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The production and release of membrane-bound vesicles by
cells (which we will refer to generally as extracellular vesicles
[EVs] in this review) is a process found in members of all three
domains, including Archaea," Bacteria,”” and Eukaryotes (Fig.
1).”* EVs contain a diverse complement of proteins, nucleotides,

16,17

and lipids, " perform a large variety of functions, including antigen
processing,'® host-parasite communication' and competition
with other species,' and are hypothesized to be formed by multiple
mechanisms.® The observation of EVs in fluids such as saliva,*
urine,”" and blood* as well as the visualization and selection of
EVs released from many human cells and cell lines including
placenta (syncytiotrophoblasts,”” HTR-8, and JEG-3*), kidneys,”
and blood cells (including lymphocytes,'* platelets,” and reticu-
locytes”) argues for the continued function of EV in humans
when coupled with the history of convergent evolution and conser-
vation of function of EVs. In this review, we will first present
some of the current hypotheses for the functions of human-derived
EV, and second suggest how the phenomenon of EV production
can be utilized for the remote sensing of inaccessible tissues and
discuss the roadblocks to immediate utilization.

pISSN 2383-7837
elSSN 2383-7845

The rapid and accurate diagnosis of patients with minimally invasive procedures was once only
found in science fiction. However, the discovery of extracellular vesicles (EVs) and their near ubig-
uity in body fluids, coupled with the advent of inexpensive next generation sequencing tech-
niques and EV purification protocols, promises to make science fiction a reality. Purifying and se-
quencing the RNA content of EV from routine blood draws and urine samples are likely to enable
pathologists and physicians to diagnose and track the progress of diseases in many inaccessible
tissues in the near future. Here we present the evolutionary background of EV, summarize the bi-
ology of EV formation and cargo selection, and discuss the current barriers to making continuous
liquid biopsies through the use of EV a science reality.

Key Words: Exosomes; Microvesicles; Extracellular vesicles; Cell-free RNA; Liquid biopsy

PRODUCTION AND FUNCTION OF
EXTRACELLULAR VESICLES

EVs have been found in almost every human body fluid,”

031 cerebrospinal fluid

including urine,*"” blood,”*’ saliva,
(CSF),” synovial fluid,” semen,** breast milk,” amniotic fluid,”
aqueous humor (from cadavers),”” lymph,* and bronchoalveolar
lavage fluid.”” Because of the ubiquity of EVs, the mechanism of
production and the likely functions of EVs have been the subject

of intense study.

Production of extracellular vesicles

Eukaryotes generate multiple kinds of EVs. The major classes
include exosomes, which are generated from multi-vesicular
endosomes (MVEs), shedding microvesicles, which originate
from the plasma membrane, apoptotic blebs, which result from
programmed cell death, and gesicles, which are produced by
vesicular stomatitis virus and potentially incorporate specific
cargo proteins.”’ Exosomes are generated by the inward budding
of MVEs and eatly endosomes which is mediated by the actions
of endosomal sorting complexes required for transport (ESCRTS),
ceramides, and tetraspanins.*' The inward budding results in the
potentially selective incorporation of cytoplasmic components

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Fig. 1. Extracellular vesicles are found in all domains of life, includ-
ing Archaea,? Bacteria,*® and Eukaryotes.* '

including RNA, DNA, and proteins into the lumen of the exo-
some, as well as membrane lipids and transmembrane proteins.
If the resultant MVEs are targeted to the plasma membrane instead
of the lysosome, the fusion of MVEs with the plasma membrane
leads to the release of exosomes. The fusion event is mediated
by the action of multiple Rab proteins, including RAB27A
(RAB27A, member RAS oncogene family), RAB35 (RAB33,
member RAS oncogene family), and RAB11A (RAB11A, member
RAS oncogene family)* in addition to the action of the cyto-
skeleton and fusion machinery (soluble NSF attachment protein
receptors [SNARES], etc.)."" The proteins involved in the processing
of MVEs into EVs, including the ESCRTS, Rabs, and SNAREs,
are present across the eukaryotes, which argues for EV produc-
tion in at least the last common eukaryotic ancestor. The presence
of orthologs of ESCRTS in archaea suggests that the last universal
common ancestor may also have produced EVs.” However,
since these proteins are also essential to ubiquitination pathways,
it is possible that the conservation of EV production is a by-product
of the conservation of the targeting of proteins to the lysosome
for degradation.

The budding of microvesicles from the plasma membrane requires
the actin-myosin machinery and small GTPases such as ADP ribo-
sylation factor 6 (ARF6), but does not appear to require ESCRTS,
although there is evidence that ESCRT-I is associated with some
microvesicles. Further advances in microscopy, including auto-
fluorescence contrast microscopy, are likely to enable the visual-
ization of EV production.™

Cargo selection in extracellular vesicles

The content of EVs often differs significantly from the cellular
compartments from which the EVs are generated, both in
terms of membrane composition and surface markers, as well as
the contents of the lumen (RNA, DNA, and proteins) (Fig. 2)."'
While some of the differences in membrane composition may
be due putely to free energy considerations within the membrane

http://jpatholtm.org/
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Fig. 2. Production of exosomes and microvesicles in cells. Microves-
icles are generated from the budding of the plasma membrane (A).
Exosomes are generated from the inward budding of multi-vesicu-
lar endosomes (MVEs) by the action of multiple proteins (B) and re-
sult in the release of exosomes (C) if the MVE is targeted to the
plasma membrane instead of the late endosome.

such as curvature and charge, the enrichment of specific RNA
motifs (ACCAGCCU, CAGUGAGC, and UAAUCCCA)® and
protein surface markers (epithelial cell adhesion molecule [EPCAM],
Erb-b2 receptor tyrosine kinase 2 [ERBB2], protein tyrosine
phosphatase, receptor type C [PTPRC], or CD63 molecule
[CD63])* argues for the selective packaging of EV contents.
Proteins that may fulfill the role of RNA sorting include members
of the ESCRT-IT complex as well as the RNA-induced silencing
complex (RISC) (including trinucleotide repeat containing 6A
[TNRC6A] and argonaute 2 [AGO2, RISC catalytic compo-
nent]"""), but the complete picture of the RNA sorting is still
unclear. For example, it is not yet clear whether the sorting of RNA
into exosomes is for the primary purpose of export in EV or if it is
aside effect of targeting RNA to the lysosome which is sometimes
exploited to provide export in EV. Pulse-chase experiments with
labelled RNA may help elucidate the kinetics of this transport,
and thereby determine whether specific RNAs are targeted for
secretion, or if the process is RNA agnostic.

Function of extracellular vesicles

There are multiple hypotheses for the ancestral function of EVs.
The first set of hypotheses deal with the function of the content
of EVs; the second with the need to enclose the content of EVs
within vesicles, and the degtee of importance of the vesicle mem-
brane surface markers. EVs from gram-negative bacteria have
been shown to contain Quorum sensing molecules,” toxins (Shiga
toxin,” ClyA™), and immune system modulators.”® Enteropar-
asites such as nematodes have also been shown to modulate innate
immunity by transferring small RNAs (miR-100 and Y RNA)

https://doi.org/10.4132/jptm.2017.05.21



to mammalian cells.'*’!

In humans, EVs can modulate the immune system by present-
ing antigens to antigen presenting cells (APCs) through internal-
ization or fusion, being released by APCs to activate natural killer
(NK), CD8" T, and CD4" T cells, directly activating neutro-
phils, macrophages and NK cells, repressing immune responses
through CD8" T cells, NK cells, or myeloid derived suppressor
cells, and finally by conveying opsonins and complement compo-
nents to modulate phagocytosis and apoptotic cell phagocytosis.”
These mechanisms are even exploited by some cancer cells by releas-
ing EVs which induce apoptosis of activated T cells.”” During
human pregnancy, EVs with a distinct population of mRNA
and miRNA are released from villous trophoblasts in the placenta;
these EVs also contain FasL and TRAIL which promote apop-
tosis and subsequent immunosuppression of T cells.”** These
EVs are likely utilized by the placenta to help maintain allograft
tolerance during pregnancy.**

Using vesicles for packaging EVs can reduce the exposure of
the contents to host proteases and antibodies,” as well as coupling
cargo with targeting receptors/agonists without requiring direct
targeting molecule to cargo interactions. This mechanism of
packaging hints at the vast potential of therapeutic cargo inside
of EVs with specific surface markers for the treatment of many
diseases, such as cancer, where a cargo needs to be delivered to a
precise tissue or cell type which is otherwise difficult to access

(Table 1)

EXTRACELLULAR VESICLES FOR DIAGNOSIS
AND THERAPEUTICS

EVs in diagnosis

Diagnosing cancer using EVs
The contents of EVs have been found to be modified in multiple

different cancers, including colorectal cancer,”” prostate cancer,®”

6150 and breast cancer,” as well as many others

glioblastomas,
(see Maas et al.* for review). Multiple patents have already been
filed to use the contents of EVs for diagnosis (see Urbanelli er
al.?® for review) so it is likely only a matter of time before EVs

are used in the clinic for diagnosis.

Remote sensor of inaccessible organs

The most promising use of EVs is as a remote sensor of or-
gans which are inaccessible to routine monitoring. In patients
with breast cancer, EVs isolated from the serum contain higher
levels of glypican 1 (GPCL); in patients with early pancreatic cancer,

https://doi.org/10.4132/jptm.2017.05.21

Table 1. Tissues, cells, and fluids in which EVs have been identified

as listed in Vesiclepedia™

EVs for Continuous Liquid Biopsies

Tissue Study

Amniotic fluid Keller et al.®®
Aqueous humor Stamer et al.*’
Ascites Andre et al.*
Atherosclerotic plaques Mallat et al.%

B cells Miguet et al.’
Breast milk Admyre et al.®
Bronchoalveolar lavage fluid Admyre et al.*
Dendritic cells Admyre et al.*®
Embryonic stem cells Yuan et al.%®
Endothelial cells Deregibus et al.%
Epididymal fluid Thimon et al.%°
Glioblastoma cells Skog et al.5!
Inflammatory fluids Fourcade et al.®?
Keratinocytes Chavez-Mufoz et al.®®

Liver stem cells

Lung cancer cells
Macrophages

Malignant pleural effusions
Mesenchymal stem cells
Monocytes

Mononuclear cells
Placenta

Plasma

Platelets

Red blood cells

Saliva

Seminal fluid

Serum

T cells

Trabecular meshwork cells
Tracheobronchial cells

Collino et al.®

Del Tatto et al.%

Yang et al.%

Andre et al.,*® Bard et al.*”
Collino et al.%

Del Conde et al.%®

Mack et al.%

Gardiner et al.™

Del Conde et al.,% Sabapatha et al.”'
Heijnen et al.”

Fourcade et al.®?

Ogawa et al.,”® Michael et al.*"
Utleg et al.”™

Skog et al.®'
Martinez-Lorenzo et al.”
Stamer et al.*’

Kesimer et al.”™

Urine Cheng et al.,*' Keller et al.,*® Stamer et al.*’

For the most up-to-date list, see Vesiclepedia,” EVpedia,'” and Exocarta.’”

in addition to elevated GPC1, EVs contained mutant transcripts
of KRAS (KRAS proto-oncogene, GTPase).*”” EVs released by
the placenta during pregnancies and identified in maternal blood
(and potentially other body fluids, such as urine) will enable clinicians
to routinely monitor the health of placentation and pregnancy
throughout gestation without invasive tests.”*”***** There is also
mounting evidence that EVs package and may spread misfolded
proteins associated with neurodegenerative diseases, which can
be detected in CSF and blood, including the scrapie isoform of
cellular prion protein (PrPsc) that is involved in Creutzfeldt-Jakob
disease.”” EVs may potentially be useful in the diagnosis and
progression tracking of similar neurodegenerative diseases.

Typing of infections which are otherwise inaccessible

Because the releasing of EVs is widely conserved in all three

http://jpatholtm.org/
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domains of life, it is possible that EVs which are present in acces-
sible fluids, such as urine, saliva, or blood, may be of bacterial
or fungal origins. Sequencing RNA present in EVs may identify
the infectious agent responsible even though the source tissue is
diffcult to access, enabling more effective treatment.

Ad(ditional potential uses of EVs

EVs which are introduced from an exogenous source have the
potential to be used as the therapeutic agent, in much the same
way as liposomes have been utilized.”*** Because EVs can be
generated using simple bioreactors using appropriate engineered
cell lines coupled with immunoaffnity or other purification,”
EVs based therapeutics may prove to be more specific, uniform,
and cheaper to produce than current liposome based technology.
In theoty, any transmembrane receptor or receptor agonist can be
coupled with any other cargo which is small enough to fit into an EV
and injected, potentially targeting widespread metastases or lo-

cations which are otherwise inaccessible to targeted therapeutics.”*°

ROADBLOCKS TO FURTHER USE OF
EXTRACELLULAR VESICLES IN DIAGNOSIS

There are three distinct ways in which isolated EVs can be used
in diagnosis. The first is a marker-omly approach, where the concen-
tration of the marker(s) in EV in the fluid of interest predicts
disease or phenotype, and no other disease or healthy condition
is likely to result in elevated concentrations of the marker(s).
The second is a decomposition-based multi-marker approach, where
the relative contribution of each tissue to the sub-sample of EVs
is estimated using tissue-specific markers, and is correlated with
differences in disease- or phenotype-relevant markers in that
subsample. The third is a single-EV multi-marker approach, where
single EV are interrogated to identify their tissue of origin and
disease- or phenotype-relevant marker concentrations.

EV isolation

The methods of isolation currently used include ultracentrifu-
gation, density gradient centrifugation, size exclusion through
membranes, polymeric precipitation, immunoaffinity capture,
and microfluidics.®®*** Ultracentrifugation is an easily executed
protocol, but also results in the enrichment of proteins with high
sedimentation rates which are not bound to exosomes, including
major vault protein, heparan sulfate proteoglycan 2 (HSPG2),
facty acid synthase (FASN), and the 26S proteasome.*® Density
gradient centrifugation reduces the contamination with high
sedimentation rate protein complexes, but requires additional

http://jpatholtm.org/

western blotting steps to verify that the density fraction isolated
contains exosomes and has lower effciency than immunoaffinity
capture.

Immunoaffinity capture using bead-conjugated antibodies to
EPCAM or another exosome marker (such as ERBB2, PTPRC,
or CD63) is simpler than density gradient centrifugation, and
produces exosomes of high purity, but is limited to exosomal
populations which express specific surface markers and may
potentially miss novel exosome populations. Therefore, discovery
experiments looking for novel populations of exosomes should
use density gradient centrifugation, whereas established assays
looking at known exosome populations can use appropriate immu-
noaffinity capture methods. Witwer ¢ 2.* and future recommen-
dations of the International Society for Extracellular Vesicles
provide valuable recommendations for investigators examining
EVs in humans.

Normalization of EV content across tissues/samples

For circulating miRNA, Fesler e #/”” suggests uniform volumes
of plasma or exogenous sequences and points out that endogenous
control genes may vary between subjects (as well as in the control
population).

Identification of tissue of origin

Because EVs located in body fluids can potentially originate
from any source tissue for which there is a path to that fluid,
accurate diagnostics of remote tissues also require identification of
the tissue of origin of a particular EV or set of EVs. As the miR-
NA and mRNA contents of EVs came from cells in the origi-
nating tissue, miRNA and mRNA which are specific to those
originating tissue but found within EVs in body fluid indicate that
at least some of the EVs came from the original tissue. For exam-
ple, the presence of high abundance placenta-specific transcripts
such as LGALS14 in a sample of EVs would indicate that at least
some of the EVs came from the placenta. Determining the frac-
tion of EVs which are from a particular tissue of origin would
allow for changes in miRNA and mRINA abundance over time
to be assigned to a particular source tissue when multiple samples
of different per-tissue abundances are obtained at a single time-
point. Marker-free (such as CellCODE?") and/or marker-depen-
dent methods will likely be necessary to determine the proportion
of exosomes which come from different source tissues in a mixed
population.

Quantification of a single EV

In cases where the source tissue has not been assayed, an alterna-

https://doi.org/10.4132/jptm.2017.05.21



tive is the (much more diffcult) process of sequencing individual
EV separately. Presumably, the advances in single-cell and single
nucleus sequencing will provide the tools for single EV sequencing
as a side benefit. Previous work by Smith ¢t «/.”* using laser
tweezers Raman spectroscopy that identified the lipid content
of EVs on a per-EV basis identified multiple exosome subtypes
which do not correlate strongly with the originating cell type,
and therefore may represent different exosome subclasses which
may be present in a single bulk exosome preparation. However,
Raman spectroscopy is very slow and does not easily enable iden-
tification of the contents of exosomes. In an alternative approach,
Kibria e @l.” used micro flow cytometry after differential centrif-
ugation to analyze CD44 (CD44 molecule) surface marker inten-
sity on individual exosomes. This overcomes the limitations of
typical flow cytometers, which can only detect minimum particle
sizes of 200-500 nm, which is much larger than typical EVs. We
suspect that the combination of micro flow cytometry with
droplet based barcoding and sequencing techniques can enable the
sequencing of the RNA contents of individual EVs in the not-
too-distant future.

CONCLUSION

EVs are poised to fulfill the promise of routine liquid biopsies
in healthcare, whether used for diagnosing disease, tracking the
effectiveness of therapy, or providing insight into multiple diseases
as well as potentially tracking the progress of pregnancies in a

non-invasive fashion.
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The immunotherapeutic role of programmed death-ligand 1

Background: The immunotherapeutic role of programmed death-ligand 1 (PD-L1) in life expec-
tancy in many cancers has been highlighted. However, data regarding PD-L1 expression in papil-
lary thyroid carcinoma (PTC) are limited. In this study, we describe the PD-L1 and programmed
cell death protein 1 (PD-1) expressions in PTC and analyze their correlation with lymph node (LN)
metastasis. Methods: Clinicopathological data were obtained from 116 patients with PTC who
were treated in Gyeongsang National University Hospital, Jinju, Korea in 2009. Tissue microarray
blocks were made using representative paraffin blocks of classical PTCs excluding follicular vari-
ants. Two pathologists graded the proportion and intensity of PD-L1 and PD-1 expression in both
tumor and inflammatory cells. According to their proportions, positive PTC cells were scored as
negative (0%), grade 1 (1%-50%), and grade 2 (51%-100%). Similarly, positive inflammatory
cells were graded as negative (0%), grade 1 (1%-10%), and grade 2 (11%-20%). The intensity of
each protein expression was simplified as positive or negative. Results: A statistically significant
correlation exists between the proportions of PD-1 and PD-L1 expression both in papillary carci-
noma (p=.001) and peritumoral lymphoid cells in the thyroid (p<.001). In addition, the proportion
of PD-L1 expression in PTC cells was closely related to metastatic LNs (p=.036). Conclusions:
PD-L1 is a valuable predictive marker for LN metastasis in PTC. Inmunomodulating therapies that
inhibit PD-L1 might be an option for patients with LN metastasis.

Key Words: Programmed death-ligand 1; Carcinoma, papillary; Thyroid; Lymph nodes; Neoplasm
metastasis

MATERIALS AND METHODS

(PD-L1) in life expectancy in many cancers has been highlighted.
In particular, pembrolizumab, which is an immune checkpoint
inhibitor of PD-L1, showed significantly prolonged overall survivals
in non-small-cell lung cancer patients." PD-L1 expression has
been described in other cancers, such as lymphoma, papillary
renal cell carcinoma, intrahepatic cholangiocarcinoma, esophageal
squamous cell carcinoma, prostatic adenocarcinoma, breast carcinoma,
gastric signet ring cell carcinoma, nasopharyngeal carcinoma,
lung adenocarcinoma, testicular germ cell tumor, and glioblas-
toma.”"* However, data regarding PD-L1 expression in papillary
thyroid carcinoma (PTC) is scarce. In this study, we describe the
expressions of PD-L1 and programmed cell death protein 1 (PD-
1) and analyze their correlation with the clinical features of PTC.

pISSN 2383-7837
elSSN 2383-7845

Case selection

By reviewing electronic clinical charts, we obtained clinico-
pathologic data of PTC patients treated at Gyeongsang National
University Hospital, Jinju, Korea in 2009. A total of 116 patients
with classical PTCs, excluding follicular or encapsulated follicular
variants, were enrolled.” Total thyroidectomy or lobectomy
with lymph node (LN) dissection was petformed. The tumor
stage of each patient was assessed via the American Joint Committee
on Cancer (AJCC) 7th ed. Cancer Staging system.'®

Two pathologists reviewed the hematoxylin and eosin—stained
glass slides. This study was approved by the Institutional Review
Board of Gyeongsang National University Hospital with a waiver
of informed consent (GNUH-10-026).

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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Tissue microarray

Surgically resected specimens were fixed overnight in buffered
neutral formalin (20%). The samples were embedded in paraffin
blocks and examined. One or two representative glass slides and
matched blocks were selected via microscopic review. One core
of 2-mm representative tissue was collected from each paraffin

block and transplanted onto new recipient tissue microarray
(TMA) blocks.

Immunohistochemical analysis

Primary antibody for PD-L1 (1:200, E1L3N, Cell Signaling
Technology, Danvers, MA, USA) and PD-1 (1:100, ab52587,
Abcam, Cambridge, UK) was used to investigate protein expression.
The immunohistochemical (IHC) method was described in our
previous report.'” Fibrotic stromal area was used as negative in-
ternal control. IHC results were scored in both tumor and inflam-
matory cells by two pathologists. Delicate membranous or distinct
cytoplasmic staining without nonspecific stromal staining was
considered positive. The number of positive cells was analyzed
in two categories, PTC cells and inflammatory cells. According
to their proportion, PTC cells stained positive in each core of
TMA block were scored as negative, grade 1 (1%-50%), and
grade 2 (51%-100%). Similarly, positive inflammatory cells were
graded as negative, grade 1 (1%-10%), and grade 2 (11%—
20%). The intensity of each protein expression was simplified
as negative or positive to increase reproducibility.

Statistical analysis

The correlation of each factor was analyzed using chi-square
tests. The results were considered statistically significant with p-
value less than .05. SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA)
was used for all statistical analysis.

RESULTS

Clinicopathological features of 116 PTC patients

The clinicopathological features of the 116 PTC patients are
summarized in Table 1. The mean age of the PTC patients was
49.5 years (range, 25 to 88 years). A total of 54 (46.6%), three
(2.6%), and 59 (50.9%) patients were evaluated as T stage 1, 2,
and 3, respectively. LN metastasis was diagnosed in 24 patients
(20.7%).

Correlation of PD-L1 and PD-1 expression in PTC cells and
inflammatory cells

The proportion of positive cells is summarized in Table 2. For

http://jpatholtm.org/

PTC cells, 39 (33.6%) patients exhibited PD-L1 expression, and
five (8.3%) were positive for PD-1 protein (Fig. 1). Meanwhile, for
inflammatory cells, seven (6%) and six (5.2%) patients were
positive for PD-L1 and PD-1 expressions, respectively.

Correlation among PD-L1 and PD-1 expressions and
clinicopathological data

The correlation between PD-L1 and PD-1 expressions is shown
in Table 3. The increased proportion of PD-L1—positive PTC cells
(PDL1-PTC) was significantly correlated with increased proportion
of PD-1—positive PTC cells (p=.001) and PD-1—positive inflam-
matory cells (PD1-IC) (p <.001). The increased proportion of
PD-L1—positive inflammatory cells was closely related with the

Table 1. Clinicopathological features

Variable No. (%)
Clinical information
Age, mean (range) 49.5 (25-88)
Sex (male:female) 20:96

Patients number with LND 51 (44.0)
Pathologic information
T stage
1 54 (46.6)
2 3(2.6)
3 59 (50.9)
N stage
0 92 (79.3)
1 24 (20.7)
PD-L1
Positive in PTC 39 (33.6)
Positive in IC 7(6.0)
PD-1
Positive in PTC 5(8.3)
Positive in IC 6(5.2)
Total 116

LND, lymph node dissection; PD-L1, programmed death-ligand 1; PTC,
papillary thyroid carcinoma; IC, inflammatory cells; PD-1, programmed cell
death protein 1.

