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ABSTRACT

Immunohistochemical and molecular pathologic subclassification of

thyroid tumor with prominent hyalinizing trabecular pattern

Sarah Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Soon Won Hong)

The purpose of this study was to evaluate the immunohistochemical
and molecular pathologic characteristics of thyroid tumors with a
prominent  hyalinizing trabecular pattern (TTHTP). The
immunohistochemical stains for TTF-1, thyroglobulin, CD56,
cytokeratin (CK) 19, galectin-3, and Ki-67 were performed on 16
cases of TTHTP, and genetic analysis for BRAFY*"F point mutation
were studied on 12 of 16 cases. All TTHTPs were positive for TTF-1
and thyroglobulin, and nine cases expressed CD56 and Ki-67. Out of
these nine cases, seven satisfied the strict criteria of Carney, and four

cases were positive for CK19 or/and galectin-3 and negative for Ki-67



and CD56. The remaining three cases had no Ki-67, CD56, CK19 or

galectin-3 expression. BRAF Y

mutation was detected in only one
of 12 cases, showing immunohistochemical characteristics of PTC
type. Eleven of 12 cases lacked BRAF Y mutation.

All TTHTPs meeting the criteria of Carney were hyalinizing
trabecular tumors (HTT), and TTHTPs which did not satisfy the
criteria of Carney were subclassified according to the
immunohistochemical results into HTT type [Ki-67 (+) and CD56
(+)], PTC type [CK19 or galectin-3 (+)/Ki-67 (-) and CD56 (-)], or
null type [Ki-67 (-), CD56 (-), CK19 (-) and galectin-3 (-)]. TTHTPs
with  typical  histological features or with  typical
immunohistochemical manifestations can be categorized as HTT, and
the remaining TTHTPs should be categorized as PTC or null type.

Moreover, the absence of BRAFYF mutation of TTHTP is valuable

for the diagnosis of HTT.

Key words: hyalinizing trabecular tumor, immunohistochemistry,
thyroid, BRAF
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I. INTRODUCTION

Since hyalinizing trabeculular tumors (HTT) were first reported in 1987', a
large amount of literature on HTT has been published®”. However, the
biology and behavior of these types of tumors have not been understood until
recently. Terms such as hyalinizing trabecular adenoma, hyalinizing
trabecular carcinoma, and hyalinizing trabeculular tumor have all been used to
describe these tumors’. Based on results of our study, HTT is benign tumor. A
large scale study with more than 100 HTTs did not show invasive features,
recurrence, or metastasis except in one case’. Genetic mutations such as B-raf,
and N-raf mutations were not observed in HTT"®, and the CK19, galectin-3,
and p63 expressions typical of papillary thyroid carcinoma (PTC) were not

detected*”. In contrast, the view that HTT is a variant of PTC was based on



the following evidence. The nuclear features of HTT are very similar to those
of PTC', and RET/PTC rearrangement was identified in HTT>’. In addition,
galectin-3 and CK 19 could be expressed in HTT™ '°. Although not typical,
some HTTs show wvascular invasion, capsular invasion and metastasis,
possibly due to biologic variability'™". In surgical pathology, thyroid tumors
with a hyalinizing trabecular pattern are occasionally present. In some cases,
thyroid tumors such as PTC and follicular neoplasm display hyalinizing
trabecular architecture, resulting in diagnostic issues.

The purpose of this study is to investigate immunohistochemical and
molecular pathologic characteristics of thyroid tumor with prominent
hyalinizing trabecular pattern (TTHTP) and to correlate immunohistochemical

and molecular pathologic results with clinicopathologic features of TTHTP.

