of hepatocellular nodules

MRI, magnetic resonance imaging; HCC, hepatocellular carcinoma.

Fig. 3. Routine magnetic resonance imaging sequences. (A) T2-weighted imaging is helpful for the differential diagnosis of liver tumors. He-
patocellular carcinoma (HCC) usually shows intermediate high-signal intensity (arrowheads on the left), whereas hepatic cysts show bright
high-signal intensity (arrow on the right). (B) In-phase and opposed-phase images provide information regarding the fat or iron content of he-
patocellular nodules. The fat component of a nodule is seen as high-signal intensity on in-phase imaging (arrowhead on the left) and as low-
signal intensity on opposed-phase imaging (arrow on the middle). On histology of the resected specimen, the nodule is confirmed as a fat-

containing HCC.
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Fig. 3. (Continued) (C) Multiphasic dynamic images and hepatobiliary-phase images. After contrast injection, T1-weighted images are ob-
tained in the arterial phase (AP), portal-venous phase (PVP), three-minute, delayed equilibrium phase (EP), and 20-minute, delayed hepatobi-
liary phase (HBP) to provide hemodynamic information regarding liver tumors. An HCC (arrowheads) shows typical hemodynamic features,
including enhancement on AP, and washout on PVP and EP. On HBP, the HCC is seen as a hypodense mass. (D) Diffusion-weighted imag-
ing (DWI) and the apparent diffusion coefficient (ADC) map are helpful for evaluating the cellularity of a liver tumor. HCC mostly shows high
signal intensity on DWI (arrow on the left) and low signal on the ADC map (arrowheads on the right).

echo or turbo spin-echo, and sequences exaggerating T2 of tis-
sues, including single-shot fast spin-echo or half-Fourier acquisi-
tion single-shot turbo spin-echo.”

T1-weighted, dual gradient-echo sequence (in-phase and
oppposed-phase)

A T1-weighted, dual gradient-echo sequence is composed of
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an in-phase image and an opposed-phase image. These images
are routine components of the liver MRI protocol, as they can
evaluate the fat content of tissues.”” They are primarily used to
identify diffuse or focal hepatic steatosis or to detect the fatty
component of liver tumors, such as fat-containing, dysplatic
nodules or HCC. When comparing the signal intensity (SI) be-

tween in-phase and opposed-phase images, the fatty component
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of tissue shows a signal drop in the opposed-phase (Fig. 3B).

This sequence is also helpful for detecting the iron compo-
nent of tissues using the dual-echo approach. In contrast to the
fatty component, the iron component shows a signal drop on in-
phase images compared to opposed-phase images. Therefore, the
pathological conditions, such as hemochromatosis or hemosider-
osis, can be identified.” It is also helpful to detect iron-contain-
ing liver tumors, such as siderotic nodules or iron-containing he-
patocellular lesions.

Multiphasic dynamic imaging

In liver MRI, contrast agents have crucial roles in the detec-
tion and characterization of HCC, based on evaluation of the he-
modynamic pattern of liver tumors and liver parenchyma. Mul-
tiphasic dynamic imaging consists of repeated acquisition of T1-
weighted images (T1-WIs) after contrast agent injection and is
composed of the arterial phase, portal-venous phase, and three
minutes of the equilibrium phase (Fig. 3C). Enhancement in the
arterial phase and washout in the portal or equilibrium phase is
regarded as a characteristic feature of HCC on both dynamic CT
and dynamic MRIL.”'

Hepatobiliary phase images

The hepatobiliary phase refers to a 20-minute delayed phase
following injection of gadoxetic acid (Fig. 3C). Therefore, the
hepatobiliary phase is only performed when gadoxetic acid is
used as the contrast agent. Gadoxetic acid is a dual-function
agent allowing both dynamic imaging and hepatobiliary-phase
imaging. It has characteristics like extracellular contrast agents
and can be used in dynamic MRI within three minutes after
contrast agent injection. In the hepatobiliary phase, gadoxetic
acid is taken up by cells that express the OATP receptor. Nor-
mal hepatocytes usually express abundant OATP receptors,
while HCCs or liver metastases lack OATP receptors. This re-
sults in improved lesion-to-liver contrast because normal liver
parenchyma shows high SI while liver tumors show dark SI in
the hepatobiliary phase of gadoxetic-acid—enhanced MRI.*

Gadoxetic acid is excreted into the biliary system. In the hep-
atobiliary phase it is possible to observe the biliary excretion of
gadoxetic acid, which thus allows functional biliary imaging. In
liver tissue in which the bile duct is obstructed, biliary excretion
is not observed. Regarding liver tumor evaluation, the hepato-
biliary phase is sometimes helpful for obtaining a differential
diagnosis. For example, focal nodular hyperplasia (FNH) has a
functioning, hepatocyte-expressing OATP receptor, although it
has no biliary excretion system. Therefore, gadoxetic acid is re-
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tained for a long time within an FNH nodule. FNH shows high
SI in the hepatobiliary phase, which is helpful for differentiat-
ing FNH from HCC*

Diffusion-weighted imaging

Diffusion-weighted imaging is a sequence to map the diffu-
sion process of molecules, primarily water molecules, in biolog-
ical tissues. Diffusion is a random motion of water molecules.
In tissues or cells, diffusion of water molecules is restricted due
to the interactions of molecules.”” The degree of diffusion restric-
tion varies across tissues, thus reflecting the microscopic details
of biological tissues. The apparent diffusion coefficient (ADC) is
a quantitative parameter of diffusion restriction calculated from
diffusion-weighted images. The ADC map, together with diffu-
sion-weighted images, is quite helpful for visual assessment and
quantitative analysis of a liver tumor (Fig. 3D).

The diffusion of water molecules is highly restricted in dense
cellular tissue such as HCC, compared to that of normal liver
parenchyma, whereas necrosis or nonviable tumor tissues cause
increased membranous permeability allowing free diffusion of
water molecules.”* Therefore, diffusion-weighted images are
helpful for detecting highly cellular tumors and for differentiat-
ing malignant lesions from benign lesions.

MAGNETIC RESONANCE IMAGING
OF ALTERATIONS DURING
HEPATOCARCINOGENESIS

During multistep hepatocarcinogenesis, the important chang-
es in hepatocellular nodules are neo-angiogenesis, cellular dif-
ferentiation and density, fat or iron accumulation, and biliary
drainage dysfunction (Fig. 1). Recent advances in MR technolo-
gy allow the evaluation of these pathological and functional

changes.*”

Alteration of hepatic vasculature

During hepatocarcinogenesis, hemodynamic change occurs in
hepatocellular nodules and can be visualized by radiologic im-
aging and histopathology.”® The blood flow of RN is supplied
from both the portal vein (75%-80%) and the hepatic artery
(20%-25%), as with normal liver parenchyma. As the hepato-
cellular nodules evolve from low-grade DN through high-grade
DN to early HCC, both the intranodular portal blood supply
and the hepatic arterial blood supply tend to decrease.”” The ma-
jority of these nodules are still hypovascular on dynamic MRI.
As the grade of HCCs increases, i.e., Edmondson grade II or
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greater, the intranodular portal supply definitely decreases,
whereas the intranodular arterial supply tends to progressively
increase. This increased intranodular arterial input is due to neo-
angiogenesis of the unpaired artery in the lesion." Therefore, the
majority of advanced HCCs show typical hemodynamic features
of arterial enhancement and portal/delayed washout (Fig. 3C).

Cellular change in hepatocellular nodules

As hepatocellular nodules evolve from DNs to HCCs, several
cellular changes occur, including small cell change, increased
cell density, and nodule-in-nodule growth. These cellular chang-
es can be detected in T2-W1 and diffusion-weighted images.”

First, cell density can be evaluated by diffusion-weighted im-
aging and T2-WI. Low-grade DNs show a mild increase in cell
density, and high-grade DNs show a moderate increase in cell
density, i.e., as much as twice that of the surrounding liver pa-
renchyma.'' However, these cellular changes of DNs are usually
insufficient to show overt high SI on diffusion-weighted images
and T2-WT1. In contrast, in HCCs, an increase in cell density is
usually sufficiently detectable on diffusion-weighted images or
T2-WIs.” Small cell change is frequently observed in HCC and
may also contribute to diffusion restriction of water molecules in
the malignant cells seen on diffusion-weighted images (Fig. 3D).

Secondly, the nodule-in-nodule pattern is one of the typical
histologic and imaging features of HCC, although it is uncom-
mon. Usually, cirrhotic nodules and low-grade DN are seen as
distinct single nodules, while some high-grade DNs contain
sub-nodules which are usually HCC foci, i.e., clones of malig-
nant-transformed cells from DNs during hepatocarcinogenesis.
The nodule-in-nodule pattern can be depicted by either T2-W1
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or dynamic MRL” If the sub-nodule within the DN shows arte-
rial enhancement, it is easily detected in the arterial phase of dy-
namic MRI (Fig. 4).

Thirdly, the tumor capsule is a characteristic feature of pro-
gressed HCCs.” It is usually seen as a thin rim of low SI on non-
contrast T1-W1. On contrast-enhanced MRI, the tumor capsule
can be progressively enhanced following injection of gadolinium
contrast agent, as the tumor capsule is generally composed of fi-
brous tissue containing compressed vessels (Fig. 5)."” On T2-
W1, the tumor capsule may show variable SI as either low SI or
high SI. Although the tumor capsule is regarded as a character-
istic finding of progressed HCCs, it may be present in large
DN and may not be seen in small HCCs. For the diagnosis of
HCC, the presence of a tumor capsule is helpful, although not
essential.

Alterations of the fat/iron composition in hepatocellular
nodules

During hepatocarcinogenesis, iron may accumulate in low-
grade DNs and in some high-grade DNs. These nodules con-
taining an iron deposit are referred to as ‘siderotic nodules’ (Fig.
6). In hepatocytes of siderotic nodules, the iron-transporter sys-
tem, such as the transferrin transporter, are upregulated.”* How-
ever, as these nodules progress into HCCs, the iron-transporta-
tion system also alters, and iron utilization increases, thus causing
iron deficiency in HCCs." Therefore, with progtession to HCC,
iron usually decreases.

These alterations of the fat composition in DNs and HCCs
are often helpful for characterizing hepatocellular nodules on
MRI. On T2-WI or T2*-WI, the iron component is seen as

Fig. 4. Nodule-in-nodule pattern of hepatocellular carcinoma (HCC). On a multiphasic, dynamic magnetic resonance imaging of a 50-year-
old patient with HCC, there is a large mass without arterial hypervascularity (arrowheads on the left) and a sub-nodule with strong arterial hy-
pervascularity (asterisk on the left) on the arterial-phase image, i.e., the so-called nodule-in-nodule pattern. The central sub-nodule shows
washout on the portal-venous phase (asterisk in the middle). After the patient was treated with transarterial chemoembolization, lipiodol was
taken up only in the sub-nodule (asterisk on the right). These findings suggest the presence of HCC as a sub-nodule arising from a large

dysplastic nodule.
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dark SI. On T1-weighted, dual gradient-echo images, the iron
component shows a signal drop in in-phase images compared to
that of opposed-phase images. Iron-containing, hepatocellular
nodules are usually DN and are unlikely to be HCCs. The de-
velopment of an iron-deficient sub-nodule within a siderotic
nodule indicates HCC foci arising from the DN. Likewise, if a
siderotic nodule is seen to be iron-free on a follow-up study, it
may suggest its transformation into HCC."

Fat accumulation within hepatocellular nodules is also altered
during hepatocarcinogenesis. In low-grade DNs, high-grade
DN, and early HCGs, fat can accumulate focally or diffusely in
the nodules. The intralesional fat accumulation peaks in the ear-
ly HCC stage and regresses according to the increasing size and
grade of HCCs. Usually, poorly differentiated HCCs or large
HCCs >3 cm rarely show intralesional fat accumulation.” The

fat component can be evaluated on T1-weighted, dual gradient-

echo images. The fatty component of tissue shows a signal drop
in opposed-phase images compared to in-phase images (Fig. 3B).

MAGNETIC RESONANCE IMAGING FINDINGS
OF HEPATOCARCINOGENESIS

Regenerative nodules

On MRI, most RN are imperceptible and isointense on un-
enhanced T1-WIs and T2-W1s. Some of these nodules may be
differentiated by unusual imaging features, such as hyperinten-
sity on T1-W1s and hypointensity on T2-W1Is. When enhanced
with contrast material, most RNs demonstrate a similar degree
of enhancement with that of the adjacent parenchyma, although
occasionally mild, delayed-phase hypoenhancement or hepato-

biliary phase hyperintensity may be seen.”*

Fig. 5. Tumor capsule of the hepatocellular carcinoma (HCC). The tumor capsule (arrowheads) is seen as a hypointense rim on the arterial-
phase (AP) image (left) and as an enhancing rim on the portal-venous phase (PVP) image (middle), indicating a delayed and persistent en-
hancement pattern. On T2-weighted imaging (T2-WI), the tumor capsule is seen as a hyperintense rim (right).

Fig. 6. Siderotic nodule. A 60-year-old patient with liver cirrhosis underwent liver magnetic resonance imaging. On in-phase images, there
are many nodules with low signal intensity (arrowheads on the left), which are not clearly demonstrable on opposed-phase images (right).
This signal drop of nodules on the in-phase image suggests that these nodules contain an iron component (so-called siderotic nodules).
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Dysplastic nodules

Common imaging findings of DN are hyperintensity on T1-
WIs and isointensity or hypointensity on T2-W1Is.”"*' The T1
hyperintensity can be explained by the fact that DNs accumu-
late copper or iron, which are paramagnetic materials leading to
T1 hyperintensity depending on the concentration. Such intra-
nodular copper or iron accumulation may lead to T2 hypoin-
tensity due to the T2-shortening effects. Some DN, especially
high-grade DNs, may show fatty change manifested as T'1 hy-
perintensity on MRI.

After contrast agent injection, most DNs are usually isoin-
tense to the liver parenchyma in the hepatic arterial, portal ve-
nous, and hepatobiliary phases. As some DNs show washout or
capsular enhancement in the delayed phase and hypointensity
in the hepatobiliary phase, these findings may be good predic-
tors of pre-malignancy.”

Early HCC

Most early HCCs are either isointense or hyperintense on T1-
W1s and are mostly isointense on T2-W1s.* In addition, most
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early HCCs are hypovascular, and only 5% of the early HCCs
show arterial hypervascularity on dynamic MRI. These charac-
teristics are nonspecific, suggesting that it is difficult to accu-
rately diagnose early HCC using conventional MRI.

In particular, differentiating early HCC from high-grade DN
on MRI is quite challenging. There are a few differential points.
First, high SI on diffusion-weighted images almost always indi-
cates early HCC. DNs are almost never hyperintense on T2-W1
and diffusion-weighted images."” Second, nodule hypointensity
on the hepatobiliary phase of gadoxetic-acid-enhanced MRI fa-
vors early HCC rather than high-grade DN as a substantial num-
ber of such hypointense nodules show hypervascularity during
the follow-up period (Fig. 7).

Progressed HCC

The typical MRI findings of HCC, which have been exten-
sively investigated in numerous research studies, mostly apply
to progressed HCC rather than early HCC. The hallmarks of
HCC are arterial hypervascularity and washout on the portal-
venous phase and/or equilibrium phase of multiphasic dynamic

Fig. 7. A 65-year-old patient with a liver nodule. (A) On the initial magnetic resonance imaging (MRI), there is a 1.4 cm, hypointense nodule
on the portal-venous phase (PVP, arrowhead) without arterial hypervascularity (arrow) on the arterial phase (AP). This nodule was regarded
as a high-grade dysplastic nodule or early hepatocellular carcinoma (HCC). (B) On the one-year follow-up MRI, the nodule had increased in
size. The nodule showed hypointensity on the hepatobiliary phase (HBP, arrowheads) and arterial hypervascularity on the AP (arrow), which

suggests development of HCC.

http://dx.doi.org/10.4132/jptm.2015.04.15

http://jpatholtm.org/



228 e HuhJ,etal

CT or MRL*"" This finding is due to the predominant vascular
supply to HCCs from unpaired hepatic arteries and the absence
of the portal vein supply. These hemodynamic changes are ap-
parent in the progressed HCC rather than the early HCC.
Therefore, it is very helpful to differentiate small progressed
HCC from early HCC. In addition, the nodule margin seen on
MRI is also helpful to differentiate small, progressed HCC, be-
cause it is more distinctly nodular than early HCC with its in-
distinct margin. Indeed, the tumor capsule is a characteristic
feature of progressed HCCs and is seen as a persistent enhanc-
ing rim at the periphery of the tumor.”

Progressed HCCs can present as infiltrative masses as well as
expansile nodules/masses. In infiltrative masses, the tumor cells
may infiltrate through the tumor capsule into the surrounding
parenchyma.” These infiltrative HCCs frequently show vascular
invasion or biliary invasion, thus leading to a poor patient prog-
nosis.

Vascular invasion is common in progressed HCCs, including
portal vein invasion or hepatic vein invasion. As vascular inva-
sion is rarely observed in other types of liver malignancies, this is
a helpful characteristic for diagnosing HCC. Vascular invasion
generally indicates a poor prognosis for the patients, as it is a
route of tumor spread through the liver and of systemic metas-
tasis.”

CONCLUSION

The incidence of small HCCs has recently been increasing
due to a nationwide surveillance program and advances in im-
aging techniques. It is difficult to correctly diagnose such small
HCCs during histological and radiological examinations. Un-
derstanding the important alterations during hepatocarcinogen-
esis as well as the characteristic MRI and histopathological fea-
tures will be helpful for managing patients with chronic liver
disease and HCC. There is no doubt that special MRI tech-
niques, such as fat/iron quantification, diffusion-weighted imag-
es, and gadoxetic-acid-enhanced MRI, have greatly enhanced
our understanding of hepatocarcinogenesis.
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Effectiveness and Limitations of Core Needle Biopsy in the Diagnosis
of Thyroid Nodules: Review of Current Literature
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Fine needle aspiration (FNA) is currently accepted as an easy, safe, and reliable tool for the diag-
nosis of thyroid nodules. Nonetheless, a proportion of FNA samples are categorized into non-di-
agnostic or indeterminate cytology, which frustrates both the clinician and patient. To overcome
this limitation of FNA, core needle biopsy (CNB) of the thyroid has been proposed as an addition-
al diagnostic method for more accurate and decisive diagnosis for thyroid nodules of concern. In
this review, we focus on the effectiveness and limitations of CNB, and what factors should be

Korea considered when CNB is utilized in the diagnosis of thyroid nodules.
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At present, thyroid nodules are a common problem. With ad-
vances in diagnostic technology and the widespread usage of
high-resolution ultrasonography (US), approximately 19%—67%
of otherwise healthy, asymptomatic individuals will eventually be
found to have thyroid nodules." Out of the vast amount of thy-
roid nodules detected, only 7%—16% of them will be eventually
diagnosed as malignant.' Therefore, an accurate and efficient di-
agnostic tool is ctitical for triaging patients with nodular disease
of the thyroid. Fine needle aspiration (FNA), especially under US
guidance, is considered the gold standard for differential diagno-
sis of thyroid nodules, due to its simplicity, safety, cost-effective-
ness, and diagnostic accuracy. Most authoritative guidelines rec-
ommend FNA for thyroid nodules detected on US as the next
step in diagnosis."” FNA has been reported to have diagnostic
sensitivity of 83%-98% and specificity of 70%-92% by various
studies."”

