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Abstract Recently, it has been reported that identifying nuclear
membrane irregularities with anti-emerin antibody is useful for
papillary thyroid carcinoma diagnosis. However, literature re-
garding the significance of emerin immunohistochemistry in
thyroid is limited. We evaluated the diagnostic accuracy of the
well-established nuclear alterations, nuclear protrusions and re-
cently described nuclear shapes (garlands and star-like shapes)
with emerin immunohistochemistry and hematoxylin- eosin
stain in thyroid lesions. We further evaluated the diagnostic
accuracy measures of tissue microarrays evaluated with both
stains, to detect whether emerin immunohistochemistry im-
proves the diagnostic accuracy for papillary thyroid carcinoma.
For papillary thyroid carcinoma, pseudo- inclusions were best
performers with emerin (diagnostic accuracy: 0.91), whereas
with hematoxylin- eosin diagnostic accuracy of grooves was
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the highest (0.92). For follicular variant of papillary thyroid
carcinoma, with both stains, predominately oval nuclear shape
had the best diagnostic performance (diagnostic accuracy: 0.95).
Nuclear protrusions were poor identifiers for papillary thyroid
carcinoma. However, with emerin immunohistochemistry, they
could successfully identify malignancy in 83 % of the cases.
Using emerin immunohistochemistry, in addition to
hematoxylin- eosin improved the diagnostic accuracy for papil-
lary thyroid carcinoma when compared to hematoxylin- eosin
evaluation only (sensitivity: 0.70 vs 0.86, negative predictive
value: 0.81 vs. 0.94, diagnostic accuracy: 0.87 vs. 0.94). Con-
sistent with the previous literature, our findings indicate that
emerin immunohistochemistry may be used as an adjunct diag-
nostic method to identify papillary thyroid carcinoma. Addition-
ally, we suggest that nuclear protrusions detected with emerin
imunohistochemistry may be used as indicators of malignant
behavior in small tissue samples of thyroid.

Keywords Emerin - Thyroid - Nucleus - Membrane

Introduction

Hematoxylin- eosin (HE) stain is considered to be the gold
standard of diagnosis in thyroid pathology. Among these,
diagnosing papillary thyroid carcinoma (PTC), especially fol-
licular variant (FV) of PTC and predicting malignant behavior
in non-PTC follicular neoplasia (FN) have been the two most
contentious areas in thyroid pathology.

Nuclear criteria are well established for PTC but the inter-
observer variability results are by no means perfect [1-3]. This
may partly be attributed to the threshold differences among
experts in applying the extend and degree of these nuclear
criteria to the diagnosis [2]. However, it has been suggested
that at least in some of the cases especially in FV of PTC, where
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pathologists are obligated to rely on nuclear morphology, indi-
rect visualization of the nuclear membrane by conventional HE
staining may contribute to underdiagnosing some of the cases
[4]. Furthermore, artificial nuclear findings may cause over
diagnosis in small tissue samples. Several immunohistochemi-
cal markers such as Hector Battifora mesothelial antigen-1
(HBME-1), Cytokeratin 19 (CK 19), and galectin-3 (Gal3) have
been mentioned and molecular studies have been conducted but
the results could not add much on daily practice [5-12].

In terms of non-PTC FN, it has been indicated that malignant
non-PTC FN is being diagnosed less frequently [13]. A trend
toward over diagnosing non-PTC FN as FV of PTC [14], in
addition to improvements in early detection of FN by imaging
techniques may contribute in this ascertainment. An attempt to
differentiate non-PTC FN and FV of PTC may be challenging
due to the limitations of the methods used as discussed above.

Emerin is an inner nuclear membrane protein which has
important interactions with the cytoskeleton and related pro-
teins [15, 16]. Recent studies have indicated that, even though
emerin protein expression is not related to the underlying
pathogenetic mechanisms in PTC [17], emerin
immunohistochemistry(IHC) provides an enhanced view of
the nuclear envelope and tracing the nuclear alterations with
anti- emerin antibody may be a useful diagnostic tool for
thyroid lesions [4, 18-20]. In addition, with emerin THC
new nuclear alterations, such as garlands [4] and star- like
nuclear shapes [18] have been described.