Table 2. Number of patients who showed PD-L1- and PD-1-positive
cells

PD-L1 PD-1
PTC (n=116)
Negative 7 111
1%-50% positive 34 3
51%-100% positive ® 2
IC (h=116)
Negative 109 110
1%-10% positive 7 5
11%-20% positive 0 1

PD-L1, programmed death-ligand 1; PD-1, programmed cell death protein
1; PTC, papillary thyroid carcinoma; IC, inflammatory cells.

https://doi.org/10.4132/jptm.2017.07.26



increased proportion of PD1-IC (p <.001).

The relationship between the collected clinicopathological
data (age, sex, T stage, and N stage) and the expressions of PD-
L1 and PD-1 in PTC cells and inflammatory cells was analyzed.
The results indicated no significant correlation, except for the
proportion of PDL1-PTC and LN metastasis (p = .036) (Table 4).

DISCUSSION

In the control of T-cell immunity, positive and negative signals
regulated within the T cells make balance between immune
cell responses.'® The receptor and ligand interactions of T cells
can support not only positive signals to improve T-cell activation
but also negative signals to eliminate T cells.”” Among the negative
signals, immune checkpoint proteins, PD-1 or PD-L1 are crucial
to keep self-tolerance to avoid autoimmunity, through the inter-
action between T cells and antigen-presenting cells.”’ Ligation
of PD-1 by PD-LI inhibits proliferation of lymphocytes and cytokine
production by activated cytotoxic T cells.”" The PD-1/PD-L1
checkpoint pathway regulates not only virally infected T cells
in the peripheral tissue® but also transformed cells within the
tumor microenvironment.”>* Tumor cells co-work with immune
checkpoints to avoid being destructed by host immune system.

Activated T lymphocytes normally induce PD-L1 expression

Table 3. The p-values of chi-square tests between positive proportion
of PD-L1 and PD-1 at each TMA cores

PTC IC
PD-L1 PD-1 PD-L1 PD-1

PTC

PD-L1 - .001 .07 <.001

PD-1 .001 - 126 72
IC

PD-L1 07 126 - <.001

PD-1 <.001 72 <.001

PD-L1, programmed death-ligand 1; PD-1, programmed cell death protein
1; TMA, tissue microarray; PTC, papillary thyroid carcinoma; IC, inflamma-
tory cells.

Table 4. Correlation between PD-L1-positive PTC cells and metas-
tasis to lymph nodes

Proportion of PD-L1 expression LN metastasis

in PTC cells (%) No Yes Total
0 65 12 77
1-50 25 9 34
51-100 2 3 5
Total 92 24 p=.036

PD-L1, programmed death-ligand 1; PTC, papillary thyroid carcinoma; LN,
lymph node.
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on macrophages or host cells. Besides, there are some tumor
cells that erratically express PD-L1."” PD-L1, which is called
B7-HI or CD27, is one of the B7 gene family members expressed
on the surface of the tumor cells. When effector T cells are activated,
PD-1 is highly expressed on the regulatory T cells (Treg cells).
The immune responses of Treg cells remain to be discovered
completely. By producing inhibitory cytokines, they have an essential
role for immune resistance in many tumors.”” Meanwhile, T cell
exhaustion was first reported with chronic lymphocytic chorio-
meningitis virus infection of mice during which activated virus-
specific T cells without effector function persist.”* Exhausted T
cells overexpress multiple cell-surface inhibitory receptors, including
PD-1, LAG-3, and 2B4.” These cells are not able to reduce
PD-L1 expression, which is normally suppressed when T cells
are activated.”

Tumors with PD-1 positive exhausted T cells and Treg cells
may show high proportion of PD-L1—positive tumor cells. In this
study, a statistically significant association existed between the
expression of PD-1 and PD-L1 markers both in papillary carcinoma
(p=.001) and lymphoid cells (p <.001). Moreover, the proportion
of PD-L1 expression in papillary carcinoma cells was closely asso-
ciated with metastatic LNs (p = .036). Similarly, PD-L1 was
high (p=.0443) in patients with nodal metastases in a previous
study.”® In summary, our clinical data of PTC with LN metastasis
was significantly associated with PD-1/PD-L1 pathway. Although
12 out of 24 cases were negative for PD-L1 expression in PTC
with metastatic LNs, the proportion of its expression and the
predictive value are still meaningful. Exhausted T cells change
the expression of molecules related to cell adhesion, migration,
and chemotaxis during chronic viral infection.” We assumed
that PD-1-positive exhausted T cells must have altered the ex-
pression of molecules, probably modifying migratory characters
in the tumor microenvironment along the metastatic cascade.

In previous studies regarding regionally metastatic differenti-
ated thyroid carcinomas, PD-1—positive T cells and Treg cells
were higher in tumor-involved LNs compared with those not
involved and were related to recurrent disease.”® The association
between elevated Treg cell levels and recurrent disease supports
the hypothesis that Treg cells are induced by the residual metastatic
tumor to avoid immune responses.”’ Because tumors with high
levels of infiltrating Treg cells may suppress immune responses,
inhibition of the PD-1/PD-L1 pathway may improve antitumor
immune responses by reducing the number of or suppressing
Treg cells.”

Our data support the existence of PD-L1 blockades in patients
with thyroid carcinoma with metastatic LNs and its predictive
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Fig. 1. (A) More than one-half of papillary carcinoma cells (PTCs) show mild programmed death-ligand 1 (PD-L1) expression in the cyto-
plasm. There are many PTCs with strong PD-L1 expression in cellular membrane in the center of the figure. (B) Inflammatory cells that sur-
round PTCs exhibit PD-L1 expression. (C) Most of the PTCs reveal programmed cell death protein 1 (PD-1) expression in the perinuclear cy-
toplasmic area. (D) Inflammatory cells in the germinal center have reactivity to PD-1.

value as a biomarker for metastatic LNs. Immunomodulating
therapies that suppress PD-L1 might be used for patients with
persistent disease because regionally metastatic thyroid carcinomas
are not eliminated by the host immune system. The prognostic
role of PD-L1 expression associated with LN metastasis was
elucidated in this study.
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Background: Trophoblast antigen 2 (TROP2) is a human trophoblast cell-surface glycoprotein that
is overexpressed in several types of epithelial cancers, and is suggested to be associated with an
unfavorable prognosis. BRAF mutations are the most common genetic alteration in papillary thy-
roid carcinoma (PTC). We evaluated the correlation between TROP2 expression and BRAF muta-
tion in PTC. Methods: First, we carried out pyrosequencing for BRAF mutations and immunohis-
tochemistry for TROP2 expression with a tissue microarray consisting of 52 PTC cases.
Membranous staining in at least 5% of tumor cells was designated as positive staining and we
analyzed the relationship between TROP2 expression and diverse clinicopathological factors, in-
cluding BRAF mutation. Second, we tested TROP2 mRNA expression in three thyroid cancer cell
lines with BRAF mutations (BCPAP, SNU790, and 8505C) and a normal thyroid cell line. Addition-
ally, we checked TROP2 protein levels in a normal thyroid cell line after introduction of the BRAF
V600E mutation. Results: In this study, 21 of 26 cases with BRAF mutation showed TROP2 im-
munoreactivity, whereas all 26 cases without BRAF mutation showed no immunoreactivity for
TROP2 with a statistically significant difference (p<.001). Upregulation of TROP2 mRNA was ob-
served in all three thyroid cancer cell lines, but not in the normal thyroid cell line. Interestingly,
however, the TROP2 expression was increased in the normal thyroid cell line after introduction of
the BRAF V600E mutation. Gonclusions: Based on these results, we concluded that TROP2 ex-
pression is significantly associated with BRAF mutation and that TROP2 immunohistochemistry
could be used for predicting BRAF mutations or diagnosing papillary thyroid carcinoma.

Key Words: TROP2; BRAF mutation; Papillary thyroid carcinoma

Thyroid cancer, the most prevalent endocrine malignancy, is
histologically classified into papillary thyroid carcinoma (PTC),
follicular thyroid carcinoma, poorly differentiated thyroid carci-
noma, anaplastic thyroid carcinoma, and medullary thyroid carci-
noma. PTC is the most frequently encountered subtype, account-
ing for 80 to 85% of all thyroid cancers." Trophoblast antigen 2
(TROP2) is a transmembrane receptor glycoprotein encoded by
the tumor-associated calcium signal transducer 2 (Tacstd2) gene,
which is located on chromosome 1p32.> TROP?2 is also known
as membrane component 1 surface marker 1, epithelial glyco-
protein 1, gastrointestinal antigen 733-1, and gelatinous drop-
like corneal dystrophy (GDLD). TROP2 consists of an extra-
cellular domain, a transmembrane domain, and an intracellular
cytoplasmic tail.”> TROP2 was first discovered on the surface of
trophoblast cells, where it enables the trophoblasts to invade into
the decidualized tissue during placental implantation.* TROP2
overexpression has been observed in various types of epithelial
cancers, including pancreatic, gastric, colorectal, oral, endome-
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trial, and ovarian cancers, and its overexpression correlates with
diverse clinicopathological factors and poor clinical outcome.”"
Recently, several studies have evaluated the role of TROP2
protein expression using formalin-fixed paraffin-embedded
(FFPE) samples of diverse thyroid tumors, and TROP2 protein
expression was detected in PTCs with high sensitivity and speci-
ﬁcity.lz’14 Based on these results, immunohistochemical (IHC)
staining for TROP2 was determined to be a good diagnostic
marker for PTC, not only for surgical specimens, but also for
fine needle aspirates. Although these results clearly reveal the
usefulness of TROP2 expression for diagnosing PTCs in clinical
settings, no mechanism was explored regarding why TROP2
expression was elevated especially in PTC and not in other thyroid
cancers. Therefore, to answer this question, we focused on BRAF
mutations, a major genetic alteration in PTC," as having a crucial
effect on TROP2 expression with high sensitivity and specificity
in PTC.
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MATERIALS AND METHODS

Overview

In this study, we used immunohistochemistry to investigate
TROP2 protein expression on a tissue microarray (TMA) that
included 52 PTC cases with or without BRAF mutation. We
analyzed the relationship between TROP2 expression and diverse
clinicopathological factors including age, sex, extrathyroidal exten-
sion, and BRAF mutation status. In addition, we measured
TROP2 mRNA expression in three thyroid cell lines with BRAF
mutations and a normal thyroid cell line without BRAF muta-
tion. We also investigated TROP?2 protein levels in a normal thy-
roid cell line after introduction of the BRAF V600E mutation.

Patient characteristics

We retrospectively searched the pathology database of Korea
Cancer Center Hospital, Seoul, South Korea, for cases of PTC
between January 2012 and June 2013. This study was approved
by the Institutional Review Board of Korea Cancer Center Hospital
with a waiver of informed consent (K-1707-002-048). Histo-
pathological slides were reviewed by two observers (J.S. Kong
and J.K. Myung) and BRAF mutation status of these cases was
subsequently determined. After dividing the cases into two
groups according to BRAF mutation, we analyzed diverse clini-
copathological factors in each group. Finally, we selected 26 cases
with BRAF mutation and 26 cases without BRAF mutation,
with each group having similar clinicopathological factors. The
clinicopathological features of the two groups are described in
Table 1.

Tissue microarrays

TMAs were constructed from thyroid resection specimens.
Cores (2-mm diameter) from each block were obtained from
the donor and put into a recipient block using a trephine appa-
ratus (SuperBioChips Laboratories, Seoul, Korea). The TMAs
contained 26 cases of PTC with BRAF mutation and 26 cases
of PTC without BRAF mutation.

Immunohistochemistry

Tissue sections (4 pm thick) were obtained from TMA
blocks. The slides were stained using automatic IHC staining
equipment (Lab Vision Autostainer 4808, Thermo Scientific,
Fremont, CA, USA). After deparaffinization and epitope retrieval
using PT module buffer 1 (Thermo Scientific) at 98°C for 20
minutes, we utilized the UltraVision LP Detection System (Thermo
Scientific) according to the manufacturer’s protocol. Monoclonal
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Table 1. Clinicopathological features of papillary thyroid carcinoma
(52 cases)

BRAF V600E mutation
Characteristic Negative Positive p-value
(26 cases) (26 cases)
Sex (male:female) 1:12 (2:24)  1:1.8(10:18)  .035

Age (yr) 47.3 (29-66) 48.1 (25-66) .806°
Histological subtype .005
Classical 17 (65.4) 25 (96.2)
Follicular variant 9(34.6) 13.8)
Tumor size (cm) 0.91(0.2-2.8) 1.07 (0.4-2.5) .560
<1 18 (69.2) 16 (61.5)
>1 8(30.8) 10(38.5)
Lymph node metastasis .266
Absent 15 (567.7) 12 (46.2)
Present 11 (42.9) 14 (53.8)
Extrathyroidal extension .092
Absent 14 (53.8) 8(30.8)
Present 12 (46.2) 18 (69.2)
Recurrence or distant metastasis NA
Absent 26 (100) 26 (100)
Present 0 0
Survival NA
Alive 26 (100) 26 (100)
Death 0 0

Values are presented as mean (range) or number (%).
NA, not appilicable.
“ test.

antibody against TROP2 (1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was applied to sections and incubated
for 60 minutes at room temperature. After incubation with a
primary antibody enhancer (Thermo Scientific) for 20 minutes,
we carried out a horseradish peroxidase (HRP) polymer (Thermo
Scientific) and DAB chromogen-substrate for reaction. Slides
were counterstained with Gill2-hematoxylin for 1 second and
mounted. Appropriate positive and negative controls were included.
Interpretation of TROP2 expression was performed by two in-
dependent pathologists (J.S. Kong and J.K. Myung). The cases
showing membranous staining in more than 5% of cells was
designated as TROP2-positive, similar to guidelines utilized by

3 1
other studies.*"’

Detection of BRAF mutation

Genomic DNA was extracted from FFPE blocks with the
highest percentage of tumors using a QIA amp Mini Kit (Qiagen,
Hilden, Germany). DNA was amplified with polymerase chain
reaction (PCR) primer sets, and one strand of each set was bound
to biotin at the 5' end (primer forward, 5'-biotin-CTTCATA-
ATGCTTGCTCTGATAGG-3'; reverse, 5'-GGCCAAAAATT-
TAATCAGTGGAA-3"). The PCR procedure was carried out
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in a total volume of 50 pL containing 5 pL of the DNA (2 ng/pL),
1 pL of each primer (10 pM), 4 pL of MgCl,, 5 pL of 10 x PCR
buffer, 2.5 pL of INTP (2.5 mM), 0.3 pL of Tag Gold DNA
polymerase, and 31.2 pL of H,O. The PCR conditions consisted
of initial denaturing at 95°C for 5 minutes, 45 cycles at 95°C
for 15 seconds, 54°C for 30 seconds, and 72°C for 15 seconds,
and a final extension at 72°C for 5 minutes. The PCR products
wete analyzed by electrophoresis in a 2% agarose gel to confirm
successful amplification. The other 20 pL of PCR product was
bound to streptavidin beads (GE Healthcare, Buckinghamshire,
UK), purified, washed, and denatured with 0.2 mol/L. NaOH
solution. Then, 0.3 pmol/L pyrosequencing primer (5'-
CCACTCCATCGAGATT-3') was annealed to the purified single-
stranded PCR product, and sequencing was performed using a
PyroMark ID system (Qiagen, Valencia, CA, USA), according

to the manufacturer’s instructions.

Cell culture

Three human thyroid cancer cell lines with BRAF V60OE
mutations, BCPAP, SNU790, and 8505C, were obtained from
Dr. M.J. Kim (Seoul National University Hospital, Seoul, Korea)
and the human normal thyroid Nthy-ori 3-1 (Nthy) cell line
was purchased from Sigma-Aldrich Biotechnology (St. Louis,
MO, USA). All cells were cultured in RPMI-1640 medium
(Lonza, Walkersville, MD, USA) supplemented with 10% fetal
bovine serum (JR Scientific Inc., Woodland, CA, USA) and 0.1%
gentamicin (Lonza). Cells were maintained in a humidified in-
cubator at 37°C with 5% CO,.

Reverse transcription polymerase chain reaction

Total RNA was isolated from cultured cells using Trizol reagent
(Molecular Research Center Inc., Cincinnati, OH, USA). Reverse
transcription was carried out with a cDNA reverse transcription
kit (AccuPower RT, Bioneer, Seoul, Korea) following the manu-
facturer’s protocol. The PCR conditions were as follows: initial
denaturation at 95°C for 5 minutes; followed by 35 cycles of
95°C for 1 minute, 56°C for 1 minute, and 72°C for 1 minute;
and a final extension step of 72°C for 10 minutes. The amplified
products were resolved on a 1.5% agarose-ethidium bromide
gel and quantified by a Chemi XRS Gel Documentation System
(Bio-Rad, Hercules, CA, USA). The following primers were
used: the housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase, forward 5'-CGAGA TCCCTCCAAAATCAA-3' and
reverse 5'-TGTGGTCATGAGTCCTTCCA-3'; TROP2 #1,
forward 5'-CCTCATCGCCGTCATCGT-3' and reverse 5'-CG-
GTT CCTTTCTCAACTCCC-3'; and TROP2 #2, forward 5'-
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TATTACCTGGACGAGATTCCCC-3" and reverse 5'-CCCC-
GACTTTCTCCGGTTG-3".

Vector construction and cell infection

The human oncogenic BRAF construct, pBABEbleo-Flag-
BRAF V600E, was obtained from Addgene (Cambridge, MA,
USA). Retroviral particles were produced by H29D packaging
cells using a TransIT-X2 Dynamic Delivery System (Mirus Bio,
LLC, Madison, W1, USA) according to the manufacturer’s proto-
cols. Nthy cells were infected with viral supernatant containing
8 pg/mL polybrene. Zeocin (100 pg/mL, Invitrogen, San Diego,
CA, USA) was used for selecting Zeocin-resistant transfectants.

Western blot analysis

Cells were harvested in NP-40 lysis buffer (Invitrogen) according
to the manufacturer’s instructions. Following incubation at 4°C
for 30 minutes, lysate was centrifuged at 13,000 X g for 20 min-
utes at 4°C. Protein concentration was determined using a BCA
assay (Bio-Rad). Whole cell lysates were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The separated
proteins were electrophoretically transferred onto PVDF mem-
branes (Millipore, Bedford, MA, USA) overnight at 4°C. Immu-
noreactive bands were developed using a HRP-conjugated sec-
ondary antibody, and the proteins were visualized by enhanced
chemiluminescence (Amersham Biosciences, Piscataway, NJ,
USA). The following primary antibodies were used: TROP2
(1:1,000, Santa Cruz Biotechnology), BRAF (1:1000, Santa Cruz
Biotechnology), B-actin (1:1,000, Santa Cruz Biotechnology),
phosphorylated-extracellular signal-regulated kinase (p-ERK;
1:1,000, Cell Signaling Technology, Beverly, MA, USA), and
ERK (1:1,000, Cell Signaling Technology).

Statistical analysis

All statistical analyses were performed using the SPSS ver.
23.0 (IBM Corp., Armonk, N, USA). Pearson’s chi-square test
and t tests were used to compare the different clinicopathologi-
cal factors in each group according to BRAF mutation. Pear-
son’s chi-square test and Fisher exact test were used to evaluate
the association of BRAF mutation and TROP2 expression in
PTC. For all analyses, a p-value of <.05 was considered statisti-
cally significant.

RESULTS

Patient characteristics
A total of 52 patients were included in this study. Most pa-
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tients were female (n =42, 80.8%), with a male to female ratio
of 1:4.2. The median age of the 52 PTC patients was 47.7
years. All cases were divided into two groups according to
BRAF V600E mutation. The median ages of the BRAF wildtype
group and mutant group were 47.3 years and 48.1 years, respec-
tively. The average tumor diameters of the two groups were
0.91 cm (BRAF wildtype group) and 1.07 cm (BRAF mutant
group). The BRAF wildtype group showed 17 cases of classical
PTC and nine cases of follicular variant of PTC. Twenty-five
cases of classical PTC and one case of follicular variant of PTC
were included in the BRAF mutant group. Lymph node metas-
tasis was observed in 11 cases of BRAF wildtype group (42.3%)
and in 14 cases of BRAF mutant group (53.8%). Extrathyroidal
extension was identified in 12 cases (46.2%, BRAF wildtype
group) and in 18 cases (69.2%, BRAF mutant group). There
was no case of recurrence or distant metastasis in the two
groups. At the time of analysis, all 52 patients were still alive.
Sex and histological subtype were significantly different between
the two groups (p =.035 and p=.005, respectively). Age, tumor
size, lymph node metastasis, and extrathyroidal extension revealed
no statistically significant difference between the two groups.
These results are summarized in Table 1.

Expression of TROP2 and its correlation with
clinicopathological factors

Positive TROP2 immunoreactivity was designated as homo-
geneously strong membranous staining in at least 5% of tumor
cells (Fig. 1). Positive TROP2 immunoreactivity was found in
21 cases (40.4%). Twenty of 21 cases with positive immunos-
taining for TROP2 were classical PTC and one case was follicular
variant of PTC. Of the 42 classical PTC cases, 20 (47.6%) cases
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revealed positive immunostaining for TROP2, whereas one of
10 follicular variants of PTC showed TROP2 immunoreactivity.
TROP2 expression was significantly correlated with histological
subtype (p=.036). Of the 26 patients with a BRAF V600E
mutation, 21 (80.8%) were positive for TROP2. In contrast, all
26 patients lacking BRAF V60OE mutation showed no TROP2
immunoreactivity. TROP2 expression was significantly corre-
lated with BRAF V60OE mutation (p <.001). We also analyzed
the association between TROP2 expression and diverse clinico-
pathological factors. Neither sex nor age, which was divided
into two groups (above and below 47 years old), was correlated
with TROP2 expression. Lymph node metastasis and extrathy-
roidal extension, which reflect poor clinical outcomes in PTC
patients, were also not related to TROP2 expression. These results
are summarized in Table 2.

mRNA expression of TROP2 in normal and PTC cell lines
We identified a strong association between TROP2 protein
expression and BRAF V600E mutation in PTC tissue samples.
Therefore, we also performed reverse transcription polymerase
chain reaction (RT-PCR) to evaluate the correlation of TROP2
mRNA expression and BRAF V600E mutation. We analyzed
the mRNA level of TROP2 in a normal thyroid cell line (Nthy)
and thyroid cancer cell lines (BCPAP, SUN790, and 8505C).
We identified the BRAF V60OE mutation in these three thy-
roid cancer cell lines in previous studies.'*"” TROP2 mRNA
expression was not detected in Nthy cells. In contrast, PTC cell
lines (BCPAP and SUN790) and the anaplastic thyroid cancer
cell line (8505C) showed TROP2 mRNA expression (Fig. 2A).