One major drawback of FNA is non-diagnostic and indeter-
minate cytology results (including atypia of undetermined sig-
nificance/follicular lesion of undetermined significance {AUS/
FLUS}, follicular neoplasm or suspicious for a follicular neoplasm
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[{EN/SENY, and suspicious for malignancy), which comprises ap-
proximately 10%-33.6% and 15%—42% of all FNA samples,"’
respectively. According to the Bethesda System for Reporting
Thyroid Cytopathology,’ repeat ultrasonography-guided fine
needle aspiration (US-FNA) is recommended for nodules with
non-diagnostic or indeterminate cytology results, as repeat aspi-
ration provides conclusive results in most of these nodules. How-
ever, about 9.9%-50% of nodules with initial non-diagnostic
cytology,™"* and 38.5%-43% of nodules with indeterminate

nodules'""?

will once again be diagnosed with inconclusive re-
sults, which induces frustration and anxiety in the patient and
leads to confusion in patient management and additional diag-
nostic medical costs.

Core needle biopsy (CNB) of the thyroid gland has been pro-
posed as an additional diagnostic method to US-FNA, mainly to
overcome the limitations of inconclusive cytologic diagnosis.
CNB provides a large amount of tissue which enables histologic
diagnosis, and additional immunohistochemical staining, if
needed. Several studies have shown the usefulness of CNB in
providing definitive diagnosis for thyroid nodules."" Neverthe-
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less, there currently remains a lack of evidence and no definite
guideline on how CNB should be used in the diagnosis of thy-
roid nodules. The American Association of Clinical Endocrinolo-
gists, Associazione Medici Endocrinologi, and European Thyroid
Association (AACE/AME/ETA) guideline is the only authorita-
tive guideline that mentions using CNB, and only in selective
cases with inadequate cytology,” but the actual usage of CNB in
clinical practice varies among institutions and radiologists. In
this paper, we will review previous studies evaluating the diag-
nostic performance of CNB in order to discuss the effectiveness
and limitations of CNB in the diagnosis of thyroid nodules.

EFFECTIVENESS

CNB in thyroid nodules with initial non-diagnostic cytology
Although FNA has been established as an accurate diagnostic
method for thyroid nodules by many authorized guidelines,"”
the diagnostic accuracy of FNA has been known to vary accord-
ing to (1) the experience of the operator, (2) intrinsic characteris-
tics of the targeted nodule, and (3) cytology interpretation.'®
These factors in particular, have significant influence on non-di-
agnostic cytology. As non-diagnostic aspirates are common causes
of false-negative FNA results, the current guidelines recommend
repeat FNA under US guidance,'” yet approximately 20.4%—
38.4% will once again be diagnosed as non-diagnostic.”" Sur-
gery is recommended for solid nodules with repeated non-diag-
nostic results for diagnostic purposes,'” which seems rather
extreme when considering the relatively low malignancy rates
(6.6%-39.5%) of nodules with non-diagnostic cytology.**'
Hence, CNB has been used as an adjunctive diagnostic tool in
nodules with initial non-diagnostic cytology; recent studies have
reported diagnostic or conclusive results in 86%-98.9% of non-
diagnostic nodules, and significantly lower non-diagnostic rates
in CNB compared to repeat US-FNA (Table 1)."*"*"'"!¥ In re-
ports that provide the diagnostic performances of CNB, high
specificity and positive predictive values of 100% were com-
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monly observed in CNB, suggesting that CNB enables malig-
nancy-specific results, even in nodules with prior non-diagnostic
results. Higher diagnostic rates obtained with CNB are only
natural since CNB can obtain larger tissue samples that provide
histopathologic information of the targeted nodule and the sur-
rounding thyroid parenchyma. However, presently, only the
AACE/AME/ETA guideline considers using US-CNB in “se-
lected cases with inadequate FNA results.”* Otherwise, no spe-
cific recommendation or indications have been established on
using CNB as a follow-up diagnostic tool in nodules with non-
diagnostic cytology. In addition, based on the low malignancy
rates from repeat US-FNA (0.5%) or surgical resection (1.8%)
in thyroid nodules with initial non-diagnostic cytology, a more
conservative approach such as clinical or US follow-up has been
proposed as a more appropriate alternative to additional invasive
procedures such as follow-up FNA." Thus, the role of CNB in
contributing meaningful information in non-diagnostic nodules
is still unclear.

CNB in nodules with indeterminate cytology

Indeterminate cytology, including AUS/FLUS, FN/SEN, and
suspicious for malignancy categories of the Bethesda System for
Reporting Thyroid Cytopathology,’ is a diagnostic challenge
since it harbors a higher risk of malignancy (5%-75%) but not
sufficiently high to directly consider surgety. There have been
continual efforts to improve the accurate detection of malignan-
cy among these lesions, including US features and molecular
analysis such as BRAF mutations.””” CNB has been utilized in
the diagnosis of thyroid nodules with indeterminate cytolo-
gy;' > in most studies, CNB is used to direct indeterminate
nodules to either surgery or conservative management. Park ¢ a/.”
showed a high detection rate of benign nodules in CNB (77.8%),
compared to repeat FNA (35.2%) and surgery (38.7%), with
high diagnostic accuracy. In addition, inconclusive rates of CNB
(17.6%) have been reported to be significantly lower than repeat
FNA (37.3%) in another study which included AUS nodules.**

Table 1. Results of the diagnostic performances of rFNA and CNB in thyroid nodules diagnosed as non-diagnostic on prior cytology

CNB-ND (%)

Diagnostic performance of CNB

Reference Total rFNA CNB rFNA-ND (%)
Samir et al.'® (2012) 0 90 (100) 90 (100) 53

Na et al.’? (2012) 64 64 (100) 64 (100) 28.1
Yeon et al." (2013) 155 - 155 -

Lee et al.’” (2014) 514 389(75.7) 125(24.3) 332
Choi et al.™® (2014) 360 180(50.0) 180 (50.0) 40.0

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

23 - - - -
1.6 .4 100 100 88.6 91.1
1.3 94.6 100 100 97.5 98.3
2.4 70 100 100 97.3 -
1.1 95.7 100 100 97.6 98.4

Values are presented as number (%) unless otherwise indicated.

rFNA, repeat fine needle aspiration; CNB, core needle biopsy; ND, non-diagnostic; PPV, positive predictive value; NPV, negative predictive value.
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This information facilitates accurate patient management and
reduces unnecessary surgery.

Few studies have investigated the efficacy of US-CNB in the
diagnosis of FN of the thyroid gland.””** CNB has been known
to have advantages over FNA cytology in the diagnosis of FN in
that the CNB specimen provides tissue samples which (1) visu-
alizes the microscopic monotonous follicular proliferation and
presence of fibrous capsules, and (2) enables additional immuno-
histochemical staining for differential diagnosis. Nasrollah et a/.”®
introduced a new biopsy technique that uses targeting to include
the nodular tissue, surrounding fibrous capsule, and extranodu-
lar parenchyma; based on this method, a recent study demon-
strated the utility of CNB in preoperative diagnosis of FN with
a significantly lower false-positive rate, unnecessary surgery rate,
and higher malignancy rates compared to FNA.” However, in
contrast, Hakala et 2/.° showed that while the sensitivity of CNB
may be superior in the diagnosis of papillary thyroid carcinoma
or other non-follicular thyroid lesions, CNB does not confer as
much benefit as in the diagnosis of follicular tumors. Addition-
ally, a meta-analysis by Novoa e a/.”” showed that FN was the
reason for a high number of false-positive results from CNB in
the thyroid when compared to other head and neck neoplasms,
since CNB cannot differentiate between follicular adenoma and
follicular carcinoma. Tissue sampling including obtaining an
adequate amount of fibrous capsule and surrounding normal pa-
renchyma, which is required for the diagnosis of FN” is not easy,
even under US-guidance, and confounds the diagnosis between

Table 2. Inconclusive rates of CNB in published literature

benign hyperplastic nodule and FN. In addition, for the diagno-
sis of follicular carcinoma, evaluation of the entire nodular cap-
sule is required to detect the presence of capsular/vascular inva-
sion, limiting the role of CNB as well as FNA as supported by
the results of a prior study,” which showed that although the di-
agnosis of neoplasm was significantly higher in CNB, the overall
malignancy rates did not show significant differences between
CNB and FNA (46% to 48%, respectively). Presently, even with
its ability to provide larger tissue volume for additional immu-
nohistochemical staining, CNB, like FNA, has limited value in
the differential diagnosis among subtypes of EN, serving only as
a ‘screening test,” rather than diagnostic for FN. Thus, CNB is
not recommended for use in the differential diagnosis of FN since
it does not provide additional diagnostic information, which is
specified in the AACE/AME/ETA guidelines.”

CNB as a first-line diagnosis for thyroid nodules

At most institutions, CNB is used as a second-line diagnostic
method, either as an adjunct or alternative to repeat FNA.'*
HLITI82628 However, recently several studies have applied CNB in
first-line diagnosis of thyroid nodules showing suspicious US

20
features, >

concluding that CNB has high conclusive rates and
reduces false-negative or inconclusive results of FNA in solid
nodules that carry high levels of suspicion for malignancy. Both
studies were from single institutions with a limited number of
patients. More evidence from a large scudy population is war-

ranted before considering the application of CNB as a first-line

Reference Reason for CNB ongnp  ONBAYS e ensen
FLUS inconclusive

Khoo et al.?' (2008) Referred for CNB by clinicians - - - 37/320 (10.9)
Park et al.?' (2011) Prior indeterminate cytology 1/64 (1.8) = - 1/64 (1.8)
Sung et al." (2012) Previous non-diagnostic or indeterminate FNA resullt, 8/555 (1.4)  63/555(11.4) 11/555(2.0) 82/555(14.8)

suspected malignancy with benign cytology resullts,

repeated scanty or bloody aspirates,

thyroid malignancy other than differentiated cancer suspected
Na et al."? (2012) Prior ND cytology 1/64 (1.6) 7/64 (10.9)  6/64(9.4) 14/64 (21.9)
Na et al."? (2012) Prior AUS/FLUS cytology 5/161(3.1)  38/161(23.6) 8/161(5.00 51/161(31.7)
Ha et al.® (2013) Suspicious US features, benign cytology 0/85 (0.0) 1/85 (1.2) 7/85 (8.2) 8/85 (9.4)
Yeon et al.’ (2013) Prior ND cytology 2/155(1.3)  18/155(11.6) 3/155(1.9)  23/155(14.9)
Leeetal.'” (2014) Prior ND cytology 3/125 (2.4) 5/125(4.0) 11/125(8.8)  19/125(15.2)
Choiet al.? (2014) Prior AUS cytology 1/84(1.2) 13/84 (15.5)  5/84 (6.0) 19/84 (22.6)
Choi et al.?? (2014) Prior FLUS cytology 0/107 (0.0)  23/107 (21.5) 11/107 (10.3) 34/107 (31.8)
Choi et al.™® (2014) Prior ND cytology 2/180(1.1)  11/180(6.1)  3/180(1.7)  16/180(8.9)
Ha et al.%2 (2014) Calcified nodules on US 2/272 (0.7)  25/272 (9.2) 12/272(4.4)  39/272 (14.3)
Zhang et al.** (2014) First-line diagnosis of thyroid nodules 4/369 (1.1) 7/369 (1.9)  11/369 (3.0)  22/369 (6.0)

Values are presented as number (%).

CNB, core needle biopsy; AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; ND, non-diagnostic; FN/SFN, follicular
neoplasm/suspicious for follicular neoplasm; FNA, fine needle aspiration; US, ultrasonography.
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diagnostic tool.

Khoo ¢ al’" showed that no significant differences existed in
the non-diagnostic rates between US-FNA alone and US-FNA
combined to CNB, but there was a trend towards increased com-
plications in US-FNA combined to CNB. This study concluded
that the addition of CNB to US-FNA does not decrease non-di-
agnostic results, and may only increase morbidity from the pro-
cedure. A recent meta-analysis by Li ¢t 2/ showed similar re-
sults: the area under the receiving operator characteristics curves
did not show significant differences between FNA (Az, 0.905)
and CNB (Az, 0.745) in the preoperative diagnosis of thyroid
nodules and Az values even lower in CNB. However, in some
cases, especially in the diagnosis of lymphoma or anaplastic car-
cinoma, CNB has been reported to be helpful in specific diagno-
sis.”® Hence, the clinical and imaging features of the patient must
also be considered when deciding which patients will benefit
from CNB when applied in the diagnosis of thyroid lesions.

LIMITATIONS AND FURTHER CONSIDER-
ATIONS NEEDED FOR CORE NEEDLE BIOPSY

Complications from CNB

Commonly known complications that can occur after CNB
are post-biopsy hematomas, bleeding from the incision site, pain,
infections, transient hemoptysis, and nerve injuries.”’”*** Report-
ed complication rates are low, ranging from 0.5%-1.0%,” with
similar patient tolerability and discomfort between FNA and
CNB.* However, CNB is not always technically feasible, espe-
cially in nodules located posteriorly or in close approximation to
important structures such as the carotid artery or trachea. There-
fore, complications are bound to occur with CNB, even under
US-guidance. Bergeron and Beaudoin™ reported an iatrogenic
arteriovenous fistula formation after CNB causing tinnitus. From
this case report, we can see that although complication rates are
low, CNB can lead to severe and critical complications. While
US-FNA may be more feasible for relatively less experienced op-
erators, CNB must be performed with experienced radiologists
with dedicated training who are familiar with the radiologic fea-
tures of important anatomic structures within the cervical region

to minimize major complications.

Inconclusive results on CNB
Based on the tissue samples obtained from CNB, higher con-
clusive rates are reported in the majority of the studies mentioned

above. Even so, inconclusive results are unavoidable in thyroid
CNB with reported rates ranging from 6.4%-26.7%,'>'>'17*>%

http://dx.doi.org/10.4132/jptm.2015.03.21
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reaching 31.8% when including FN in the inconclusive category
(Table 2). As larger tissue samples are provided for histologic di-
agnosis, higher conclusive results are naturally expected. Yet,
similar to FNA, a considerable proportion of thyroid nodules are
once again diagnosed as inconclusive on CNB; in fact, a recent
study from our institution suggested that 72.7% may be FN.”
This is important and must always be considered when choosing
CNB as the next step for thyroid nodules with prior inconclu-
sive results.

Lack of standardization in CNB pathologic classification
Management guidelines are established based on the clinical
outcomes of non-diagnostic, AUS/FLUS, or FN/SFN cytology,"”
but currently, there are no reporting systems that can be used as
a reference for CNB specimens as in the Bethesda System for
Reporting Thyroid Cytopathology nor further management
guidelines according to the diagnostic results from CNB. For ap-
propriate application of CNB in the diagnosis of thyroid nodules,
a systematic diagnostic approach and definitive management
guidelines need to be established first to minimize confusion on
the indications for CNB and further management as needed.

CONCLUSION

CNB may have a complementary role to FNA especially in
nodules with inconclusive cytologic diagnosis by providing de-
finitive diagnosis that helps to triage patients who need surgery
and minimize unnecessary invasive procedures. CNB withholds
a considerable proportion of inconclusive results which must be
acknowledged. In addition, it must be performed by an experi-
enced radiologist to minimize severe complications from proce-
dures. There should be careful selection of patients who may ben-
efit from CNB. Ultimately, we must keep in mind that CNB is
still a complementary diagnostic tool to FNA and not an alterna-

tive.
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Background: The conventional method for decalcification of bone specimens uses hydrochloric
acid (HCI) and is notorious for damaging cellular RNA, DNA, and proteins, thus complicating mo-
lecular and immunohistochemical analyses. A method that can effectively decalcify while preserv-
ing genetic material is necessary. Methods: Pairs of bilateral bone marrow biopsies sampled from
53 patients were decalcified according to protocols of two comparison groups: EDTA versus HCI
and RDO GOLD (RDOQ) versus HCI. Pairs of right and left bone marrow biopsy samples harvested
from 28 cases were allocated into the EDTA versus HCI comparison group, and 25 cases to the
RDO versus HCI comparison group. The decalcification protocols were compared with regards to
histomorphology, immunohistochemistry, and molecular analysis. For molecular analysis, we ran-
domly selected 5 cases from the EDTA versus HCI and RDO versus HCI groups. Results: The de-
calcification time for appropriate histomorphologic analysis was the longest in the EDTA method
and the shortest in the RDO method. EDTA was superior to RDO or HCI in DNA yield and integri-
ty, assessed via DNA extraction, polymerase chain reaction, and silver in situ hybridization using
DNA probes. The EDTA method maintained intact nuclear protein staining on immunohistochem-
istry, while the HCI method produced poor quality images. Staining after the RDO method had
equivocal results. RNA in situ hybridization using kappa and lambda RNA probes measured RNA
integrity; the EDTA and RDO method had the best quality, followed by HCI. Gonclusions: The
EDTA protocol would be the best in preserving genetic material. RDO may be an acceptable al-
ternative when rapid decalcification is necessary.

Key Words: Decalcification technique; Ethylenediaminetetraacetic acid disodium salt dehydrate;
Hydrochloric acid; RDO GOLD; Bone marrow

Sampling bone tissue is usually performed for the diagnosis
of hematologic malignancy, metastatic tumor, or primary bone
tumor. The processing of bone specimens usually follows decal-
cification and microtome sectioning in pathology laboratories.
Inorganic acids such as nitric acid or HCl are used in decalcifi-
cation, and limit diagnostic options by damaging DNA and
RNA. As a result, gene testing is usually not plausible with
these decalcified bone specimens, even though certain cancers
need further genetic studies for diagnostic and therapeutic put-
poses. Therefore, there is a growing need for new decalcification
agents that adequately preserve DNA and RNA."?

A variety of molecular testing techniques are necessary to di-
agnose hematologic malignancies. Fluorescence 7 situ hybridiza-
tion, gene rearrangement studies of immunoglobulin and T cell
receptor genes, and 7z situ hybridization for kappa and lambda
light chains and Epstein-Barr virus—encoded small RNAs are
commonly used molecular tools in diagnosis of hematologic ma-
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lignancies. However, further molecular study from bone mar-
row biopsy specimens is often impossible due to DNA or RNA
damage by decalcification. Furthermore, immunohistochemistry
may be required for differentiating and subtyping hematolym-
phoid lesions in conjunction with histomorphologic features of
paratrabecular, interstitial, intrasinusoidal, or intravascular ag-
gregates within bone marrow structures. HCI degrades both
protein quality and quantity, resulting in poor immunohisto-
chemical staining that cannot be used for accurate diagnosis.
With consideration of these limitations, we evaluated modi-

fied bone marrow decalcification protocols and compared them
to the HCI method.