Given the observations that highlighting nuclear membrane
morphology with emerin IHC may contribute to the diagnostic
workup of PTC, we aimed to investigate whether nuclear
alterations detected with this stain can serve as accurate
criteria in the diagnostic workup of PTC. Additionally, we
compared the diagnostic accuracy of HE stained TMA sam-
ples with HE and emerin stained samples to detect if using
emerin THC improves the diagnostic accuracy for PTC in
these small tissue samples.

Materials and Methods
Case Selection

This study was approved by Diskapi YB Training and Re-
search Hospital Ethics and Research Committee (Approval
ID: 29/02.05.12.2011).

From the archives of the Pathology Department of Diskapi
Y.B. Training and Research Hospital, cases with non- neo-
plastic and WD neoplastic epithelial thyroid lesions were
identified through a retrospective review of surgical pathology
reports signed out between the years of 2004-2010. A
concensus session was performed by 3 pathologists (IC,
TDKU, and AC) to detect cases with uniform agreement.
HE stained slides were de-identified and reviewed. After a
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total of 340 cases including 44 diffuse hyperplasia (DH), 21
Hashimoto’s thyroiditis (HT), 77 follicular adenoma (FA), 48
follicular carcinoma (FC), and 150 PTC (classical PTC, n=52
and FV of PTC, n=98), were selected for study purposes, the
review was arrested.

Slides of the study cases were further evaluated by 3
pathologists (IC, TDKU, and AC) to detect the most repre-
sentative areas for the nuclear changes and corresponding
areas in the tissue blocks were used for constructing tissue
microarray (TMA)s. Both HE staining and emerin IHC were
completed on formalin fixed, paraffin embedded TMA sec-
tions for each case.

Emerin Immunohistochemistry
Methodology

Five micron sections of formalin-fixed, paraffin embedded
TMAs were obtained. All slides were loaded onto an
automated system (Leica Bond Max). Sections were de-
paraffinized and rehydrated with deionized water. Then,
they were heated in citrate buffer, pH 6.0, for 20 min and
exposed to 3 % hydrogen peroxide for 10 min. Sections
were incubated with primary antibody (anti-emerin anti-
body, clone 4G5, diluted 1:10; Thermo Fisher Scientific
Laboratories, Fremont, CA, USA) for 25 min, post primary
10 min, labeled polymer for 10 min, 3'3-diaminobenzidine
chromogen for 10 min, and counterstained with hematox-
ylin for 13 min. These incubations were performed at
37 °C. Incubations with hydrogen peroxide, post primary,
labeled polymer, chromogen and hematoxylin were per-
formed with Bond Polymer Refine Detection ref #
DS9800. Between incubations, sections were washed with
tris-buffered saline (Bond Wash Solution 10X Concentrate
Catalog no: AR9590). Cover slipping was performed. Nor-
mal thyroid tissues were used as positive controls and
processed with other tissue sections.

Evaluation of TMA Slides

Emerin IHC and HE staining was completed on TMAs and
slides were reviewed by a single pathologist (IC). Each
slide was reviewed under X400 magnification and when
cells with evaluated parameters are recognized, they were
examined under oil immersion magnification (X100 objec-
tive). Presence of previously well-established nuclear al-
terations and newly described nuclear criteria such as star-
like shapes and garlands were investigated and additional
findings were noted. Thus, a group of nuclear features
listed in the summary text (Textbox 1) was compiled for
examination. During evaluation of slides, areas with ex-
tensive nuclear overlap and obscured nuclear boundaries
were avoided.
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Textbox 1: Nuclear Alterations:
Nuclear invaginations (Fig. 1)
Grooves: Narrow invaginations of nuclear envelope [4, 18, 20],
(Fig. 1a).
Pseudo-inclusions: Wide infoldings/pockets of nuclear membrane [4,
18, 20], (Fig. 1b).
Nuclear protrusions (NPs)

Nuclear buds (NBs): Small protuberances of the nuclear envelope that
have similar features to the micronuclei except that they are
connected to the main nucleus with a narrow or wide stalk depending
on the stage of the budding process [26, 27], (Fig. 2a—c).