Fig. 1. Representative image of trophoblast antigen 2 (TROP2) immunohistochemistry. Membranous staining of TROP2 in more than 5%
area of entire field was considered positive (A) and no immunoreactivity for TROP2 expression or case showing the area of staining in less

than 5% were negative (B).
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TROP2 protein expression after BRAF V600E mutation
introduction in normal thyroid cells
We examined TROP2 mRNA expression in a normal thyroid

Table 2. Correlation between TROP2 expression and clinicopatho-
logical features

TROP2 expression

Characteristic Total  p-value
Sex 2828
Male 4(40.0) 6 (60.0) 10
Female 27 (64.3) 15 (35.7) 42
Histological subtype .036°
Classical 22 (52.4) 20 (47.6) 42
Follicular variant 9(90.0) 1(10.0) 10
Age (y) 782
<45 13 (61.9) 8(38.1) 21
>45 18 (58.1) 13(41.9 31
Tumor size (cm) 873
<1 20 (58.8) 14 (41.2) 34
>1 11 (61.1) 7(38.9) 18
Lymph node metastasis 191
Absent 19 (67.9) 9(32.1) 28
Present 12 (50.0) 12 (50.0) 24
Extrathyroidal extension .099
Absent 16 (72.7) 6(27.3) 22
Present 15 (50.0) 15 (50.0) 30
BRAF VV600E mutation <.001
Wild 26 (100) 0 26
Mutant 5(19.2) 21(80.8) 26
Values are presented as number (%).
TROP2, trophoblast antigen 2.
3Fisher exact test.
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Fig. 2. Expression of trophoblast antigen 2 (TROP2) in vitro. (A)
Reverse transcription polymerase chain reaction. High levels of
TROP2 expression were observed in all three thyroid cancer cell
lines (BCPAP, SNU790, and 8505C) compared to normal thyroid
cell line (Nthy). Expression of glyceraldehyde 3-phosphate dehydro-
genase was used as an internal control. (B) Western blot analysis.
TROP2 protein levels were increased in the normal thyroid cell line
after expression of BRAF VB0OE mutant. The levels of p-ERK and
ERK were also elevated with increasing BRAF mutational status.
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cell line and three thyroid cancer cell lines and found that all
cancer lines had the BRAF V600E mutation and showed
TROP2 mRNA expression, while the normal cell line had neither.
Therefore, we infected the normal thyroid cell line with the human
oncogenic BRAF construct pBABEDbleo-Flag-BRAFVG0OE,
and evaluated changes in TROP2 protein level by Western
blotting. TROP2 protein was detected in the normal thyroid
cell line after introducing the BRAF V60OE mutation via viral
infection (Fig. 2B). As expected, we also observed that p-ERK
and ERK levels were elevated in the presence of BRAF V600E

mutation.'*"’

DISCUSSION

In this study, we aimed to evaluate the role of TROP2 expres-
sion in PTC based on the fact that TROP2 expression affects
the prognosis in diverse epithelial cancers. Knowledge of the
role of TROP2 expression, especially in thyroid tumors, has been
limited until now. Only three previous studies have evaluated
the role of TROP2 expression in thyroid tumors.'*'* These
studies mainly focused on the clinical utility of TROP2 expression
for differential diagnosis of thyroid tumors, especially in fine-
needle aspiration (FINA) specimens. According to these studies,
TROP2 expression had a higher sensitivity and specificity for
diagnosing PTC than other established markers such as cyto-
keratin 19, HBME1, and galectin 3, which were commonly
used in practice. Therefore, IHC for TROP2 expression was a
good diagnostic tool in pathological practices for differential di-
agnosis of thyroid tumors. In this regard, we wanted to investigate
why TROP2 was overexpressed in PTC, but not in other thyroid
tumors, and evaluate if the BRAF mutation was related. To answer
this question, we performed THC to detect TROP2 expression
and pyrosequencing to detect BRAF mutation, and then evaluated
the association between TROP2 expression and BRAF mutation.
Consequentially, TROP2 expression was significantly related
with BRAF mutation. We concluded that the diagnostic utility of
TROP2 expression came from the BRAF mutation, which con-
tributes to PTC tumorigenesis. Although there was no mention
of an association between BRAF mutation and TROP2 expression
in the abovementioned studies, BRAF mutation was an important
factor influencing TROP2 expression. Therefore, when diagnos-
ing the cases with no TROP2 expression, PTC cannot be ruled
out because PTC without BRAF mutation does occur. In other
words, before interpreting TROP2 expression for differential
diagnosis of PTC especially with FNA, BRAF mutation status
should be considered. We also divided PTC into the two histo-
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logical subtypes, classical and follicular variant of PTC. Most
cases of follicular variant of PTC showed no TROP2 immuno-
reactivity, however, 20 classical PTC cases (47.6%) showed
TROP2 immunoreactivity. TROP2 expression had a significant
correlation with histological subtype. Therefore, in clinical
practice, applying TROP2 THC may help in the diagnosis of
classical PTC cases having BRAF mutation. We also carried out
further 7n vitro studies to clarify the association between BRAF
mutation and TROP2 expression. We observed TROP2 mRNA
expression in three thyroid cancer cell lines with BRAF mutation,
but no such expression in a normal thyroid cell line. Interestingly,
Western blot analysis revealed that TROP2 protein expression
was detected in a normal thyroid cell line after introduction of
the BRAF V600E mutation via viral infection. These results
support our IHC study of the association between TROP2
expression and the BRAF V60OE mutation in PTC. Expres-
sions of ERK and p-ERK were also increased after introduction of
the BRAF VG0OE mutation compared to controls. The fact that
BRAF mutations contribute to PTC tumorigenesis by activating
the mitogen-activated protein kinase (MAPK) pathway has been
well-established.'”” TROP2 expression also promotes tumori-
genesis by activating the MAPK/ERK pathway, which has im-
portant implications for various cellular pathways, leading to
cancer cell proliferation, migration, invasion, and survival.”
Activation of the MAPK/ERK pathway also contributes to tumor
invasion and metastasis as well as tumor growth by interacting
with other molecules and signaling pathways.””* In view of
this, we hypothesized that TROP2 expression may be correlat-
ed with BRAF mutation status to directly or indirectly induce
ERK pathway activation. ERK pathway activation affects the
tumor progression or clinical outcomes. However, our present
study did not explain exactly what molecules are involved in
activating ERK. Therefore, we will determine the details of sig-
naling between TROP2 and BRAF mutation in a future study.
As previously mentioned, TROP2 overexpression is associated
with aggressive biological behavior and poor prognosis in pan-
creatic, gastric, colorectal, oral, endometrial, and ovarian cancers.
However, the relationship between TROP2 expression and PTC
outcome remained unclear until now; we assume that TROP2
expression may confer poor PTC prognosis like other epithelial
tumors. However, our results did not show a correlation between
TROP2 expression and aggressive clinicopathological features
including extrathyroidal extension (p =.099) and lymph node
metastasis (p =.191). We believe these limitations arose from
the relatively small sample size and lack of long-term follow-up.
Also, data analysis of the cases divided into two groups according
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TROP2 Expression and BRAF Mutations 19

to BRAF mutation and analysis after combining them into one
group should be interpreted with caution. Therefore, further
studies with a larger number of cases are required to determine
whether TROP?2 is an indicator of poor PTC prognosis. In con-
clusion, we found a significant association between TROP2 expres-
sion and BRAF mutation in PTC. This correlation was confirmed
by THC staining, RT-PCR, and Western blot analysis. Although
the molecular players in thyroid cancer progression have not yet
been entirely elucidated, TROP2 may be a key molecule to
better understand PTC pathogenesis.
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Background: The objective of this study was to compare the classical method and Sectioning
and Extensively Examining the Fimbriated End Protocol (SEE-FIM) in detecting microscopic le-
sions in fallopian tubes with gynecological lesions. Methods: From a total of 1,118 cases, 582
with various parts of both fallopian tubes sampled in three-ring-shape sections and 536 sampled
with the SEE-FIM protocol were included in this study. Pathological findings of cases with endo-
metrial carcinoma, non-uterine pelvic malignant tumor, ovarian borderline tumors, premalignancy,
and benign lesions were compared. Results: We detected two tubal infiltrative carcinomas
among 40 uterine endometrioid adenocarcinomas, 15 serous tubal intraepithelial carcinomas in
39 non-uterine pelvic serous high-grade carcinoma cases, seven papillary tubal hyperplasias in 13
serous borderline tumor cases, and 11 endometriotic foci and four adenomatoid tumors among
all cases sampled with the SEE-FIM protocol. Using the classical method, we detected only one
serous tubal intragpithelial carcinoma in 113 non-uterine pelvic serous high-grade carcinoma cas-
es and two papillary tubal hyperplasia cases in 31 serous borderline tumors. We did not identify
additional findings in 185 uterine endometrioid carcinoma cases, and neither endometriotic focus
nor adenomatoid tumor was shown in other lesions by the classical method. Conclusions: Be-
nign, premalignant, and malignant lesions can possibly be missed using the classical method.
The SEE-FIM protocol should be considered especially in cases of endometrial carcinoma, non-
uterine pelvic serous cancers, or serous borderline ovarian tumors. For other lesions, at least a
detailed examination of the fimbrial end should be undertaken.

Key Words: SEE-FIM method; Classical method; Fallopian tube lesions

Clinical interest in the fallopian tube continues to increase.
Recent studies on the carcinogenesis and origin of ovarian carci-
noma have suggested tubal epithelium as a source of high-grade
serous carcinoma (HGSC)."* Tubal carcinoma has been demon-
strated in pathological specimens of BRCAI and BRCA2 muta-
tion carrier women who chose to have prophylactic salpingo-oo-
phorectomy to reduce their risk of ovarian carcinoma.” In addition
to HGSC, low-grade serous carcinomas are thought to originate
from the tubal epithelium, and papillary tubal hyperplasia (PTH)
is considered a precursor to serous borderline tumors (SBT), non-
invasive implants, and endosalpingiosis.” In addition, a significant
association of salpingoliths with SBT has been demonstrated.’

The fallopian tube has an indirect role in the pathogenesis of
endometrioid and clear cell carcinomas of the endometrium and
ovary.” The presence of simultaneous or incidental lesions in fal-
lopian tubes, the need for determination of their pathogenesis
or their precursors, and the effects of fallopian tube metastasis
on treatment modalities and on disease stage indicate the im-
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portance of fallopian tube sampling techniques.’

There are different approaches for sampling fallopian tubes.
The pathology textbook Ackerman-Rosai Surgical Pathology
recommends the classical sampling technique including collec-
tion of three “ring-shaped” sections from various parts of each
tube.” In Blaustein’s Pathology of the Female Genital Tract,® sam-
pling of entire bilateral fallopian tubes with fimbrial ends is
recommended for pelvic serous tumors and prophylactic sal-
phingo-oophorectomies. However, for benign diseases and other
malignant conditions, collection of at least one sample from each
tube is recommended.’ The Association of Directors of Anatomic
and Surgical Pathology recommends three sections for tubal car-
cinomas and at least three sections including isthmus, ampulla,
and infundibulum/fimbria for routine cases.”

In this study, we aimed to compare the clasical method and
Sectioning and Extensively Examining the Fimbriated End Pro-
tocol (SEE-FIM) in detecting microscopic lesions in fallopian
tubes with gynecological lesions.

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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MATERIALS AND METHODS

In the pathology department of our hospital, the SEE-FIM
protocol has been used since 2012. Before that, fallopian tubes
were sampled using the classical method involving collection of
three “ring-shaped” sections from various parts of each tube. The
SEE-FIM protocol includes amputation of each fimbria at the in-
fundibulum, longitudinal sectioning of the fimbria, and exten-
sive cross sectioning of the remaining tube at 2-mm intervals."

This study was conducted on 1,118 patients who underwent
total abdominal hysterectomy and bilateral salpingo-oophorec-
tomy at our hospital from January 2006 to May 2014. The fal-
lopian tubes were sampled by the classical method in 582 cases
between 2006 and 2011, and 536 cases performed after 2011
underwent the SEE-FIM protocol. All sample slides were reex-
amined with light microscopy by two pathologists. Data on the
macroscopic evaluations and other clinicopathological examina-
tions were collected by chart review.

Cases were grouped according to the final diagnosis as endo-
metrial carcinoma, non-uterine pelvic malignant tumors (ovari-
an, peritoneal, and tubal), ovarian borderline tumor and prema-
lignant-benign lesions, and other tumors. Pathological findings
of the classical and SEE-FIM protocols were compared between
subgroups. Pelvic serous carcinomas (PSCs) were classified as
“ptimary ovarian,” “fallopian tube,” and “primary peritoneal” ac-
cording to Gynecologic Oncology Group criteria.'' In fallopian
tube cancer cases, intact tubal parts were also examined.

Serous tubal intraepithelial carcinoma (STIC) was diagnosed
as noninvasive tubal epithelium displaying marked nuclear atyp-
ia characterized by loss of polarity, increased nuclear/cytoplasmic
ratios, increased nuclear size, hyperchromasia, irregular nuclear
membranes, and chromatin distribution. In addition, absence
of cilia and mitotic figures was also characterized as STICs. Im-
munostainings for p53 and Ki-67 were petformed to diagnose
STIC."*" p53 signatures are defined as benign-appearing tubal
epithelium with strong staining for p53 by immunohistochem-
istry and a low Ki-67 index.® Immunohistochemistry was per-
formed on formalin-fixed, paraffin-embedded tissue sections us-
ing a manual polymer detection system with citrate buffer heat-
induced epitope retrieval. Pre-diluted ready-to-use primary
antibodies were used including p53 (clone DO-7 + BP53-12y,
Thermo Scientific, Waltham, MA, USA) and Ki-67 (clone SP-
6, Thermo Scientific).

Salpingoliths were described as mucosal and luminal calcifi-
cations that were frequently surrounded by bland epithelium in
the fallopian tube. PTH was described as small rounded clus-
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ters of tubal epithelial cells and small papillae floating within
the tubal lumen, with or without associated psammoma bodies,
and demonstration of these findings with at least three papillae.
The statistical difference between the two groups was examined
by Fisher exact test.

The study was approved by the Institutional Review Board
of Zeynep Kamil Women and Children Diseases Research and
Training Hospital (IRB No. 143) and performed in accordance
with the principles of the Declaration of Helsinki. Written in-
formed consents were obtained.

RESULTS

This study included a total of 1,096 abdominal hysterectomy
and salpingo-oophorectomy cases. Table 1 illustrates the number
of cases in each group. Benign lesions, malignant neoplasms,

Table 1. Pathological diagnoses and number of cases in each
group

Classical method ~ SEE-FIM protocol

Pathology (n=582) (n=536)
Endometrial carcinoma 210 48
Non-uterine pelvic malignant tumor
Ovarian malignant tumors 150 49
Tubal malignant tumor 11 9
Peritoneal carcinoma 5 3
Ovarian borderline tumor 44 17
Premalignant and benign 162 410

lesions, other tumors®

SEE-FIM, Sectioning and Extensively Examining the Fimbriated End Protocol.
#Premalignant lesions (endometrial hyperplasia, cervical intraepithelial le-
sions), benign lesions (endometrial polyp, myoma), carcinomas of the cer-
Vix, vagina, and vulva.

Table 2. Clinical and pathological features of endometrioid adeno-
carcinoma cases

Classical method SEE-FIM protocol

Variable

(h=185) (n=40)

Age, mean (yr) 60 61
Tumor grade

1 58 14

2 70 18

3 57 8
Myometrial invasion

None 34 8

<1/2 78 20

>1/2 73 12
Lymph node metastasis 14 4
Extrauterine extension 5
No. of cases with tubal 2 0

infiltrative carcinoma?

SEE-FIM, Sectioning and Extensively Examining the Fimbriated End Protocol.
p=.031.
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and premalignant lesions of the fallopian tubes in each group
were evaluated in detail.

Endometrial carcinoma

Endometrioid adenocarcinoma was detected in 185 of 210 en-
dometrial carcinomas using the classical method and was detect-
ed in 40 of 48 endometrioid malignant tumors using the SEE-
FIM protocol. Other cases were clear cell carcinoma, undiffer-
entiated tumor, malignant mixed miillerian tumor, and serous
carcinoma. The clinical and pathological characteristics of the
endometrioid adenocarcinoma cases are shown in Table 2.

Among the endometrioid adenocarcinomas sampled by the

Fig. 1. Polypoid infiltrative endometrioid carcinoma extending to
the tubal lumen.

Efficiency of SEE-FIM Protocol in Detecting Microscopic Lesions on Fallopian Tubes 23

SEE-FIM protocol, tubal infiltrative carcinoma was identified in
two cases (Fig. 1). The clinical and pathological features of these
cases are shown in Table 3. Polypoid lesions were detected in
these two tubal infiltrative carcinoma cases, and these lesions
showed similar microscopic features with lesions in the endo-
metrium. Neither 7z sit nor invasive lesions were identified in
fallopian tubes sampled by the classical method. This difference
was statistically significant (p =.031). Tubal endometriotic foci
were shown in four endometrioid carcinoma cases using the new
technique, while two endometriotic foci were seen in fallopian
tubes sampled by the classical method.

Non-uterine pelvic malignant tumors

Of non-uterine pelvic malignant tumor cases sampled by the
new technique, 42 were serous carcinoma. Among these, there
were eight tubal, three peritoneal, and 28 ovarian HGSCs. Se-
rous carcinoma was detected in 113 of 166 non-uterine pelvic
carcinoma cases sampled by the classical method. Among these
cases, there were 85 ovarian, 11 tubal, and five peritoneal HG-
SCs (Table 4). Of all cases, p53 positivity was detected in 22
tubal epithelium samples. Among these, six tubal epithelium
samples were identified as macroscopically benign with a low
Ki-67 index. These samples were identified as “p53 signature”
(Fig. 2). In cases sampled by the new technique, STIC was de-
tected in 10 of 28 ovarian HGSCs and four tubal carcinomas.
All lesions except one were located in fimbrial ends (93%).

In peritoneal serous carcinomas, invasive serous carcinoma
with a diameter of 0.2 cm was detected, and STIC was shown in
the same case in the fimbrial end. STIC was identified in 15 of
39 HGSCs (40%). Among the tubal carcinoma cases, STIC was

Table 3. Clinical and pathological characteristics of the tubal infiltrative carcinoma cases

Case Age Primary tumor Myometrial Primary tumor Localization of tubal Size of tubal Other metastatic
No. (yr) type involvement grade involvement involvement (cm) sites

1 38 Endometrioid <1/2 1 Fimbrial 0.2 Ovary, cervix
2 56 Endometrioid >1/2 2 Ampullary 0.3 None
Table 4. Non-uterine pelvic carsinoma cases and STIC ratios identified by the classical method and SEE-FIM method

Histopathology Classical method STIC cases SEE-FIM STIC cases
Ovary high-grade serous carcinoma 85 0 28 10 (35)
Ovary low-grade serous carcinoma 12 0 3 0

Ovary nonserous carcinoma? 53 0 18 0

Tubal serous carcinoma 11 109 8 4 (50)

Tubal nonserous carcinoma® 0 0 1 0
Peritoneum 5 0 3 1(33)

Total No. of cases® 156 1 4 15

Values are presented as number (%).

STIC, serous tubal intraepithelial carcinoma; SEE-FIM, Sectioning and Extensively Examining the Fimbriated End Protocol.
#Endometrioid, clear cell, mucinous, Krukenberg, malignant mixed mullerian tumor, granulosa; *Endometrioid; °p<.001.
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Fig. 2. Serous tubal intraepithelial carcinoma (A), positive immunostaining for p53 (B), and for Ki-67 (C).

Table 5. Clinical and pathological features of serous borderline tu-
mors

Classical method ~ SEE-FIM protocol

Variable

(n=31) (h=13)
Age, mean (yr) 44 40
Bilateral 24 9
Microinvasion 8 5
Implant? 3 2
Endosalpingiosis 2 1
No. of cases with papillary 2 7

tubal hyperplasia

SEE-FIM, Sectioning and Extensively Examining the Fimbriated End Protocol.
amplants are noninvasive and nondesmoplastic.

Fig. 3. Papillary tubal hyperplasia. Small rounded clusters of tubal
epithelial cells and small papillae associated with psammoma bodies.

shown in only one case (0.5%) by the classical method. This
difference was statistically significant (p=.001). We did not de-
tect any p53 signature with the classical method, but six new
cases were detected with the new method.

Ovarian borderline tumors
While serous borderline tumor was identified in 31 of 44 ovar-
ian borderline tumors using the classical method, it was detect-

http://jpatholtm.org/

ed in 13 of 17 cases in the SEE-FIM group. Other cases were mu-
cinous, seromucinous, and endometrioid. The clinical and pa-
thological features of the SBT in each group are shown in Table 5.

PTH was shown in seven of 13 cases (55%) sampled by the
SEE-FIM protocol (Fig. 3). One case was bilateral, four were
diffuse, and four were focal lesions. Three of the focal lesions
were located in the ampulla and infundibulum. PTH was de-
tected in two of the cases with implants. In the classical method
group, PTH was shown in two cases (6%). There was a statisti-
cally significant difference (p =.001). Moreover, although sal-
pingoliths were detected in two cases sampled by the new tec-
nique, it was not identified in the classical method group. Except
for serous bordetline tumor cases, PTH was not detected by ei-
ther the classical method or the SEE-FIM protocol.

Premalignant and benign lesions and other tumors

Of 410 cases sampled by the new technique, tubal endome-
triosis and adenomatoid tumor were detected in seven and four
cases, respectively. While five endometriotic foci were located
in the infundibulum, two were in the ampulla. Adenomatoid
tumors were located in the ampulla and infundibulum, with a
mean diameter of 1.2 cm both at the serosa and subserosa. Nei-
ther tubal endometriotic focus nor adenomatoid tumor was
identified in any of the 162 cases sampled by the classical meth-
od. There was a statistically significant difference between the
two techniques regarding the diagnosis of adenomatoid tumor
and endometriotic focus (p =.039).

DISCUSSION

Endometrial carcinomas

Detection of tubal lesions synchronous with endometrial can-
cer is important in management. Appropriate sampling of the
tubes, ovaries, and lymph nodes is crucial in staging and treatment.
The correct prognosis estimation is related to detection of tubal

https://doi.org/10.4132/jptm.2016.06.17



lesions in endometrial cancer. In our study, we detected two new
tubal infiltrative carcinomas that were not seen by the classical
method. As a result, the stage of one of these two cases was ch-
anged after the detection of the lesion. Since the other case dem-
onstrated metastasis, detection of the lesion did not change the
stage. Culton ez al."* reported synchronous endometrial and fal-
lopian tube tumors in 13 cases. The sizes of the tumors ranged
from 0.2 cm to 17.5 cm.” Kulac and Usubutun® compared
100 fallopian tubes sampled by the classical method with 100
fallopian tubes with fimbrial end sampling and reported two
invasive and two proliferative lesions that were not seen macro-
scopically. In our study, the sizes of the tubal lesions were 0.2
cm and 0.3 cm, and they were not detected macroscopically.
Culton er 21" reported seven of 13 lesions using fimbrial end
sampling, and Kulac and Usubutun" identified three of four
lesions using fimbrial end sampling. In our study, one of the
two lesions was in the fimbrial end. Since tubal lesions can origi-
nate from lesions in the endometrium or endometrioid epithe-
lium transformed from the tubal epithelium, studies on tubal
lesions are important for determination of origin and pathogenesis
of these tumors. Kulac ez #/." reported an association of endo-
metriotic foci with tubal lesions in two of four cases. We did
not identify any endometriotic focus in our cases.