MATERIALS AND METHODS

This was a prospective study. To eliminate bias due to vari-
ables among cases, cases were enrolled when pairs of bilaterally
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biopsied bone marrow specimens were available. Among bone
marrow specimens sampled from the right and left iliac crests
between January 2013 and July 2014 at Gangnam Severance
Hospital, 53 cases were finally included. For the 53 selected cases,
28 right and left bone marrow samples were allocated to the
EDTA (Sigma-Aldrich, St. Louis, MO, USA) protocol and HCI
(Calci-Clear Rapid, National Diagnostics, Atlanta, GA, USA)
protocol, respectively. Samples from the 25 remaining cases were
assigned to the RDO GOLD (RDO) group (Apex Engineering
Products Corporation, Aurora, IL, USA) protocol and HCI pro-
tocol. Concentration, processing time, and temperature are sum-
marized in Table 1.

To test DNA quality, five cases were randomly selected from
each of the three groups (EDTA, HCI, and RDO). DNA was ex-
tracted, and the quantity and quality were confirmed using

Table 1. The decalcification protocols of three methods

Solution Processing time (hr) Processing temperature
HCI (100%) 3 Room temperature
EDTA (12.5%) 3or242 Room temperature
RDO (100%) 0.5-1 Room temperature

HCI, hydrochloric acid; EDTA, ethylenediaminetetraacetic acid disodium
salt dehydrate; RDO, RDO GOLD.
The processing time of EDTA method was mostly 3 hours. It was 24 hours
for few cases that contained more cortical bone due to the oblique direc-
tion when inserting biopsy-needie.

Table 2. Primary antibodies used
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NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scien-
tific Inc., Waltham, MA, USA). The BRAF PNA clamping
method (Panagene, Daejeon, Korea) and comparison with Ct
values of internal controls were used to evaluate the efficacy of
polymerase chain reaction (PCR) DNA amplification. To evalu-
ate the efficacy of DNA in situ hybridization, HER2 dual color
silver 7n situ hybridization (Ventana, Tucson, AZ, USA) was ap-
plied to 10 pairs of bone marrow samples. RNA iz situ hybrid-
ization and immunohistochemical studies were performed pro-
spectively. According to the potential differential diagnoses for
suspicious lesions observed within bone marrow, appropriate
RNA probes or protein antibodies were applied. For immuno-
histochemistry, the following primary antibodies were used and
the details are summarized in Table 2: cyclin D1, Ki67, Bcl2,
Bcl6, TdT, CD138, CD20, CD79%a, CD3, CD3, CD23, CD10,
CD30, and myeloperoxidase. To state the process, after deparaf-
finization and rehydration, the sections were incubated in
BenchMark XT automated slide stainer (Ventana) for 16 min-
utes at 37°C and then counterstained with hematoxylin reagent.
Two pathologists reviewed the hematoxylin and eosin (H&E),
immunohistochemistry, and 7z situ hybridization slides. The
quality of immunohistochemistry and RNA iz situ hybridiza-
tion were assessed using a 3-tiered grading scale: good, equivo-
cal, or poor. HER2 silver in situ hybridization was assessed by

Product name Dilution Clonality Clone Company
Cyclin D1 (SP4) 1:50 Monoclonal SP4 LabVision®
Kie7 1:1,000 Monoclonal MIB-1 DAKQOP
Bcl2 Bond-lll 1:50 Monoclonal bcl2/100/D5 Novocastra®
Bcl6 Prediluent Monoclonal LN22 Novocastra
TdT 1:100 Polyclonal - Cell Marque®
CD138 Prediluent Monoclonal ML15 DAKO
CD20 1:400 Monoclonal 26 Novocastra
CD79a (B cell) 1:100 Monoclonal JCB117 DAKO
CD3 1:200 Monoclonal SP7 LabVision
CD5 1:100 Monoclonal 4C7 Novocastra
CD23 1:100 Monaoclonal SP23 LabVision
CD10 1:75 Monoclonal 56C6 Novocastra
CD30 1:50 Monoclonal Ber-H2 DAKO
Myeloperoxidase 1:2,000 Polyclonal - DAKO
3_ab vision, Waltham, MA; "DAKO, Carpinteria, CA; °Novocastra, Buffalo Grave, IL; “Cell Marque, Rocklin, CA.
Table 3. Quantity and quality of DNA according to decalcification protocols

DNA yield (median, range) p-value Ct value (median, range) p-value
EDTA vs HCI EDTA 25 (11.0-37.0) 168 25.0 (24.6-27.2) <.001

HCI 12 (11.0-28.0) 32.7 (28.9-33.3)
RDO vs HCI RDO 14.7 (10.9-15.0) 753 33.6 (33.0-34.1) 754
HCI 13.4 (10.0-15.3) 33.5(33.2-35.2)

Mann-Whitney U test was used to compare the median of each variables.

HCI, hydrochloric acid; EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate; RDO, RDO GOLD.
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detecting two signals of HER2 and CEP17 per nucleus from
the normal hematopoietic cells of bone marrow.

The differences in variables were analyzed using the Mann-
Whitney U test. All statistical analyses were carried out by SPSS
ver. 20.0 for Windows (IBM Co., Armonk, NY, USA).

RESULTS

Isolated DNA quality

DNA quantity, purity, and Ct values of internal controls after
real-time PCR in the EDTA versus HCI group and RDO versus

40 Amplification Amplification
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Fig. 1. The quality, quantity, and feasibility of real time PCR study is compared between EDTA, RDO, and HCI protocols. The first row dem-
onstrates EDTA versus HCI, and the second row RDO versus HCI (A, D, DNA yield; B, PCR result of EDTA; E, PCR result of RDO; C, F, PCR
results of HCI). D, PCR result of RDO. PCR, polymerase chain reaction; EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate;

RDO, RDO GOLD; HCl, hydrochloric acid; PNA, peptide nucleic acid.

Table 4. Comparison of the immunohistochemical results

ttem EDTA vs HCI RDO vs HCI

EDTA HCI RDO HCI
HER2/CEP17 SISH 5/5 (1002 0/5 (0) 0/5 (0) 0/5 (0)
Kappa ISH 7/7 (100) 4/7 (57.1) 2/3 (66.7) 2/3 (66.7)
Lambda ISH 5/5 (100) 1/5 (20) 2/2 (100) 0/2 (0)
CyclinD1 9/9 (100) 2/9 (22.2) 3/3 (100) 1/3 (33.3)
Ki67 9/9 (100) 5/9 (55.6) 10/10 (100) 6/10 (45.5)
Bcl2 1/1 (100) 1/1 (100) 4/4 (100) 4/4 (100)
Bclé No data No data 1/1 (100) 1/1 (100)
TdT No data No data 1/1 (100) 0/1(0)
CD138 7/7 (100) 7/7 (100) 3/3(100) 3/3(100)
CD20 9/9 (100) 9/9 (100) 9/9 (100) 9/9 (100)
CD79a (B cell) No data No data 2/2 (100) 2/2 (100)
CD3 5/5 (100) 5/5 (100) 4/4 (100) 4/4 (100)
CD5 No data No data 3/3(100) 3/3(100)
CD23 No data No data 1/1 (100) 1/1 (100)
CD10 1/1 (100) 1/1 (100) 1/1 (100) 1/1 (100)
CD30 1/1 (100) 1/1 (100) No data No data
Myeloperoxidase 1/1 (100) 1/1 (100) 2/2 (100) 2/2 (100)

HCI, hydrochloric acid; EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate; RDO, RDO GOLD; SISH, silver in situ hybridization; ISH, in situ hybrid-

ization.

Case number showing intact stain result among overall case number stained with each item (%). Positive expression in the indicated tumor cells or internal
controls was considered as intact stain. For example, positive expression of cyclin D1 in mantle cell ymphoma cells or endothelial cells was interpreted as in-

tact stain result.

http://jpatholtm.org/
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HCI group are depicted in Table 3 and Fig. 1. Although differ-
ences were not statistically significant, the DNA yield of the
EDTA protocol was about 2 times higher than the HCI proto-
col. In addition, the Ct value of the former protocol was signifi-
cantly lower than that of the latter (p <.001) with the estimated
difference being about 7. Furthermore, the Ct values of EDTA
processed samples were lower than 30, demonstrating that the
amount of intact DNA feasible for PCR with the EDTA proto-
col is better preserved by a factor of 2’ than the HCI protocol.
There were no significant differences between DNA yield and
Ct values of RDO and HCl methods. The yield of extracted
DNA after RDO decalcification was similar to that of HCL. The
Ct values of both protocols were above 33, indicating that the
amount of intact DNA feasible for PCR was very small.

Morphological comparison of DNA, RNA, and protein
expression

The morphological comparison and quality assessment of
H&E stain, HER2/CEP17 dual color silver i situ hybridization,
kappa/lambda 77 situ hybridization, and immunohistochemistry
studies were analyzed. The rates of high quality staining for each
study were compared between the three protocols. The results
are summarized in Table 4.

There was no difficulty in microtome dissection of 4 pm or
less in thickness in any of the three methods. The morphological
quality of H&E slide was similar in all three protocols, showing
well-preserved histological features of the bone marrow (Fig. 2).
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All five cases in the RDO versus HCl group had severe DNA
breakdown on HER2/CEP17 dual color silver 7z situ hybridiza-
tion, revealing no HER2 or CEP17 nuclear signal in bone mar-
row hematopoietic cells. However, in the EDTA versus HCI
group, all 5 cases in the EDTA protocol showed two HER2 and
CEP17 nuclear signals from almost all of the hematopoietic
cells, whereas nearly no nuclear signal was detected in samples
from the HCI protocol (Fig. 3).

Bone marrow specimens from the EDTA and RDO protocols
that underwent kappa/lambda RNA in sizu hybridization
showed well preserved RNA signal in the nuclei of plasma cells,
while those in the HCI group had severe breakdown of RNA
signals (Fig. 4).

Nuclear proteins such as Ki67, cyclin D1, and TdT were rela-
tively better preserved on immunohistochemistry with both
EDTA and RDO protocols, while samples from the HCI proto-
col showed breakdown and lower quality of nuclear protein
staining (Fig. 5A-H). Immunohistochemistry targeting the cy-
toplasmic membrane or cytoplasmic CD markers was well pre-
served in all three protocols (Fig. SI-L).

DISCUSSION

There have been several studies comparing several types of de-
calcification protocols to date. Some retrospective studies com-
pared the morphology of 7z situ hybridization or immunohisto-

chemistry by using stored tissues containing bone. Other studies

@ 5 "i-t. v&*”"zﬁ. RERSan S ,m

Fig. 2. In EDTA versus HCl comparison of a pair of bone marrow sampled from the same patient (A-D, EDTA versus HCI group; A, B, EDTA
protocol; C, D, HCI protocol), and in RDO versus HCI comparison of a pair of bone marrow sampled from the same patient (E-H, RDO ver-
sus HCI group; E, F, RDO protocol; G, H, HCI protocoal), all the three methods of EDTA, RDO, and HCI protocols demonstrate intact and
well-preserved histological features of bone marrow. EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate; HCI, hydrochloric acid;
RDO, RDO GOLD.
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Fig. 3. In HER2 dual color silver in situ hybridization study, almost every nucleus in cases of EDTA protocol demonstrates two intact signals
of HER2 and CEP17, while cases of RDO or HCI protocol barely demonstrate HER2 or CEP17 signals from the nucleus due to the severe
breakdown of DNA (A, B, comparison of EDTA versus HCl in a pair of bone marrow from the same patients; C, D, comparison of RDO ver-
sus HCI in a pair of bone marrow from the same patients). EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate; RDO, RDO
GOLD; HCl, hydrochloric acid.

(A-D)
marrow specimens from the same patient. In a case of kappa light chain-restricted plasma cell myeloma, EDTA protocol (A) reveals intact
quality while HCI (B) protocol shows poor quality in kappa light chain RNA in situ hybridization. In a case of lambda light chain-restricted
plasma cell myeloma, EDTA protocol (E) reveals intact quality while HCI (F) protocol shows poor quality. In a case of polyclonal plasma cell
infiltration within the bone marrow, the EDTA and RDO protocol (C and G, respectively) reveal intact quality while HCI (D, H) protocol show
poor quality in kappa and lambda light chain RNA in situ hybridization, respectively. EDTA, ethylenediaminetetraacetic acid disodium salt de-
hydrate; HCI, hydrochloric acid; RDO, RDO GOLD.
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Fig. 5. In immunohistochemistry of Ki67 (A-D), EDTA (A) shows intact quality while HCI (B) shows poor quality in a pair of bone marrow sam-
ple from the same patient. A similar result is noted in comparison of RDO (C) versus HCI (D). Nuclear staining of cyclin D1 is intact in EDTA (E),
while it is not in HCI (F) of a paired bone marrow from the same patient. Nuclear staining of TdT is intact in RDO (G), while it is poor in HCI (H)
of a paired bone marrow from the same patient. Cytoplasmic membrane staining of CD138 (I-L) reveals intact quality in all three protocols:
EDTA (I), RDO (K), and HCI (J, L). EDTA, ethylenediaminetetraacetic acid disodium salt dehydrate; HCI, hydrochloric acid; RDO, RDO GOLD.

extracted nucleic acid from stored tissues containing bone and
compared the quantity, purity, and Ct value of the DNA and/or
RNA after real-time PCR."* Few studies have used specimens
sampled with diagnostic purpose in clinical practice. We inves-
tigated the quality of nucleic acid and protein in decalcified
bone marrow tissue employing several types of genetic tools,
immunohistochemistry, and morphological assessments. In ad-
dition, we compared the effect of decalcification protocol while
limiting bias variance, which may be caused by sampling from
different patients and cell degeneration from long-term storage.
We prospectively investigated pairs of bone marrow biopsy
specimens from the same patients sampled for diagnostic pus-
poses in a clinical setting. To our knowledge, this is one of the
first studies utilizing clinical samples to assess decalcification
protocols.

We compared the conventional protocol using HCI, the well-
known alternative protocol using EDTA, and the new protocol
using RDO.

All three methods had equally good performance with respect
to microtome dissection and preservation of cytomorphologic
and histomorphologic features. The EDTA protocol was superior

http://dx.doi.org/10.4132/jptm.2015.03.16

in preserving nucleic acid (DNA and RNA), allowing for the
feasibility of genetic studies, such as real time PCR and 7n situ
hybridization. The EDTA protocol would be an appropriate op-
tion for genetic studies in bone-contained tissues. The present
study also confirmed that the HCI protocols are inappropriate
for genetic studies due to the severe damage of genetic material.
The quality of nucleic acids in the RDO group was equivocal,
but this method also didn’t seem to be suitable for genetic stud-
ies. In immunohistochemistry targeting nuclear protein, both
EDTA and RDO were relatively superior to the HCI protocol.
All three methods showed intact staining in immunohistochem-
istry targeting cytoplasmic membranes or cytoplasm. EDTA
protocols seem to be the most appropriate in that comprehensive
immunohistochemical stains can be applied to the specimens
processed by this protocol. The feasibility of immunohistochem-
istry using specimens processed with the HCI protocol would be
limited in many cases, especially when immunostaining for nu-
clear proteins is necessary. Immunohistochemical markers can be
more widely applied in samples processed with the RDO proto-
col than with the HCI protocol, but diagnostic options are still
more limited than the EDTA protocol.

http://jpatholtm.org/
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In this study, the EDTA protocol was the most feasible meth-
od for several types of genetic studies and immunohistochemis-
try. Such advantages of EDTA decalcification protocol are al-
ready widely known."”” The present study confirms again the
supetiority of the EDTA protocol in a wide range of ancillary
tests for pathologic diagnosis. The potential of the RDO proto-
col is higher than the conventional HCI protocol; however, it is
not superior to the EDTA protocol and thus, it cannot be con-
sidered an alternative to EDTA protocols, particularly when ge-
netic studies are needed.

When choosing decalcification agents, cost-effectiveness and
turn-around time from biopsy to final pathologic diagnosis are
important issues. HCI costs less and requires less time than us-
ing EDTA. Small bone tissues like bone marrow take about
three to twenty four hours for decalcification in EDTA protocol,
but most of the other bone specimens need more time when us-
ing the same protocol. RDO protocols can shorten decalcifica-
tion time, but this agent is also expensive.

In many cases, bone biopsies are needed for diagnosis of hema-
tologic cancer, metastatic tumors, and primary bone sarcoma;
these types of cancers usually need further gene-based diagnosis.
Bone marrow biopsy is widely performed in patients with he-
matologic malignancies and pediatric sarcomas or blastomas.
Therefore, preserving genetic materials is critical in handling
bone marrow tissues, and cost and turn-around time may be less
important in such cases. Preserving intact nucleic acid, as well as
intact proteins, is critical to providing not only accurate patho-
logic diagnosis but also diverse therapeutic options to the pa-
tients. Considering this, in this study the EDTA protocol was
the most appropriate method for handling bone marrow speci-
mens. RDO may also be useful in that it requires less decalcifi-
cation time and it enables more ancillary tests than HCI, but its
usefulness is limited by less potential for genetic studies in pro-
cessed samples than EDTA.

In this era of expanding genetic molecular study, better tissue
handling methods are needed. The present study suggests an ap-
propriate approach in handling bone marrow tissues, and this

http://jpatholtm.org/

approach should be expanded to other types of tissue specimens.
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Background: Follicular lymphomas present with various immunohistologic patterns. The immu-
nohistochemical markers used in the diagnosis of follicular lymphoma show variable degrees of
sensitivity and specificity, and thus, additional germinal center markers are required. Smad1 has
been reported to be overexpressed in follicular lymphoma, but little is known regarding the ex-
pression patterns of Smad proteins in human lymphoid tissue. Methods: In the present study, we
performed immunohistochemistry for traditional germinal center markers and for Smad1 in hu-
man reactive lymphoid and follicular lymphoma tissues to investigate Smad1’s usefulness in the
diagnosis of follicular lymphoma. Results: In the reactive germinal centers, most cells were posi-
tive for Smad1. Among the 27 follicular lymphoma cases, 17 of 21 (80%) were Smad1 positive,
17 of 27 (63%) were positive for CD10, and 23 of 27 (85%) were positive for Bcl6. Notably, three
cases expressed CD10 only, and one only expressed Bcl6. All these cases were grade 3 tumors
and showed follicular and diffuse growth patterns. Gonclusions: These results indicate that
Smad1 is a candidate as a germinal center marker. Furthermore, they suggest that the Smad sig-
naling pathway might be involved in follicular lymphoma.
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Follicular lymphoma (FL) is the neoplastic counterpart of
normal germinal center (GC) B-cells and can present with vari-
ous immunohistologic patterns which make them difficult to
distinguish from other B-cell lymphomas." Of the GC markers
used in the diagnosis of FL, CD10 is a traditional marker of GC
B cells and has long been regarded as a reliable marker of both
GCs and FL.* The reported CD10 positivity rates in FL vary
widely, though most reports indicate positivity rate of 60% to
90%.’ Furthermore, CD10 showed less expression in grade 3
FL than in indolent grades 1 or 2 FL.*

Another marker for GC B cells is the Bcl6 protein. The in-
tense and diffuse staining for this protein can also identify tu-
mors arising from follicular GCs.” Bcl6 expression is most promi-
nent in FL and displays an expression pattern similar to that of
GCs.” Immunohistochemical staining for Bcl6 and CD10 can
identify tumors of GC B-cell origin, and their co-expression has
generally been used as a marker of tumors with a GC B-cell ori-
gin.’