Micronuclei (MN): Regular nuclear fragments in the cytoplasm
exhibiting the inclusion criteria listed below [26, 27], (Fig. 2d),

A diameter smaller than 1/3 of the main nucleus
Round/oval shape with regular contours
Same staining intensity with the main nucleus
No connection to the main nucleus

Changes in the nuclear shape

Garlands: Circumferential minute curls along the nuclear membrane
producing a garland-like effect [4], (Fig. 3a)

Star- like: Multiple plicae or deep infoldings of the nuclear membrane
building up a star shaped structure [18], (Fig. 3b).

Crescents: Crescent shaped nuclei [20], (Fig. 3c).
Predominately oval nuclear shape [20], (Fig. 3d)

Statistical Analysis

Data were analyzed initially by Chi-square test and Fisher’s
exact test as appropriate. Frequency of different nuclear
changes detected with HE and emerin IHC was calculated.
Nuclear alterations, whose recognition have improved with
emerin [HC, were also noted. Diagnostic accuracy measures

Fig. 1 Nuclear invaginations in
PTC by emerin IHC. a Grooves
appear as deep narrow
invaginations of the nuclear
membrane (arrows). b Nuclear
pseudo-inclusions appear as wide
invaginations of the nuclear
membrane (arrow). Original
magnifications: x1,000 for a and
b

including sensitivity (true positives/true positives + false neg-
atives), specificity (true negatives/true negatives + false pos-
itives), positive predictive value (PPV = true positives/true
positives + false positives), negative predictive value (NPV =
true negatives/true negatives + false negatives) and diagnostic
accuracy (DA = true positives + true negatives/true positives +
false positives + true negatives + false negatives) rates of each
nuclear parameter for PTC and FV of PTC were calculated.
Further evaluation was performed to determine if there is any
significant difference in nuclear protrusion frequency between
different diagnostic groups (neoplastic vs. non- neoplastic,
benign vs. malignant, FA vs. FC). DA measures of nuclear
protrusions in these diagnostic groups were also assessed by
using the same statistical methods.

Finally, for PTC and FV of PTC (among FN), diagnostic
accuracy of these small tissue samples with both stains and
HE only were assessed. Reference diagnoses were the adjudi-
cated concensus diagnoses of 3 reviewers (IC, TDKU, and
AC). The 95 % confidence intervals for proportions based on
a binomial probability distribution were also calculated to
assess the accuracy of these estimates. P<0.05 was regarded
as statistically significant.

Results

A total of 340 cases were examined. Of these, 65/340 (19 %)
were non- neoplastic (DH = 44; HT n=21) and 275/340
(81 %) were neoplastic with 77/275 (28 %) being FA. Among
198 malignant cases, 48 (24 %) were FC and 150 (76 %) were
PTC (classical PTC, n=52 and FV of PTC, n=98).
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Fig.2 NPsin PTC.aANBina
case of PTC by emerin IHC is
represented. It is regularly shaped
and has the same intensity of
staining with the main nucleus
(arrow). b NB, attached to the
main nucleus by a wide stalk
(arrow). ¢ A, barely visible, thin
stalk is connecting the NB to the
main nucleus (arrow). d MN with
no connection to the main nucleus
(arrow). Original magnifications:
x1,000 for a, b, ¢ and d

Nuclear membrane alterations were easily identifiable with
Emerin IHC (Fig. 4). Emerin was strongly expressed in the
nuclear membrane of epithelial cells, whereas the nuclear
membrane of stromal cells or inflammatory cells were nega-
tive or weakly positive (Fig. 5). Among all cases examined,
the nuclear alteration, whose recognition was improved most
with emerin THC, was NPs (detected in 73 additional cases)
followed by, pseudo-inclusions (n: 62 cases), crescents (n: 35
cases), star-like shapes (n: 33 cases), garlands (n: 20 cases)
and grooves (n: 18 cases). No recognition improvement was
observed in oval nuclear shape predominance.