Non-uterine pelvic malignant tumors

The majority of the non-uterine pelvic carcinomas are serous
carcinomas that originate from the ovaries, fallopian tubes, or
peritoneum. As non-uterine pelvic carcinomas have poor prog-
nosis, the pathogenesis and origin should be well understood in
order to develop new screening methods, new treatment mo-
dalities, and improved diagnosis at an early stage. STIC located
in fimbria has been demonstrated as the origin of HGSC in re-
cent studies."” In addition to serous carcinoma, clear cell and en-
dometrioid carcinomas have been thought to originate from en-
dometriotic foci that are assumed to occur through retrograde
menstruation."”

In our study, we sampled the entire fallopian tubes, and STIC
was shown in 15 of 39 cases with HGSCs. The rate was report-
ed as 59%, 52%, and 20% in studies by Przybycin e al.,'* Kin-
delberg e al.," and Tang et al.,"® respectively. In our study, the
percentages of ovarian, tubal, and peritoneal serous carcinomas
in all non-uterine PSCs were changed from 72%, 20%, and 8%
to 45%, 50%, and 5%, respectively. Most lesions were located
at the fimbrial end, and this finding is consistent with the other
studies. No additional lesions in the fallopian tubes were de-
tected in three endometrioid and one clear cell carcinoma cases
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sampled by the new technique. In non-uterine serous pelvic car-
cinomas sampled by the conventional method, STIC was identi-
fied in one case with HGSC. There were no additional lesions
in the tubes in the endometrioid or clear cell carcinoma cases.

Ovarian borderline tumors

Regarding the origin of SBT, Kurman et #/." reported that all
ovarian and extraovarian low-grade serous proliferations origi-
nate from spilling and implantation of tubal epithelium in the
form of PTH generated due to chronic inflammation. In their
study, 20 of 22 cases (91%) with noninvasive and invasive im-
plants were associated with PTH." Similarly, Robey and Silva"
reported that 68% of SBT cases were associated with PTH.

Kurman ¢t al." reported that PTH is mostly located in the am-
pulla; while the majority of lesions show a diffuse pattern, they
can also be focal. Our study showed a lower percentage (55%)
of cases demonstrating an association of PTH with SBT sam-
pled by the new technique. This difference may be due to the
smaller number of cases with an implant in our study. The ma-
jority of focal lesions were located in the ampulla and infundib-
ulum.

Yanai-Inbar e 2/.* reported that there was no statistically sig-
nificant difference in detection of tubal pathology between sam-
pling tubes from one section, two sections, or sampling the en-
tire tube. Yanai-Inbar e #/.”’ analyzed the fallopian tubes of 48
SBT cases and found no difference between the study and con-
trol groups. In our study, we detected an association between
PTH and ovarian borderline tumors in 6% of the cases sampled
by the classical method. While diffuse lesions and random prolif-
erations specific to this section were detected by the classical
method, all PTH lesions were detected by the new technique.

Salpingoliths can be found in normal fallopian tubes. Kur-
man et al.* and Seidman et 4.’ have pointed out the association
of salpingoliths with SBT. In our study, salpingoliths were found
in 10% of SBT cases sampled by the new technique and were not
demonstrated in SBT cases sampled by the classical method.

Premalignant and benign cases and other tumors

The pathogenesis of endometriosis and its association with ma-
lignancies remain interesting topics of gynecopathology.”** En-
dometrial tissue can be physiologically seen in the isthmus, but
there is not enough data on the involvement of other areas.

In 410 fallopian tubes sampled by the new technique, we
identified seven endometriotic foci (2%). However, it was not
shown in any of the fallopian tubes sampled by the classical
method. Adenomatoid tumors are the most common benign
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neoplasm of the fallopian tubes. Their neoplastic potential and
the fact that they can be misdiagnosed as other malignant or be-
nign neoplasms should be considered during the management
of these tumors.” In our study, although we did not detect ade-
nomatoid tumor by the classical method, four adenomatoid tu-
mors were identified by the new technique.

It is possible to misdiagnose benign lesions, premalignant le-
sions, and malignant lesions using the classical method in path-
ological examination of the fallopian tubes. For this reason, the
SEE-FIM protocol should be considered in cases of endometrial
cancers, non-uterine pelvic serous cancers, or serous borderline
ovarian tumors. The SEE-FIM protocol seems to have advan-
tages for sampling of the entire fallopian tube. However, it may
increase the surgical workload if it is used for all routine salpin-
gectomy specimens. For cases with other benign, premalignant,
and malignant lesions, at least a detailed examination of the
fimbrial end of the fallopian tubes should be undertaken.
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Integrated Diagnostic Approach

Background: Mixed gliomas, such as oligoastrocytomas (OA), anaplastic oligoastrocytomas, and
glioblastomas (GBMs) with an oligodendroglial component (GBMO) are defined as tumors com-
posed of a mixture of two distinct neoplastic cell types, astrocytic and oligodendroglial. Recently,
mutations ATRX and TP53, and codeletion of 1p/19q are shown to be genetic hallmarks of astro-
cytic and oligodendroglial tumors, respectively. Subsequent molecular analyses of mixed gliomas
preferred the reclassification to either oligodendroglioma or astrocytoma. This study was designed
to apply genetically integrated diagnostic criteria to mixed gliomas and determine usefulness and
prognostic value of new classification in Korean patients. Methods: Fifty-eight cases of mixed OAs
and GBMOs were retrieved from the pathology archives of Seoul National University Hospital
from 2004 to 2015. Reclassification was performed according to genetic and immunohistochemical
properties. Clinicopathological characteristics of each subgroup were evaluated. Overall survival
was assessed and compared between subgroups. Results: We could reclassify all mixed OAs
and GBMOs into either astrocytic or oligodendroglial tumors. Notably, 29 GBMOs could be reclas-
sified into 11 cases of GBM, IDH-mutant, 16 cases of GBM, IDH-wildtype, and two cases of an-
aplastic oligodendroglioma, IDH mutant. Overall survival was significantly different among these
new groups (p<.001). Overall survival and progression-free survival were statistically better in
gliomas with IDH mutation, ATRX mutation, no microscopic necrosis, and young patient age (cut
off, 45 years old). Conclusions: Our results strongly suggest that a genetically integrated diagnosis
of glioma better reflects prognosis than former morphology-based methods.

Key Words: Oligoastrocytoma; Glioblastoma with oligodendroglioma component; WHO classifica-
tion; Genetics; Integrated diagnosis

Mixed gliomas, such as oligoastrocytomas (OA), anaplastic
oligoastrocytomas (AOA), and glioblastomas (GBMs) with oligo-
dendroglial component (GBMO), are defined as tumors composed
of a mixture of two distinct neoplastic cell types; astrocytic and
oligodendroglial. However, there have been controversies as to
whether these mixed tumors are really distinct entities. First,
research has found no significant difference in survival between
mixed gliomas versus either astrocytic or oligodendroglial tumors,
such as GBMO versus GBM,' anaplastic astrocytoma (AA) versus
AOA,” anaplastic oligodendroglioma (AO) versus AOA,’ diffuse
astrocytoma (DA) versus OA,* and oligodendroglioma versus
OA." Second, results of genetic studies suggest that morphologi-
cally mixed OA or ambiguous glioma is genetically monoclonal
and similar to either DA or oligodendroglioma, rather than a
mixture of them.” In addition, it is well known that the diagnosis
of mixed glioma shows a high interobserver variability.®

The accumulation of research on gliomas has led to a growth
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in understanding of its molecular aspects. Previous molecular
study of astrocytic tumors revealed frequent mutations in [DH,
ATRX, and TP53, suggesting that these mutations might be
genetic features of astrocytic tumors.”* On the other hand, concur-
rent deletion of chromosomal arms 1p and 19q constitute a hall-
mark alteration in oligodendroglial tumors.” Because 1p/19q
codeleted gliomas are strongly associated with IDH mutation,'”
IDH mutation is considered as a genetic feature of oligodendro-
glioma. The disclosure of these molecular aberrations of glioma
led to the discussion on whether to include these molecular
markers in the 2016 revised World Health Organization (WHO)
classification of central nervous system tumors. As such, neuro-
pathologists with expertise in molecular diagnosis met in a meeting
held in Haarlem." This “International Society of Neuropathology
(ISN)-Haarlem Consensus Meeting” decided to include the
ambiguous category of “DA, 1p/19q-codeleted”; however, this
class turned out to be oligodendroglioma with an astrocytic
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phenotype. In August 2014, Sahm e a/.”* suggested no longer
using the term “OA” because 7z situ molecular genetics showed
that previously diagnosed OAs were largely divided into oligo-
dendroglioma with reactive astrogliosis or astrocytoma with
partial oligodendroglial morphology with no genetic basis of the
oligodendroglial component. Rather, the latter showed genetic
aberration compatible with DA in the whole tumor area.'” Sub-
sequently, a genetically integrated diagnostic approach was
proposed.”’ With respect to both overall survival (OS) and time
until treatment failure, the integrated approach separated the
diagnostic groups more stringently, and it also proved to be
more successful in the outcome prediction.” Not only in terms of
prognosis, but also for predictive information, the previous studies
suggest that IDH, ATRX, and 1p/19q status can offer useful
criteria and aid in selection of proper therapy for the patients.'*"

With this background, we reclassified the archives of mixed
gliomas at Seoul National University Hospital, including GBMO,
by the new genetically integrated diagnostic criteria. This study
was designed to determine the usefulness of a genetically inte-
grated diagnostic approach and the prognostic power of a new
classification system in Korean patients.

MATERIALS AND METHODS

Study population

Formalin-fixed paraffin-embedded (FFPE) tissues from a total
of 58 patients were obtained from the archives of the Department
of Pathology, Seoul National University Hospital. All patients
were Korean (Table 1). Age at first diagnosis was between 14

Table 1. Demographic summary of the patient cohort according to
the original diagnoses in this study

Parameter OA (n=15) AOCA (n=14)  GBMO (n=29)
Age (y)
Mean (range) 40.8 (14-72) 41.1 (13-64) 53.5 (31-77)
Median 36 35.5 56
Sex (male:female) 11:4 5:9 22:7
Median OS (mo) 45.3 21.7 26.7
Median PFS (mo) 39.8 20.9 19.0
Tumor location F8 T4P1PT1 F6T5P1O1TH1 F13T10P1
HIPP1 TH1 CC1 PO1
FTH FTP1
Treatment Surgery only  Surgery only 13 CCRT 21
Others 1 Others 8

OA, oligoastrocytoma; AOA, anaplastic oligoastrocytoma; GBMO, glioblas-
toma with oligodendroglioma component; OS, overall survival; PFS, pro-
gression-free survival; F, frontal lobe; T, temporal lobe; P, parietal lobe;
HIPP, hippocampus; O, occipital lobe; TH, thalamus; CC, corpus callosum;
PO, parieto-occipital; FTI, frontotemporoinsular area; FTP, frontotemporo-
parietal lobe; CCRT, concurrent chemoradiotherapy.

https://doi.org/10.4132/jptm.2017.09.25
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and 73 years old (median: previously OA, 36 years; previously
GBMO, 56 years). All cases were diagnosed between 2004 and
2015. Selected cases had distinct morphological features of
mixed astrocytic and oligodendroglial component or mixed
GBM and oligodendroglial component. We used a 10% cut-off for
the minimum area of oligodendroglial or astrocytic component.
Tumors were graded according to the 2007 WHO guidelines.
The series contained 15 OAs, 14 AOAs, and 29 GBMOs (Fig.
1). Histopathologic slides were reviewed by two pathologists
(S.H. Park, S.I. Kim). Immunohistochemical stainings for IDH1
(clone H09, Dianova, Hamburg, Germany) and ATRX (Sigma-
Aldrich, St. Louis, MO, USA) were performed in all 58 cases. If
IDH1 immunohistochemistry (IHC) was negative, direct sequenc-
ing of IDH1/IDH2 was performed. Fluorescent in situ hybrid-
ization (FISH) using Vysis probes (Abbott, Des Plaines, IL,
USA) to detect 1p/19q status was done in all 58 cases. Survival
plots according to the clinical, histological, and molecular char-
acteristics of tumors were analyzed using Kaplan-Meier (K-M)
survival analysis.

With the results of our genetic studies, we reclassified tumors
based on the diagram by Reuss e «/." If the ATRX THC was
negative, it was classified as astrocytic, independent of its IDH
status. Tumors were then subdivided by IDH status based on
IHC and direct sequencing. In contrast, all tumors with nuclear
ATRX expression were divided by 1p/19q status using FISH.
If 1p/19q were non-codeleted, tumors were astrocytic tumors.
Then, the tumors were also subdivided by IDH status. If code-
letion of 1p/19q and IDH mutation were present, they were
defined as oligodendroglial tumors. Next, we graded the tumors
according to the new 2016 WHO guidelines. Lastly, 58 cases
were reclassified into seven distinct subgroups: 1) DA, IDH-
mutant (DA IDH-m), 2) DA, IDH-wildtype (DA IDH-w), 3)
AA, IDH-mutant (AA IDH-m), 4) AA, IDH-wildtype (AA
IDH-w), 5) AO, IDH-mutant (AO IDH-m), 6) GBM, IDH-
mutant (GBM IDH-m), and 7) GBM, IDH-wildtype (GBM
IDH-w). We performed further classification of GBM into
primary and secondary GBM. Secondary GBM was defined as
cases with previous pathology-proven lower grade tumors.
Then, we compared the survival plots between reclassified entities
using K-M survival analysis.

This study abided by the world Medical Association Decla-
ration of Helsinki recommendation and was approved by the
Institutional Review Board of Seoul National Universicy Hos-
pital (IRB No. 1508-004-690). Written informed consents were
obtained.
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Fig. 1. Hematoxylin and eosin features of a case that was previously diagnosed as glioblastoma with oligodendroglial component. This case

turned out to be glioblastoma, IDH-wildtype in new classifications.

Hematoxylin and eosin staining and IHC

FFPE (10% neutral buffered formalin, routinely processed,
and paraffin-embedded) tissue sections (2—3 pm thick) were cut
for hematoxylin and eosin staining and IHC. Tissue sections were
stained with anti-IDH1 R132H (H09) monoclonal antibody
(Dianova) using a 1:100 dilution, anti-ATRX polyclonal antibody
HPA001906 (Sigma-Aldrich) using a 1:300 dilution, and anti-
P53 monoclonal antibody, DO-7 code M7001 (Dako, Glostrup,
Denmark) using a 1:1000 dilution. IHC staining was carried
out using a standard avidin-biotin peroxidase method. Tumors
wete interpreted as positive for p53 expression if 220% of neo-
plastic cells showed distinct nuclear staining.

DNA extraction

Tumor areas were manually micro-dissected using 6-pm
unstained tissue sections made from FFPE tissue. DNA was iso-
lated from the micro-dissected tissue using a DNeasy Blood
and Tissue Kit (Qiagen, Valencia, CA, USA) according to the
manufacturer’s instructions.

Polymerase chain reaction amplification and sequencing of
IDH1 and IDH2

Template DNA (1 pL) was added to 100 pL of polymerase
chain reaction (PCR) solution (10 pL of 10 X magnesium Taq
High-Fidelity [HF] buffer, 10 pL deoxynucleotide triphosphate
[dN'TP] mixture with 2 mM magnesium, 5 pL of 10 pmol primer
[2x], 1 pL of magnesium Tag-HF polymerase, and distilled

http://jpatholtm.org/

Table 2. [DH1-F/IDH1-R and IDH2-F/IDH2-R primers

Primer Sequence (5'—3)

IDH 1-F ACCAAATGGCACCATACGA
IDH 1-R GCAAAATCACATTATTGCCAAC
IDH 2-F GCTGCAGTGGGACCACTATT
IDH 2-R TGTGGCCTTGTACTGCAGAG

F, forward; R, reverse.

water). The IDH1-Forward (F)/IDH1-Reverse (R) and IDH2-
F/IDH2-R primers (Table 2) were used with the following pro-
gram: 35 cycles of 95°C for 30 seconds, 55°C for 30 seconds,
and 72°C for 60 seconds. The product sizes were 130-base pair
(bp) (IDH1) and 293-bp (IDH2). Unincorporated PCR primers
and dNTPs were removed from the PCR products using a
Montage PCR Clean-up Kit (Millipore, Billerica, MA, USA).
Purified products were sequenced using the same primers.
Sequencing was performed using a BigDye Terminator Cycle
Sequencing Kit v. 3.1 (Applied Biosystems, Foster City, CA,
USA). Sequencing products were resolved on an automated
DNA sequencing system, model 3730XL (Applied Biosystems).

Fluorescence in situ hybridization

FISH with Vysis probes was used to assess 1p/19q status.
Sections (3 pm thick) were first deparaffinized in xylene, incu-
bated with 0.3% pepsin in 10 mM HCl at 37°C for 10 minutes,
and boiled with citrate buffer (pH 6.0) in a microwave. Sections
were then incubated in 1 M NaSCN for 35 minutes at 80°C,
immersed in the pepsin solution, and fixed in 10% neutral

https://doi.org/10.4132/jptm.2017.09.25



buffered formalin. 1p36/1q25 and 19q13/19p13 labeled locus-
specific dual-color probes (Abbott Molecular) were used accord-
ing to the manufacturer’s protocol. We applied the probe mixture
to the slides and incubated them in a humidified atmosphere
with HYBrite (Abbott Molecular) at 73°C for 5 minutes for
simultaneous denaturation of the probe and target DNA. Then,
we cooled the samples to 37°C and incubated for 19 hours to
hybridize the probe and target DNA. The slides were submerged
in 0.4x SSC buffer/0.3% NP-40 for 2 minutes at room temper-
ature, followed by incubation in 2x SSC/0.1% NP-40 for 5
minutes at 73°C.

Statistical analysis

OS and progression-free survival (PES) were estimated using
K-M survival analysis and were compared using the log-rank
test. All statistical analyses were performed with SPSS ver. 22
(IBM Corp., Armonk, N, USA); p < .05 was considered signif-
icant.

RESULTS

Clinicopathological information of patients is provided in
Table 1. Our reclassification results are summarized in Table 3
and Fig. 2. Our reclassification analysis showed that the largest
fraction of mixed OA was AA IDH-m (50%). The largest part
of mixed AOA was also AA IDH-m (42.9%), followed by AA
IDH-w (35.7%) and AO (21%). The largest fraction of GBMO
was conventional GBM IDH-w (55.2%), followed by GBM

Genetic Reclassification of Mixed Glioma © 31

IDH-m (37.9%) and only 6.9% AO. Except for one undeter-
mined case of GBM IDH-w, 14 out of 16 GBM IDH-w cases
(87.5%) were primary GBM and one case (6.3%) was secondary
GBM. In 11 cases of GBM IDH-m, seven cases (63.6%) wete
primary GBM and four cases (36.4%) were secondary GBM.
Therefore, the incidence of primary GBMs (21/27, 77.8%)
derived from those previously diagnosed as mixed gliomas was
less than the well-known incidence of primary GBM (90%-95%).

When we carried out K-M survival analysis, two cases of DA
IDH-w were excluded; one patient died of suddenly developed
progressive hydrocephalus of an unknown cause and the other

Table 3. Change in diagnosis after applying the genetically integrat-
ed diagnostic criteria

Re-diagnosis (n=58)

Original diagnosis (n=58)

Criteria No. (%)
OA, grade Il (n=14) DA IDH-m 2(14.3)
DA IDH-w 2(14.3)

AA IDH-m 7 (50)
AA IDH-w 2(14.3)

AO IDH-m and 1p/19g-codeleted 1(7.1)
AOA, grade lll (n=14)  AAIDH-m 6 (42.9)
AA IDH-w 5(35.7)
AO IDH-m and 1p/19g-codeleted 3(17.6)
GBMO, grade IV (n=29) GBM IDH-w 16 (55.2)
GBM IDH-m 11(37.9)

AO IDH-m and 1p/19g-codeleted 2(6.9

OA, oligoastrocytoma; AOA, anaplastic oligoastrocytoma; GBMO, glioblas-
toma with oligodendroglioma component; DA, diffuse astrocytoma; IDH-m,
IDH-mutant; IDH-w, IDH-wildtype; AA, anaplastic astrocytoma; AO, ana-
plastic oligodendroglioma; GBM, glioblastoma.

GBMO (29)

Fig. 2. Change in diagnosis after applying molecular genetics integrated diagnostic criteria. OA, oligoastrocytoma; AOA, anaplastic oligoas-
trocytoma; GBMO, glioblastomas with an oligodendroglial component; DA, diffuse astrocytoma; m, mutant; w, wildtype; AA, anaplastic as-

trocytoma; AO, anaplastic oligodendroglioma; GBM, glioblastoma.
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patient didn’t show up. One case of AO IDH-m was also excluded All these results with demographic characteristics are summa-
because the patient died of a worsened general condition from rized in Table 4.

multiple diseases, including pulmonary thromboembolism After re-classification of mixed gliomas, we compared survival
with basal ganglia and temporal lobe infarction during hospital- plots between the reclassified entities using K-M survival analysis.
ization. Recent studies report a very similar incidence of stroke In terms of OS as well as PES, the genetically integrated diag-
between cancer and non-cancer patients; therefore, it is reasonable nostic approach showed clear statistical significance (p <.001)
to think that stroke was an independent variable for survival in this (Fig. 5).

case, whether the tumor was a causative factor of stroke or not.'°
OS in different clinical, histological, and molecular subgroups DISCUSSION
has been evaluated (Fig. 3). Prognosis was better in the younger

(age <45 years) (p =.010) and IDH-mutant (p =.007) sub- Mixed gliomas have been previously defined as diffusely infil-
groups. However, prognosis was worse in subgroups with micro- trating gliomas composed of a mixture of two distinct neoplastic
scopic necrosis (p <.001) and ATRX-positive IHC (p =.031). cell types morphologically resembling the tumor cells in oligo-
Similar results were drawn with PES (Fig. 4). Other characteristics dendroglial or astrocytic tumors.” However, inter-institutional
failed to show statistical significance. The subgroup with the and inter-observer variations of mixed gliomas have resulted in
1p/19q co-deletion had a tendency of better prognosis in terms low diagnostic reproducibility and reliability.

of OS (p =.067) and PES (p =.077), despite the lack of statistical The ISN-Haarlem’s recommendations for a genetically inte-

significance (Figs. 3F, 4F). Of those compared, all 1p/19q code- grated diagnosis for the classification of diffuse gliomas sug-
leted patients fully survived the study completion. Also, those gested the removal of mixed glioma entity."" We reclassified
with p53 overexpression (positive in >20%) had a tendency for mixed OA (including GBMO) into either astrocytic or oligoden-
worse prognosis in terms of OS (p =.054) and PES (p = .208) droglial tumors in agreement with the emphasis by Sahm ez /.

(Figs. 3E, 4E). Here, we applied the new criteria to the 58 cases that were
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Fig. 3. Overall survival (OS) in different clinical, histological, and molecular subgroups. (A) Age over 45 years. (B) Necrosis. (C) IDH mutation
status. (D) ATRX methylation status. (E) p53 positivity (more than 20% of tumor in immunohistochemistry). (F) 1p/19g-codeletion status.
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previously diagnosed as mixed gliomas. The purpose of our study
was to determine the usefulness of genetically integrated classi-
fication, true incidence of diffuse gliomas, and prognostic value of
a new classification system. Above all, we sought to find out wheth-
er there are any intermediate cases or genuine mixed gliomas.

We primarily used Reuss ef 2/.’s diagnostic criteria;” there-

Genetic Reclassification of Mixed Glioma ¢ 33

fore, ATRX THC and 1p/19q FISH were used to determine
whether the tumor was of astrocytic or oligodendroglial lineage.