II. MATERIALS AND METHODS

1. Patient selection and histologic review

A retrospective review was performed on all patients who presented with a
thyroid tumor with a hyalinizing trabecular pattern and who had undergone
surgery at Severance Hospital or Gangnam Severance Hospital between
January 2000 and December 2008. The study was approved by the
Institutional Review Board of Yonsei University Severance Hospital. The
criterion of TTHTP in this study was defined as a thyroid tumor showing a

more than 90% hyalinizing and/or trabecular pattern without definite papillary



or follicular architecture. Twenty cases of thyroid tumors with a hyalinizing
trabecular pattern were collected. Sixteen of which were included in this study.
The other four cases were reclassified into papillary carcinoma (two cases)
and follicular adenoma (two cases). We evaluated the histology of the 16
cases of TTHTP according to the criteria of Carney et al. (1): (a) good
circumscription or encapsulation; (b) overwhelming trabecular architecture;
(c) trabeculae composed of spindled to plump thyrocytes, two- to four-cells
thick; (d) thyrocytes with enlarged nuclei with prominent grooving and
numerous intranuclear pseudoinclusions; (e) delicate to hyalinized stroma;
and (f) no identifiable conventional or follicular variant of PTC. Based on
histological examinations, all 16 cases satisfied Carney’s criteria and were
diagnosed as HTT.

The clinicopathologic features such as age, gender, tumor size, tumor
location, associated thyroid tumor or disease, and tumor recurrence or

metastasis were collected from patient charts.

2. Immunohistochemistry

The antibodies used for immunohistochemistry are shown in Table 1. All
immunostainings were performed using 5-pm-thick, formalin-fixed, paraffin-
embedded tissue sections obtained with a microtome, transferred into
adhesive slides, and dried at 62°C for 30 min. After incubation with primary

antibodies, immunodetection was performed with biotinylated anti-mouse



immunoglobulin, followed by peroxidase-labeled streptavidin using a labeled
streptavidin biotin kit with 3,3'-diaminobenzidine chromogen as a substrate.
The primary antibody incubation step was omitted in the negative control.
Slides were counterstained with Harris hematoxylin. Positive controls for each

antibody were used as appropriate.

Table 1. Clones, dilutions, and sources of antibodies used

Antibody Clone Dilution Source

CK19 RCK108 1:100 DAKO, Glostrup, Denmark
Galectin-3 9C4 1:200 Novocastra, UK

CD56 123C3 1:150 Zymed, CA, USA

Ki-67 MIB-1 1:150 DAKO, Glostrup, Denmark
TTF-1 8G7G3/1 1:100 DAKO, Glostrup, Denmark
Thyroglobulin Polyclonal 1:1000 DAKO, Glostrup, Denmark

Abbreviations: CK19, cytokeratin 19; TTF-1, thyroid transcription factor 1

3. Interpretation of immunohistochemical staining

All immunohistochemical markers were assessed under light microscopy.
Scoring of immunostained slides was conducted according to the percentage
of tumor cells exhibiting cytoplasmic (galectin-3, cytokeratin 19, and CD56),
and membrane (Ki-67) staining. The IHC stain results were considered

positive when more than 10% of the tumor cells were stained.



4. Detection of BRAFY¢"F gene mutation

Genomic DNA were extracted in 12 of 17 cases using QIAamp DNA Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions
from 5-um-thick, formalin-fixed, paraffin-embedded tissue sections. Exon 15
BRAF was amplified by polymerase chain reaction (PCR) by detection PCR
kit (Seegene, Seoul, Korea). The used PCR primers for amplifying were as
follows:

Exon 15-forward, 5'-TCATAATGCTTGCTCTGATAGGA-3';

Exon 15-reverse, 5'-GGCCAAAAATTTAATCAGTGGA-3'.

PCR products were electrophoresed by microchip electrophoresis system
using MCE-202 MultiNA (Shimadzu biotech, Kyoto, Japan) and sequenced.

V600E
F

Direct sequencing for BRA mutations was performed by ABI PRISM

DNA sequencer (Applied Biosystems, Foster City, CA, USA).