Fig. 3 Changes in the nuclear
shape in PTC by emerin IHC. a
Garlands (arrows). b Star- like
nuclear shape (arrow). ¢
Crescents (arrows). d
Predominance of oval nuclear
shape. Original magnifications:
x1,000 for a, b and ¢; X200 for d
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Nuclear Features in PTC

In PTC, nuclear protrusions (NPs), pseudo-inclusions,
grooves, garlands, crescents, star-like shapes and predomi-
nately oval nuclear shape were significantly more frequent,
compared to non-PTC lesions (p<0.0001) (Table 1). All nu-
clear parameters but NPs were significantly more frequent in
FV of PTC than non- PTC FN (p<0.0001). NPs were slightly
more common in FV of PTC, but the difference between
groups was not significant (p=0.07 for Emerin and 0.1 for
HE) (Table 1).
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Fig. 4 a Emerin [HC in DH.
Nuclei appear uniform with
regular contours. b Widespread
grooves (arrowheads), occasional
inclusions (arrows) are easily
discernable with emerin IHC in a
case of FV of PTC. Original
magnifications: x400 for a, b

For identification of PTC among all lesions examined, with
emerin IHC, pseudo-inclusions revealed the best diagnostic
performance (sensitivity: 0.94; specificity: 0.88; PPV: 0.86;
NPV: 0.95; DA: 0.91). Star- like shapes, garlands and cres-
cents, predominately oval nuclear shape and grooves also had
good diagnostic performances. When evaluated with HE,
grooves had the best diagnostic performance (sensitivity:
1.00; specificity: 0.86; PPV: 0.84; NPV: 1.00; DA: 0.92).
Whereas, although their specificity for PTC diagnosis was
very high (0.99), overall performance of pseudo-inclusions
for PTC diagnosis was fair (DA: 0.74). NPs were poor iden-
tifiers both when detected with emerin IHC (DA: 0.69) and
HE (DA: 0.63) Diagnostic accuracy measures of all nuclear
parameters for PTC are listed in Table 2.
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Fig. 5 Thyrocyte nuclei are diffusely positive for emerin. Whereas, stromal

cells and inflammatory cells are negative. Original magnification: X200
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Oval nuclear predominance, both when detected with
HE and emerin IHC, had the best diagnostic performance
for FV of PTC among FN (sensitivity: 0.93; specificity:
0.97; PPV: 0.96; NPV: 0.95; DA: 0.95). Pseudo-inclu-
sions, when detected with HE, performed poorly in iden-
tifying FV of PTC among FN (DA: 0.65). However, with
emerin IHC, pseudo- inclusions could successfully iden-
tify these lesions (DA: 0.90). NPs failed to detect FV of
PTC among FN (DA: 0.54) with emerin stain, and were
poor performers with HE (DA: 0.60). Diagnostic accura-
cy measures of all nuclear parameters for FV of PTC
among FN are listed in Table 3.

NPs in Different Diagnostic Groups

Both with HE and emerin IHC, NPs were significantly
more frequent in neoplastic lesions than in non- neoplas-
tic lesions (»p<0.0001). Malignant lesions presented nu-
clear protrusions more commonly than benign lesions
(»<0.0001). Furthermore, significant difference persisted
when FC were compared with FA (p<0.0001). NPs
showed good performance in identifying malignancy
(DA: 0.82), when detected with emerin THC. On the
contrary, their diagnostic accuracy for malignancy was
poor when detected with HE (DA: 0.63). Among non-
PTC follicular neoplasia, NPs, with emerin IHC, could
accurately detect 83 % of cases with malignant behavior
(FC), whereas the diagnostic accuracy with HE was fair
(74 %). Comparison of the frequencies of NPs between
different diagnostic categories and their diagnostic accu-
racy measures are shown in Tables 4 and 5, respectively.
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Table 1 Nuclear alterations detected with HE and emerin IHC (PTC compared with non- PTC lesions and FV of PTC compared with non-PTC FN)