Among DA and AA tumors, ATRX-negativity and -positivity
were found in 88% and 12%, respectively. Six cases which
showed 1p/19q codeletion were also ATR X-positive and IDH1-
mutated; therefore, the diagnosis of AO was certain. Among

1.0 1.0 1.0
0.8 0.8 No necrosis (n=27) 0.8
0.6 Age<45 yr (n=30) 0.6+ 0.6
E CH_? ?{) IDH-mutant (n=30)
0.4 1 0.4 0.4
IDH-wildtype (n=2
021 021 Necrosis (n=28) 0.27
p=.014 Age>45yr (n=25) p<.001 p<.001
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0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time (mo) Q Time (mo) e Time (mo) 0
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.8 .8 .8
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P 0.6 o 0.6 sin<20% (1222 » 0.6
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0.4 ATRX IHC () (n=33) 0.4 T 4
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Fig. 4. Progression-free survival (PFS) in different clinical, histological, and molecular subgroups. (A) Age over 45. (B) Necrosis. (C) IDH muta-
tion status. (D) ATRX methylation status. (E) p53 positivity (more than 20% of tumor in IHC). (F) 1p/19g-codeletion status.

Table 4. Demographic summary of our cohort according to genetics integrated reclassification

Parameter DA IDH-m DA IDH-w AA IDH-m AA IDH-w AO GBM IDH-m GBM IDH-w
(h=2) (n=2) (n=13) (h=8) (n=6) (n=11) (n=16)
Age, mean (range, yr)  37.5(31-44) 49.5 (32-67) 39.3 39.9 (14-64) 52.6 (35-69)  42.3 (34-58) 58.4 (31-77)
Sex (male:female) 2.0 1:1 9:4 3i5 8i3 7:4 1878
ATRX (), n (%) 2 (100) 1(50) 12(92.3) 7(87.5) 0 7(63.6) 5(31.3)
1p/19q codel 0 0 0 0 6 0 0
Primary GBM 7 14
Secondary GBM 4 1
OS (mo) 36.5 19.5 29.8 34.5 455 43.6 145
PFS (mo) 36.0 18.9 29.0 27.3 34.0 33.4 9.1
Tumor location F1P1 F2 F5T6 P1PT1  F4T1 O1 TH1 HIPP1 F4T2 F6 T3FTI1 FTP1 F5T7 P1 CC1 PO1 TH1
Treatment Surgery only ~ Surgery only  Surgery only Surgery only 7 Surgery only 4 CCRT 10 CCRT 11
Others 1 CCRT 1 Others 1 Others 5
Others 1

DA, diffuse astrocytoma; m, mutant; w, wildtype; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; GBM, glioblastoma; OS, overall survival;
PFS, progression-free survival; F, frontal lobe; T, temporal lobe; P, parietal lobe; O, occipital lobe; TH, thalamus; HIPP, hippocampus; FTI, frontotemporoinsular
area; FTP, frontotemproparietal lobe; CC, corpus callosum; PO, parieto-occipital; CCRT, concurrent chemoradiotherapy.
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Fig. 5. Overall survival (A) and progression-free survival (B) in rediagnosed subgroups. AA, anaplastic astrocytoma; DA, diffuse astrocytoma;
AO, anaplastic oligodendroglioma; GBM, glioblastoma; IDH-m, IDH-mutant; IDH-w, IDH-wildtype.

our 27 GBMs, ATRX-positive and -negative cases were 55.6%
and 44.4%, respectively. Among ATRX-negative GBMs, 50%
(6/12) were secondary, 41.7% (5/12) were primary, and 8.3%
(1/12) were unconfirmed. Thus, half of ATRX-negative GBMs
wete secondary GBM, but among primary GBMs, 27.8% were
ATRX-negative.

Using these criteria, our 58 cases could be classified as either
astrocytic or oligodendroglial. None showed mixed genetic
features of astrocytic and oligodendroglial. Our results also indicate
that the codeletion status of 1p/19q is the most important cri-
teria in the classification of diffuse gliomas into astrocytic or
oligodendroglial, and could serve as a useful biomarker in the
future diagnosis.

We evaluated all clinical, histological, and molecular charac-
teristics using K-M survival analysis. OS and PFS were better
in gliomas with IDH mutation, ATRX mutation, absence of
microscopic necrosis, and young patient age (cut off, 45 years
old). Although the impact of ATRX mutation on PES had no
statistical significance with log-rank test (p=.073), the Wilcoxon
test and Tarone-Ware test showed statistical significance (p=.010
and p=.016, respectively). This confirms the results of previous
studies on the impact of IDH and ATRX on prognosis.'"'* Be-
cause most tumors with microscopic necrosis were diagnosed as
either grade IV GBM IDH-m or GBM IDH-w, it is obvious
that tumors with no necrosis showed better prognosis. Regard-
ing the patient age, this study also confirms the results of a pre-
vious study.' Increase in age is associated with more high-grade
glial tumors or poorer general conditions; therefore, elderly people
could have a poorer prognosis.” Among patients with tumors of

http://jpatholtm.org/

the same grade, one of the most favorable prognostic factors is
young age (cut off, 45 years old).” Similar results can be observed
in oligodendroglial tumors."”

In this study, 1p/19q status did not achieve statistical signifi-
cance on OS or PFS. However, excluding one case, of which the
cause of death was uncertain, all 1p/19q codeleted patients fully
survived the follow-up period. Therefore, the lack of statistical
significance might be derived from the short term follow-up
period or a small number of patients.

With regard to both OS and PES, the genetically integrated
diagnostic approach showed statistically significant subgroups,
which confirm the results of previous studies carried out by Reuss
et al.” Our reclassification revealed that some patients should
have received different treacment based on our genetically inte-
grated diagnosis. Two patients initially diagnosed with GBMO
were re-diagnosed with AO. One had primarily concurrent
chemoradiation therapy and the other had primarily chemo-
therapy alone. However, according to our hospital protocol, the
primary choice for AQ is craniotomy and tumor removal with or
without adjuvant therapy. Although reclassification itself might
produce change in the treatment protocol of gliomas, it can also
be useful in the selection of proper therapy for the patients.

ATRX negativity and p53 positivity directly indicated sec-
ondary GBM; however, among these tumors, four cases were
primary GBM, which may indicate rapid progression from low
grade tumors.

It is well known that astrocytic tumors have a genetic hallmark
of ATRX and TP53 mutation.”® In the genetically integrated
diagnostic flow, ATRX mutation proved more useful as TP53

https://doi.org/10.4132/jptm.2017.09.25



mutation was shown to be poorly detected by IHC.” In cases
with intact ATRX, a 1p/19q assay should be carried out for des-
ignation of oligodendroglial tumor. Since generally extensive
P53 staining is regarded as indicative of astrocytoma, p53 IHC
might also be helpful in differential diagnosis of those cases.
Therefore, we tried to find for a proper cutoff value of p53 positivity
for astrocytic designation in our study. The cut-off value of 20%
divided the subgroup stringently. However, 20% cut off of p53
had no statistical significance both in OS (p =.054) and PES
(p =.208). In our study, astrocytic tumors had p53 positivity in
an average of 42.1%, with a standard deviation of 32.31%. If
astrocytic tumors were entirely negative for p53 IHC, those
cases should be re-verified by alternative tools, such as next gener-
ation sequencing or restriction fragment length polymorphism
for detecting loss of function-mutation or methylation of p53.
Further studies on staining pattern or correlation with other
clinicopathological factors might be helpful.

To compare prognosis, 55 patients with previously diagnosed
mixed GBMO by 2007 WHO classification were classified into
six groups, and there was a statistically significant difference (p =
.000); however, the number of patients was limited. Thus, if longer
follow-up or more prospective studies are ensured in more patients,
some prognostic factors that were not statistically significant in
current studies may turn out to be statistically significant.

In conclusion, we successfully reclassified previously diag-
nosed mixed gliomas into either astrocytic or oligodendroglial
tumors with a genetically integrated diagnostic approach. Our
study suggests that genetic information, including ATRX and
IDH mutation and 1p/19q co-deletion, has powerful prognostic
and predictive value. In addition, this information can aid in clas-
sifying brain tumors into more distinct categories. Therefore,
the integration of phenotypes and genotypes is clearly necessary
in the routine practice of brain tumor diagnoses.
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in Colorectal Adenocarcinoma

Background: Smad4 and PTEN are prognostic indicators for various tumor types. Smad4 regu-
lates tumor suppression, whereas PTEN inhibits cell proliferation. We analyzed and compared the
performance of Smad4 and PTEN for predicting the prognosis of patients with colorectal adeno-
carcinoma. Methods: Combined expression patterns based on Smad4+/- and PTEN+/- status
were evaluated by immunostaining using a tissue microarray of colorectal adenocarcinoma. The
relationships between the protein expression and clinicopathological variables were analyzed.
Results: Smad4-/PTEN- status was most frequently observed in metastatic adenocarcinoma,
followed by primary adenocarcinoma and tubular adenoma (p<.001). When Smad4-/PTEN- and
Smad4+/PTEN+ groups were compared, Smad4-/PTEN- status was associated with high N
stage (p=.018) and defective mismatch repair proteins (p=.006). Significant differences in disease-
free survival and overall survival were observed among the three groups (Smad4+/PTEN+,
Smad4-/PTEN+ or Smad4+/PTEN-, and Smad4-/PTEN-) (all p<.05). Conclusions: Concurrent
loss of Smad4 and PTEN may lead to more aggressive disease and poor prognosis in patients
with colorectal adenocarcinoma compared to the loss of Smad4 or PTEN alone.

Key Words: Smad4; PTEN; Prognosis; Colon neoplasms; Humans

Colorectal cancer (CRC) is a heterogeneous disease with diverse
clinical presentations, responses to therapy, and histopathological
findings at diagnosis."” The development of CRC is linked to
homeostatic balance through the regulation of cellular prolifera-
tion, differentiation, and migration.”* Approximately 15% of all
CRCs have microsatellite instability (MSI) as a consequence of a
deficient mismatch repair (MMR) system involving proteins
such as MLH1, MSH2, and MSHG6.>” CRC with MSI is associ-
ated with various clinicopathological features, including a tendency
to arise in the proximal colon, lymphatic invasion, high histo-
logical grade, and chemotherapeutic resistance.

Recent molecular studies have demonstrated several genetic
and epigenetic alterations in CRC.*" The four consensus molecular

pISSN 2383-7837
elSSN 2383-7845

subtypes of CRC are CMS1 (MSI immune), CMS2 (canonical,
marked WNT and MYC signaling activation), CMS3 (metabolic
dysregulation), and CMS4 (mesenchymal, prominent trans-
forming growth factor p [TGF-P] activation, stromal invasion,
and angiogenesis)."" High expression of CD133, CD44, and
CD24 in cancer stem cells has been shown to be correlated with
worse clinicopathological features in CRC."*"* Moreover, high co-
expression of CD133 and CD44 has been associated with the
AKT pathway and increased radiation resistance in colon
cancer cells."*”

Phosphatase and tensin homologue deleted on chromosome
10 (PTEN) is a phosphoinositide 3-phosphatase that can inhibit

cellular proliferation, survival, growth, and differentiation in
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several types of neoplasm such as colon, breast, and lymphoid
16-

cell neoplasms.'**” Smad4 (DPC4) is a tumor suppressor gene
that mediates the TGF-f signaling pathway, thus suppressing
epithelial cell growth.”" Loss of Smad4 is linked to cancers arising
in different organs such as the pancreas, colon, prostate, and bile
duct, and it is also linked to gastric polyposis.”** Ablation of
Smad4 and PTEN in the pulmonary epithelium has been
shown to induce metastatic adenosquamous carcinoma via the
ErbB2/ELF3/AKT signaling pathway”” and one in vivo study
showed that coordinated deletion of the Smad4 and PTEN
genes accelerated skin and stomach carcinogenesis.” In addition,
PTEN deficiency has been shown to initiate widespread precan-
cerous lesions triggered by Smad4 deficiency.”

Based on these data, we hypothesized that the loss of both
Smad4 and PTEN is significantly associated with more aggres-
sive CRC behavior than the loss of either protein individually.
The purpose of this study was to investigate the expression
patterns of Smad4 and PTEN in patients with CRC. We evalu-
ated whether the combination of Smad4 and PTEN expression
showed better performance for predicting patient survival than
either marker alone.

MATERIALS AND METHODS

Patients and tissue specimens

This retrospective study enrolled a consecutive series of 529
patients with colorectal adenocarcinoma, 48 patients with met-
astatic adenocarcinoma, 14 patients with tubular adenoma, and
16 patients with normal colonic mucosae. All patients were diag-
nosed and treated at our institute from January 1991 to August
2001. This study included data obtained from a previously con-
ducted research study.” The Reporting Recommendations for
Tumor Marker Prognostic Studies (REMARK) criteria were
followed throughout this study. Inclusion criteria included histo-
pathological evidence of adenocarcinoma confirmed by a pathol-
ogist and known clinical outcome. Exclusion criteria included
diagnosis of adenocarcinoma with neoadjuvant chemotherapy
or inadequate clinical history. Clinicopathological findings were
collected from the patients’ medical records and pathological
reports. Patient age ranged from 17 to 87 years (mean, 57.7
years). The tumors were located at the cecum (n = 18), ascending
colon (n = 78), hepatic flexure (n = 12), transverse colon (n=26),
splenic flexure (n = 4), descending colon (n = 25), sigmoid colon
(n=113), and rectum (n = 253). Tumor size ranged from 3 to
150 mm (mean, 57 mm). A mean number of 26.7 lymph nodes
(LN) were dissected for each specimen. Over a mean follow-up

http://jpatholtm.org/

interval after surgery of 5.9 years, 183 patients (34.6%) died
and 346 (65.4%) survived. Normal colonic mucosae, tubular
adenomas, and metastatic adenocarcinoma tissues were random-
ly selected for evaluation of Smad4 and PTEN expression.

This study (involving human participants) was approved by
the Ethics Committee of Hanyang University Hospital (No.
2016-12-030-001) and was performed in accordance with the
ethical standards of the Declaration of Helsinki, as revised in
2008. The institutional review board review confirmed that
informed consent was not necessary for this study.

Tissue microarray construction

A representative area was carefully selected and marked on a
hematoxylin and eosin (H&E)-stained slide. Tissue microarrays
(TMAs) were assembled using a tissue-array instrument (Quick-
Ray Manual Tissue Microarrayer, Unitma Co. Ltd., Seoul, Korea)
consisting of thin-walled stainless steel punches and stylets used
to empty and transfer the needle content. Areas rich in tumor
cells were identified by light microscopic examination of H&E-
stained sections and selected for use in TMAs. Tissue cylinders
with a diameter of 2 mm were punched from the previously
marked tumor area (tumor center) of each donor block and trans-
ferred to a recipient paraffin block. All tissue cores were com-
posed of tumor tissue in more than 70% of the core area. Con-
sidering the limitations associated with obtaining representative
areas of a tumor, we used a 2-mm tissue core from each donor

block.

Immunohistochemical staining and scoring of Smad4 and
PTEN expression

Primary mouse monoclonal anti-Smad4 antibodies (clone
B-8, Santa Cruz Biotechnology Inc, Heidelberg, Germany)
were diluted 1:250 and primary mouse monoclonal anti-PTEN
antibodies (clone 28H6, Novocastra Laboratories, Newcastle
upon Tyne, UK) were diluted 1:200.

The Smad4 and PTEN immunohistochemical (IHC) staining
results were interpreted by two pathologists (K.J. and S.S.P)
who were blinded to the clinical data. Discordant cases were
reviewed on a multi-headed microscope to reach consensus.
Each slide was interpreted semi-quantitatively according to the
intensity of nuclear immunoreactivity (Fig. 1). The cut-off was
determined by proportion rather than by intensity, because the
latter was rather heterogeneous. Smad4 and PTEN expression
was classified as negative (< 10% positive tumor cells out of all
cancer cells) or positive (>10% positive tumor cells out of all

Q)
cancer cells).”

https://doi.org/10.4132/jptm.2017.10.20



“_‘.l‘.‘::j:'.:':-;.-- By V2

e
AR

4 z:.; " ) <
PR N g
e 7 i g anilEn X

Smad4/PTEN in Colorectal Cancer ¢ 39

A

Fig. 1. Microphotographs showing immunohistochemical staining of Smad4 (A) and PTEN (B) expression in colorectal adenocarcinoma tissue.

Statistical analysis

The chi-square test was used to evaluate potential associa-
tions between Smad4 expression/PTEN expression and clinico-
pathologic parameters including age, gender, tumor location,
tumor size, growth pattern, histological grade, of American Joint
Committee on Cancer (AJCC) stage (T and N criteria), and
MMR protein expression. The relationships between Smad4
and PTEN expression and normal mucosae, adenomatous pol-
yps, adenocarcinomas, and metastatic LNs were analyzed using
linear-by-linear association. Overall survival (OS) was defined as
the time from curative surgery to death from any cause. Disease-
free survival (DFS) was defined as the time from curative surgery
to the first tumor recurrence or distant metastasis. Kaplan—
Meier curves with the log-rank test were used to calculate OS
and DEFS. Multivariate survival analysis was used with a Cox
proportional hazards regression model to evaluate independent
prognostic factors. A p-value of <.05 was considered significant.
Statistical analysis was performed using SPSS ver. 20.0 IBM
Corp., Armonk, NY, USA) or R packages (http://www.t-proj-
ect.org/).

RESULTS

The expression patterns of Smad4 and PTEN were evaluated
in normal colonic mucosae, tubular adenomas, primary adeno-
carcinomas, and metastatic adenocarcinomas. The loss of both
Smad4 and PTEN was associated with cancer progression. Spe-
cifically, Smad4—/PTEN- status was not observed in any of the
16 normal colonic mucosa tissues; however, it was observed in
one of 14 tubular adenomas (7.1%), 165 of 529 primary adeno-
carcinomas (31.2%), and 17 of 48 metastatic adenocarcinomas

https://doi.org/10.4132/jptm.2017.10.20
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Fig. 2. Proportions of different tissues showing Smad4—/PTEN-
staining: normal (0%), adenoma (7.2%), primary adenocarcinoma
(31.2%), and metastatic adenocarcinoma (35.4%).

(35.4%) (p <.001) (Fig. 2).

Smad4 loss was associated with higher N stage (p =.013) and
showed a tendency to correlate with lymphovascular invasion (p =
.081) (Supplementary Table S1). PTEN loss was cortelated with
defective MMR (p =.005) (Supplementary Table S2).

The distribution of Smad4 and PTEN expression status was
as follows: Smad4—/PTEN-, 165 patients; Smad4—/PTEN+,
155 patients; Smad4+/PTEN-, 99 patients; and Smad4 +/
PTEN+, 110 patients.
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Comparison of the Smad4—/PTEN- and Smad4+/PTEN+
groups showed that Smad4—/PTEN- status was associated with
higher N stage (p=.018) and defective MMR (p = .006) (Table
1). In a comparative analysis between the Smad4+/PTEN+ and
Smad4—/PTEN+ or Smad4 +/PTEN- groups, Smad4 +/PTEN +
status was correlated with lower N stage (p =.047), absence of
lymphovascular invasion (p =.049), and intact MMR (p =.0006)

(Supplementary Table S3). Another comparative analysis between
the Smad4—/PTEN+ or Smad4+/PTEN- and Smad4—/PTEN-
groups showed that Smad4—/PTEN- status was correlated with
defective MMR (p =.030) (Supplementary Table S4).

Survival according to Smad4/PTEN expression

Univariate and multivariate survival analyses showed that the

Table 1. Correlations between clinicopathological parameters and Smad4/PTEN in 275 patients with colon cancer

Parameter No. (h=275) Smad4+/PTEN+ (n=110)  Smad4—/PTEN- (n=165) p-value (chi-square test)
Age (yr) 367
<65 189 79 (71.8) 110 (66.7)
>65 86 31(28.2) 55 (33.3)
Sex 519
Female 121 51 (46.4) 70 (42.4
Male 154 59 (53.6) 95 (57.6)
Tumor location 4132
Right 63 27 (24.5) 36 (21.8)
Transverse and left 25 12 (10.9) 13(7.9)
Rectosigmoid 187 71 (64.5) 116 (70.3)
Tumor size (cm) 472
<45 98 42 (38.2) 56 (33.9)
>4.5 177 68 (61.8) 109 (66.1)
Growth pattern .866
Fungating 71 29 (26.4) 42 (25.5)
Ulcerating 204 81 (73.6) 123 (74.5)
Histologic grade 726%
1 13 3.7 10 (6.1)
2 200 (75.5) 117 (70.9)
8] 62 24 (21.8) 38 (23)
AJCC stage 1352
Tis 5 0.9 4(2.4)
| 20 (10.9) 8(4.9)
Il 101 (40) 57 (34.5)
Il 149 (48.2) 96 (58.2)
T stage 2512
Tis 5 1(0.9 4(2.4)
1 7 5(4.5) 2(1.2)
2 22 2(10.9 10(6.1)
3 231 9 (80.9) 142 (86.1)
4 10 3.7 7.2
N stage .018*
0 126 57 (51.8) 69 (41.8)
1 67 30 (27.3) 37 (22.4)
2 82 26 (35.8) 59 (35.8)
Lymphovascular invasion 138
Absence 125 56 (560.9 69 (41.8)
Presence 150 54 (49.1 96 (58.2)
Mismatch repair protein .006*
Intact 147 70 (63.6) 77 (46.7)
Defective 128 40 (36.4) 88 (63.3

Values are presented as number (%).

AJCC, 8th edition of American Joint Committee on Cancer.
*p<.05.

3 inear by linear association.
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loss of Smad4 was associated with short DFS and OS (all p <
.05). In univariate analyses, loss of PTEN was not associated
with short DES or OS (all p <.05). In multivariate analyses, no
relationship was observed between DES or OS and PTEN.

Smad4/PTEN in Colorectal Cancer © 41

Comparison of the Smad4+/PTEN+ and Smad4-/PTEN-
groups showed that Smad4—/PTEN- status was associated with
short DFS and OS in both univariate and multivariate analyses
(all p <.05). Comparison of the Smad4—/PTEN+ or Smad4+/

Table 2. Disease-free and overall survival analyses according to expression patterns of Smad4/PTEN

Univariate significance

Multivariate significance

o 3 HR 95% Cl
p-value p-value
Disease-free survival
T stage (1, 2 vs 3, 4) <.001* .018* 2.188 1.145-4.182
N stage Ovs 1, 2) <.001* .269 1.386 0.777-2.474
Histological grade (1, 2 vs 3) <.001* .013* 1.450 1.082-1.942
Lymphovascular invasion (presence vs absence) <.001* .041* 1.873 1.027-3.418
MMR (intact vs defective) .001* .056 1.293 0.994-1.683
Smad4/PTEN
+/+ VS —/+ Or +/— 079 402 11477 0.804-1.724
—/+ Or +/-vs /- .006* .018* 1.407 1.059-1.868
+/+ Vs —/— <.001* .007* 1.715 1.165-2.545
Overall survival
T stage (1, 2 vs 3, 4) <.001* .023 2.611 1.140-5.980
N stage Ovs 1, 2) <.001* 351 1.361 0.712-2.601
Histological grade (1, 2 vs 3) <.001* .003* 1.635 1.185-2.257
Lymphovascular invasion (presence vs absence) <.001* 128 1.688 0.861-3.308
MMR (intact vs defective) <.001* <.001* 1.712 1.267-2.315
Smad4/PTEN
+/+ VS =/+ Or +/— .007* .035* 1.660 1.035-2.661
—/+ Of +/- Vs —/- 011* .048* 1.373 1.003-1.881
+/+ vs —/— <.001* .001* 2.238 1.379-3.630

HR, hazard ratio; Cl, confidence interval; MMR, mismatch repair protein.
*0<.05.