The immunohistochemical markers typically used in the di-
agnosis of FL, such as CD10 and Bcl6, show variable degrees of
sensitivity and specificity and lack concordance of expression.'
Thus, additional GC markers are needed. Recently, several oth-
er markers such as human GC associated lymphoma (HGAL),
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LIM-only transcriptional factor 2 (LMO2), and interferon regu-
latory factor 8 (IRF 8), have been explored.' In the search for
new GC markers, Smadl was found to be overexpressed in FL
compared to normal GC B cells in a gene expression profiling
study, suggesting its possible utility.” In the present study, we
performed immunohistochemistry for Smad1 in human FL tis-
sues to investigate its usefulness for the diagnosis of FL, and we
compared these findings to other traditional GC markers.

MATERIALS AND METHODS

Cases

We retrieved paraffin-embedded tissue blocks of 27 FL cases
from the surgical files at our hospital. All cases were diagnosed
according to the World Health Organization (WHO) criteria.’
The B-cell nature of these tumors was confirmed by the immu-
nohistochemical detection of B-cell (CD20) and T-cell (CD3)
markers in the paraffin-embedded sections. Tumors were graded
as grade 1, 2, or 3 according to the proportion of large cells
(centroblasts). In addition, tumors were classified as follicular,
follicular and diffuse, or focally follicular according to the pro-
portion of follicular pattern present. To distinguish large, con-
fluent follicles or interfollicular involvement from diffuse areas,
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we stained for follicular dendritic cells using CD21. The study
subjects consisted of 17 male and 10 female patients with ages
ranging from 23 to 68 years (mean, 47 years). Twenty-one tu-
mors were located in lymph nodes and six were in extranodal
sites (tonsil, 5; maxilla, 1). Reactive lymph node tissues were used
as a control.

Immunohistochemistry

Immunohistochemical analysis was petformed using forma-
lin-fixed, paraffin-embedded materials with primary antibodies
to CD10 (1:100, Novocastra Laboratories Led., Newcastle upon
Tyne, UK), Bcl6 (1:600, Novocastra Laboratories Ltd.), and
Smad1 (1:400, Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA). Briefly, sections were deparaffinized in xylene, rehydrat-
ed, washed in distilled water, immersed in 10 mM citrate buffer
(pH 6), and either microwaved or autoclaved. They were then
treated with 3% hydrogen peroxide solution to reduce endoge-
nous peroxidase activity, washed in phosphate-buffered saline,
and incubated with the primary antibodies. Bound antibodies

were detected by the streptavidin biotin method using an LSAB
kit (Dako Co., Carpinteria, CA, USA). The sections were then
treated with diaminobenzidine and counterstained with Mayer
hematoxylin. Tumor cells were considered positive only when
we observed distinct membranous or cytoplasmic staining for
CD10 and Smad! or distinct nuclear staining for Bcl6. Marker
expression was considered positive when more than 20% of the
neoplastic lymphocytes were stained.

RESULTS

Histologic findings

The morphologic findings of the 27 FL cases are summarized
in Table 1. There are seventeen grade 3 tumors, nine tumors
with a follicular and diffuse growth pattern, and one tumor with
a focally follicular growth pattern.

Immunohistochemical findings

In reactive GCs, most cells (centrocytes and centroblasts) were

Table 1. Morphologic and immunohistochemical findings for follicular lymphomas

Case No. Sex Age (yr) Location Pattern Grade CD10 Bcl Smad1
1 F 34 LN-N F 2 + + +
2 F 68 Tonsil F&D 8] + -

3 F 66 LN-N FF 3 - + +
4 F 50 LN-N F 1 + + +
5 M 48 LN-N F 2 + + +
6 M 57 LN-I F & + + +
7 M 35 LN F 3 + + +
8 F 47 LN = 3 - + +
9 M 52 LN-SM F 3 - + +

10 F 37 LN-N F 1 + + +

11 M 23 LN-SM F 3 + + +

12 M 42 LN-N F&D 3 + - -

13 M 42 Tonsil F&D 3 + - -

14 F 40 Tonsil F&D 8 - + +

15 M 62 Maxilla F&D 3 - + +

16 M 48 Tonsil F&D 3 — + +

17 F 45 Tonsil F&D 3 - + -

18 M 60 LN-M F 1 + + +

19 F 53 LN-S F&D 3 - + +

20 M 47 LN-N F&D 3 - + +

21 M 35 LN F 1 + + +

22 F 38 LN-N F 1 + + ND

23 M 60 LN-M F 1 + - ND

24 M 45 LN-N F 3 - + ND

25 M 4 LN-A F 2 + + ND

26 M 34 LN-R F 2 + + ND

27 M 61 LN-N F 3 + + ND

LN, lymph node; N, neck; I, inguinal; SM, submental; M, mediastinal; S, salivary; A, axillary; R, retroperitoneal; F, follicular; F&D, follicular and diffuse; FF, focally

follicular; +, positive; —, negative; ND, not-done.
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positive for Smad1. No other cells expressed Smad1, with the ex-
ception of scattered plasma cells, which were more strongly posi-
tive than the GC cells (Fig. 1). Smadl immunostaining was not
performed in six cases of FLs because of a shortage of Smad1 anti-
body. Of the tested FL cases, 17 of 21 (80%) were Smad1+ (Fig.
2A). When we tested common GC markers, 17 of 27 (63%)
were positive for CD10 (Fig. 2B) and 23 of 27 (85%) were posi-
tive for Bcl6 (Table 2, Fig. 2C). Of the 21 cases immunostained
for all three antibodies, all of the grade 1 and 2 tumors were pos-
itive for Smad1, CD10, and Bcl6. For the 15 grade 3 tumors,
three were positive for all three markers, eight co-expressed
Smad1 and Bcl6, three expressed CD10 only and one expressed
Bcl6 only (Table 3). Most tumors with a follicular growth pattern
were positive for Smadl, CD10, and Bcl6 (9 of 11, 82%), and
the remaining were positive for Smad1 and Bcl6 (n = 2). Howev-
er, of the nine tumors with a follicular and diffuse pattern, five
co-expressed Smad1 and Bcl6, three expressed CD10 only, and
one expressed Bcl6 only. The one case with a focally follicular
pattern was positive for Smadl and Bcl6 but was negative for
CD10 (Table 4).

Smad1, Bl6, Follicular Lymphoma o 245

DISCUSSION

This immunohistochemical study was undertaken to investi-
gate the usefulness of Smad1 for the diagnosis of FL in human
reactive lymphoid and FL tissues and to compare Smadl to the
traditional GC markers. Our results indicate the Smad signaling
pathway is involved in the maintenance of homeostasis in hu-
man lymphoid follicles, and our results demonstrate that Smad1
is a candidate GC marker. In addition, they suggest that the
Smad signaling pathway might be functionally active in FL.

CD10 is a cell surface metalloproteinase that reduces the cel-
lular responses to peptide hormones and is found on neutro-
phils, B lymphoblasts, some T lymphoblasts, normal follicular
center cells, follicular helper T cells, and some nonhematopoiet-
ic cells."” CDI10 is a traditional marker of GC B cells and has
long been regarded as a reliable marker for both GC and FL.”
Furthermore, its expression is well correlated with the t(14;18)
(932;921) chromosomal translocation, which is the most reli-
able diagnostic criterion for FL.* DNA microarray analysis has

also confirmed the association between CD10 and other genes

Fig. 1. Immunohistochemical pattern of Smad1 in reactive germinal centers. Most centrocytes and centroblasts are positive for Smad1 with
moderate intensity. Scattered plasma cells are more strongly positive than germinal center cells (A, B).

Fig. 2. Immunohistochemical pattern of follicular lymphoma. The tumor cells are positive for Smad1 (A), CD10 (B), and Bcl6 (C).
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Table 2. Summary of Immunohistologic results for follicular lym-
phomas

CD10 Bcl6 Smad1
Positive 17 23 17
Negative 10 4 4
Positive rate (%) 63 85 80

Table 3. Immunohistologic results according to tumor grade for 21
follicular lymphomas

Ly [ 82%72'231 c%q%l,e 8(36

1 4 0 0

2 2 0 0

3 3 8 3(CD10), 1 (Bcl6)
Total 9 8 4

Triple (+): Bcl6+, Smadi+, CD10+.

Table 4. Immunohistologic results according to growth pattern for
21 follicular lymphomas

Growth patter Triple +) 52%72'2231 C%q%lfe E(zge
Follicular 9 2 0
Follicular and diffuse 0 ® 3(CD10), 1 (Bcle)
Focally follicular 0 1 0

Total 9 8 4

Triple (+): Bcl6+, Smadi+, CD10+.

associated with GC cells.” However, CD10 positivity in FL var-
ies widely, and most reports on the topic indicate that 60% to
90% of tumors are CD10 positive.” Furthermore, CD10 expres-
sion is frequently weak to negative in WHO grade 3 FLs," and
in one study, CD10 was detected in only 20% of these tumors.'
Therefore, the lack of CD10 expression does not preclude FL' or
exclude the possibility that neoplastic lymphocytes originated
from follicular center cells in diffuse large B-cell lymphoma
(DLBCL)." In the present study, CD10 was positive in 63% of
the 27 FL cases as follows: grade 1 (6 of 6, 100%), grade 2 (4 of
4, 100%), and grade 3 (7 of 17, 41%); follicular (14 of 17,
82%), follicular and diffuse (3 of 9, 33%), and focally follicular
(0 of 1, 0%). Our findings are consistent with other studies'
and confirm that CD10 expression is frequently weak to absent
in high grade FL or in FL with a diffuse growth pattern.

Bcl6 protein is another GC B-cell marker,' and its expression,
which is independent of Bcl6 gene rearrangement, is largely re-
stricted to GC B cells (centroblasts and centrocytes) in normal
human lymphoid tissues."” Intense and diffuse staining for this
protein can also identify tumors arising from follicular GCs.” In
B-cell lymphoma, Bcl6 expression is most prominent in FL and
Burkitt's lymphoma, in which it displays a pattern of expression
similar to that of GCs. Bcl6 staining has been useful in detect-

http://jpatholtm.org/

ing tumors of GC B-cell derivation in DLBCL.” In addition,
staining for Bcl6 and CD10 in combination can identify tumors
of GC B-cell origin in archival specimens, and their co-expression
is generally used as a tumor marker of tumor of GC B-cell ori-
gin.” Furthermore, BclG's expression has been reported in CD10
negative, MUM1-positive FL, which frequently presents as
high grade FL in the absence of the t(14:18) translocation. Bclb
is a useful adjunct for the diagnosis of CD10 and/or Bcl2-nega-
tive FL! and is a more reliable marker than CD10, as it is con-
served in high grade, interfollicular, and diffuse areas."" In the
present study, Bcl6 was expressed in 85% of 27 FL cases as fol-
lows: grade 1 (5 of 6, 83%), grade 2 (4 of 4, 100%), and grade
3 (14 of 17, 82%); follicular (16 of 17, 94%), follicular and dif-
fuse (6 of 9, 67%), and focally follicular (1 of 1, 100%). These
results suggest that Bcl6 is superior to CD10), especially for the
diagnosis of high grade FL or FL without a predominant follic-
ular pattern.

Smad proteins play a key role in signal transduction of trans-
forming growth factor beta (TGF-P) family members, including
TGF-P and bone morphogenetic proteins.'”"> Lymphoid tissues
and stromal cells (in a mouse model), and T-cells of the develop-
ing thymus show widespread expression of the common media-
tor, Smad4, and show moderate expression of the TGF-B—specif-
ic Smads 2 and 3." Using gene expression profiling, Smad1
was found to be the most differentially overexpressed gene in
FL compared to normal GC B cells.* However, little is known
about the expression pattern of Smad proteins in human lym-
phoid tissue. In the present study, most GC cells (centrocytes
and centroblasts) were positive for Smad1 in reactive GCs, and
although scattered plasma cells were more strongly positive
than GC cells, no other cells expressed Smad1l. Furthermore,
Smad1 expression was observed in 17 of 21 cases (80%) of FL,
which is similar to the positive expression rate of Bcl6. Smadl
was positive in all grade 1 and 2 tumors and in 11 of 15 grade 3
tumors (73%). Regarding growth patterns, all tumors with a fol-
licular pattern (11 of 11, 100%) and five of nine tumors with a
follicular and diffuse pattern (56%) were Smad1-positive. One
tumor showing a focally follicular growth pattern was also posi-
tive for Smad1. Therefore, the addition of Smad1 to the routine
diagnostic panel for FL might be useful, especially for the diag-
nosis of high-grade tumors without a predominant follicular
growth pattern. These findings can be extended to the identifi-
cation of follicular origin tumors in DLBCL. Further studies are
needed to determine that Smad1 expression shows higher sensi-
tivity and specificity in FL than those in other B-cell lympho-
mas, including mantle cell lymphoma, MALT lymphoma,
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small lymphocytic lymphoma.

TGF-B is a potent growth inhibitor of most cells, and cellular
insensitivity to growth inhibition by TGF-f is a hallmark in the
genesis and progression of human cancer. This can be directly
linked to inactivating mutations or the loss of expression of var-
ious signaling molecules. Therefore, TGF- and its signaling
proteins are regarded as widely established tumor suppressors."’
The major effects of TGF-B in B-cells are the inhibition of DNA
synthesis and the induction of cell cycle arrest, in addition to the
induction of apoptosis in some B-cell lines.® FLs are the neo-
plastic counterparts of normal GC B cells,' and the overexpres-
sion of Bcl-2 in FL cells due to t(14;18)" may prevent TGF-B-
induced apoptosis.®

Although extensively investigated in solid tumors, there have
not been many reports of the Smad-associated pathways in B-
cell lymphoma."” Using gene expression profiling, Smad1 was
found to be the most differentially overexpressed gene in FL com-
pared to the normal GC B cells.” The overexpression of Smad1
may increase the sensitivity of FL cells to the effects of TGF-
and contribute to the hypoproliferative nature of these cells.* One
study reported that 13 of 29 (45%) FL or transformed FL samples
showed weak to moderate intensity nuclear staining in more than
10% of cells by immunostaining for phosphospecific Ser463/465
Smad1 (Smad1-P) antibody (Cell Signaling Technology, Bever-
ly, MA, USA), which is not presently commercially available.
Normal lymphoid tissue was wholly negative or rarely positive
for GC cells. In that study, the presence of an active Smadl
pathway was suggested in FL but not in reactive B cells." In the
present study, Smad1 expression was observed in 17 of 21 FL cas-
es (80%), using Smad1 (A-4) antibody (sc-7965), which detects
cytoplasmic Smad1. Furthermore, many Smad1-positive tumors
(10 of 21, 48%) showed strong or moderate positivity in the ma-
jority of the tumor cells.

TGF-P signaling through a family of transmembrane recep-
tors and ligand binding to type II receptors results in the recruit-
ment and transphsphorylation of type I receptors that then signal
downstream responses and induce phosphorylation of Smad pro-
teins.”” Once phosphorylated, R-Smads, such as Smad]1, associate
with Smad4, translocate to the nucleus, and regulate the TGF-3
pathway.'* However, a part of the phosphorylated Smad1 remains
in the cytoplasm as well. Taken together, these results suggest
that the Smad signaling pathway might be involved in this type
of lymphoma. Investigation of the expression of other proteins
in the Smad signaling pathway and molecular studies are war-
ranted to determine the mechanisms of the Smad1-specific path-
way in FL.
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Background: While MUC2 is expressed in intestinal metaplasia and malignant lesions, the clinico-
pathological significance of MUC2 expression is not fully elucidated in gastric carcinoma (GC).
Methods: The present study investigated the correlation between MUC2 expression and clinico-
pathological parameters in 167 human GCs. In addition, to confirm the clinicopathological signifi-
cance of MUC2 expression, we performed a systematic review and meta-analysis in 1,832 GCs.
Results: MUC2 expression was found in 58 of 167 GCs (34.7%). MUC2-expressing GC showed
lower primary tumor (T), regional lymph node (N), and tumor node metastasis (TNM) stages com-
pared with GCs without MUC2 expression (p=.001, p=.001, and p=.011, respectively). However,
MUC2 expression was not correlated with Lauren’s classification and tumor differentiation. In
meta-analysis, MUC2 expression was significantly correlated with differentiation and lower tumor
stage (odds ratio [OR], 1.303; 95% confidence interval [Cl], 1.020 to 1.664; p=.034 and OR,
1.352; 95% Cl, 1.055 to 1.734; p=.017, respectively) but not with Lauren’s classification, pN
stage, or pTNM stage. Conclusions: MUC2 expression was correlated with a lower tumor depth
and lower lymph node metastasis in our study; the meta-analysis showed a correlation of MUC2
expression with tumor differentiation and lower tumor depth.

Key Words: Gastric carcinoma; MUC2; Clinicopathological significance; Meta-analysis

Mucin expression shows variable patterns in the gastrointes-
tinal tract based on organ and specific conditions. Gastric mark-
ers, such as MUC1, MUCSAC, and MUCG are expressed in the
stomach, and intestinal markers, such as MUC2, may be ex-
pressed in cases of intestinal metaplasia or malignant lesions, al-
though MUC2 is not constitutively expressed in normal gastric
mucosa.”* Based on the pattern of intestinal and gastric mucin
expression, gastric carcinomas (GCs) are subclassified into gastric,
intestinal, mixed, or null phenotypes.® Although many studies
have reported the significance of mucin expression and mucin
phenotypes and their correlation with tumor behavior and prog-
nosis, the clinicopathological significance has not been fully elu-
cidated in GC.

In gastric mucosa with incomplete intestinal metaplasia (type
IT or II), which are considered to be precancerous lesions of GC,
MUC?2 is expressed in both goblet and columnar cells.”® In ad-
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dition, MUC2-expressing GCs are believed to result from intes-
tinal metaplasia-dysplasia-carcinoma cascades,”® although the
complete understanding of its regulatory mechanisms and clin-
icopathological significance is yet to be elucidated.