III. RESULTS

1. Clinicopathologic features of TTHTP

Table 2 shows the clinicopathologic features of the 16 cases of TTHTP. The
mean patient age was 50 years (range; 22-69 years), and 13 (81%) patients
were female. The mean tumor size was 1.9 cm (range; 0.5-6.0 cm). In nine

cases, the tumor was located in the left thyroid lobe, and in seven cases the



3d& D1d

od&y [N

adAy LIH

ad&y 1inN

ad& D1d

adfy LIH

adfy LIH

adfy LIH

ad&y [inN

adAyousydounuuuy

L9

€-unoden

61310

95dd

uorsnjouropnasd
pue 90013
Ieajonu jusunold JON

eo1e Jerownyrad
UI UOISBAUT JE[NOSEA

QUON

BuIONS PoZIUI[eAYy a1y

BUIONS POZIUT[eAY a1y

QuoN

uorsnjouropnasd
pue 910013
Ieajonu jusumoid JON

JuoN
BUIONS PAZIUI[BAY oIy
BLIOYIO

s Aoure)) YNM paygsnes
jou saInyedy o1Sojoyed

(01
%)
JLd

((50)
olLd

(EX9)
O1d

own)
proxy
Y10

eI
¥
wsrg
110D Yol
Yol
109108
‘suiplodyy SRy
onkooydwA
sy
¥
19105 ¥
9seasIp apis
ploify]  Jownf

01

(124

01

80

Sl

(44
0T
91
(wo)

az1s
Jownp,

orewo |

SN

orewd

orewd

SN

orewo |

orewo |

orewo |

orewd g

X08

0s

0s

8y

[44

0S

S9

14

SS

(s1e9k)
By

“ON
ase)

ueyed remosqen urzmuteAy jueurtuold yim Jown) ProJAY) JO SaInea) [edIUSYD0ISIYNUNUII pue d13ojoyredootur]) z a|qe.L



"JoT 17 ‘WBRY 1y ‘ewourotes proifyy Arefpided 9| 4 ‘Town) re[ndaqen SurzrumeAy ‘| [H :sUoneIASIGQY

od&y L1H

adfy LLH

adfy LTH

ad& D1d

adfy LTH

adfy LIH

3d& D1d

QUON

QuUON

QuoN

BUIONS PZIUI[eAY oIy

QuoN

BUIONS PoZIuT[eAy a1y

BUIONS PAZIUT[eAY d1ey

1%
) OLd

(€30)
JLd

1%
) DLd

(%)
Jld

(%)
Jl1d

19)100)
10103
‘snIpoIky)
ankooydwk

193100

¥

w3ry

¥l

warg

wsrg

¥l

Yol

Lo

S0

80

Sl

S0

S0

0°S

o[ewo

o[ewof

Bl ek

o[ewo,]

B ek

o[ewof

S[EIN

194

99

0s

69

123

194

oy

91

ST

4!

€1

4!

I

01



tumor was located in the right thyroid. In six cases, an adenomatous goiter
was present, and two cases were lymphocytic thyroiditis. In eight cases, PTC
was synchronously identified, two of which presented with ipsilateral PTC,
three with contralateral PTC, and three with bilateral PTC. Seven of 16 cases
satisfied the strict criteria of Carney, and the remaining nine cases presented
with an extra histologic feature. Among these nine cases, six had rare
hyalinized stroma (Figure 1B), two revealed no prominent nuclear groove and
pseudoinclusion (Figure 1C), and one case indicated vascular invasion (Figure

1D).