3 og rank test; "Cox proportional hazard model adjusted for T and N stage, histological grade, lymphovascular invasion, MMR and Smad4/PTEN expression.
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Fig. 3. Disease-free survival (A) and overall survival (B) curves derived by the Kaplan-Meier method showing the correlation of survival with

Smad4/PTEN expression status.
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PTEN- and Smad4—/PTEN- groups revealed significant differ-
ences in DFS and OS (all p <.05). Comparison of the Smad4+/
PTEN+ and Smad4—/PTEN+ or Smad4+/PTEN- groups
showed a significant difference in OS (p = .035), whereas the
difference in DFS was not significant (Table 2, Fig. 3).

DISCUSSION

The aim of this study was to determine whether the Smad4/
PTEN expression pattern is associated with clinical outcomes.
Smad4 is part of a protein complex linked to signal transduction
and interacts with DNA for cell proliferation.”” PTEN is a negative
regulator of the Akt signaling pathway and is necessary for cell
proliferation and inhibition of apoptosis.”"** Smad4 and PTEN
have been shown to be closely linked in the regulation of tumor
invasion and distant metastasis. For instance, Haeger e /.’
demonstrated that the loss of Smad4 could initiate lung cancer
development from keratinized epithelium 7z vivo. Moreover, loss
of Smad4 expression and low Smad4 expression were both shown
to increase cell proliferation secondary to the loss of TGF-B—
mediated growth suppression.”* During cancer development,
deletion of PTEN is common in several malignancies such as
gastric, esophageal, endometrial, breast, and non-small cell lung
cancers.” " Moreover, many studies have identified PTEN
mutations in HRS320 cells, a colonic cancer cell line, and shown
that these mutations are significantly related to poor clinical
outcomes in patients with CRC.""*

The prognostic value of combinations of cancer markers for
patients with CRC (which exhibits high heterogeneity) may be
better than that of models using a single marker. An iz vivo
study demonstrated that loss of both Smad4 and PTEN may
act synergistically to regulate cell proliferation and accelerate
tumorigenesis.” The synergistic action of these genes is mediated
by concomitant repression of PTEN transcription by Smad4
and promotion of Smad4 degradation by PTEN.” Liu e «/.”’
showed that the combined loss of Smad4 and PTEN was linked
to metastatic lung cancer through activation of the ErbB2/
ELF3/AKT pathway. In pancreatic cancer, the absence of Smad4
and PTEN has been shown to synergistically promote ductal
carcinoma.” Intriguingly, Smad4 deletion has been shown to
drive progression of PTEN-deficient prostate cancer to highly
aggressive behaviors such as tumor invasion and lymph node
metastasis.”' Thus, Smad4 deficiency can accelerate tumor cell
proliferation and invasion, especially when combined with loss of
PTEN expression. Although this relationship has been confirmed
in an 7z vitro study, no reports have described a difference in DFS

http://jpatholtm.org/

or OS in human CRC according to the loss of both Smad4 and
PTEN. In the present study, we showed that Smad4+/PTEN +
status indicated good prognosis, whereas Smad4 -/PTEN- status
was associated with poor prognosis. These findings suggest that
the loss of both Smad4 and PTEN expression is linked to worse
clinical outcomes in patients with CRC. In addition, Smad4-/
PTEN- status was significantly associated with higher N stage
compared to Smad4+/PTEN+ status.

The precise mechanism underlying the synergistic effect between
Smad4 and PTEN is not fully understood. In esophageal cancer,
it has been proposed that the loss of both Smad4 and PTEN
leads to the downregulation of CIP/KIP and INK4 Cdk inhib-
itors and subsequent suppression of cell cycle arrest.”® Alterna-
tively, concurrent deletion of PTEN and Smad4 has been reported to
induce an oncogenic pathway including ErbB2/Ak¢/ELF3 and
to repress tumor suppressors in lung cancer.”” Interestingly, the
lung cancer study demonstrated that the mRNA level of ELF3
(a transcriptional factor known to have oncogenic activity) was
significantly higher in Smad4—/PTEN- mice compared to
Smad4— mice and PTEN- mice. In pancreatic cancer, Smad4-/
PTEN- status was associated with wider cancer spread and larger
tumors compared with Smad4— status or PTEN- status.”® In the
present study, the Smad4—/PTEN+ and Smad4+/PTEN-
groups had lower survival rates than the Smad4+/PTEN +
group, but higher survival rates than the Smad4—/PTEN-
group. These biological processes, together with the concurrent
loss of Smad4 and PTEN, may correlate with more aggressive
clinical behavior than that seen with the loss of a single protein.

This study did have some limitations. First, in contrast to pre-
vious in vitro studies, we did not demonstrate a molecular inter-
action between Smad4 and PTEN, making it difficult to draw
concrete conclusions from our data. Second, the cut-off value of
10% for distinguishing positive from negative expression of
Smad4 and PTEN was determined by IHC evaluation. However,
Smad4 and PTEN distribution may vary according to specimen
type, implying that this cut-off point may not apply to other
types of clinical samples or to other laboratories. Third, intet-
actions between Smad4 and PTEN within single tumor cells
could not be observed, because double staining of Smad4 and
PTEN expression was not performed.

In summary, we found that the Smad4/PTEN exptession pat-
tern was statistically correlated with several clinicopathological
parameters and with survival. Smad4—/PTEN- status was more
frequently observed in patients who followed the multi-step
carcinogenesis progression from normal colonic mucosae to tubular
adenoma, primary adenocarcinoma, and metastatic adenocarci-

https://doi.org/10.4132/jptm.2017.10.20



noma. Some differences in survival were observed among the
Smad4+/PTEN +, Smad4+/PTEN- or Smad4—/PTEN+, and
Smad4—/PTEN- groups. Thus, combinations of markers may
be more useful for predicting the survival of patients with CRC
than single markers alone. We conclude that concurrent loss of
Smad4 and PTEN may accelerate cancer progression and that these
two genes thus represent potential targets for cancer treatment.
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and Translational Medicine (http:/jpatholtm.org).
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Pilomatricoma is a benign subcutaneous or dermal adnexal
tumor that is usually a solitary nodule located at the head, neck,
or upper limb." Although it occurs in all age groups, 30%—
50% of cases arise in individuals under the age of 30.” Histo-
logically, pilomatricoma has conspicuous features that are well
recognized, including aggregations of basaloid cells and inner
eosinophilic material containing ghost cells.” Ghost cells are
characterized by keratinized eosinophilic cells with distinctive
cell borders and central unstained areas that correspond to the
lost nuclei.” Because of these unique histological features, pi-
lomatricoma is easy to diagnose on histologic sections. However,
cytomorphological features of pilomatricoma found in aspirates
are less distinctive and may mimic other benign lesions or ma-
lignant tumors.”” Moreover, pilomatricoma is not infrequently
mistaken for malignancies by positron emission tomography/
computed tomography (PET/CT) as well as fine-needle aspira-
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Background: Although histological diagnosis of pilomatricoma is not difficult because of its
1 | unique histological features, cytological diagnosis through fine-needle aspiration cytology (FNAC)
is often problematic due to misdiagnoses as malignancy. Methods: We reviewed the cytological
features of 14 cases of histologically-proven pilomatricoma from Korea Cancer Center Hospital,
with a discussion on the diagnostic pitfalls of FNAC. Results: Among 14 cases of pilomatricoma,
10 (71.4%) were correctly diagnosed through FNAC, and two (14.3%) were misdiagnosed as car-
cinoma. Cytologically, all cases had easily recognizable clusters of basaloid cells and foreign
body-type multinucleated cells. Aithough ghost cells were also found in all cases, some were in-
conspicuous and hardly recognizable due to their small numbers. Conclusions: An accurate diag-
nosis of pilomatricoma in FNAC is feasible with consideration of clinical information and close ex-
amination of ghost cells.

Key Words: Pilomatricoma; Fine-needle aspiration cytology; Ghost cells

tion cytology (FNAC).*"" Increased fluorodeoxyglucose (FDG)
uptake in PET/CT generally suggests malignancy, but benign
conditions such as infection/inflammation, lymphoid hyperpla-
sia, granulomatous disease, and foreign body reactions may pres-
ent as false-positive results.'>" Therefore, high FDG uptake of
pilomatricoma in PET/CT might be attributed to a foreign body
reaction in an area of keratinization.® Previous studies have
shown diverse rates of preoperative diagnosis of pilomatricoma
on FNAGC, ranging from 1.1% to 81.9%."*" Misdiagnosis, espe-
cially as malignancy, can lead to unnecessary treatment for pa-
tients with pilomatricoma. Here, we sought to delineate which
cytomorphologic findings were useful in reliably differentiating
pilomatricoma from other tumors, particularly from cancer.

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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MATERIALS AND METHODS

We identified 56 cases of pilomatricoma with a tissue diag-
nosis between January 1991 and December 2011 using the pa-
thology database of the Department of Pathology at Korea Cancer
Center Hospital (KCCH, Seoul, Korea). FNAC was performed
in 14 out of those 56 cases prior to surgical resection.

Aspirations were performed with a 22-25-gauge needle attached
to a 10 cc disposable syringe. The collected samples were smeared
on slides, fixed with 95% ethyl alcohol, and stained with Papa-
nicolaou stain.

A morphological analysis was done of the FNAC slides. The
slides were reviewed by two pathologists and one cytotechnologist.

Cytomorphology focused on ghost cells, basaloid cells, nucle-
ated squamous cells, calcium deposits, multinucleated giant cells,
and the background, with scoring using a semiquantitative
method (-, absent; +, small amount: occasionally observed; ++,
moderate amount: easy to detect; +++, abundant: frequently
detected in aggregates and/or isolated cells).

This study was approved by the Institutional Review Board
of Korea Cancer Center Hospital with a waiver of informed
consent (IRB No. K-1710-002008).

RESULTS

Clinicopathological findings

The present study included 14 cases of eight female and six
male patients with ages ranging from 4 to 38 years (mean age,
18.4 years). All cases presented as a single mass in the head and

Table 1. Clinicopathological findings in 14 cases of pilomatricoma

neck region. Lesion size varied from 0.3 to 3 cm (mean, 1.3 cm).
Clinical impressions were diverse; ten cases were benign and
the other four cases were considered as malignancies, including
metastasis from the salivary gland, thyroid, or metastasis of
unknown origin. In our series, a correct diagnosis as pilomatri-
coma by FNAC was made in 10 cases (71.4%) and misdiagnosis
was made in four cases (28.6%). The erroneous diagnoses included
metastatic carcinoma (2 cases), atypical cells (1 case), and benign
lymphadenopathy (1 case). Relevant clinical data and initial
FNAC diagnoses are summarized in Table 1.

Histologically, all cases showed typical morphology of pi-
lomatricoma, including two distinct populations of ghost cells
and peripheral sheets of basaloid epithelial cells in varying pro-
portions. Basaloid cells had round to oval hyperchromatic nuclei
and scanty eosinophilic cytoplasm. Ghost cells had a distinct
cell border and eosinophilic cytoplasm without nuclei, displaying
an empty central portion.

Cytological features

The aspirates of the fourteen cases included in this study
showed varying proportions of cellular components, including
ghost cells, basaloid cells, nucleated squamous cells, calcium de-
posits, and multinucleated giant cells (Fig. 1). Importantly, ba-
saloid cells, ghost cells and multinucleated giant cells were
found in all 14 cases, and their amounts varied in each case.

Basaloid cells were usually observed as cohesive clusters and
easily detected in most cases. Although they tended to form
monolayer sheets of small uniform cells, hyperchromatic nuclei
and conspicuous nucleoli were enough to raise the suspicion of

Case No.  Sex Age (yr) Location Tumor size (cm) Clinical diagnosis Initial FNAC diagnosis
1 F 36 Neck 0.6 Benign mass Pilomatricoma
2 F 21 Preauricular 0.3 Metastatic carcinoma Atypical cells
3 F 4 Preauricular 3 Tuberculosis Metastatic carcinoma of salivary origin
4 F 10 Neck 0.5 Tuberculosis Pilomatricoma
5 F 6 Mandible 1 Inclusion cyst, r/o tuberculosis, Atypical epithelial cells, suspicious
r/o carcinoma for metastatic carcinoma
6 F 38 Posterior neck 0.6 Metastatic carcinoma (history: papillary - Pilomatricoma
carcinoms of thyroid)
7 M 37 Neck 1 MUO Lymphadenitis
8 M 19 Neck 1.5 Benign mass Pilomatricoma
9 F 16 Neck 1 Reactive hyperplasia Pilomatricoma
r/o epidermal cyst
10 F 19 Parotid gland 2.3 Pilomatricoma Pilomatricoma
11 M 11 Preauricular 1 Epidermal cyst Pilomatricoma
12 M 11 Postauricular 2.2 Epidermal cyst Pilomatricoma
13 M 14 Neck 1.7 Lymphadenitis Pilomatricoma
14 M 16 Neck 1.7 Neck mass Pilomatricoma

FNAG, fine-needle aspiration cytology; F, female; M, male; MUO, metastasis of unknown origin; r/o, rule out.
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carcinoma (Fig. 1B). Nuclear pleomorphism was not found but
mitosis was detected in one case. The number of basaloid cell
nests was relatively small in eight cases (Table 2).

On the FNAC smears, all 14 cases displayed ghost cells. How-
ever, ten of the cases presented with only a small amount of
ghost cells detected with careful observation, one case had an
easily detectable moderate amount, and only three cases had

Cytological Features of Pillomatricoma e 47

abundant and frequently observed ghost cells (Table 2, Fig. 2).
It was easy to notice in the four cases with sheet-forming ghost
cells that they were characteristic ghost cells derived from pi-
lomatricoma, in contrast with the five cases where ghost cells
only constituted a very small number of individual cells. The
relative appearance rates of basaloid cells and ghost cells also
varied. As shown in Table 2, five cases showed a relative abun-

Fig. 1. Cytological features of pilomatricoma. (A) Low power view exhibiting large clusters of basaloid cells, ghost cells (thick arrows;
multinucleated giant cell (thin arrow) in an inflammatory background. (B) Large clusters of basaloid cells mimicking carcinoma. (C
cells. (D) Nucleated squamous cells. (E) Foreign body-type multinucleated giant cell (right upper), small cluster of basaloid cells (left upper),
calcific debris (lower), isolated ghost cell (arrow), and inflammatory cells. (F) Cellular debris (Papanicolaou stain).

Table 2. Cytological features in 14 cases of pilomatricoma

<z

,and a
Ghost

-2

Cytological feature

Case No.

Initial FNAC diagnosis Ghost Basaloid  Nucleated squamous ~ Calcium Giant
cells cells cells deposits cells SR gL
1 Pilomatricoma + ++ ++ ++ + Debris, inflammatory
2 Atypical cells + + - + Bloody
3 Metastatic carcinoma of salivary origin + ++ + - ++ Bloody
4 Pilomatricoma +++ + + = + Debris
5 Atypical epithelial cells, suspicious + +++ + + + Debris
for metastatic carcinoma
6 Pilomatricoma + +++ = + + Debris
7 Lymphadenitis - + + Inflammatory
8 Pilomatricoma + + + + + Clear
9 Pilomatricoma +++ + - - + Clear
10 Pilomatricoma +++ +++ + = + Debris
11 Pilomatricoma + + - - + Clear
12 Pilomatricoma + ++ ++ + + Debris, mitosis
13 Pilomatricoma ++ + + + ++ Cystic
14 Pilomatricoma + + - + + Inflammatory

FNAC, fine-needle aspiration cytology; —, absent; +, mild; ++, moderate; +++, abundant.
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Fig. 2. Variable features of ghost cells in aspirates of pilomatricoma.

(A) Ghost cell sheet showing abundant cytoplasm with distinct cell bor-

ders and central unstained area. (B) Clusters of ghost cells with peripheral basaloid cells. (C) Isolated ghost cells (arrows) and a small cluster
of nucleated squamous cells in an inflammatory background. (D) Predominance of basaloid cell clusters and a few ghost cells (arrows). (E)
Ghost cell nests (arrow) at the periphery of a large cluster of basaloid cells. (F) A single ghost cell (arrow) can be overlooked due to a basa-

loid cell cluster.

dance of basaloid cells compared to ghost cells (cases 1, 3, 5, 6,
and 12). Among the five cases, two were misdiagnosed as ma-
lignancy or suspicious malignancy, but the other three were
correctly diagnosed as pilomatricoma. On the other hand, the
FNAC diagnosis was correct in the three cases where ghost cells
were abundant or moderate but basaloid cells were present in
small amounts (cases 4, 9, and 13). In addition, the case with
both abundant basaloid cells and ghost cells (case 10) was cor-
rectly diagnosed on FNAC.

Foreign body-type giant cells were also present in all the cases
in varied amounts, and were most frequent in two cases (cases 3
and 13). Nucleated squamous cells presented in eight cases. Cal-
cium deposits were found in eight cases. The background showed
keratin, cellular debris, blood, and inflammatory cells. These
findings are summarized in Table 2 and shown in Fig. 1. As for
the four misdiagnosed cases, ghost cells were present, even though
they were not easily detected due to their small amounts. In the
two cases that were initially either mistaken for metastatic carci-
noma (case 3) or suspicious for metastatic carcinoma (case 5), ba-
saloid cells overwhelmed ghost cells (Fig. 2D, F). In both cases,
multinucleated giant cells and inflammatory cells were accom-
panied in the background by blood (case 3) or necrotic debris
(case 5). In case 2, which was initially over-diagnosed as atypical

http://jpatholtm.org/

cells, both basaloid cells and ghost cells appeared in small num-
bers, although the basaloid cells looked atypical due to the high
nuclear/cytoplasmic ratio. Finally, case 7, which was erroneously
diagnosed as lymphadenitis, showed mainly inflammatory cells,
some calcium deposits, and giant cells with a few scattered basa-
loid cells and ghost cells.

DISCUSSION

Pilomatricoma is a benign skin adnexal tumor that commonly
occurs in the head and neck of young adules or children.' It is
not infrequent for pilomatricoma to be misdiagnosed as a malig-
nant cumor in FNAC, which is problematic because the patient
is then over-treated. From our observations, we suggest that it
is important to recognize that ghost cells can appear in a wide
variety of forms (Fig. 2). The presence of ghost cells is of value
in the diagnosis of pilomatricoma, but the small amount of indi-
vidual ghost cells may be overlooked in aspirates. Accordingly,
detection of ghost cells, even a few by careful observation appears
to be the most important way to reach a correct diagnosis of pi-
lomatricoma in conjunction with clinical information.

In previous studies of 179 cases of pilomatricoma by Lan e
al.," only two cases were correctly diagnosed as pilomatricoma

https://doi.org/10.4132/jptm.2017.10.18
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Fig. 3. Fine-needle aspiration cytology smear from pilomatricoma mimicking carcinoma. (A) Tight clusters of basaloid cells and necrotic debris
(thin arrow) simulate carcinoma. However, a few scattered ghost cells are noted (thick arrows). (B) A nest of nucleated keratinizing squamous
cells (center) may raise the suspicion of carcinoma. Nevertheless, if ghost cells are noted (arrows), a correct diagnosis of pilomatricoma can

be made.

in preoperative examination. The other cases were mostly mis-

©In

diagnosed as benign skin lesions such as epidermoid cysts.
our series, a correct diagnosis of pilomatricoma by preoperative
FNAC was made in 10 cases (71.4%). All of those cases had
ghost cells, basaloid cells, and giant cells. The presence of nucle-
ated squamous cells, calcium deposits, and background varied.
Pilomatricoma is often confused with malignant tumors such as

718 thabdomyosarcoma,’ Merkel cell car-

small round cell tumor,
cinoma,’ or metastatic small cell carcinoma of the lung'’ due to
the aggregation of basaloid cells with small nuclei and scanty
cytoplasm. In addition, because of the unusual location, incorrect
diagnosis has been made as metastatic adenocarcinoma in the
abdominal wall’ and breast cancer.”

In the current study, two cases mistaken for carcinomas showed
numerous small and large clusters of hyperchromatic epithelial
cells. Background cellular debris mimicking tumor necrosis
(Fig. 3A) and small clusters of keratinizing cells may have led
to a false positive diagnosis (Fig. 3B). Moreover, the ghost cells
were not easily detected on the smears, especially in the hyper-
cellular cases, because they were present individually or ob-
scured by inflammatory cells, blood cells, or necrotic debris.

Given the causes of misdiagnosis as malignancy in this study,
we have two observations. One is that clinical information, espe-
cially patient age, was neglected, and the other is that a few
ghost cells were overlooked due to the overwhelming number
of basaloid cells. It was careless to suggest metastatic carcinoma
in children. Even if malignancy is suspected by cytologic findings,
patient age is an important consideration in careful diagnosis.

The current study is limited by the small number of cases.
During the same period, 56 cases were diagnosed as pilomatri-
coma by surgical excision and only 14 cases underwent preop-

https://doi.org/10.4132/jptm.2017.10.18

erative FNAC (25%) in this study. This is similar to other studies
in the literature. Compared to the number of surgically resected
tissue specimens, the number with FNAC is relatively small,
ranging from 26% to 53.6%.""**"** Few reports are available
on the cytological features of pilomatricoma, and the largest se-
ries in the literature includes 22 cases.” This deficit might be due
to surgical excision without a preoperative cytologic examination
depending on the clinical impression of a benign-looking mass.
In conclusion, consideration of clinical manifestation in patient
age, location, consistency, and skin mobility is very important
to avoid over-diagnosis in interpreting preoperative FNAC
smears of pilomatricoma. It is also important to try to identify
the coexistence of basaloid cells and ghost cells, and to avoid
focusing too much on a predominance of basaloid cells.
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Lymphomas arising in the central nervous system (CNS) of immunocompromised hosts are most
commonly non-Hodgkin’s lymphomas and are highly associated with Epstein-Barr virus (EBV).
Here we report an autopsy case of EBV-associated CNS diffuse large B-cell lymphoma (DLBCL) in
a host suffering from systemic lupus erythematosus who underwent immunosuppressive therapy.
After autopsy, EBV-associated CNS DLBCL as well as pulmonary mixed aspergillosis and Pneu-
mocystis jirovecii pneumonia were added to the cause of clinical manifestations of complicated
pneumonia and cerebral hemorrhage in this immunocompromised patient. In conclusion, complex
disease processes were revealed by autopsy in this case, indicating that the clinicopathological
correlations observed through autopsy can improve our understanding of disease progression and
contribute to the management of similar patients in the future.
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Lymphomas arising in an immunocompromised host are most
commonly non-Hodgkin’s lymphoma, which is associated with
Epstein-Barr virus (EBV) and can appear in the central nervous
system (CNS)."” However, even when lymphoma is localized to
the CNS, if the host is immunodeficient patients this does not
represent ptimary CNS lymphoma (PCNSL), because the 2008
World Health Organization (WHO) classification of hemato-
poietic and lymphoid tissues limits PCNSL to diffuse large B-cell
lymphoma (DLBCL) in immunocompetent patients.’ Therefore,
PCNSL cannot be diagnosed in the patients with a history of
underlying autoimmune diseases, organ transplantation, or
immunosuppressive therapy. In addition, primary T-cell, NK-T
cell or intravascular large B-cell lymphomas occurring in the
CNS are not PCNSL, because they are not DLBCL. While
PCNSL accounts for 2.4%-3.0% of all CNS tumors and com-
prises more than 95% of CNS lymphomas, EBV-associated CNS
lymphoma (CNSL) is extremely rare." The majority of PCNSLs
are sporadic and non-EBV-associated, and the incidence increases
with age. Few CNSLs are related to immunocompromised states
such as human immunodeficiency virus infection and iatrogenic
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immunosuppression following organ transplantation.’ In the
latter cases, EBV infection is the most common cause of CNSL.°

We report a case of an immunocompromised patient diag-
nosed with EBV-associated CNSL after autopsy, focusing on the
clinicopatholgical features of CNSL in immunocompromised
patients. This case report followed the principles of the World
Medical Association Declaration of Helsinki and it was approved
by the Institutional Review Board of SNUH (H-1305-625-491
and IRB No. H-1506-080-681) with a waiver of informed consent.