Nuclear alterations PTC (n: 150) vs. Non-PTC (n: 190); p value

FVof PTC (98 cases) vs. Non- PTC FN (n: 125); p value

Emerin HE Emerin HE

NPs 117 (78 %) vs. 70 (37 %); 71 (47 %) vs. 43 (23 %); 65 (66 %) vs. 68 (54 %); 44 (45 %) vs. 43 (34 %); 0.1
<0.001 <0.001 0.07

Garland-like shape 121 (81 %) vs. 15 (8 %); 100 (67 %) vs. 6 (3 %); 82 (84 %) vs. 15 (12 %); 74 (%76) vs. 6 (5 %);
<0.0001 <0.0001 <0.0001 <0.0001

Pseudo-inclusions 107 (71 %) vs. 19 (15 %); 64 (43 %) vs. 0 (0 %); 55 (56 %) vs. 18 (14 %) 20 (20 %) vs. 0 (0 %)
<0.0001 <0.0001 <0.0001 <0.0001

Star-like shape 127 (85 %) vs. 24 (13 %); 106 (71 %) vs. 12 (6 %); 75 (77 %) vs. 20 (16 %); 66 (67 %) vs. 12 (10 %)
<0.0001 <0.0001 <0.0001

Crescents 130 (87 %) vs. 21 (11 %), 103 (69 %) vs. 13 (7 %); 84 (86 %) vs. 18 (14 %); 70 (88 %) vs. 28 (20 %);
<0.0001 <0.0001 <0.0001 <0.0001

Predominately oval 112 (75 %) vs. 4 2 %); 112 (75 %) vs. 4 (2 %), 67 (68 %) vs. 4 (3 %), 67 (68 %) vs. 4 (3 %);

shape <0.0001 <0.0001 <0.0001 <0.0001

Grooves 150 (100 %) vs. 45 (24 %); 150 (100 %) vs. 27 (14 %); 98 (100 %) vs. 32 (26 %); 98 (100 %) vs. 22 (18 %);

<0.0001 <0.0001 <0.0001 <0.0001

PTC papillary thyroid carcinoma, F'V follicular variant, FN follicular neoplasia, NPs nuclear protrusions; p<0.05 is significant

Nuclear Features in Non- Neoplastic Thyroid Lesions

Grooves were the most frequent nuclear parameter in non-
neoplastic lesions both when detected with HE (5/65, 8 %)
and emerin THC (13/65, 20 %). They were more commonly
observed in HT than DH both with HE (2/21, 10 % vs. 2/44,
5 %) and emerin IHC (8/21, 38 % vs. 2/44, 5 %). Crescents
and star-like shapes were only evident in HT. The frequency
of crescents was the same both with HE and emerin IHC
(3/21, 14 %). Whereas, star-like shapes were only evident
with emerin IHC (2/21, 10 %). In HT no nuclear protrusion
was observed with HE stain, although with emerin IHC, in 2
cases (2/21, 10 %) NPs were detected. Pseudo-inclusions,
garlands and predominately oval nuclear shape were not ob-
served in non- neoplastic lesions.

Previously described nuclear alterations related with chro-
matin content such as nuclear clearing or presence of nucleoli
were not interpretable with emerin IHC as the stain only
highlighted nuclear envelope and related structures such as
NPs.