In the present study, we investigated the correlation between
MUC2 expression and clinicopathological parameters in 167
surgically resected GCs using tissue-microarray slides. System-
atic review and meta-analysis were performed additionally to
confirm the clinicopathological significance of MUC2 expres-
sion in all available studies, including the present study.

MATERIALS AND METHODS

Patients
The files of 167 patients who had undergone surgical resec-
tion of GCs in Kangbuk Samsung Hospital, Sungkyunkwan

© 2015 The Korean Society of Pathologists/The Korean Society for Cytopathology
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University School of Medicine (Seoul, Korea), from January 1,
1992, to December 31, 1996, were analyzed. We evaluated clin-
icopathological characteristics, such as age, gender, location of
tumor, Lauren’s classification, tumor differentiation, lymphatic
invasion, nodal metastasis, and pathologic tumor node metasta-
sis ()TNM) stages, by reviewing medical charts, pathological re-
cords, and glass slides. The patients had undergone curative re-
section, subtotal gastrectomy or total gastrectomy. This protocol
was reviewed and approved by the Institutional Review Board
of Kangbuk Samsung Hospital (approval No. KBC12125).

Tissue array methods

Seven array blocks containing a total of 167 tissue cores of re-
sected GCs obtained from patients were prepared. Briefly, tissue
cores (2 mm in diameter) were taken from individual paraffin-
embedded GCs (donor blocks) and arranged in recipient paraf-
fin blocks (tissue-array block) using a trephine apparatus. The
staining results of the different intra-tumoral areas in these tis-
sue-array blocks showed excellent agreement. A core was chosen
from each case for analysis. We defined an adequate case as a tu-
mor occupying more than 10% of the core area. Each block con-
tained internal controls consisting of non-neoplastic gastric tis-
sue. Sections 4 pm in thickness were cut from each tissue-array

block, deparaffinized, and dehydrated.

Immunohistochemical staining and evaluation

Sections were deparaffinized and hydrated by a routine xylene-
alcohol series. For antigen retrieval, sections were treated with
0.01 M citrate buffer (pH 6.0) for 5 minutes in a microwave oven
followed by treatment with 3% H,0O, to quench endogenous
peroxidase. Sections were treated with normal serum of the host
animal of the secondary antibody to block nonspecific binding.
Sections were then incubated with anti-MUC2 antibody (1:200,
Leica Biosystems, Newcastle upon Tyne, UK) as described pre-
viously.” Immunohistochemical stains were performed using a
compact polymer method using a Bond Intense Detection Kit
(Leica Biosystems). Visualization was performed by treatment
with 3,3'-diaminobenzidine (Vector Laboratories, Burlingame,
CA, USA). To confirm the reaction specificity of the antibody, a
negative control stain without primary antibody was utilized.
All immunostained sections were lightly counterstained with
Mayer’s hematoxylin.

Immunohistochemical stainings were evaluated by two pa-
thologists. MUC2 showed immunoreactivity in the cytoplasm or
cell membrane of tumor cells. Immunostaining results were con-
sidered positive if more than 5% of tumor cells were stained.

http://jpatholtm.org/

Published studies search and selection criteria

Relevant articles were obtained by searching the PubMed and
Web of Science databases up to September 30, 2014. Searches
were performed using the following keywords: MUC2,’ ‘gastric
carcinoma,’ and ‘immunohistochemistry.” The title and abstract
of all searched articles were screened for exclusion. Review articles
were also screened to find additional eligible studies. The search
results were then scanned according to the following inclusion
and exclusion criteria: (1) MUC2 expression was investigated in
human GC tissue, (2) the correlation between MUC2 expression
and clinicopathological parameters was included, (3) case reports
were excluded, and (4) all were English-language publications.

Data extraction

Data from all eligible studies were extracted by two patholo-
gists. The following data were extracted from each of the eligible
studies: the first author’s name, year of publication, manufac-
turer and dilution ratio of each MUC2 antibody, MUC2 cut-off
value, number of patients analyzed, tumor differentiation, and
pTNM stage.

Statistical analysis

Statistical analyses were performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA). The significance of the correlation be-
tween the expression of MUC2 and the clinicopathological pa-
rameters was determined by either the ) test or the Fisher exact
test (two-sided). The results were considered statistically signif-
icant when p <.05. Moreover, to perform the meta-analysis, the
Comprehensive Meta-Analysis software package (Biostat, En-
gelwood, NJ, USA) was used. Odds ratios (ORs) with a 95%
confidence interval (CI) were calculated by a fixed-effects model
and used to evaluate the correlation between MUC2 expression
and clinicopathological parameters. The fixed-effect model was
selected in the current meta-analysis, because we analysed cor-
relation between immunoexpression and the clinicopathological
parameters by single-effect-event (positive or negative), but not
by mean. Heterogeneity between studies was evaluated with the
Q test, I” statistics and p-values. For assessment of publication
bias, Begg’s funnel plot and Egger’s test were performed. The
results were two-sided and considered statistically significant
when p<.05.

RESULTS

Clinicopathological features of MUC2-expressing GCs
MUC2 was expressed in 58 (34.7%) of 167 GCs in the im-
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munohistochemical study (Fig. 1). MUC2 expression was sig-
nificantly higher in early GCs compared to advanced GCs (p =
.001). In addition, GCs expressing MUC2 showed significantly
lower rates of lymphatic invasion, lymph node metastasis, and
pTNM stages (p=.010, p=.001, and p=.011, respectively). How-
ever, there was no correlation of MUC2 expression with other
clinicopathological parameters such as age, gender, location of tu-
mot, Lauren’s classification, or tumor differentiation in our study

(Table 1).

Systematic review and meta-analysis

To confirm the clinicopathological significances of MUC2 ex-
pression, we performed a systematic review and meta-analysis.
In the current meta-analysis, 195 studies were identified through
database searches and were screened. Of these studies, 88 reports
were excluded due to insufficient information for correlation
between clinicopathological parameters and MUC2 expression.
In addition, 32 reports were non-adenocarcinoma studies and
42 reports were non-stomach studies. An additional 22 reports
were excluded because they were studies using animal or cell
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lines, duplicated reports, or case reports. The current meta-analy-
sis included 12 eligible studies, including our data (Fig. 2)."*%1¢
The number of total patients was 1,832, including 167 patients
from our study.

MUC?2 expression was found in 827 of 1,832 GCs (45.1%),
and the range in eligible studies was 22.9%-90.7% (Table 2).
MUC2 expression was significantly correlated with tumor dif-
ferentiation (OR, 1.303; 95% CI, 1.020 to 1.664; p=.034; I* =
79.3%) (Fig. 3A) and lower tumor depth (pT1) (OR, 1.352;
95% CI, 1.055 to 1.734; p=.017; I*= 65.7%) (Fig. 4A). How-
ever, Lauren’s classification was not correlated with MUC2 expres-
sion (OR, 1.245; 95% CI, 0.933 to 1.661; p=.137; I’ = 83.2%)
(Fig. 3B), consistent with our immunohistochemical study. Un-
like our result, meta-analysis showed no significant correlation
between MUC2 expression and nodal stage or TNM stage (OR,
0.872; 95% CI, 0.689 to 1.104; p = .256; I’ = 68.4% and OR,
1.208; 95% CI, 0.940 to 1.552; p=.139; I’ = 21.3%, respective-
ly) (Fig. 4B, C). Significant heterogeneities between studies were
identified in tumor differentiation, Lauren’s classification, tumor
depth and nodal stage but not TNM stage. In Begg’s funnel plots,

Fig. 1. Representative images showing immunoreactivity for MUC2 in human gastric carcinoma. (A, B) Well-differentiated gastric adenocar-

cinoma. (C, D) Poorly differentiated gastric adenocarcinoma.

http://dx.doi.org/10.4132/jptm.2015.03.27
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no definite asymmetry was identified (data not shown). More-
over, Egger’s test showed no evidence of publication bias (Table

5).1,3,8-16

Table 1. The correlation between the MUC2 expression and clini-
copathological parameters in gastric carcinomas

MUC2- MUC2-
Parameter . " p-value
negative positive
Total (n=168) 109 (65.3) 58 (34.7)
Age (yr) 573
0-39 12 (60.0) 8 (40.0)
40-65 77 (64.2) 43 (35.8)
66-99 20 (74.1) 7(25.9)
Gender .365
Male 77 (60.4) 37 (32.5)
Female 32 (67.5) 21 (39.6)
Location of tumor 42
Antrum 53 (62.4) 32 (37.6)
Body, cardia 56 (68.3) 26 (31.7)
Lauren’s classification 114
Intestinal 65 (68.4) 30(31.6)
Diffuse 40 (65.6) 21 (34.4)
Mixed 4(36.4) 7(63.6)
Tumor differentiation 419
Well or moderate 34 (36.6) 59 (63.4)
Poorly 22 (30.6) 50 (69.4)
EGC 28 (48.3) 30 (561.7) .001
AGC 81 (74.3) 28 (25.7)
Lymphatic invasion .01
Present 42 (79.2) 11(20.8)
Absent 67 (58.8) 47 (41.2)
Lymph node metastasis .001
Present 62 (77.5) 18 (22.5)
Absent 47 (54.0) 40 (46.0)
pTNM stage .011
| 38 (52.8) 34 (47.2)
I 36 (76.6) 11 (23.4)
1l 34 (75.6) 11 (24.4)
\% 1(33.3) 2(66.7)

Values are presented as number (%).
EGC, early gastric carcinoma; AGC, advanced gastric carcinoma.

DISCUSSION

While various mucins are expressed in GCs, the correlation
between MUC2 expression and clinicopathological characteris-
tics remains controversial. In addition, MUC2 could be expressed
in benign lesions as well as GC. Therefore, a systemic review and
meta-analysis is useful for the elucidation of the clinicopathologi-
cal significance of MUC2 expression in GCs.

MUC2, an intestinal mucin marker, is not expressed in normal

gastric mucosa,'”"® unlike other gastric mucin markers such as

MUCI1, MUCS5AC, and MUCG." The roles of induced MUC?2
expression in GC are not fully elucidated and have been contro-
versial in previous studies. In our immunohistochemical study,
MUC?2 expression was significantly correlated with lower tu-
mor depth (p=.001), lower nodal metastasis rate (p =.001), and
lower pPTNM stage (p =.011). Unlike our results, the correla-
tions between MUC2 expression and pathologic primary tumor
(pT), regional lymph node (pN), and pTNM stage are contro-
versial."**'® These discrepancies might be caused by various
factors, such as composition of tumor types and differences by
country. Therefore, it is difficult to determine the clinicopatho-
logical significance of MUC2 via our study alone, which led us
to analyze previous studies by systematic review and meta-anal-
ysis for confirmation of our data.

In the current meta-analysis, MUC2 expression was signifi-
cantly correlated with lower pT stage, consistent with our re-
sults. In our published 77 vitro study data, MUC2-expressing
GC cells showed lower rates of tumor invasion and migration
than non-MUC2—expressing GC cells.” This result reinforces
the finding that MUC2 expression seems to be associated with
lower pT stage. On the other hand, a meta-analysis of colorectal

195 Studies identified through database searching

Y

and abstracts

Primary selection through browsing the retrieved titles

170 Studies excluded
74 No inclusion of the correlation with

clinicopathological parameter
32 Non-adenocarcinoma-associated studies

4

\ 4

42 Non-stomach associated studies
14 Studies using animal or cell lines
4 Case report

‘ 25 Full-text articles assessed for eligibility

‘ 4 Duplication

Our data

>

\ 4

added

> 14 Studies excluded
No inclusion of the correlation with

‘ 12 Studies included in the meta-analysis

‘ clinicopathological parameter

Fig. 2. Flow chart for study search and selection.
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cancer reported that MUC2 positivity was significantly corre-
lated with higher pT?3 and pT4 stages.”' Correlation with nodal
metastasis was controversial in both GC and colon cancer meta-
analysis, while our current immunohistochemical study showed
a correlation between MUC2 expression and lower nodal me-
tastasis in GC. Further study is needed to define this relation-
ship. Taken together, our results and previous reports suggest
that induction of MUC2 may carry out dissimilar functions
through different mechanisms according to the specific organ.

Table 2. Main characteristics of the eligible studies

Meta-analysis for MUC2 in Gastric Cancer © 253

Lauren’s classification and World Health Organization tumor
differentiation are usually used for evaluation of GC in practice.
In the current immunohistochemical study, there were no sig-
nificant correlations between MUC2 expression and Lauren’s
classification or tumor differentiation. However, the current me-
ta-analysis showed that MUC2 positivity was significantly cor-
related with degree of GC differentiation, unlike our result. This
discrepancy might also be caused by various factors such as com-
position of tumor types, differences in number of cases analyzed,

Source Country Antibody corporation Dilution ratio Cut off (%) No. of patients ~ No. of MUC2-positive
Akylrek et al.® (2002) Turkey Novacastra 1:100 5 143 60
Baldus et al.° (1998) Germany Donation 1:1,000 ® 128 49
Barresi et al." (2006) taly Novacastra 1:100 5 40 20
llhan et al." (2010) Turkey Neomarkers 1:100 ® 257 233
Lee et al.® (2001) Korea Santa Cruz 1:100 20 300 82
Lee et al.' (2007) Korea Neomarker - 98 53
Shiratsu et al.'? (2014) Japan Novacastra 1:200 5 214 49
Tanaka et al.™ (20083) Japan Santa Cruz 1:100 30 209 83
Utsunomiya et al.™ (1998) Japan Novacastra 1:600 5 136 48
Wang and Fang'® (2003) China - 1:150 10 46 31
Zhang et al.'® (2004) China Shenzhen Jingmei Biot - 94 61
Our study Korea Novacastra 1:100 ® 167 58
Study name Statistics for each study Odds ratio and 95% Cl
Odds ratio Lower limit ~ Upper limit ~ p-value
Akylirek et al.® (2002) 1.424 0.720 2.815 .309 ——
Barresi et al.™® (2006) 0.076 0.016 0.358 .001 <
llhan et al." (2010) 18.190 4143 79.870 .000 >
Lee et al.® (2001) 0.833 0.491 1.413 499 —l—
Lee et al.'" (2007) 0.621 0.238 1.619 .330 ]
Our study 1.201 0.630 2.286 578 L e
Shiratsu et al.”? (2014) 0.887 0.468 1.683 714 ——
Tanaka et al."® (2003) 2.287 1.246 4.198 .008 ——
Wang and Fang'® (2003) 4.200 1.132 15.586 .032 >
Zhang et al.® (2004) 4.752 1.619 13.944 .005 >
1.303 1.020 1.664 .034 >
0102 05 1 2 5 10 @
Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit ~ Upper limit  p-value
Akylrek et al.® (2002) 10.738 3.905 29.529 .000 >
Baldus et al.® (1998) 2.651 1.252 5.614 .01 —
Barresi et al.™® (2006) 0.176 0.039 0.797 .024 < =
llhan et al." (2010) 0.216 0.028 1.649 140 <
Lee et al. (2001) 0.692 0.408 1.176 174 B E=
Lee et al.'" (2007) 2.504 1.215 5.163 .013 |
Our study 0.725 0.382 1.378 .326 ——
Wang and Fang'® (2003) 1.071 0.314 3.655 912
1.245 0.933 1.661 137 L
0102 05 1 2 5 10 @

Fig. 3. Forest plot diagram for tumor differentiation (A) and Lauren’s classification (B). Cl, confidence interval.
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Study name Statistics for each study Odds ratio and 95% ClI
Oddsratio  Lowerlimit ~ Upper limit  p-value
AkyUrek et al.8 (2002) 1.670 0.571 4.889 .349 L =
Baldus et al.® (1998) 0.565 0.217 1.471 242
Barresi et al.™ (2006) 0.382 0.080 1.825 228 < =
Lee et al.® (2001) 1.134 0.660 1.947 648 I
Lee et al.' (2007) 0.887 0.398 1.980 770 —
Our study 3.099 1.585 6.061 .001 ——
Shiratsu et al."? (2014) 2.090 1.089 4,013 .027 —a—
Tanaka et al.™ (2003) 1.000 0.554 1.807 .999 —l—
Utsunomiya et al." (1998) 4118 1.582 10.720 .004 B>
Zhang et al."® (2004) 0.190 0.035 1.040 .055 <=
1.352 1.055 1.734 .017 4
0102 05 1 2 5 10 @)
Study name Statistics for each study Odds ratio and 95% Cl
Oddsratio  Lowerlimit ~ Upperlimit  p-value
Akylrek et al.8 (2002) 0.677 0.326 1.406 .296 i*
Baldus et al.® (1998) 0.565 0.217 1.471 242 —
Barresi et al.™® (2006) 0.382 0.080 1.825 228 < =
llhan et al." (2010) 3.901 0.891 17.081 .07 -
Lee et al.® (2001) 1.461 0.874 2.440 148 ——
Lee et al.' (2007) 2.338 1.048 5216 .038 -
Our study 0.341 0.174 0.669 .002 +—a——
Shiratsu et al."? (2014) 1.348 0.703 2.586 .368 —
Tanaka et al."® (2003) 0.613 0.340 1.105 104 —,—
Zhang et al."® (2004) 0.470 0.199 1113 .086
0.872 0.689 1.104 .256 <>
01 02 05 2 5 10 @
Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit ~ Upper limit ~ p-value
AkyUrek et al.8 (2002) 0.654 0.324 1.323 .238 .
Baldus et al.® (1998) 1.277 0.621 2.627 .506 .
llhan et al." (2010) 2.708 0.781 9.388 116 .
Lee et al.® (2001) 1.032 0.616 1.729 .905 —
Lee et al.' (2007) 2.238 0.967 5.178 .060
Our study 1.813 0.855 3.845 21 ——
Shiratsu et al."? (2014) 1.466 0.731 2.940 281 e
Tanaka et al.™ (2003) 1.016 0.475 2.174 .967 —T—
Wang and Fang'® (2003) 0.533 0.148 1.926 337
1.208 0.940 1.552 139 4‘
0102 05 1 2 5 10 @

Fig. 4. Forest plot diagram for pathologic primary tumor (A), regional lymph node (B), and tumor node metastasis (C) stages. Cl, confidence

interval.

differences by country, and heterogeneity of MUC2 positivity.
In addition, whether MUC2 expression is associated with tu-
mor differentiation in GC has not been fully elucidated. Never-
theless, based on previous studies and meta-analysis, MUC2 ex-
pression was correlated with differentiation and progression and
may be considered to be a representative feature of differentiated
14,22

cells.