CASE REPORT

The patient is a 60-year-old woman with a 2-year history of
systemic lupus erythematosus (SLE) treated with prednisolone.
Twelve years ago, she donated her left kidney to her daughter,
who suffered from SLE for 12 years. She also had history of sple-
nectomy due to idiopathic thrombocytopenic purpura (ITP) 8
years ago. One year ago, she underwent segmental resection of the
small bowel due to cytomegalovirus (CMV) enteritis with perfora-
tion possibly related to steroid medication for SLE. Five months

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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prior, she presented with left-side weakness and seizure. Magnetic
resonance imaging (MRI) of the brain revealed multiple acute
and subacute infarct-like lesions with hemorrhagic transforma-
tion of the left frontal and fronto-parietal lobe lesions (Figs. 1,
2). Two months before death, she experienced fever relapses; at
that time, chest imaging (chest posteroanterior) revealed patchy
ground glass opacities of the bilateral upper lobes, indicating
aggravated diffuse pneumonia (Fig. 3). On last admission, liver
function test revealed abnormalities: aspartate aminotransferase,
125 TU/L (normal, O to 40 IU/L); alanine aminotransferase, 57
IU/L (normal, 0 to 40 TU/L); and total bilirubin, 1.1 mg/dL
(normal, 0.2 to 1.2 mg/dL). The patient’s general condition
worsened and she died in December, 2012. A limited autopsy
was performed confined to the brain, right lung and liver.

On autopsy, the whole brain was removed, which weighed
1,230 g in a fresh state. Both cerebral hemispheres were symmetric
and dura and meninges were unremarkable. There was a 2.0 x
1.7 x 1.2-cm-sized hemorrhagic lesion on the left frontoparietal
area of the coronal section (Fig. 1). Right pneumonectomy was

carried out (960 g in the fresh state). There were adhesions between
the chest wall and parietal pleura. Patchy consolidations were
found in the right upper lobe and a hemorrhagic lesion was
found in the right lower lobe. Wedge resection of bilateral lobes
of the liver revealed a clear external surface and a diffusely greenish
bile-tinged cut surface. Cirrhosis was absent.

Microscopically, the frontal lobe had a small infarct, but the
larger lesion on the left frontoparietal lobe of the brain was DLBCL,
showing robust CD20 positivity and 100% EBV positivity of
lymphoma cells on EBV-encoded small RNA 7 situ hybridization
(Fig. 2). The margin of the lymphoma was relatively well demar-
cated, but the cells were also infiltrating blood vessels up to 2
mm from the main tumor margin (Fig. 2). There were tiny clusters
of lymphoma cells in the right frontal, upper midbrain and
lower medulla oblongata. The right upper lobe of the lung
showed invasive aspergillosis and Preumocystis jirovecii pneumonia
(Fig. 3). There was alveolar hemorrhage in the right lower lobe.
The liver had bile plugs in the interlobular bile ducts with bile
ductular proliferation consistent with intrahepatic cholestasis,

Fig. 1. (A) Brain computed tomography shows a round enhanced lesion (arrow) in the left frontal area. (B) The cut surface of the brain shows
a relatively well-demarcated friable lesion with hemorrhage and necrosis (arrow) in the left frontal cortex and white matter. (C) On light micros-
copy the tumor is composed of sheets of large atypical lymphocytes with angiocentricity. (D) CD20 immunostaining reveals that neoplastic

lymphocytes are robustly positive.
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Fig. 2. (A) Epstein-Barr virus (EBV)-encoded small RNA in situ hybridization shows that nearly 100% of tumor cells are positive for EBV. (B)
CD20 immunostaining delineates individual infiltrating tumor cells and perivascular spread of tumor cells along blood vessels. The largest
distance from the margin of the main mass is approximately 3 mm. (C) An infarct was found in the right frontal lobe, demonstrating rarefied
brain with vascular proliferation, foamy macrophage infiltration and perilesional gemistocytic reactive gliosis. (D) The internal capsule exhibits

thick perivascular calcifications.

but neither inflammatory cell infiltration nor any fungal or viral
organism was present.

DISCUSSION

There are two kinds of CNS DLBCL; one appears in immu-
nocompetent patients and the other in immunodeficient patients.
Primary CNS DLBCL in immunocompetent hosts are designated
as PCNSLs by the WHO classification of tumors of hematopoietic
and lymphoid tissue in 2008.” Primary CNS DLBCL exhibits
specific gene expression and genomic profiles that differ from extra-
CNS DLBCL, and the patients are managed with different proto-
cols.” The most significantly upregulated gene is extracellular
matrix (ECM)-related osteopontin (secreted phosphoprotein 1,
SPP1I). This ECM- and adhesion-related pathways may be related
to the biologic characteristic of PCNSL, such as CNS tropism.’

Immunodeficiency-related lymphoma of the CNS differs
from PCNSL of immunocompetent people based on its EBV

https://doi.org/10.4132/jptm.2017.01.23

positivity and tendency toward multifocality.”® In general, CNS
is one of the common site of EBV-associated DLBCLSs in immu-
nocompromised patients.” There are two kinds of EBV-associated
CNS DLBCL: age-related CNS DLBCL occurring in immuno-
competent eldetly patients (=65 years old) and immunodeficiency-
associated CNS DLBCL." According to one study, the incidence of
age-telated EBV-associated CNSL without congenital or acquired
immunodeficiency was reported to be about 4% (5/134). Primary
CNS EBV-associated DLBCL in the elderly was higher in Asian
countries than in Western countries.”

The prognosis of CNSL is very poor in both immunocompetent
and immunocompromised hosts." Accumulated clinical experience
over the past decade has proven that first-line treatment of
PCNSL patients should avoid whole brain radiation. One
approach includes combined induction immunotherapy with
methotrexate, temozolomide, and rituximab followed by consoli-
dative infusional etoposide plus high-dose cytarabine administered
during the first complete remission.'"

http://jpatholtm.org/
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Fig. 3. (A) Chest posteroanterior view shows diffuse haziness of both lungs with marked interstitial and right pleural effusion. (B) Microscopi-
cally, the lung shows diffuse alveolar damage, frothy intra-alveolar spaces, detached alveolar lining cells and many macrophages. (C) Gomori
methenamine silver staining reveals tiny black oval-to-round Pneumocystis jirovecii organisms (arrow) in the intra-alveolar space. (D) Lung tissue
shows a cavitary lesion with a fungus ball of aspergillosis (Periodic acid-Schiff staining).

Here, we report a case of autopsy-proven EBV-associated CNSL
arising in an immunocompromised host. The pre-autopsy clinical
diagnosis was underlying SLE and immunosuppressive therapy-
related intestinal CMV enteritis, and intrahepatic cholestasis as
well as suspected brain infarcts in the right frontal and fronto-
parietal lobes. In addition to preautopsy clinical diagnosis, EBV-
associated CNS DLBCL and pulmonary aspergillus and P. jirovecii
pneumonia were found on autopsy.

The pathology of the liver suggests extrahepatic occlusion
because bile plugs and bile duct proliferation were found. The
patient had a CMV enteritis with petforation in the small bowel.
CMV usually does not affect healthy people, but does symp-
tomatically infect immunocompromised hosts. In this case, the
patient had been taking prednisolone for a couple of years because
of SLE and ITP; therefore, she is presumed to have had steroid-
induced immunosuppression. Invasive aspergillosis and P. jirovecii
pneumonia are also infectious diseases related to immunocom-
promised status.

Diagnosis of CNSL can be difficult because MRI features overlap

http://jpatholtm.org/

with other pathologies.”” In our case, the radiologic report from
brain MRI suggested embolic infarctions. Since the majority of
CNS lymphomas are diagnosed via stereotactic biopsy or, less
commonly, by flow cytometric analysis of cerebrospinal fluid
lymphocytes, the detailed pathology and appearance of infiltrations
remain unclear. Therefore, our case is important because we were
able to examine the lesions in detail. In this autopsy case, the gross
margins of the main CNSL mass were relatively well demarcated,
but tumors had spread to other areas as tiny clusters of lymphoma
cells.

The tumor cells were robustly positive for CD20 and Bcl-2;
however, they were negative for CD3, Bcl-6, CD10, MUM-1,
and CMV. Bcl-6 and CD10 are usually positive in germinal center
type DLBCL and Bcl-6 can be considered as a good prognostic
marker, but our case was negative for these two markers."” MUM-1
is usually positive in activated B-cell type of DLBCL," but it was
also negative in our case.

Radiologically, differential diagnosis of primary CNS DLBCL
may include CNS embryonal tumors (previously called primitive

https://doi.org/10.4132/jptm.2017.01.23



neuroectodermal tumors) and high-grade gliomas, because both
show high cellularity and necrosis. Pathological diagnosis is not
difficult with the help of immunohistochemistry.'

In conclusion, we report an autopsy case of EBV-associated
CNS-DLBCL in an immunocompromised host. The patient
suffered from SLE for 2 years and had a history of splenectomy
due to ITP, small bowel resection due to CMV enteritis and compli-
cations of bowel perforation, and complex pneumonia, which was
associated with long-term steroid therapy for SLE. Pre-mortem
MRI findings of CNS lesions were suspicious of infarcts, but the
lesions were found to be EBV-associated DLBCL on pathology.
The patient’s pulmonary lesions represented aspergillosis and P,
Jirovecii pneumonia. Therefore, the major pathology of this compli-
cated case involving an immunocompromised host was correctly
diagnosed on autopsy. Despite advances in diagnostic options and
technology, autopsy remains an essential tool for determining
cause of death and obtaining important pathologic information.
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Analysis: A Case Report

Colloid carcinoma, which is a very rare tumor of the uterine cervix, is composed of an excessive
amount of mucus and a relative paucity of tumoral glandular cells within them. Herein, we report
a rare case of colloid carcinoma of the cervix with adenocarcinoma in situ (AlS), intestinal and
usual types, and endocervical adenocarcinoma (usual type) components. We also discuss the
morphological and immunohistochemical characteristics of this tumor. A 51-year-old woman was
referred to our outpatient clinic with the symptom of genital bleeding lasting for 5 months. She
had a cervix surrounded by an irregular tumor with a diameter of 5 cm. The colloid carcinoma
cells were positive for MUC2, MUC5AC, and cytokeratin (CK) 7, focal positive for CDX2, and
negative for MUC6 and CK20. Also, the intestinal type AIS showed a similar staining pattern. Col-
loid carcinoma cells producing mucin showed an intestinal phenotype and AIS. The intestinal
type can be considered as a precursor lesion of colloid carcinoma.
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Colloid carcinoma is a very rare tumor of the uterine cervix.
Presence of a large amount of extracellular mucin resulting in
the formation of mucous lakes with a relative paucity of neoplas-
tic cells within them is called colloid (gelatinous) carcinoma.'™
The classification and prognosis of colloid carcinoma is contro-
versial."

In the literature, only two colloid carcinoma cases with immu-
nohistochemical features have been reported."” One of the cases
was reported as pure colloid carcinoma,” while the second case
was reported as colloid carcinoma with endocervical type adeno-
carcinoma iz situ component.”

In this case report, we present the histopathologic and im-
munohistochemical features of the tumor.

CASE REPORT

A 51-year-old female was admitted for examination of anemia.
She complained of easy fatigability and uterine bleeding for 5

© 2018 The Korean Society of Pathologists/The Korean Society for Cytopathology
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months. She has been in menopause for 2 years and has no past
medical history. Her laboratory test results were within normal
range except for hemoglobin levels (9.8 mg/dL). There was no
palpable mass upon gynecologic examination. Chest X-ray and
gastroscopic evaluation were normal. Endometrial and endocer-
vical samplings were performed. Fragments of adenocarcinoma
were identified in the assessment of the materials obtained from
endocervical curettage. In imaging studies, the cervix was sur-
rounded by a lesion with a diameter of 5 cm, flattening the cer-
vix wall. In detailed imaging studies, there was no additional
lesion in gastrointestinal tract or in any other location. Cervical
adenocarcinoma was prediagnosed according to the results of
frozen section. Total abdominal hysterectomy with bilateral oo-
phorectomy and pelvic and para-aortic lymph node dissection
was performed. The cervix was grossly surrounded by an irregu-
lar tumor with a diameter of 5 ¢m, and the cervix wall was flat-
tened. The cross-sectional area was gelatinous and some parts
were covered with mucinous layer (Fig. 1). In addition, endo-
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metrial lesion and a 3-cm-sized cyst in left ovary were detect-
ed. The remaining parts of the specimen were grossly unre-
markable.

L

Fig. 1. Gross appearance of the tumor. The cervix is surrounded
by an irregular tumor (arrows), with erosion in the mucosal surface
covered by mucinous layer.

Table 1. Immunohistochemical and histochemical findings

Colloid Carcinoma of the Uterine Cervix © 57

Formalin-fixed paraffin embedded tissue blocks of the surgical
specimens were cut, deparaffinized and rehydrated. Sections
were stained with hematoxylin and eosin. Immunohistochemistry
was performed using manual polymer detection system with
citrate buffer heat induced epitope retrieval. The following
prediluted ready to use primary antibodies were used: MUC2
(M53, mouse monoclonal antibody, Thermo Fisher Scientific,
Waltham, MA, USA), MUCSAC (USM1, mouse monoclonal
antibody, Thermo Fisher Scientific), MUC6 (CLH 5, mouse
monoclonal antibody, Thermo Fisher Scientific), cytokeratin
(CK) 20 (Ks 20.8, mouse monoclonal antibody), carcinoembry-
onic antigen (rabbit polyclonal antibody, Thermo Fisher Scien-
tific), CD10 (S6C6, mouse monoclonal antibody, Thermo Fisher
Scientific), p16 (INK4, BioGenex, San Ramon, CA, USA).
Periodic acid-Schiff (PAS) and alcian blue (AB) stains were per-
formed.

On histopathological examination, the tumor deeply invaded
the cervical wall (Fig. 2A). Also, adenocarcinoma i situ (AIS) of
intestinal and usual types were detected in superficial areas. In
these areas, the surface and glands were lined by tall columnar
cells with pseudostratified nuclei containing coarse chromatin,
and goblet cells were observed in some areas. In deeper regions,
numerous variably sized mucous lakes were present. Cuboidal
or low columnar neoplastic cells forming tubular or cribriform
structures floated within the mucous lakes or were lining the
inner surface. Some of the mucous lakes did not contain any
cellular component. Neoplastic cells had enlarged oval nuclei
without conspicuous nucleoli and large apical cytoplasm contain-
ing basophilic mucus. They resembled goblet cells. Since they
were inside the mucous lakes, they were flattened because of the
pressure. Mitotic figures were rarely observed. Lymphovascular
invasion was not shown. Approximately 80% of the invasive

Adenocarcinoma in situ cells

Colloid carcinoma cells Mucous lakes

Adenocarcinoma (usual)

Intestinal Usual
MUC2 + - + - -
MUC5AC + + + + +
MUC6 - - Weak + - -
CDX2 Focally + = Focally + Focally + Focally +
CK7 + - + + +
CK20 - - - - -
CEA + Focally + + - -
p16 + = + + +
PAS + + + - -
Alcian-blue + + + - -
Mucicarmine + + + Focally + Focally +

CK, cytokeratin; CEA, carcinoembryonicantigen; PAS, periodicacid-Schiff.
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component was composed of the colloid carcinoma, and other
invasive component was formed by the usual type of endocervical
adenocarcinoma. The latter component consisted of glands or
cribriform structures lined by tumor cells with pseudostratified
large nuclei containing coarse chromatin. Intracellular mucin
was reduced, and mitosis was increased. The tumor was invading
the endometrial surface. Invasion of the cystic tumor tissue con-
sisting of mucinous component was found in the left ovary and
tumor infiltration was found in the serosa of the right fimbrial
end. The peritoneal washing was positive for tumor cells and the
pelvic lymph node was also positive.

The results of histochemical and immunohistochemical studies
are presented in Table 1. Mucous lakes and tumor cells of both
colloid carcinoma and AIS intestinal type were positive for
MUCS5AC and negative for MUCG, and the tumor cells were
positive for MUC2 but mucous lakes were negative for MUC2

— —
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Fig. 2. Colloid carcinoma component is present in the deep area. Adenocarcinoma in situ (AlS), usual and intestinal types (inset), and endo-

cervical adenocarcinoma (usual type) components are present in the superficial area (A). Colloid carcinoma cells and AlS intestinal type cells
(inset) are positive for MUC2(B) and MUCSAC (C) and negative for MUCE (D).

http://jpatholtm.org/

(Fig. 2B-D). Mucous lakes and tumor cells of both colloid car-
cinoma and AIS intestinal type were positive for PAS, AB, and
mucicarmine stains.
The patient was treated with chemotherapy and radiotherapy.
She had generalised tumor recurrence 1.5 years after the surgery.
Written informed consent was obtained and this manuscript

was written in accordance with the principles of the Declaration
of Helsinki.

DISCUSSION

Colloid adenocarcinoma of the cervix is a very rare tumor and
its histopathologic classification is not clear. In the literature,
only two cases were reported as colloid carcinoma of the cervix."”
It is a unique subtype due to the phenotype of contained mucus,

and its prognosis is controversial. Mucinous adenocarcinoma is
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classified into not otherwise indicated, gastric, intestinal, and
signet-ring cell types according to the World Health Organiza-
tion classification, but the classification of colloid carcinoma is
controversial. It has been reported that large pools of mucin
may occasionally be present within the stroma in endocervical
adenocarcinoma usual type, and colloid carcinoma is treated
and managed as a variant of the endocervical type." According
to Young and Clement, mucinous adenocarcinoma consists of,
in addition to the endocervical (usual type) adenocarcinoma,
two variants: minimal deviation adenocarcinoma and intestinal
type adenocarcinoma. Colloid carcinoma is a subgroup of the
intestinal type."® On the other hand, colloid tumor is also consid-
ered as a heterogeneous group of tumors which might have intes-
tinal and endocervical phenotypes."?

The expression of MUC genes is relatively tissue-specific.
MUCSAC is a gastric foveolar epithelial type of mucin. MUC6
is a pyloric gland type of mucin and both types were expressed
by endocervical cells while MUC2 is an intestinal type of mucin
and not expressed by endocervical cells."*”” When an epithelium
undergoes malignant transformation, the mucin genes can undergo
aberrant expression causing reduced production of an expected
mucin and/or production of a structurally different and unexpected
mucin within the transformed epithelium.® Immunohisto-
chemical analyses on different types of mucins have been conducted
in pancreatic, gastrointestinal and endocervical tumors. While
MUC2 is not expressed in normal endocervical epithelial cells,
it is expressed in endocervical adenocarcinomas.™ It is observed
that de novo MUC2 is expressed in neoplastic endocervical
glands and postulated that MUC2 expression may accompany
neoplastic transformation of endocervical glands.” MUC2 staining
pattern in our case is compatible with the staining of endocervical
adenocarcinomas in the literature.”® Similar to our case, Shintaku
et al." reported that while colloid cells stained with MUC2,
mucin lakes did not. On the other hand, Ishida ez /. did not
refer to any staining. The difference in the staining pattern may
be attributed to the mucin production during the malignant
transformation and laboratory techniques. In our case, MUC5AC
staining was positive, which is compatible with the staining
pattern of classical endocervical adenocarcinomas described in
the literature.”* While Ishida ez #/.” reported MUCSAC staining,
Shintaku ef /. did not refer to any staining.

In additon to the cervix, mucin expression in mucinous carci-
nomas of other organs is also discussed.” In cases of colon carci-
noma, MUC5SAC and MUC2 stainings in mucinous and signet-
ring cell carcinomas are detected at higher levels than in classical
colon carcinomas. Also, it is considered that transformation

https://doi.org/10.4132/jptm.2017.04.08
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process of the mucinous and signet ring cell carcinomas might
be different from the traditional adenoma-carcinoma sequence
of the colorectal carcinomas.”

CDX2 is a transcription factor expressed by the entire intestinal
type of cervical adenocarcinomas and some conventional cervical
adenocarcinomas. The importance of CDX2 lies in its essential
role in the differentiation of the intestinal mucosal epithelium.'*"

In previously reported case of colloid carcinoma of the cervix,
Shintaku ez @/." demonstrated that tumor cells were positive for
MUC2 and CDX2, but negative for MUC5AC and MUCG.
The authors concluded that the mucin-producing tumor cells
were intestinal phenotype.' In other case report of colloid carcinoma
of the cervix, Ishida ez @/.* found that MUC5AC and MUC6
were positive and MUC2 and CDX2 were negative in colloid
carcinoma cells, and MUCSAC was positive and MUC2 and
CDX2 were negative in endocervical type AIS component. In
light of these evidences, the authors concluded that the mucin-
producing neoplastic cells were endocervical phenotype, and
that the endocervical type AIS can be a precursor lesion of colloid
carcinoma.”

In present case, the colloid carcinoma cells were positive for
MUCSAC and MUC2, focal positive for CDX2, and negative
for MUC6. Besides, in other parts of the tumor, AIS intestinal
type revealed a similar staining pattern. We concluded that mucin-
producing neoplastic cells were intestinal phenotype and intes-
tinal type AIS might be a precursor lesion of colloid carcinoma.

Metastatic colloid adenocarcinoma from the gastrointestinal
tract is an important tumor type in differential diagnosis of the
colloid carcinoma of the cervix. In differential diagnosis, however,
immunohistochemical staining alone is inadequate because the
immunophenotyping of metastatic colloid adenocarcinoma from
the gastrointestinal tract can be similar: positive for MUC2,
MUC6, and CK7 and positive/negative for CDX2 and CK20.”

In our case, immunohistochemical staining was not effective
in the differential diagnosis of colloid carcinoma of the cervix
from metastatic colloid adenocarcinoma arising from the gastro-
intestinal tract. Because there was no other tumor detected in
the systemic examination of the patient, the presence of AIS
was considered as an evidence for the primary cervical tumor.

In conclusion, since colloid carcinomas of the cervix are rare,
detailed assessments with more samples are necessary to deter-
mine whether they are heterogeneous or homogeneous group
depending on the type(s) of mucin and to describe the status of
colloid carcinoma of the cervix in the classification of adenocar-

cinoma.
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of Cryptococcal Meningitis

Cryptococcus neoformans is the most common microorganism found in cerebrospinal fluid (CSF)
cytology and causes life-threatening infections in immunocompromised hosts. Although its cyto-
morphologic features in conventional smear cytology have been well described, those in liquid-
based cytology have rarely been. A 73-year-old woman with diffuse large B-cell lymphoma presented
with mental confusion and a spiking fever. To rule out infectious conditions, CSF examination was
performed. A cytology slide that was prepared using the ThinPrep method showed numerous
spherical yeast-form organisms with diameters of 4-11 um and thick capsules. Occasional asym-
metrical, narrow-based budding but no true hyphae or pseudohyphae were observed. Gomori
methenamine silver staining was positive. Cryptococcosis was confirmed in blood and CSF
through the cryptococcal antigen test and culture. Liquid-based cytology allows for a clean background
and additional slides for ancillary testing, facilitating the detection of microorganisms in CSF
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Cryptococcus neoformans is the most common microorganism
found in cerebrospinal fluid (CSF) cytology." Detecting C. neofor-
mans in CSF specimens is crucial for cytopathologists as the organ-
ism causes life-threatening infections in immunocompromised
hosts. Although the cytomorphologic features of C. neoformans
in conventional smear cytology have been well described, those
in liquid-based cytology have rarely been. Recently, a case in
sputum cytology sample has been reported.” Here, we report the
findings of a liquid-based cytologic preparation of a CSF specimen
in a case of culture-proven cryptococcal meningitis.