Diagnostic Efficacy of Emerin IHC for PTC

When all TMA samples were evaluated with HE only to
identify PTC, diagnostic accuracy was good (0.87) and the
sensitivity was fair (0.70). Further evaluation of tissues with
emerin IHC, in addition to HE, improved the sensitivity
(0.86), NPV (0.90) and DA (0.94), (Table 6)

For identification of FV of PTC among FN, diagnostic
accuracy with HE only, was good (0.81) but sensitivity was
poor (0.55). Additional evaluation of tissues with emerin [HC,
improved sensitivity (0.79), NPV (0.86) and the DA (0.91),
(Table 6).
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Discussion

In an effort to better delineate its diagnostic utility, we exam-
ined emerin protein expression in a variety of WD non-
neoplastic and neoplastic epithelial lesions.

As the distribution of the nuclear changes in benign and
malignant thyroid lesions may not be uniform, especially in
FVof PTC, the representative areas were carefully selected by
acquiring the agreement of three pathologists to avoid/
minimize the possible bias in data interpretation in TMAs,
such as under- or over-representation of the nuclear changes of
a given lesion.

Consistent with the previous observation of Asioli et al.
[18], we observed that emerin highlights only the nuclear
membrane of thyrocytes without the obscuring effect of the
cytoplasm or stromal cells. This feature of emerin IHC, allows
easy identification of nuclear membrane irregularities.

Pseudo-inclusions appeared as wide infoldings/pockets of
nuclear membrane that presented as lighter staining areas and
darker peripheral edges compared to the intensity of staining
in the neighbouring nuclear membrane areas (Fig. 1b). As the
stain only highlights the nuclear membrane of thyrocytes,
common mimickers of pseudo-inclusions, such as nuclear
bubbles due to processing artifacts [21], superimposed eryth-
rocytes [20] could easily be avoided.

In our study, both with HE and emerin IHC, pseudo-
inclusions were significantly more frequent in PTC (among
all cases) and in FV of PTC (among FN). With emerin IHC,
recognition of pseudo- inclusions was improved in 62 of 340
cases examined. On the contrary, in the study by Kinsella
et al., although an improvement in the detection frequency
of pseudo- inclusions were noted, no significant difference
between the frequencies of pseudo-inclusions in PTC and
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Table 4 Comparison of NP frequencies between different diagnostic

categories

Diagnostic categories

Emerin
No. (%positive);
p value

HE
No. (%positive);
p value

Neoplastic (n: 275)
vs.

Non- neoplastic (n: 65)

Malignant (n: 198)
Vvs.

Benign (n: 142)
FC (n: 48)

Vs.

FA (n: 77)

FVof PTC (n: 98)
Vvs.

176 (64 %)
VS.

2 (3 %); <0.0001
158 (80 %)

VS.

20 (14 %); <0.0001
43 (90 %)

VS.

18 (23 %); <0.0001
65 (66 %)

VS.

94 (34 %)
VS.

0 (0 %); <0.0001
84 (42 %)

VS.

10 (7 %); <0.0001
26 (54 %)

VS.

10 (13 %); <0.0001

44 (45 %)
VS.

Non- PTC EN (n: 125) 68 (54 %); 0.07 43 (34 %Y 0.1

NPs nuclear protrusions, F'C follicualr carcinoma, F4 follicular adenoma,
PTC papillary thyroid carcinoma, FV follicular variant, FN follicualr
neoplasia; p<0.05 is significant

non- PTC cases was observed [20]. This inconsistency be-
tween the results of studies may be related to the difference in
the number of cases evaluated and/or the difference in the
inclusion criteria used to detect pseudo-inclusions. The diag-
nostic accuracy rates of this nuclear finding for PTC and FV of
PTC was excellent with emerin IHC (DA: 0.91 and 0.90,
respectively). This finding is important as in FV of PTC, by
HE stain, pseudo- inclusions are infrequent findings [22] as
opposed to the usual variant of PTC. Our findings indicate that
with emerin IHC the sensitivity and DA of this nuclear alter-
ation for FV of PTC is highly improved, compared to HE
(Table 3).