In the current meta-analysis, MUC2 expression was shown in

http://jpatholtm.org/

22.9%-90.7% of GCs.">*'® This wide variability may have
been induced by variable dilution ratios and manufacturers of
these antibodies. In addition, various cut-off values (5%—30%)
were used for evaluation of MUC2 expression, and many studies
(6 of 11 studies) used a 5% cut-off value, including ours. MUC2
expression showed significantly higher rates in studies with a
5% cut-off value than other studies (p <.001, data not shown).
However, the rates of MUC2 expression in subgroups with 5%
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cut-off value and other cut-off values overlapped at 22.9%—
90.7% and 27.3%—67.4%, respectively. Whether a difference in
cut-off value could have an effect on the positive rate of MUC2
expression was not clear in our current systematic review. More-
over, each study included various types of GCs and different
compositions. In addition, because some studies used tissue mi-
croarray, heterogeneity of MUC2 expression should be consid-
ered. These differences may have an effect on the discrepancies
of MUC2 positivity between studies. Further studies are needed
for confirmation of the clinicopathological significance of MUC2
expression with more eligible criteria and a larger number of
patients.

Eligible studies included studies in Korea (3 studies), Japan (3
studies), China (2 studies), Turkey (2 studies), Germany (1 study),
and Italy (1 study); eight of twelve studies were conducted in
East Asia. According to country, MUC2 positivity was signifi-
cantly higher in Europe than in East Asia (63.7% vs. 36.8%, p
<.001, data not shown). The results of meta-analysis in pT and
pN stages differed between European and East Asian patients.
MUC2 expression was significantly correlated with lower depth
of invasion in East Asian patients but not significantly correlat-
ed in European patients (OR, 1.484; 95% CI, 1.134 to 1.941;p=
.004 and OR, 0.746; 95% CI, 0.448 to 1.243; p=.261, respec-
tively). However, there was no correlation between MUC2 ex-
pression and lymph node metastasis in both East Asian and Eu-
ropean patients. Differences in ethnicity and country may affect
the discrepancies in the roles of MUC2 expression. The precise
mechanisms are not yet fully understood, and more studies in-
cluding i vitro study are needed.

In conclusion, our meta-analysis showed that MUC2 expres-
sion was significantly correlated with tumor differentiation and
depth. However, the correlation between MUC2 expression and
other clinicopathological characteristics is controversial. Further
studies are needed in order to elucidate the role of MUC2 ex-
pression as a prognostic predictor in GC.
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Background: Isocitrate dehydrogenase (IDH) catalyzes the oxidative decarboxylation of isocitrate
to yield a-ketoglutarate (a-KG) with production of reduced nicotinamide adenine dinucleotide
(NADH). Dysfunctional IDH leads to reduced production of a-KG and NADH and increased pro-
duction of 2-hydroxyglutarate, an oncometabolite. This results in increased oxidative damage
and stabilization of hypoxia-inducible factor a, causing cells to be prone to tumorigenesis. Meth-
ods: This study investigated IDH mutations in 61 Ewing sarcoma family tumors (ESFTs), using a
pentose nucleic acid clamping method and direct sequencing. Results: We identified four cases
of ESFTs harboring IDH mutations. The number of IDH1 and IDH2 mutations was equal and the
subtype of IDH mutations was variable. Clinicopathologic analysis according to IDH mutation
status did not reveal significant results. Conclusions: This study is the first to report IDH muta-
tions in ESFTs. The results indicate that ESFTs can harbor IDH mutations in previously known
hot-spot regions, although their incidence is rare. Further validation with a larger case-based
study would establish more reliable and significant data on prevalence rate and the biological
significance of IDH mutations in ESFTs.
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Ewing sarcoma (ES) is the second most common primary bone
sarcoma of those that typically develop in children and young
adults. It is also called ES family tumor (ESFT) and includes ex-
traskeletal ES and primitive neuroectodermal tumor.' ESFT is an
aggressive tumor with metastases present at diagnosis in 20%—
25% of cases. With current therapeutic options, the 5-year sur-
vival rate for non-metastatic disease is as high as 70%. However,
survival for patients who have metastasis is approximately 20%,
and for those who develop relapsed or refractory disease, the sur-
vival rate is less than 10%. There is a need to identify alternative
therapeutic agents that appropriately target the biomolecular
mechanisms of this disease."

There is a group of tumors and tumor syndromes that carry
mutations in metabolic enzymes involved in the tricarboxylic
acid cycle, especially enzymes in the isocitrate dehydrogenase
(IDH) family. IDH catalyzes the oxidative decarboxylation of iso-
citrate to yield o-ketoglutarate (a-KG) with production of re-
duced nicotinamide adenine dinucleotide (NADH). Dysfunc-
tional IDH leads to reduced production of 0-KG and NADH
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and increased production of 2-hydroxyglutarate, an oncometabo-
lite. Together, this results in increased oxidative damage and sta-
bilization of hypoxia-inducible factor @, causing cells to be prone
to tumorigenesis.” A functional study proved that IDH2 muta-
tions in mesenchymal cells can induce malignant transformation.’
Mutations in IDH]1 are reported to cluster at a single hotspot lo-
cus (R132), whereas IDH2 mutations occur primarily at two loci
(R140 and R172).2 Recurrent somatic IDHI/2 mutations have
been described in gliomas and secondary glioblastomas.” Similar
IDH1/2 mutations have been detected in acute myeloid leuke-
mia’ and myelodysplastic disorders.’ Recently, IDH mutations
have been reported in a large proportion of cartilaginous tumors,’
a small number of osteosarcomas,’ and in giant cell tumors.” The
fact that these mutations appear to be present in these relatively

common bone tumors led us to investigate IDH1/2 mutations in
ESFTs.
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MATERIALS AND METHODS

Patient and tissue samples

Formalin-fixed, paraffin-embedded tissue samples from 61 pa-
tients with primary localized ESFTs were obtained in Korea, Bra-
zil, and Argentina. Fifty-five of the 61 tissue samples were ob-
tained by surgical biopsy and the other six were obtained by
surgical excision. At the time of tissue sampling, none of the pa-
tients had a history of chemotherapy or radiation therapy and
there was no evidence of metastatic disease. The disease was diag-
nosed according to World Health Organization (WHO) crite-
ria.'’ Briefly, they are small round cell sarcomas showing diffuse
membranous CD99 immunostaining, cytoplasmic periodic acid—
Schiff staining, and EWSRI gene translocation as demonstrated
with fluorescence 7 situ hybridization (ZytoLight SPEC EWSR1
Dual Color Break Apart Probes, ZytoVision, Bremerhaven, Ger-
many). However, lack of an EWSRI gene translocation was not
considered as grounds for exclusion if a tumor showed the typical
immunophenotypes, which are inconsistent with other small
round cell tumors in the differential diagnosis of diseases such as
lymphoma and rhabdomyosarcoma.

After histological diagnosis, the patients received standard
multidrug chemotherapy in combination with surgery. Data, in-
cluding the follow-up period and overall survival, were available
for 48 patients. During follow-up, assessment of distant metasta-
sis was available in 38 patients. The patients were grouped into
dead of disease, alive with disease, and no evidence of disease
(NED). The classification of patients as NED was established
when the follow-up period had passed more than 24 months.
Our study protocol was reviewed and approved by the Kyung
Hee University Institutional Review Board.

Pentose nucleic acid-mediated clamping polymerase chain
reaction for detection of IDH1/2 mutations

IDH1/2 mutations were tested using the pentose nucleic acid
(PNA) Clamp IDH1/2 Mutation Detection Kit (Panagene, Dae-
jeon, Korea). All reactions had a total reaction volume of 20 pL
and contained template DNA, primer and PNA probe sets, and
fluorescent polymerase chain reaction (PCR) master mix. All re-
quired reagents were included with the kit. Real-time PCR re-
actions of PNA-mediated clamping PCR were petformed using
a CFX 96 (Bio-Rad, Hercules, CA, USA). PCR cycling condi-
tions were as follows: 5 minutes at 94°C followed by 40 cycles of
94°C for 30 seconds, 70°C for 20 seconds, 63°C for 30 seconds,
and 72°C for 30 seconds. In this assay, PNA probes and DNA
primers were used together in the clamping reaction. Positive

http://jpatholtm.org/

signals were detected by intercalation of fluorescent dye. The
PNA probe, which is complementary to the wild-type sequence,
suppresses amplification of the wild-type target. This suppression
results in preferential amplification of mutant sequences by com-
petitively inhibiting the binding of DNA primers to wild-type
DNA. PCR efficiency was determined by measuring the thresh-
old cycle (Ct) value. Ct values for control and mutant assays were
obtained from fluorescent amplification plots. Calculations of the
delta Ct (ACt) value were done as follows: ACt1=(Standard Ct)—
(Sample Ct), ACt2=(Sample Ct)—(Non-PNA mix Ct). The gene
was considered to be mutated when ACt1 values were more than
2.0. When ACt1 values were between 0 and 2, a ACt2 value was
then calculated. The gene was considered to be mutated if the
calculated ACt2 value was <4.

Direct sequencing

Genomic PCR for sequencing was performed in 20-pL vol-
umes using 30 ng of template DNA and 2x Taq PCR Smart
Mix (Solgent, Daejeon, Korea). The PCR primers used for
IDH1/2 amplification were as follows: IDH] forward primer
(5'-CGGTCTTCAGAGAAGCCATT-3") and IDH]I reverse
primer (5'-GCAAAATCACATTATTGCCAAC-3"). IDH2 fot-
ward primer (5'-CCAATGGAACTATCCG-3') and IDH? re-
verse primer (5'-CTCCACCCTGGCCTACCTG-3"). PCR cy-
cling commenced with a 10 minutes hold at 95°C, followed by
40 cycles of 95°C for 30 seconds, 58°C for 40 seconds, and 72°C
for 60 seconds, terminating with 72°C for 5 minutes. Each am-
plified product was purified using a PCR clean-up kit (Mach-
erey-Nagel, Duren, Germany) and sequenced in duplicate, in
both the forward and reverse directions, using a BigDye Termi-
nator Kit (Applied Biosystems, Carlsbad, CA, USA) on an ABI
Prism 3100 station (Applied Biosystems), according to the man-
ufacturer’s instructions. Sequences were compared with the
GenBank-archived sequence of human IDHI/2.

Immunohistochemistry
The primary antibody that is specific for the IDHI R132H
point mutation (1:200, Histonova DIA-H09, Dianova, Ham-

Table 1. Results of IDH1/2 mutation analysis using PNA clamping
and direct sequencing

PNA clamping Direct sequencing
Wild type 57 59
Mutant
IDH1 2 1
IDH2 1 1
Equivocal 1 0

PNA, pentose nucleic acid.
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Table 2. Summary of four cases bearing IDH1/2 mutations, including clinicopathologic characteristics

Case No. PNA clamping Direct sequencing DIA-HO9 Race  Age(yr) Sex Site F/U (mo) Met
1 R132 R132H (+) Korea 47 M Face NED 32 No
2 R132 Wild () Brazil 12 F Foot DOD 48 No
3 R172 Wild (] Korea 14 F [lium NED 72 No
4 Equivocal R172K (] Korea 19 M Femur NED 48 No

R132H, CGT>CAT; R172K, AGG >AAG.

PNA, pentose nucleic acid; F/U, follow-up; Met, metastasis; M, male; NED, no evidence of disease; F, female; DOD, dead of disease.

Table 3. Clinicopathologic analysis according to IDH7/2 mutation
status

Characteristic Gene profie
Wild ~ Mutant p-value
Race
Argentina 12 0 .009
Brazil 37 1
Korea 8 3
Age (yn)
<20 29 3 614
>20 28 1
Sex
Female 24 2 >.999
Male 33 2
Tumor site
Central 21 1 >.999
Peripheral 36 8
Distant metastasis
Yes 9 0 554
No 25 4

burg, Germany) was used for the samples bearing IDHI muta-
tions, revealed by either direct PCR or PNA clamping. The
Bond Polymer Intense Detection System (Vision Biosystems,
Melbourne, Australia) was used according to the manufacturer's
instructions with minor modifications. Nuclei were counter-
stained with hematoxylin. Paraffin-embedded tissues of brain
astrocytomas were used as a positive control.

Statistics

Statistical analyses were performed using SPSS Software (SPSS
Inc., Chicago, IL, USA). Pearson’s chi-square test or Fisher exact
test were performed to determine correlations between IDH
mutation status and clinicopathological parameters. Statistical
significance was defined as a p-value less than .05.

RESULTS
Using the PNA clamping method, IDHI/2 mutations were

detected in three of the 61 patients (5%). Of these three samples,
two were [DH] mutants and one sample was an [DH2 mutant.

http://dx.doi.org/10.4132/jptm.2015.04.14

By direct sequencing, IDHI/2 mutations were detected in two
of the 61 patients (3%), of which, one sample was an IDHI mu-
tant and one sample was an IDH2 mutant. In total, four cases
out of 61 (6%) harbored IDH1/2 mutations by at least one of
the two methods employed, and the numbers of IDHI and
IDH?2 mutants were equal (Table 1).

Table 2 summarizes the clinicopathologic characteristics of
the four mutant cases. In one of four cases, the IDH] mutation
was found by both the PNA clamping method and direct se-
quencing (case No. 1) (Fig. LA). In two of four cases, the IDH1/2
mutation was found only by the PNA clamping method (cases
Nos. 2 and 3). In one of four cases, examination by the PNA
clamping method showed equivocal results, but direct sequenc-
ing showed an IDH?2 mutation (case No. 4) (Fig. 1C). The over-
all concordance rate of both methods was over 95% (58 of 61)
and the discordance rate was less than 5% (3 of 61). In mutant
cases, the concordance rate was 25% (1 of 4) and the discordance
rate was 75% (3 of 4), although case No. 4 showed equivocal re-
sults by the PNA clamping method. Immunohistochemistry
with antibody to DIA-H09 in the four cases bearing IDH1/2
mutations showed positive reactions only in case No. 1 (Fig. 1B).

In the four cases bearing IDH1/2 mutations, three patients
were Korean and one patient was Brazilian, and the male/female
ratio was 1:1. Three of the four patients were in their second de-
cade and one patient was in the fifth decade. There was no evi-
dence of distant metastasis in all patients and only one patient
died during follow-up.

Statistical analyses showed that I[DH1/2 mutant cases had
stronger associations with Korean patients than with South
American patients (p=.009). There was no significant association
between IDH1/2 mutations and any of the other characteristics
of tumors or patients (Table 3).

DISCUSSION
Research on IDH1/2 mutations in human tumors has been ac-

tive in recent years and has revealed that various tumors of dif-
ferent origins bear IDH1/2 mutations.” Following increased in-
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Fig. 1. The case No. 1 sample shows IDH7 R132H mutation by direct sequencing (A) and positive immunoreactivity with antibody clone HO9

(B). The case No. 4 sample shows IDH2 R172K mutation (C).

terest in IDH /2 mutations in soft tissue tumors, a rudimentary
study on sarcoma cell lines demonstrated IDH mutations in fi-
brosarcoma.'" Subsequently, a study on chondrogenic tumors
demonstrated IDH1/2 mutations in 81 of 145 (56%) cases with
an IDHI:IDH2 mutation ratio of 10.6:1. This study also in-
cluded the evaluation of IDH1/2 mutations in 222 osteosarco-
mas, 79 chordomas, and 25 ESFTs, and no mutations were found.”
Therefore, IDH mutations are considered to be found exclusively
in chondrogenic tumors. Furthermore, previous studies support
the value of examining IDH mutations for the purpose of differ-
entiating chondrosarcoma from chondroblastic osteosarcoma'”
and chordoma."” However, a recent study in Japan showed that
three of 12 osteosarcomas (25%)" and 16 of 20 giant cell tumors
(80%) harbor IDH2 mutations,” suggesting the possibility of
IDH1/2 mutations in various soft tissue tumors in addition to
chondrogenic tumors.

We demonstrated that four of 61 ESFTs (6%) possessed IDH
mutations. The PNA clamping method is known to be sensi-
tive, rapid, and simple to perform and can detect mutant alleles
when present at levels 100-fold lower than those of wild-type al-
leles. In contrast, the minimum percentage of mutant DNA re-
quired for analysis by direct sequencing is more than 25%."
The two cases harboring IDH mutations, found only by PNA
clamping, might have had less than 25% mutant DNA. It is
worth noting that three osteosarcomas bearing IDH mutations
were found in Japanese,’ and three ESFT bearing IDH muta-
tions were found in Korean patients. However, evaluation of the
same tumors from American patients revealed no mutations.’
Although it is still early to remark on the background responsi-
ble for these findings, it is possible that Asian populations may
be predisposed to IDH mutations in these tumors and therefore
should be further evaluated.

http://jpatholtm.org/

Variation in the most prevalent mutation type according to
tumor has been observed. IDHI R132H represents the most
common type in gliomas,’ and IDH2 R140Q is exclusively
found in acute myeloid leukemia.” Whereas IDH1 R132C rep-
resents the most common type in cartilaginous tumors,” IDH2
R172S is the dominant type in osteosarcomas® and giant cell tu-
mors.” In our study, ESFTs demonstrated equal numbers of
IDH] and IDH2 mutations in which one case of R132H and
one case of R172K were found. A previous study on cartilagi-
nous tumors demonstrated that IDH mutations are frequent in
acral-based tumors without any other association with other fac-
tors.” IDH mutations in osteosarcomas and giant cell tumors did
not show any association with other clinical parameters.*’ Our
study also did not find a significant association between IDH
mutations and clinical parameters of ESFTs.

In conclusion, our study is the first report to demonstrate IDH
mutations in ESFTS. It provides evidence that ESFTs can harbor
IDH mutations in previously known hot-spot regions, although
its incidence is rare. To provide generalized knowledge, our study
is still lacking enough data about these mutations in ESFTs.
Further validation with a larger case-based study would establish
more reliable and significant data on prevalence rate and the bio-
logical significance of IDH1/2 mutation status in ESFTs.
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Follicular Proliferative Lesion Arising in Struma Ovarii
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Malignant struma ovarii is extremely rare and difficult to diagnose histologically, particularly in
cases of follicular carcinoma. This case study is intended to describe three cases of follicular pro-
liferative lesion arising in struma ovarii that we experienced. The first case was clearly malignant
given the clinical picture of multiple recurrences, but there was little histological evidence of ma-
lignancy. Our second case featured architectural and cellular atypia and necrosis and was diag-
nosed as malignant despite the absence of vascular and stromal invasion. Our third case exhibit-
ed solid microfollicular proliferation without any definite evidence of malignancy (even the
molecular data was negative); however, we could not completely exclude malignant potential af-
ter conducting a literature review. In cases such as our third case, it has been previously suggest-
ed that a diagnostic term recognizing the low-grade malignant potential, such as “proliferative
stromal ovarii” or “follicular proliferative lesion arising in the stromal ovarii” would be appropriate.
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A struma ovarii is a monodermal variant of an ovarian mature
teratoma containing thyroid tissue, either exclusively or predomi-
nantly." Malignant change in a struma ovarii is a rare event, and
the criteria used to detect such changes are identical to those used
to evaluate the thyroid gland. In some cases, diagnosis of malig-
nant struma ovarii is not straightforward, particularly when a
proliferative follicular pattern is evident. Here, we report on three
cases of follicular proliferative lesions arising in struma ovarii and
discuss their clinicopathological and molecular characteristics.