CASE REPORT

A 73-year-old woman visited the hospital with complaints of
myalgia, night sweats, and anorexia for 1 week. Her past medical
history was unremarkable. On physical examination, a palpable
mass was discovered in the right neck, and abdominopelvic
computed tomography showed generalized lymphadenopathy.
Excisional biopsy of the cervical mass revealed diffuse large B-
cell lymphoma, and she received chemotherapy treatment. After
completing 1 cycle of chemotherapy, she presented with a spiking
fever (up to 38.3°C) and mental confusion. Laboratory tests
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specimens, particularly when the number of organisms is small.

Key Words: Cryptococcus neoformans; Cerebrospinal fluid; Liquid-based cytology

revealed leukocytosis (white blood cell count, 11.01 X 10°/uL)
and increased C-reactive protein levels (207.3 mg/L) in periph-
eral blood. Therefore, CSF examination by lumbar puncture
was performed to rule out infectious meningitis.

The CSF specimen submitted for cytologic examination was
clear and colorless. It was processed onto a ThinPrep slide and
stained with the Papanicolaou stain. Microscopic examination
revealed many round to oval structures with thick halos (Fig. 1).
They stained pale blue and ranged in size from 4 to 11 pm. The
initial impression was a contaminant, such as glove powder, because
the structures were numerous while the background was almost
acellular (Fig. 1A). However, when viewed carefully, the structures
contained a brownish dot-like internal structure that was suspected
as being a nucleus, with occasional tear drop-shaped budding
(Fig. 1B, C). When an additional slide was stained with the
Gomori methenamine silver method, they stained black (Fig. 1D).
Based on positive cryptococcal antigen detection and India ink
tests of the CSF specimen prior to the initial cytologic diagnosis,
the presence of C. neoformans was reported. Subsequently, CSF
and blood cultures confirmed cryptococcosis. Although treatment
with amphotericin B was started and the organisms were not seen
in a repeat CSF examination, the patient died approximately 3
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Fig. 1. Representative images of ThinPrep slide preparations of the cerebrospinal fluid. (A) Liquid-based cytology shows numerous spherical
yeast cells against a clean background (Papanicolau stain). (B, C) The cells have varying sizes, clear halos, and show occasional narrow-
based single budding (arrows) (Papanicolau stain). (D) Black staining is observed with the Gomori methenamine silver stain.

months later owing to worsening of her general condition and
recurrence of cryptococcal meningitis.

The authors comply with the guidelines for human studies.
The patient died approximately 3 months later owing to worsening
of her general condition and recurrence of cryptococcal meningitis.
Therefore, the authors could not receive the patient’s informed
consent for this manuscript. This was notified to the Institu-
tional Review Board (IRB), who waived the IRB protocol approval
(4-2017-0814).

DISCUSSION

C. negformans is a ubiquitous encapsulated yeast that causes
infections ranging from asymptomatic pulmonary colonization
to life-threatening meningoencephalitis.” C. neoformans enters
the body by inhalation through the respiratory tract and spreads

http://jpatholtm.org/

hematogenously to the central nervous system. It has long been
recognized that while C. negformans may cause meningoencepha-
litis in otherwise healthy people, it more frequently presents as
an opportunistic infection in immunocompromised individuals
with acquired immunodeficiency syndrome, neoplastic conditions,
or those undergoing corticosteroid therapy; it is fatal without
treatment. Therefore, rapid recognition and diagnosis are re-
quired to decrease mortality rates.

The cytomorphology of C. negformans in conventional smear
cytology has been well described.*> Cryptococcus has yeast but
not pseudohyphal or hyphal forms with rare exceptions. With
the routine Papanicolaou stain, yeast cells can be seen as pale,
brownish-pink, slightly refractile spheres surrounded by clear
halos. In Diff-Quik-stained preparations, purple yeast cells with
accentuated clear halos against a dark purple background give
the smear a punched-out appearance. Cells generally range from

https://doi.org/10.4132/jptm.2017.06.13



5 to 10 pm in diameter, but this can vary from 2 to 20 pm. A
useful cytologic feature is the appearance of the asymmetric,
narrow-based budding. Special stains, such as mucicarmine,
periodic acid-Schiff and alcian blue, can aid the diagnosis as
Cryprococeis has a characteristic thick mucopolysaccharide capsule.
In patients with cryptococcal meningitis, the inflammatory
response shows variable degrees depending on the immunocom-
petence of the hosts.” While CSF smears from immunocompetent
patients typically manifest as CSF pleocytosis, smears from immu-
nocompromised patients often show large numbers of yeast
cells without an inflammatory response, as shown in our case.

Recently, Cryprococus gatti, which is closely related to C. negformans,
has emerged in North America and has been responsible for a
large disease epidemic in a population of generally healthy indi-
viduals including immunocompromised hosts.” Unfortunately,
it is difficult to differentiate C. gasti from C. negformans by mor-
phology alone. Further differentiation of cryptococcal species
can be accomplished on L-canavanine-glycine-bromthymol
blue agar; C. gattii colours the medium blue while C. neoformans
does not (the medium remains yellow).”

In the cytologic examination of non-gynecological body fluids,
including CSF, the liquid-based preparation method has not
been used as widely as the conventional method. Moreover, the
literature describing the morphologic features of cryptococci in
liquid-based cytology is scarce.” In this report, we observed that
the most important cytomorphologic features of cryptococci,
such as the thick capsule and tear-drop shaped budding, are well
maintained in liquid-based cytology. Moreover, liquid-based
cytology provided a clean background that facilitated the detection
of the microorganisms and allowed for the preparation of addi-
tional slides for special staining to confirm the diagnosis.

In patients with cryptococcal meningitis, cytologic examination
of the CSF has been shown to have a low diagnostic yield as the
yeast cells can be easily overlooked, particularly when few in
number, and can be confused with erythrocytes or artifacts (e.g.,
surgical glove powder, dust, or glass powder)." Moreover, cryp-
tococci sometimes show unusual cytomorphology that can cause
diagnostic difficulty, such as chains of budding yeasts, pseudo-
hyphae, or capsule-deficient forms."”"" Our experience in this case
suggests that liquid-based cytology may improve the sensitivity
of the detection of microorganisms and thus diagnostic accuracy
by providing opportunities for ancillary testing. In addition, for
CSF examinations, liquid-based cytology might be superior to

https://doi.org/10.4132/jptm.2017.06.13
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conventional cytology for clear morphology, as cellular components
can be deformed in the latter during cytospin preparations.
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Hyalinizing Cholecystitis and Associated Carcinoma: A Case Report

Youngjin Kang - Yang-Seok Chae - Chul Hwan Kim - Youngseok Lee - Dong-Sik Kim' - Young-Dong Yu' - Joo Young Kim

Departments of Pathology and 'Surgery, Korea University Anam Hospital, Korea University College of Medicine, Seoul, Korea

Hyalinizing cholecystitis (HC) is a recently described rare
variant of chronic cholecystitis that is characterized by replace-
ment of the normal structures of the entire gallbladder wall
with diffuse and dense hyaline sclerosis." Some cases of chole-
cystitis are associated with variable degrees of calcification. Por-
celain gallbladder (PG) is an extensively calcific example that is
a vaguely and radiologically defined entity whose pathologic
correlation has not been identified.”* PG is subclassified into
“complete porcelain,” showing extensive dystrophic calcifica-
tions that form an intramural continuous band involving more
than 80% of the gallbladder wall, and “incomplete porcelain,”
which lacks these findings.>>” Although HC is rare and found
in only approximately 1.6% of cholecystectomy specimens, it is
more commonly accompanied by carcinomas with more aggres-
sive clinical behavior compared to usual gallbladder carcino-
mas.! However, preoperative diagnosis of HC-related carcinoma
is challenging, because the wall is thinner than that of typical
chronic cholecystitis or usual carcinomas, and discrete masses
are not formed. There has been only one case report of HC, which
was accompanied by immunoglobulin G4—related disease,”
since Patel ez al.' first described the entity in a retrospective case
series. We present a case of HC and associated carcinoma mas-
querading as primary biliary cancer.

CASE REPORT

A 54-year-old man visited the hospital due to fatigue, pruritus,
and diarrhea. Laboratory findings revealed elevations in aspartate
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aminotransferase (98 TU/L; reference range, 3 to 45 IU/L), alanine
transaminase (232 TU/L; reference range, 3 to 45 IU/L), alkaline
phosphatase (320 TU/L; reference range, 30 to 120 IU/L), and
gamma-glutamyl transpeptidase (619 IU/L; reference range, 9
to 64 IU/L). Biliary computed tomography scan and magnetic
resonance cholangiography revealed enhancing wall thickening
of the cystic duct and common hepatic duct and multiple calci-
fied gallstones as well as sludge in the gallbladder with mild
wall thickening (Fig. 1A). Radiologically, carcinoma of the pri-
mary bile duct or cystic duct and associated chronic calculous
cholecystitis was suspected, and bile duct resection with chole-
cystectomy was performed.

An 8.0%5.5x5.5 cm gallbladder was submitted for intraop-
erative frozen diagnosis. Grossly, the gallbladder wall was dif-
fusely fibrotic, and the mucosal sutface was covered by yellow-
ish necrotic material with a gallstone (2.0x1.2X 1.0 cm). There
were no mass-like lesions (Fig. 1B). Two random frozen sections
were examined microscopically, and an inflammatory lesion
without malignancy was suggested. After the operation, we also
received the segmentally resected common hepatic duct (1.7 cm
in length, 0.6 cm in diameter) and the attached cystic duct (1.7
cm in length, 0.4 ¢cm in diameter). The bile duct wall was dif-
fusely thickened; however, the mucosa of the ducts was smooth
and did not form mass-like lesions. The entire permanent sec-
tions of the gallbladder and bile ducts were examined micro-
scopically. The gallbladder wall was nearly completely replaced
by dense lamellated eosinophilic hyaline material, with multi-
focal neutrophilic and lymphoplasmacytic infiltration. Focal in-
tramural calcifications were identified (Fig. 2A, B). Multifocal
invasive glands with irregular borders were sparsely scattered in
the hyalinized gallbladder wall in a longitudinal arrangement
(Fig. 2C). The mucosal surface of the gallbladder showed exten-
sive denudation of the epithelium, but some foci of high-grade
biliary intraepithelial neoplasia were noted (Fig. 2D). There
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Fig. 1. Computed tomography and gross findings of hyalinizing cholecystitis and associated carcinoma. (A) Biliary computed tomography
scan reveals subtle enhancement of wall thickening at the confluence of the cystic duct and the common hepatic duct (arrow). There is mild
wall thickening of the gallbladder with multiple calcified gallstones in the neck portion (arrowhead). (B) Grossly, the gallbladder wall shows dif-
fuse fibrosis and is covered by yellowish necrotic materials, without mass-like lesions.

Fig. 2. Microscopic findings of hyalinizing cholecystitis and associated carcinoma. (A, B) The gallbladder wall is replaced by dense lamellated
eosinophilic hyaline material. Inflammatory cells are also seen. (C) A few invasive glands are longitudinally arranged in the hyalinized gallblad-
der wall with a denuded epithelium. (D) Multifocal carcinoma in situ lesions are found on the surface. (E) Focal clusters of invasive glands are

identified in the hyalinized wall. (F) Invasive glands have irregular borders and cytologic atypia with perineural invasion.

wete focal areas composed of clusters of invasive glands in the
gallbladder wall (Fig. 2E). The invasive glands were composed
of stratified depolarized atypical cells with enlarged hyperchro-
matic nuclei containing coarse chromatin and occasionally prom-
inent nucleoli. Some glands also showed perineural invasion
(Fig. 2F). Diffuse involvement of the walls of the common hepatic
duct and cystic duct by adenocarcinoma was observed (Fig. 3A,
B); however, the mucosa was relatively spared, with no intraepi-
thelial lesions (Fig. 3C). Considering all of these findings, we
made the diagnosis of HC and associated adenocarcinoma, with

https://doi.org/10.4132/jptm.2016.11.04

direct invasion of the cystic duct and common hepatic duct.

This study was approved by the Institutional Review Board
of Korea University Anam Hospital (ED17246), and informed
consent was waived.

DISCUSSION

HC is a recently described, distinctive entity, comprising
1.6% of cholecystectomy specimens.' HC is characterized by
diffuse and dense hyalinization of the gallbladder wall with

http://jpatholtm.org/
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Fig. 3. Microscopic findings of the common hepatic and cystic ducts. (A, B) Invasive glands infiltrate the common hepatic and cystic ducts
beneath the surface epithelium. (C) The surface epithelium is relatively spared, with no intraepithelial lesion.

complete effacement of normal histologic components. Focal to
extensive calcification may also be seen. HC is more often asso-
ciated with carcinoma; the frequency of carcinoma was 15%
compared to 4% of all cholecystectomy specimens in a South
American cohort." However, to identify the carcinoma compo-
nent is diagnostically challenging because it does not form distinct
mass lesions or induce significant thickening of the gallbladder
wall.' Furthermore, the malignant glands are not easily found due
to the paucity and sparse distribution of tumor glands within an
abundant hyalinizing sclerotic background. In our case, there
were no mass-like lesions, and the entire gallbladder wall was
diffusely fibrotic with no significant wall thickening. The carci-
noma component was not found in two randomly submitted
frozen sections; however, it was identified after extensive sam-
pling of permanent sections. Therefore, careful examination with
extensive or entire sampling of the gallbladder is crucial in HC
to identify associated carcinoma.

Preoperative diagnosis of HC-related carcinoma is also highly
challenging. Patel ez a/." reported that about 70% of malignan-
cies had been diagnosed as benign preoperatively. This might
be because HC-associated carcinomas typically do not form a
mass or result in thickening of the gallbladder. Subsequently,
surgical resection can be delayed until progression of the malig-
nancy. In our case, the malignancy was identified radiologically
after the tumor directly extended to the extrahepatic bile duct,
and the preoperative diagnosis was primary bile duct cancer with
chronic calculous cholecystitis. The final pathologic stage was
T3 (direct invasion of the extrahepatic bile ducts). The late discov-
ery of carcinoma is associated with advanced stage at diagnosis
and poor prognosis of HC-related carcinomas. The median sur-
vival for HC-associated carcinoma is shorter than that of usual
carcinomas.’

In conclusion, HC is a rare variant of chronic cholecystitis
and is often associated with carcinoma with aggressive behavior.
Suspicion of the possibility of HC and identification of HC as

http://jpatholtm.org/

an unusual variant of chronic cholecystitis are important in gross
examination of cholecystectomy specimens. After the identifica-
tion of HC, extensive sampling and meticulous microscopic
examination are essential to determine the possibility of associ-
ated carcinoma. In addition, close follow-up is recommended
because carcinoma associated with HC can have more aggressive
behavior than typical gallbladder cancer.
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Myxopapillary ependymomas (ME) are rare and slowly growing
gliomas usually with spinal cord localization originating from
the ectopic ependymal residues. They are commonly located in
the conus medullaris, cauda equina and filum terminale. ME is
known to be more aggressive in childhood, but has a good prog-
nosis in adults with a very low metastasis risk."” If successfully
excised, ME are usually cured completely. However, in adults,
ME at the sacrococcygeal region metastasizing to organs outside
central nervous system has rarely been reported so far.”” Herein,
we report an extremely rare case of an inguinal lymph node
metastasis developed 19 years after removal of primary ME at the
sacrococcygeal region, which presented with unusually severe
back and hip pain. Because the metastasis of ME to the lymph
node after such a long time is rare, our case may contribute to
improving the differential diagnosis of extremely rare metastatic
ME cases and identifying their unexpected role in the pain of
unknown origin.

CASE REPORT

A 36-year-old woman presented to our surgical clinic with
severe back and hip pain that had been present for a year. She
was otherwise healthy except for histories of initially named
“cyst” operation at the sacrococcygeal region at 17 years of age
and cesarean section delivery at 32 years of age. Left inguinal
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lymphadenopathy (around 3 cm in diameter) was noted. Mag-
netic resonance image (MRI) scanning of the spinal cord showed
minimal fibrotic changes and edema in the posterior subcuta-
neous soft tissue at the distal tip of the coccyx, just to the right of
the midline. These findings suggested that the lymphadenopathy
might have developed as secondary to the previous sacrococcy-
geal cystic mass operation at 17 years of age. The inguinal lymph
node was totally excised.

The macroscopic cut-section of the lymph node showed a
near-total effacement of the normal structure with soft and grayish
gelatinous appearance. Hematoxylin and eosin (H&E) staining
revealed a metastatic tumor (Fig. 1A) showing cystic and papil-
lary structures with a single-row cuboidal-columnar epithelium
in the myxoid and vascularized stroma and mucinous material
within the lumens (Fig. 1 A-C). In addition, periodic acid-Schiff—
Alcian blue (PAS-AB) histochemical staining confirmed the
presence of acidic mucin (Fig. 2A).

A wide range of immunohistochemical (IHC) staining panel
was applied to cover epithelial and mesenchymal tumors, germ
cell neoplasms and malignant mesothelioma. While the tumor
was positively stained with vimentin, glial fibrillary acidic pro-
tein (GFAP), epidermal growth factor receptor (EGFR), and S100
(Fig. 2B-D and data not shown, respectively), there was no
staining for pan-cytokeratin (5/6/8/18), CDX2, cytokeratin (CK)
20, CK7, a-fetoprotein, SALL4, epithelial membrane antigen,
CD31, CD34, WT1, calretinin, CD117, CD10, OLIG2, p63,
and MOC31. The Ki-67 labeling index was very low with only
19%—2%. The results of IHC stainings together with the history
of the patient were evaluated, and we concluded that the case
was compatible with inguinal lymph node metastasis of ME.
Unfortunately, the original radiology and pathology materials

were not available for review.
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Fig. 1. Metastatic tumor in the lymph node. (A) In the lower-left
corner is a normal lymph node structure; in the remaining areais
the metastasis. (B, C) Higher magnification view of the metastasis-
cystic and papillary structures (B) with a single-row cuboidal-co-
lumnar epithelium in the myxoid and vascularized stroma (arrows)
(C). Lumens contain mucinous material.

The institutional review board (IRB) approval has been waived,
but informed consent was obtained from the patient (2016-
12/05).

DISCUSSION

Myxopapillary ependymoma is most commonly seen in conus
medullaris, cauda equina, and filum terminale. The subcutaneous,
sacrococcygeal, or presacral-situated extramedullary MEs are
considered as a prominent subgroup originating from the ectopic
ependymal residue. Long-term leg pain is a typical clinical
symptom of ME. Depending on its settlement location, a total
removal of the tumor can be difficult, which may cause recur-
rence after years. It is very rarely found that ME may progress

http://jpatholtm.org/

Fig. 2. Histopathological findings suggest that the tumor is origi-
nated from the central nervous system, consistent with myxopapil-
lary ependymoma metastasis. (A) Periodic acid-Shiff-Alcian blue
histochemical stain shows the presence of acidic mucin. (B) Epi-
dermal growth factor receptor positivity of the tumor cells by im-
munohistochemistry (IHC). (C) Glial fibrillary acidic protein positivity
of the tumor cells by IHC. (D) Vimentin positivity of the tumor cells
by IHC.

> F o P AR L e T

along the spinal nerves during its repetition and thus may cause
multiple lesions in the spinal canal via cerebrospinal fluid.*

ME is known to be more aggtessive in childhood, but has a
good prognosis in adults with a very low risk of metastasis."”

https://doi.org/10.4132/jptm.2017.11.09
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Table 1. Studies reporting metastases of myxopapillary ependymomas into lymph node at adult age

Reference Azt erzerass) Qngln/ Metastasis (yr) Metastasis
Sex Histololgy

Wight et al. (1973) 20/M CE/ME 32 Aortic lymph node, lung, pleura, rib, pelvis, humerus
Helwig and Stern (1984) Case series SC/ME 7-30 One with inguinal lymph node metastasis

1-47/M, F
Kramer et al. (1988)° 15/M SC/ME 20 Inguinal lymph node, pelvis
Bardales et al. (1994)° 19/M SC/ME 16 Inguinal lymph nodes, abdomen
Vega-Orozco et al. (2011)1° 22/M CE/ME 16 Inguinal lymph node
This study 17/F SC/ME 19 Inguinal lymph node

M, male; CE, Cauda equina; ME, myxopapillary ependymoma; F, female; SC, sacrococcygeal.

According to the World Health Organization report in 2015,
metastasis was detected in only 17 cases out of 183 cases, 11 of
which involved brain metastasis." All of these previously re-
ported cases of young patients. In adults, sacrococcygeal place-
ment of ME metastasis has been reported to be extremely rare
and is often presented as soft tissue or bone metastasis.”

In our case, the patient had a history of previous operation at
the sacrococcygeal region 19 years prior with an initial coccygeal
cyst. MRI findings of the left inguinal lymphadenopathy and
minimal fibrotic changes and edema of the posterior subcutaneous
soft tissue at the coccyx suggested ME metastasis. H&E sections
of the lymph node confirmed the metastasis of myxoid and vas-
cularized stroma showing cystic and papillary structures with
single rowed cuboidal columnar epithelium and mucinous mate-
rial within the lumen. Positive IHC staining for vimentin, GFAP,
§100, and EGFR was observed. Negativity for cytokeratin
markers and specific positivity for GFAP, vimentin, and S100
are especially noted in ME.* The presence of acidic mucin in
myxoid matrices shown by PAS-AB histochemical staining is
typical of ME,” and we found similar positive staining with
PAS-AB stain. In addition, Ki-67 proliferation index was very
low (196—2%) in our case, supporting the earlier literature.”*
Recent studies have also focused on EGFR positivity because
EGFR positivity is an indicator of aggressive tumor progres-
sion.” These morphologic and IHC findings of our case are con-
sistent with ME metastasis, even though the initial pathology
of the primary tumor is not available. A recurrence of ME within
1215 years has been reported. However, metastasis to the lymph
nodes is very rare and only a few cases with late metastasis have
been reported (Table 1).>"*

In conclusion, to the best of our knowledge, the current case is
an extremely rare case of ME occurring at an adult age with
lymph node metastasis after a long time. Thus, this case has
multiple implications for future pathological diagnosis. First, in
cases of lymph node metastasis presenting as innocuous myxo-
papillary tumor morphology, myxopapillary ependymoma

https://doi.org/10.4132/jptm.2017.11.09

should be additionally considered. In such cases, origin of the
primary tumor such as conus medullaris, cauda equina and fi-
lum terminale should be investigated. Second, the rarity of our
case sheds light on the fact that these tumors may metastasize
after many years. The role of MRI in the diagnosis of ME is im-
portant but may not be conclusive by itself in cases like ours pre-
senting as a lymph node metastasis. Therefore, examination of all
past surgical records and pathology reports can aid in diagnosis.
Lastly, our case may contribute to the understanding of the un-
expected role of rare and late ME metastasis in the differential
diagnosis of pain of unknown origin.
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