Nuclear grooves in different stages of development could
casily be identified with emerin IHC. High sensitivity (100 %)
and reasonable specificity (76 %) results of this nuclear feature
for PTC was in consistence with the results obtained by using
conventional methods in other studies [23-25]. However, in

our study, although the sensitivity of grooves detected with
HE and emerin IHC was the same (1.00), their diagnostic
performance for PTC and FV of PTC was better with HE
(Tables 2 and 3). This finding is possibly due to the improve-
ment in the recognition of the more subtle nuclear membrane
irregularities that may also be observed in non- PTC lesion.

Predominately oval nuclear shape was observed in 68 % of
FV of PTC both with HE and emerin IHC and it was the best
performer among all nuclear features examined for FVof PTC
diagnosis both with emerin and HE (Table 3). Garlands,
crescents and star-like cells also had good diagnostic perfor-
mances with emerin IHC. These findings were also consistent
with the previous study by Kinsella et al. [20].

While, initially, only the previously described nuclear fea-
tures were the subject of our analysis, we observed that NPs
were also easily identified with emerin [HC. These protrusions
revealed the same consistency with the main nucleus. They
were either, attached to the main nucleus by a stalk (Fig. 2a—)
and appeared as NBs or were observed as small and regularly
shaped nuclear fragments in the cytoplasm with no connection
to the main nucleus and appeared as MN (Fig. 2d).

Considering the diagnostic criteria that we applied accord-
ing to the previous literature (Textbox 1), in combination with
our findings, we suggest that these nuclear features highlight-
ed with emerin IHC are consistent with micronuclei and
nuclear buds which are the known indicators of chromosomal
damage [26, 27].

Morphological assessment of several tissue samples in-
cluding hepatocytes, buccal mucosa cells and cervical cells
have been conducted to examine the association of NPs
and risk of malignancy. Results of these studies indicate
that histopathological or cytological examination of NPs
may be used as additional biomarkers in cancer screening
[28, 27].

However, although thyroid is an organ that is highly ex-
posed to genotoxic events, studies examining the presence of
NPs in tissue samples of thyroid are limited [29-32]

Table 5 Diagnostic accuracy measures of NPs in distinguishing neoplastic lesions from non- neoplastic, malignant form benign, FC from FA and FV of

PTC from Non- PTC FN

Diagnostic ~ Emerin, (%) (95 % CI, %) HE, (%) (95 % CI, %)
categories

Sensitivity Specificity PPV NPV DA Sensitivity Specificity PPV NPV DA
Neoplasia 64 (58-69) 97 (88-99) 98 (95-99) 39 (31-46) 70 (44-100) 34 (29-40) 100 (93-100) 100 (95-100) 39 (31-46) 47 (2-100)

Malignancy 79 (73-84) 85 (78-90) 88 (83-92) 75 (68-81) 82 (54-100) 42 (36-49)
89 (77-96) 77 (66-85) 70 (57-81) 92 (82-97) 83 (76-91)

FC (among
non-PTC
FN)

FVof PTC
(among
FN)

64 (55-73) 51 (42-59) 50 (42-60) 65 (55-74) 57 (9-100)

93 (87-96) 89 (81-95) 53 (47-60) 63 (12-100)
53(39-67) 87(77-93)  71(55-85) 75 (65-84) 74 (23-100)
44 (35-54) 71 (63-78)  55(44-66) 62 (53-70) 59 (6-100)

FC follicular carcinoma, PTC papillary thyroid carcinoma, 'V follicular variant, FN follicular neoplasia, CI confidence interval
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Table 6 Diagnostic accuracy measures of TMAs evaluated with HE stain and emerin IHC in distinguishing PTC from non- PTC lesions and FVof PTC

from non-PTC FN

Diagnostic accuracy measures PTC vs. Non-PTC, (%) (95 % CI, %)

FVof PTC vs. non-PTC FN, (%) (95 % CI, %)