CASE REPORT

A 35-year-old female visited the hospital complaining of ab-
dominal discomfort, and pelvic magnetic resonance imaging
(MRI) scan revealed multiple nodules in the peritoneum and
omentum with a large volume of ascitic fluid. She had a history
of surgery to treat struma ovarii in the left ovary 9 years ago. The
mass was removed under the suspicion of struma ovarii recur-

rence. Three months later, multiple enhanced nodules in the ad-
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nexa, omentum, perihepatic space, and peritoneum (Fig. 1A)
wete evident on follow-up imaging, and the patient underwent
re-surgery, total thyroidectomy, and radioactive iodine (RAI)
therapy. The histological features of nodules from the second and
third surgeries were similar. The nodules exhibited mixed micro-
and macro-follicular proliferation, with scattered lymphocytic in-
filtration, and were covered with thin fibrous capsules (Fig. 1B).
The tumor cell nuclei were round, uniform, and normochromat-
ic; neither mitosis nor necrosis was evident (Fig. 1C). Immuno-
histochemically, galectin-3, cyclin D1, and HBME1 were focally
positive, and HBME! expression was limited principally to re-
gions of microfollicular proliferation (Fig. 1D). The Ki-67 posi-
tivity level was enhanced by up to 10%, in the microfollicles.
The cervical thyroid showed features of chronic lymphocytic thy-
roiditis but there was no evidence of malignancy. We reviewed all
slides of the struma ovarii initially operated on to compare later
lesions with the initial ovarian mass. The original mass had both
solid and cystic components, and was fibrotically encapsulated
(Fig. 1E). Follicles of variable size and papillary structure were
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observed, and one microscopic focus of vascular invasion was ob-
served after meticulous examination (Fig. 1E, inset). No muta-
tion in any of BRAF (V60OE) or RAS (HRAS codon 61, NRAS
codon 61, and KRAS codon 12/13), and no PPARy rearrange-
ment (explored using fluorescence 7 sitw hybridization), was evi-
dent in the recurring nodules. The lesion was diagnosed as follic-

Follicular Lesion in Struma Ovarii 263

ular carcinoma arising in the struma ovarii, based on the clinical
and pathological findings, and the patient underwent RAI thera-
py (200 mCi). There has not been local recurrence or distant me-
tastasis in the 25 months of follow-up to date.

The second case was an 80-year-old female who visited the

hospital complaining of acute abdominal discomfort. A 20 cm-
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Fig. 1. Peritoneal nodules found intraoperatively (A) and the microscopic findings (B, C). HBMET positivity of microfollicles of the first case (D)
is observed and the initial ovarian lesion of the first case (E) shows vascular invasion (E, inset). The gross features of the second case (F) and
the histological findings (G, H) are suggestive of malignancy, and HBME1 status is positive only in the cytoplasm (I). In the third case, the sol-
id regions are tiny and scattered (J). Microscopically, microfollicles are predominant (K), and cyclin D1 expression is increased (L).
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diameter mass was observed in the right ovary on pelvic comput-
ed tomography and was thought to be a mature cystic teratoma.
The tumor was removed with no evidence of peritoneal adhe-
sions, ascites, or seeding nodules apparent intraoperatively. The
mass was grossly multicystic and partially solid (~10%) (Fig.
1F). Histologically, the cystic wall was composed of normal thy-
roid tissue (>50%), skin, and fat tissue. However, the solid por-
tion was surrounded by fibrotic tissue (separating the solid por-
tion from the ovarian stroma), and exhibited proliferation of
macro- and micro-follicles (Fig. 1G), crowded nuclei, occasional
mitosis (Fig. 1H), and necrosis. However, there was no evidence
of vascular invasion. The solid region was galectin-3—negative,
but HBME1-positive in the cytoplasm but not the cytoplasmic
membrane (Fig. 11). Cyclin D1 and Ki-67 levels were focally in-
creased in the solid portion of the mass (by ~10%) and thyro-
globulin expression was retained. No BRAF or RAS mutation
was present and PPARy was not rearranged. The lesion was di-
agnosed as a follicular carcinoma arising in struma ovarii, which
might progress to a poorly differentiated carcinoma requiring
RAI therapy and close follow-up. There was no local recurrence
or distant metastasis during 20 months of follow-up.

The last case was a 58-year-old female with a palpable pelvic
mass. MRI revealed a 16 cm-diameter multiloculated, solid cys-
tic mass in the left ovary, without adhesions, ascites, or peritoneal
seeding. On removal, the tumor was grossly multicystic and
filled with thick brownish fluid; small yellowish solid portions
were scattered within the inner cystic wall (Fig. 1]). These exhib-
ited a microfollicular proliferation pattern admixed with occa-
sional macrofollicles. No capsule was evident (Fig. 1K). The nu-
clei were uniformly round and mildly atypical, but there was no
evident necrosis or vascular invasion. The mass was HBME1 and
P53 negative, but focally positive for galectin-3 and cyclin D1
(Fig. 1L). The Ki-67 positivity rate was approximately 1%—3%.
All molecular studies were negative. This lesion was diagnosed as
a follicular proliferative lesion arising in the struma ovarii, requir-

Table 1. Summary of patient clinicopathological features

ing regular long-term follow-up. There was no recurrence or me-
tastasis noted during 18 months of follow-up.

Results of clinicopathological studies on the three aforemen-
tioned patients are summarized in Table 1.

DISCUSSION

Some earlier cases reported as malignant struma ovarii are now
recognized to have been strumal carcinoids.” Malignant struma
ovarii currently refers to thyroid-type carcinomas, including pap-
illary and follicular carcinomas. Follicular carcinoma is the second
most common type of malignant struma ovarii. The age range
for patients with malignant struma ovarii is 22 to 70 years.” Typ-
ical follicular carcinomas commonly metastasize to distant sites
including the lung, liver, bone, and central nervous system,” as do
thyroid gland carcinomas.

However, histological diagnosis of follicular carcinoma arising
in struma ovarii is rather difficult; it is not clear whether the ma-
lignant criteria for the thyroid gland are wholly transferable to
the struma ovarii. Capsular invasion is the major criterion for
thyroid malignancy, but the normal ovary usually lacks a capsule.
Furthermore, many struma ovarii associated with distant metas-
tases lacked tumor capsules.” Thus, invasion of the surrounding
ovarian stroma and/or serosa and vascular invasion have been re-
garded as histological evidence for follicular carcinoma of the ova-
ry.** However, it is difficult to define the term “invasion into the
stroma and serosa”; some authors consider invasion to be when
infilerating tumor cells are surrounded by thin fibrotic tissue, not
by thickened ovarian cortical tissue.* The concept of vascular in-
vasion is also somewhat controversial; some authors consider this
to be present only when more than three invasive foci are found’
ot, indeed, only when many well-separated vessels are involved.”
Also, less-differentiated forms of follicular carcinoma can exhibit
architectural abnormalities of the trabecular pattern, nuclear
atypia, and increased mitotic activity.’

Variable Case 1 Case 2 Case 3
Age (yr) 35 80 58
Tumor diameter (cm) NA 20 16
Progression Peritoneal seeding None None
Follow-up (mo) 25 20 18
Histologic feature Micro-/macrofollicles Micro-/macrofoliicles, Predominantly
Necrosis micro-follicles
Invasion of the ovarian stroma - - -
Vascular invasion + - _
Galectin-3/HBME1/cyclin D1 f/f+/f+ —/f+ (cytoplasm)/f+ f+/~/f+

NA, not applicable; f+, focal positive; —, negative.
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A new subtype of follicular carcinoma of the ovary, described
by Roth and Karseladze,” presents an even greater diagnostic
challenge. Highly differentiated follicular carcinoma of ovarian
origin (HDFCO) was previously considered to reflect extra-ovar-
ian dissemination of normal thyroid tissue, and was termed “peri-
toneal strumosis.” However, based on both clinical experience
and a literature review,” the authors suggested that the term
peritoneal strumosis should be replaced by HDFCO, as these le-
sions behaved as did other thyroid-type carcinomas except that
HDFCO was of a much low grade. In line with this suggestion,
Robboy et al.* reported on 15 cases of biological malignancy
(thus characterized by recurrence and metastasis) that exhibited
histologically normal thyroid patterns, and/or normal micro- or
macro-follicular proliferative patterns, without any definite his-
tological evidence of malignancy. The cited authors and others™®
argued that the histological patterns of follicular lesions were not
predictive of clinical behavior, and proposed that the diagnostic
term “proliferative struma ovarii” should be used to describe a
proliferative follicular lesion of the ovary without evident malig-
nant features; the term aptly recognized the latent malignant
potential of these masses.

Since microscopic features do not predict the clinical outcomes
of malignant struma ovarii, pathologists cannot be certain that a
follicular proliferative lesion in the struma ovarii is benign. In-
stead, we should consider clinical behavior suggestive of malig-
nancy, such as extraovarian spread, adhesion to adjacent organs,
significant volume of ascites (1 L or more), a stromal diameter >5
cm, and a lesion comprised of >50% proliferative thyroid tissue.®

Our first case was obviously malignant, given the mutiple re-
currences. However, initially, it was difficult to diagnose a ma-
lignant struma ovarii because the lesion exhibited no histological
evidence of stromal/serosal invasion or vascular invasion. Al-
though no ascites or peritoneal adhesion was evident during the
first surgery, the tumor diameter was presumed to be over 5 cm
and follicular proliferations (of various patterns) constituted more
than half of the lesion. Thus, the lesion was a “proliferative
strumal ovarii” according to the terminology defined by Robboy
¢t al.," although this terminology is not universally employed.
The second case exhibited necrosis and features of a less-differen-
tiated follicular carcinoma including architectural and nuclear
atypia, and there was no difficulty with a diagnosis of malignant
stromal ovarii. The third case exhibited rather innocuous histo-
logical features. Microfollicular proliferation was observed in
most regions of the solid lesion; however, the tumor was largely
cystic and the solid portions were tiny and scattered, so it was un-
clear whether proliferative thyroid tissue constituted >50% of the
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lesion. Both ascites and adhesion were absent, and the tumor di-
ameter was far greater than 5 cm due to its cystic nature. We
could not completely exclude malignant potential, and we diag-
nosed the lesion as a “follicular proliferative lesion, requiring
long-term follow-up.”

Although BRAF and RAS mutations and RET/PTC rear-
rangement have been reported in malignant struma ovarii exhib-
iting histological features of papillary carcinoma,"” we did not
find any molecular studies that examined follicular proliferative
lesions of struma ovarii in the literature. Previous results on pap-
illary carcinoma suggested that the pathogenesis of malignant
struma ovarii might be similar to that of carcinoma of the thy-
roid gland. Thus, we analyzed tissue samples for BRAF and RAS
mutations and PPARYy rearrangements, but the results were neg-
ative in each of the three cases.

In summary, a follicular proliferative lesion in struma ovarii,
including typical follicular carcinoma, HDFCO, and follicular
proliferation without evident malignant features, is extremely
rare. Diagnoses are not straightforward, and pathologists should
be cautious in diagnosing such lesions as benign because a ma-
lignant potential may co-exist with innocuous histological fea-
tures. In particular, even if a follicular proliferative lesion lacks
evident malignant features, a diagnostic term recognizing low-
grade malignant potential should be used. The literature review
suggests that “proliferative sturmal ovarii” or “follicular prolifer-
ative lesion arising in the stromal ovarii” would be approptiate.
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Il BRIEF CASE REPORT W

Traumatic Bowel Perforation and Inguinal Hernia Masking
a Mesenteric Calcifying Fibrous Tumor
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Calcifying fibrous tumors (CFTS) are uncommon benign tu-
mors occurring in children and young adults. They arise in var-
ious anatomic sites, including subcutaneous and deep soft tis-
sue, pleura, and peritoneum. Histologically, the tumor appears
as a relatively well-circumscribed mass consisting of hypocellu-
lar hyalinized collagen and bland spindle cells, showing patchy
lymphoplasmacytic infiltration and dystrophic calcifications.
CFT of the gastrointestinal tract is extremely rare, and it can be
difficult to distinguish from other spindle cell lesions that are
more common. Moreover, its presence may be obscured by other
clinical disorders. We report a case of incidentally detected mes-
enteric CFT during surgical treatment for bowel perforation and
hernia.

CASE REPORT

A 71-year-old man visited our hospital for progressive ab-
dominal pain after a fall. He also complained of nausea, vomit-
ing, and abdominal discomfort for the previous 2 hours and had
a medical history of hypertension, diabetes, and stroke. Physical
examination revealed abdominal tenderness with mild rigidity.
Abdominal computerized tomography revealed diffuse wall
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thickening of the distal ileum with free air and fluid collections
and two inguinal hernias (Fig. 1). Additionally, there was a
small amount of fluid collection and an air bubble in the right
inguinal canal, suspicious for abscess or fecal spillage. An explor-
ative laparoscopy was performed under the impression of bowel
perforation associated with inguinal hernia. Laparoscopy revealed
a 2-cm-sized bowel perforation located at 15 cm above the ileo-
cecal valve in the right inguinal herniated lesion. Intriguingly, a
hard mass was noted near the perforation site. The patient un-
derwent small bowel resection and herniorthaphy.

Segmental resection revealed a firm, 1.1 X 1.1 x0.7-cm-sized
mass located at 2 cm from the perforation. The cut surface dem-
onstrated a solid, well-demarcated, gray-brown mass in the mes-
entery. The remaining mucosal surface was edematous with con-
gestion (Fig. 2A). Microscopically, the mass showed hypocellular
sclerosis with wavy collagenous stroma, microcalcifications, and
scattered inflammatory cells (Fig. 2B, C). Immunohistochemical
staining results were negative for c-kit, smooth muscle actin,
desmin, S-100 protein, and CD34 in the stromal cells. The Ki-
67 labeling index was less than 1%. Pathological diagnosis thus
confirmed a CFT. IgG and IgG4 immunohistochemical stains
were also performed for this lesion to determine if the tumor
was associated with an [gG4-related disease. IgG stain was pos-
itive, but IgG4 stain was negative. At the 6-month postopera-
tive follow-up visit, the patient remained well without compli-
cations.

DISCUSSION

CFT can occur in a wide range of ages and may arise from dif-
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ferent sites. It is often detected incidentally, but visceral CFT has
occasionally presented as a painful mass due to mass effect. Most

cases of CFT in the small intestine have been reported as pain

Fig. 1. Abdominal contrast-enhanced computed tomography scan
reveals diffuse enhancing wall thickening (arrow) without an obvi-
ous mass-like lesion.

inducing lesion. Emanuel ez «/." described presentation with ab-
dominal symptoms (intussusception, abdominal pain) in four
patients. Mesenteric CFT presenting with acute peritonitis has
also been documented.” CFT needs to be distinguished from
gastrointestinal stromal tumors, desmoid tumors and myomas,
which have varying clinical outcomes. The typical radiographic
findings in CFT are a well circumscribed, homogeneous mass,
but these findings are nonspecific, so biopsy with histologic
confirmation is needed prior to treatment.’

The mechanism of CFT development is thought to be reac-
tive pseudotumoral. Previous reports suggested that CFT is a
late sclerosing stage of inflammatory myofibroblastic tumors
(IMT).*> However, Sigel ¢ a.° reported that anaplastic lympho-
ma kinase (ALK) stain, which is positive in IMT, was negative
in their CFT patients. Nascimento ¢z a/.” also reported that
CD34 was positive and ALK-1 was negative in their CFT pa-
tients. These studies do not support a relationship between CFT
and IMT. Other studies described CFT associated with IgG4+
plasma cells. IgG4+ plasma cells were increased in a case of dis-
seminated abdominal CFT associated with sclerosing angioma-

o> B #

I

Fig. 2. (A) Viewed grossly, a well-demarcated gray-brown firm solid mass is confined to the mesenteric fat (right). (B) Microscopically, there
are dispersed sparse spindle cells and occasional dystrophic calcification among thick wavy collagen bundles (left upper). (C) Patchy lym-

phoplasmacytic infiltrations are found throughout the tumor.
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toid nodular transformation of the spleen.” A study of gastric
CFT reported that [gG4+ plasma cells were seen in this tumor.”
Larson ¢t al." also suggested that CFT could be an IgG4 related
disease. Although these reports support that CFT might be
IgG4 related, our case was negative for [gG4 stain. Thus, more
work needs to be done to better understand the mechanism of
CFT development.

In the present case, the mesenteric CFT was slow-growing
and asymptomatic, but abdominal symptoms appeared abruptly
after trauma. Bowel perforation and hernia masked the solitary
mass from radiological detection, but laparoscopy revealed a sol-
id mass 2 cm from the bowel perforation. Considering the solid
mass near the perforation and the patient’s history of trauma,
bowel perforation may have been caused by herniation of the
CFT. Although it is rare for inguinal herniation and bowel per-
foration due to trauma to occur simultaneously with CFT, this
case indicates that unusual clinical findings can be important for
early detection and presurgical planning.
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Intussusception is usually idiopathic, with no pathologic lead
point except for the presence of reactive lymphoid hyperplasia,
which is probably associated with gastrointestinal infection or a
reaction to newly introduced food proteins. Viral infections, such
as those caused by non-enteric adenovirus, human herpes virus
(HHV)-6, HHV-7, and Epstein-Barr virus, are known etiologic
factors of intussusception. Cytomegalovirus (CMV)-associated
intussusception has been reported rarely; there have been three
case reports in immunocompetent and human immunodeficien-
cy virus—infected infants."” None of these three case reports de-
scribed a detailed histologic pattern, except ischemic necrosis of
the small intestine due to a prolonged clinical history and de-
layed surgery. Here, we report a case of a CMV-associated in-
flammatory polyp with unique gross and microscopic findings
as a leading cause of ileoileal intussusception in an 8-week-old
healthy female.

CASE REPORT

An 8-week-old healthy female infant was admitted to the
hospital following 10 episodes of repeated vomiting and poor
oral intake for one day. She was born by normal vaginal delivery
at 40 weeks without any perinatal problems and with a birth
weight of 3.98 kg. At admission, her height was 63.1 cm and
her body weight was 6 kg, which was 89.4% of her ideal body
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weight. Her body temperature was 37.2°C. The results of the
laboratory examination were unremarkable. Ultrasonography
(US) on admission showed ileocolic intussusception at the he-
patic flexure of the colon, which was successfully reduced by
US-guided saline reduction. However, vomiting continued, al-
though at a reduced rate, and bloody diarrhea developed intet-
mittently. Follow-up US the next day revealed a newly devel-
oped ileoileal intussusception, which persisted until additional
follow-up US (Fig. LA). Five days after symptoms developed, an
exploratory laparotomy and segmental resection of the ileum
was performed.

The resected ileum contained a roughly ovoid, sessile, polyp-
oid mass, measuring 4X2x 1 ¢cm. On the mucosal side of the
mass, an aggregation of multiple small round polyps was ob-
served, which had a cobblestone-like or nodule-aggregating ap-
pearance (Fig. 1B). The cut surface revealed multiple round-to-
ovoid solid nodules with focal hemorrhages scattered from the
submucosal to the subserosal connective tissue (Fig. 1C).

Upon histological examination, each mucosal polyp appeared
to represent variably expanded and fused mucosal folds of the
plicae circulares (Fig. 1D). The surface villi were flattened, mul-
tifocally, and covered with fibrinopurulent exudate. The crypts
were irregularly deformed and cystically dilated. The lamina
propria showed exuberant granulation tissue-type small vessel
proliferation and fibroblastic reaction, with inflammatory infil-
trates composed of plasma cells, small and large lymphoid cells,
eosinophils, and histiocytes (Fig. 2A). The muscularis propria
were partly disorganized and fused with the muscularis muco-
sae, suggesting a stretched intestinal wall of intussusception.
The deeper layer showed multiple well-defined solid nodules, in
which proliferated florid vessels were intermixed with fibroblasts
and inflammatory cell infiltrates (Fig. 2B). Some of the nodules
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Fig. 1. (A) Longitudinal ultrasonography of the lower abdomen with a Doppler study shows an ovoid mass with alternating thick hypoechoic
and thin hyperechoic layers, indicating ileoileal intussusception and Doppler flow signals at the intussusceptum. A round hypoechoic lesion (ar-
row) indicating a lead point of intussusception is identified. (B) The ileum reveals a 4x2x 1 cm, roughly ovoid, sessile, polypoid mass with a
conglomerated nodular or nodule-aggregating appearance. (C) The cut surface shows thickened mucosa and multiple round solid nodules with
focal hemorrhages at deeper layers. (D) The polyp is composed of enlarged plicae circulares having dilated and distorted crypt glands with ex-
panded lamina propria.

showed multifocal hemorrhages with fibroblastic proliferation,
resembling reorganizing thrombus (Fig. 2C). Careful searching
revealed that a few capillary endothelial cells and stromal cells
exhibited characteristic eosinophilic intranuclear and cytoplas-
mic viral inclusions beneath and around the eroded mucosal sur-
face in the focal area (Fig. 2D). These cells displayed positive
immunostaining for CMV. After surgery, the CMV antigen was
not detected in peripheral blood but was isolated from a stool
culture in additional laboratory tests.

DISCUSSION

CMV infection occurs throughout the gastrointestinal tract,
with ulceration as the most common morphologic change.*’

http://dx.doi.org/10.4132/jptm.2015.04.01

Gastrointestinal CMV infection presenting as a polyp is unusual,
and only a few cases have been reported.**” The lesions exhibit
features like those of inflammatory or juvenile polyps, including
surface ulceration, distention and shape irregularity of the crypt
glands, and granulation tissue-type small capillary proliferation
with inflammatory cell infiltration. Therefore, based on the
dominant histologic pattern in the biopsy, CMV-associated pol-
yps could be variably diagnosed as inflammatory fibroid polyps,
inflamed hyperplastic polyps, inflammatory myofibroblastic tu-
mors or even vascular tumors, etc.** In our case, the polyp had
histologic features reminiscent of a juvenile polyp. However,
glandular change and the preserved plicae circulares structure
did not fit the diagnosis of a juvenile polyp. Thorough micro-
scopic observation identified cells with CMV inclusion bodies.

http://jpatholtm.org/



272 o ParkH, etal

Fig. 2. (A) The lamina propria shows granulation tissue-type small vessel proliferation. (B) The nodules at deeper layers are composed of
proliferated florid small vessels and fibroblasts. (C) Organizing-thrombus-like areas are noted focally in the nodules. (D) A few stromal cells
with intranuclear and cytoplasmic cytomegalovirus inclusions are present beneath the eroded mucosal surface.

Recurrent intussusception produces variable nonspecific histo-
logic changes, including disorganization of the muscularis pro-
pria, fusion of the muscularis mucosae with the muscularis pro-
pria, focal submucosal fibrosis, telangiectasia, fibrous serosal
adhesion, localized mucosal hyperplasia, etc.” In addition, florid
small vascular proliferation has been reported, which may be so
pronounced as to raise the possibility of primary vascular neo-
plasm.”"® Although the mechanisms underlying the develop-
ment of such vascular lesions are difficult to ascertain, repeated
mechanical forces applied to the bowel wall during long-term
mucosal prolapse associated with intussusception trigger angio-
genesis, resulting in an exuberant form of highly vascularized
granulation tissue. The clinical history of prolonged intussuscep-
tions may explain the granuloma pyogenicum-like solid nodules
scattered at deeper layers with focal hemorrhages, and the orga-
nizing thrombus-like features of this case.

http://jpatholtm.org/

In summary, it is considered that CMV-induced mucosal in-
flammation acted as a lead point of intussusception, and persis-
tent prolonged intussusception caused nodular florid vascular
proliferation of deeper layers, in this case with unique micro-
scopic and gross findings.
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Myxoma occurs most commonly in the heart, which is regard-
ed as the origin of primitive mesenchymal cells that differentiate
into multiple tissues. Up to 18% of cardiac myxomas are located
in the right atrium and are frequently diagnosed after recurrent
pulmonary embolism." Extracardiac myxomas have been report-
ed in the subcutaneous tissue, muscle, and lung.** Nine cases of
primary pulmonary myxoma have been described.”” Due to its
rarity, clinical and histologic review of pulmonary myxoma is
limited in number.

To the best of our knowledge, this is the first report describing
cytologic features of a primary pulmonary microcystic myxoma.

CASE REPORT

A 71-year-old Korean man was admitted for an incidentally
detected pulmonary mass. The initial chest X-ray and subse-
quent computed tomography (CT) showed a subpleurally locat-
ed, well-defined, round and smooth mass in the left upper lobe,
measuring 1.0x0.8% 0.7 cm in size (Fig. 1A). The surrounding
parenchyma showed mild volume loss and focal consolidation,
measuring about 2.0X2.0X 1.8 cm. A poorly enhanced soft tis-
sue lesion, measuring 3.5 % 3.0% 2.0 cm in size, was also found
in the anterior thymic area. Cardiac echographic findings were
as follows; normal-sized cardiac chambers, normal left ventricu-
lar systolic function, normal left ventricle filling pattern, and no
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motional abnormalities or regional wall abnormalities. Under
the impression of pulmonary hamartoma, a wedge resection of
the subpleural mass and partial thymectomy through video-as-
sisted thoracoscopic surgery was performed. A 3-month follow
up was planned for the parenchymal consolidation.

Grossly, the wedge-resected lung showed a well-delineated,
glistening, round, and gray subpleural mass (Fig. 1B). The cut
surface of the mass was gelatinous mucoid, grayish yellow with-
out a capsule. Intraoperative touch imprints were made using
Papanicolaou and hematoxylin and eosin stains. The smears were
paucicellular showing copious amounts of viscous pinkish mu-
coid material and scattered inflammatory cells (Fig. 2A). Scat-
tered inflammatory cells such as macrophages containing foamy
granular cytoplasm with occasional hemosiderin-laden macro-
phages were found. Cracking and a pleated pattern were observed
on thickly smeared slides. Sparse capillaries were also found.
There were a few loose aggregates of bland, monomorphic spin-
dle cells with oval nuclei and no distinct nucleoli, and these spin-
dle cells had long, thin, and tapered cytoplasmic processes (Fig.
2B). The nuclei were round to oval with indistinct nucleoli, and
the cytoplasm was vacuolated and granular with a well-delineat-
ed cell border (Fig. 2C). Differential diagnoses for the frozen sec-
tion were myxoid tumors including pulmonary hamartoma.

The specimen was fixed with 10% formalin, and paraffin-em-
bedded tissue was stained with hematoxylin and eosin. Micro-
scopically, the pulmonary mass was composed of scattered spin-
dle-shaped mesenchymal cells with chronic inflammatory cells,
embedded in a rich basophilic gelatinous myxoid matrix (Fig.
2D). Stellate cells with vacuolated bubbly cytoplasm were ob-
served. Neither mitosis nor cytologic atypia was found in the
stellate cells. In the abundant basophilic mucoid matrix, there
wete no cellular elements other than chronic inflammatory cells
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Fig. 1. (A) Precontrast chest computed tomography shows a well-delineated low-attenuated oval mass (arrow) with slightly high density de-
lete the portion in the subpleural area. (B) Gross photo shows a well-demarcated ovoid mass (arrow) with a mucous gelatinous texture with
focal hemorrhage.

and some neutrophils (Fig. 2E). The mass had predominantly
microcytic changes lined by attenuated flattened cells or no lin-
ing of cells and the cystic spaces were empty or filled with myxid
materials (Fig. 2F left). Size of the cystic spaces ranged from 300
pm to 1.2 mm. Visceral pleura was free of tumor. The surround-
ing pulmonary parenchyma was normal. The fragmented partial
thymectomy specimen showed a cystic structure, lined with cy-
lindrical ciliated epithelial cells with surrounding normal-ap-
pearing thymic tissue with Hassall's corpuscles in the cyst wall.
It was diagnosed as a unilocular thymic cyst.
Immunohistochemically, the spindle cells were positive for vi-
mentin (prediluted, V9, Dako, Glostrup, Denmark) (Fig. 2F,
right). They were all negative for matrix metalloproteinase
(MMP)-2 (1:250, 4D3, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), MMP-9 (1:250, 2C3, Santa Cruz Biotechnology),
pancytokeratin (prediluted, A1/A3, Dako), D2-40 (1:200, D2-
40, Dako), TTF-1 (prediluted, 8G7G3, Dako), c-kit (1:40,
T595, Novocastra, Newcastle upon Tyne, UK), S-100 protein
(prediluted, polyclonal, Dako), desmin (prediluted, D33,
Dako), smooth muscle actin (prediluted, 1A4, Dako), alpha-in-
hibin (1:50, BC/R1, Biocare Medical, Chicago, IL, USA), cal-

http://dx.doi.org/10.4132/jptm.2015.03.12

retinin (prediluted, DAK-Calret1, Dako), CD34 (prediluted,
QBEnd10, Dako), epithelial membrane antigen (prediluted,
E29, Dako), CD68 (prediluted, PG-M1, Dako), CD99 (predi-
luted, 12E7, Dako), synaptophysin (prediluted, DAK-SYNAP,
Dako), factor VIII-related antigen (prediluted, polyclonal, Dako),
and factor XIII (1:50, E980.1, Novocastra). The myxoid stroma
was stained with Alcian blue at pH 2.5 with or without hyal-
uronidase, periodic-acid Schiff (PAS) and diastase-resistant PAS.
The Ki-67 (prediluted, MIB-1, Dako) proliferation index was
less than 0.1%.

Ultrastructurally, the tumor was composed of several types of
cells including spindle-shaped fibroblast-like cells (Fig. 3). The
fibroblast-like spindle cells had a ruffled villus-like cell surface,
and the cytoplasm was filled with rough endoplasmic reticu-
lums, prominent Golgi complexes, and lysosomes. Amorphous
flocculent and granular proteinaceous material and some colla-
gen fibrils were observed in the extracellular spaces. Macrophages,
mature lymphocytes, and some mast cells were also found. Cell
junctions were not observed. Metastasis or embolic myxoma
from the heart was excluded based on the absence of primary
cardiac myxoma and the cytologic benignity of the pulmonary
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Fig. 2. (A-C) Touch imprint cytology. (A) Hypocellular smear shows many scattered inflammatory cells and macrophages. Note the back-
ground amorphous mucin-like metachromatic materials. (B) High-power view shows round to spindle cells having a moderate amount of
granular cytoplasm and euchromatic round nuclei. (C) Note rare intranuclear inclusions (left, arrow) and cytoplasmic globular materials (right,
arrow) (A-C, Papanicolaou stain). (D-F) Histologic findings. (D) Low-power view shows a well-demarcated bluish mass, and the mass is
composed of predominantly chondromyxoid stroma. Arrow indicates normal pulmonary parenchyma. (E) High-power view shows that the
mass is composed of abundant bluish chondromyxoid stroma and the paucicellular elements including scattered spindle cells, intermixed
macrophages, mature lymphocytes, and some eosinophils. (F) Microcysts are surrounded by attenuated flattened cells or no lining (left, H&E

stain; right, Vimentin immunostain).

mass. Primary pulmonary myxoma was the diagnosis.

Chest CT taken 2 months after the operation revealed an inter-
val increase in the extent of parenchymal consolidative lesion in
the left upper lobe, which was accompanied by left pleural effu-
sion. Cytology through pleurocentesis revealed metastatic ade-
nocarcinoma. Brain magnetic resonance images revealed a small
parenchymal mass with focal enhancement in the left cerebellar
hemisphere. Chemotherapy with pemetrexed and cisplatin was
performed, and radiation therapy was planned.

DISCUSSION
Touch imprints of the current case were paucicellular with

abundant gelatinous mucin showing a folded pattern and scat-
tered mucinophages. Simple capillaries were also aspirated. The

http://jpatholtm.org/

differential diagnoses based on the cytologic features were mu-
cin-rich lesions including mesenchymal tumors such as myxo-
ma, hamartoma, extraskeletal myxoid chondrosarcoma (EMCS)
and low cellular epithelial tumors such as mucinous epithelial
tumor."*” Cytologic findings of pulmonary hamartoma are scant-
ly cellular smears composed of bland-looking spindle and stel-
late cells and fibromyxoid materials in serosanguinous back-
ground.® Pulmonary hamartoma is composed of predominantly
chondroid connective tissue, adipocytes and fibroblasts with in-
tervening nests of bland-looking epithelial cells. Cartilaginous
component is rarely aspirated. Fine needle aspirates may show
highly cellular smears showing epithelial cells with fine granular
chromatin, mimicking a neuroendocrine neoplasm. Benign to
low-grade mucinous epithelial tumors show a predominance of
epithelial cells in the cytology, but mucinous cystic epithelial

http://dx.doi.org/10.4132/jptm.2015.03.12



Fig. 3. Ultrastructural examination reveals spindle to round cells
with round euchromatic nuclei and cytoplasm having many lyso-
somes, mitochondria, and rough endoplasmic reticulums. Extra-
cellular amorphous mucin material (arrow) is observed (left, x2,500).
Multiple ruffled cell surfaces (thin arrow) and abundant collagen fi-
brils (thick arrow) are also observed (right, x 3,500).

tumors yield extremely low cellular mucin predominance with
only a few floating epithelial cell nests. In such cases, diagnosis,
particularly on scantly cellular cytology specimens, is exceeding-
ly difficult. Mucin-rich smears must be searched carefully for
clusters or single cells showing intracytoplasmic mucin vacuoles
to ensure detection of mucinous cystic epithelial tumor. Cyto-
logic findings of EMCS are composed of several fragments of po-
lygonal to ovoid monotonous tumor cells with eccentrically lo-
cated scalloped nuclei and peripheral fine cytoplasmic vacuoles
embedded in a dense, metachromatic matrix as well as abundant
myxoid materials.” Vesicular nuclei or nuclear grooves or inclu-
sions may occasionally be found in EMCS.* Myxoid stroma can
also be seen in myxoid liposarcoma.” Atypical lipoblasts have
central or eccentric nuclei or scalloped and vacuolated cytoplasm
with high nucleus-cytoplasmic ratio, and can be seen clustered
around branching, arborizing capillaries, unlike the simple capil-
laries seen in the current case.

The histologic differential diagnosis of this case was limited;
pulmonary hamartoma and myxoma are the main differential
diagnoses. Other differential diagnoses included EMCS, and
low-grade myxofibrosarcoma. Pulmonary hamartoma is an im-
portant differential diagnosis. Like cardiac myxoma, pulmonary
myxoma is composed of rich connective tissue derived from fi-
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broblasts and connective tissue mucin, whereas pulmonary ham-
artoma is composed of nonorganized epithelial cells and primitive
mesenchymal spindle cells, including fibrous tissue, fat, smooth
muscle, cartilage, and occasionally bone. Pulmonary myxoma
consists of stellate or elongated fibroblast-like cells with abun-
dant intercellular myxoid material. Variable amounts of inflam-
matory cell infiltration are a shared feature between myxoma
and EMCS. EMCS is another important differential diagnosis,
albeit extremely rare, in the lung. Pulmonary EMCS is a low-
grade tumor with multilobulated growth. EMCS is a low-cellu-
larity tumor composed of uniform oval to spindle cells arranged
in short anastomosing cords in an abundant myxoid matrix. No
hyaline cartilaginous differentiation is seen. Mitoses are rarely
found. Microscopic characteristics important for distinguishing
between EMCS and myxoma include the different nature of
myxoid stroma; extracellular mucin in myxoma is hyaluroni-
dase-sensitive, which is stained with Alcian-blue, whereas chon-
dromyxoid type of stroma, i.e., sulfated mucopolysaccharides in
(Condroitin sulphate and keratan sulphate) EMCS is stained
with Alcian-blue and is hyaluronidase-resistant.

To date, 10 cases of primary pulmonary myxoma, including
the current case, have been reported.” The ages of the patients
ranged from 26 to 73 years (mean, 54.8 years). Five males and
five females were reported. The tumor size ranged from 0.5 to
2.5 cm (mean, 1.59 cm). All except for two endobronchial le-
sions occurred in pulmonary parenchyma; the present case pre-
sented with subpleural parenchymal mass. Half of the cases pre-
sented with nonspecific symptoms; hemoptysis, dyspnea,
shortness of breath, chest pain or exacerbation of underlying
chronic obstructive pulmonary disease. The remaining lesions
were found incidentally. All but two with coexisting pulmo-
nary adenocarcinomas showed excellent clinical outcome. Com-
plete excision was curative and metastasis was not reported in
all cases. The current case is similar to three cases reported by
Shilo ez a/.,” which were reported as microcystic fibromyxoma, a
histologic variant of pulmonary myxoma. Due to rarity and the
subsequent lack of cumulative data on pulmonary microcystic
myxoma, we suggest that cysts negative for both vascular mark-
ers and epithelial markers may be related to increased MMP ac-
tivity in a microcystic variant of pulmonary myxoma, as in cat-
diac myxoma, showing excessive degradation of extracellular
matrix and resulting in increased potential risk for metastatic
embolism."” Among 10 reported cases of pulmonary myxoma,
metastasis had not yet been described. Accumulating prospec-
tive data on MMP-2 and MMP-9 immunoreactivities in pulmo-
nary myxomas is necessary in order to evaluate the prognostic cor-
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relation.

While preoperative fine-needle aspiration is a well-established
preoperative diagnostic technique in the epithelial neoplasm, it
is limited in diagnosing soft tissue lesions due to scanty cellular-
ity and the dense nature of the soft tissue lesion. Given the rarity
of myxoma in comparison to common hamartoma, cytopatholo-
gists might ignore this entity in the differential diagnosis. Ac-
knowledging the cytology of this benign lesion, pathologists
should consider the possible shared features with other myxoid

lesions, including malignant tumors.
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