HE Emerin HE and emerin HE Emerin HE and emerin
Sensitivity 70 (63-77) 86 (79-90) 86 (79-90) 55 (46-65) 79 (70-86) 79 (70-86)
Specificity 100 (97-100) 95 (91-97) 100 (97-100) 100 (96-100) 92 (86-96) 100 (96-100)
PPV 100 (95-100) 94 (87-96) 100 (96-100) 100 (91-100) 89 (80-94) 100 (94-100)
NPV 81 (75-85) 89 (84-93) 90 (84-93) 74 (66-80) 85 (77-90) 86 (79-90)
DA 87 (57-100) 91 (73-100) 94 (80-100) 81 (34-100) 86 (62—100) 91 (70-100)

FC follicular carcinoma, PTC papillary thyroid carcinoma, FV follicular variant, FN follicular neoplasia, C/ confidence interval

MN and NBs are composed of whole chromosomes or
chromosomal fragments that are surrounded by a nuclear
envelope. Their formation mechanism has not yet been
fully clarified. Whether these alterations originate with
different mechanisms or they are the different manifesta-
tions of the same DNA damage process or both is contro-
versial [26, 27]. However, irrespective of the mechanism,
both of these features are known morphological manifes-
tations of chromosomal damage [27]. For this reason, we
preferred to evaluate these findings under the same um-
brella category of NPs and conducted our statistical anal-
ysis accordingly.

To the best of our knowledge, our study is the first in the
literature to evaluate the presence of NPs with emerin IHC.
The limitation of emerin IHC is that the stain cannot
provide the certainty needed to guarantee that these struc-
tures are DNA fragments or chromosomes. Nevertheless,
the stain highlights that the protrusions originate from the
nucleus and are surrounded by nuclear envelope frag-
ments: a finding that is otherwise only suggested by eval-
uating the regularity of the contours of these formations by
conventional or DNA specific stains used in previous stud-
ies [27].

Intriguingly, in our study, both with HE and emerin THC,
NPs were more frequent in malignant lesions than benign
lesions (p<0.0001). This finding takes on added significance,
with the observation that NPs are more frequent in FC com-
pared to FA (»<0.0001).

NPs could accurately predict malignant behavior in 70 %
of the non-PTC FN. Although the positive predictive value of
this nuclear feature for malignancy when detected with HE
was similar (71 %), sensitivity and diagnostic accuracy with
emerin IHC was higher than HE (Table 5) These results led us
to the conclusion that NPs detected with emerin IHC may be
used as adjunct morphologic biomarkers to evaluate the risk of
malignancy in small tissue samples of thyroid, particularly in
FN.

Among benign lesions, grooves were more frequent in HT
than DH, both with HE and emerin IHC. HT was the only
lesion that exhibited NPs (10 %, with emerin IHC), star like
shapes (10 %, with emerin IHC) and crescents (14 %, with HE
and emerin IHC). The observations above are not surprising
as, although conflicting results exist, considerable number of
studies indicate that Hashimoto’s thyroiditis harbors genetic
rearrangements that are associated with papillary thyroid car-
cinoma [33]. Yet, it would be interesting to know whether
detection of NPs, crescents and star like shapes with emerin
IHC would serve as an indicator of a pre-neoplastic change,
i.e. follicular epithelial dysplasia in HT [34].

Finally, to test if emerin IHC improves the diagnostic
efficacy for PTC, we examined the diagnostic accuracy mea-
sures of TMAs evaluated with emerin IHC, HE stain and both
stains. It has been reported that emerin IHC exhibited a higher
sensitivity and specificity for malignancy than HBME-1 and
Galectin- 3 [19]. In addition, emerin IHC was found to be
increasing the predictive accuracy of HE for PTC [20]. Our
results were consistent with the observations of these studies
as we noted an improvement in the sensitivity, NPV and DA,
both for PTC and FV of PTC (among follicular neoplasia)
when both stains were used. This finding suggests that emerin
IHC may be used as an adjunct diagnostic tool for PTC.
Another observation of this study that may extend the knowl-
edge in this field is that NPs detected with emerin IHC are
highly sensitive for malignant behavior and may serve as
potential morphological predictors of malignant behavior in
small tissue samples. However, more studies are required to
translate these observations and suggestions into applications
of routine practice.
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