Figure 1. Histologic features not consistent with Carney’s criteria of HTT.
The typical HTT shows hyalinized stroma, trabecular cell arrangement,
prominent nuclear groove and pseudoinclusion (A, X200, H&E). The tumor
shows non-prominent hyalinized stroma (B, X200, H&E). Tumor cells do not
demonstrate a prominent nuclear groove or pseudoinclusion (C, X200, H&E).
The tumor shows vascular invasion in the peritumoral area (arrow, D, X40,

H&E).
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One patient (case 8) who presented to the hospital due to bone pain was
diagnosed with bone metastasis upon radiologic examination. A curettage of
the bone tumor was performed, and the pathologic diagnosis was metastatic
tumor with a prominent hyalinizing trabecular architecture and nuclear
inclusion. To detect the primary tumor location, immunohistochemical stains
for TTF-1, thyroglobulin, chromogranin A, and synaptophysin were
performed. Since TTF-1 and thyroglobulin were expressed, the thyroid gland
was identified as the primary tumor site, a thyroid tumor was located and
thyroidectomy performed. The histologic features of the thyroid and bone
tumors were very similar in appearance, both illustrating a prominent
hyalinizing trabecular architecture and characteristic nuclear features such as
nuclear grooves and pseudoinclusions. Pathologic examination concluded that
the primary thyroid tumor showed vascular invasion (Figure 1D). The patient
was diagnosed with a malignant thyroid epithelial tumor with a prominent

hyalinizing trabecular pattern.

2. Immunohistochemical features of TTHTP

Table 2 presents the immunohistochemical features of TTHTP. The
immunohistochemical stains for TTF-1 and thyroglobulin were reactive in all
cases, and nine cases presented with simultaneous CD56 and Ki67
immunostain positivity, with Ki-67 expressed in the cell membranes of all

positive cases. Three (19%) cases were positive for CK19, the expression

11



patterns of which were focal and weak. Eight (50%) cases showed moderately
intense expression of galectin-3. According to the results of these
immunohistochemical stains, the TTHTPs were classified into three subtypes
as follows: nine cases of HTT type [Ki-67 (+) and CD56 (+)], four cases of
PTC type [CK19 or galectin-3 (+)/Ki-67 (-) and CD56 (-)], and three cases of

null type [Ki-67 (-), CD56 (-), CK19 (-) and galectin-3 (-)] (Figure 2).

12



H&E

CD56

Galectin- 3

CK19

Figure 2. Immunohistochemical classification of TTHTP. The first type
shows Ki-67 membranous staining and CD56 expression but no CKI19
expression. Galectin-3 was negative or weakly positive in this type (A). The
second type demonstrates galectin-3 or/and CK19 expression but no Ki-67
membranous staining or CD56 expression (B). The third type is negative for

Ki-67, CD56, galectin-3 and CK19 (C).
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3. BRAF*F mutation analysis in TTHTP

BRAFY*°F mutation was detected in one (case 13) of 12 cases in PCR,
showing immunohistochemical stain results of PTC type. Nine of 12 cases
lacked the BRAFY*’F gene mutation, including 3 of null type, 4 of HTT type
and 2 of PTC type by immunohistochemical subclassification. (Figure 3)
Direct sequence demonstrated a heterozygous BRAF Y mutation in one

case (case 13). (Figure 4)

BRAF-PCR ERAF ACE Detection kit (Seegen, Seoul, Kaorea)
Case No. 1 9 13 14 15 16

2 3 4 3 & 8
kel
1000
70
500
400
200
20
10
L]

Figure 3. BRAF-PCR. BRAF"*"F mutation was detected in one (case 13) of

Positive control

=

=

— Internal control (251bp)
— VGO0O0E (167bp)

=

=

12 cases.
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NGCTacac[Tle aanTCcTC| |agoTa CaGHBAA AT CT Co
&0 a0 10 120

B.

Figure 4. BRAF**°* mutation detection by direct sequence. Sequence
chromatograms of exon 15. A. Wild type sequence of 11 cases. B.

Heterozygous transition of T—A in case 13.

IV. DISCUSSION

This study identified and evaluated the immunohistochemical features and
clinicopathologic implications of 16 cases of TTHTP. Thyroid tumors can
often present with hyalinizing trabecular architecture similar to HTT,
including cellular adenomatoid nodules, follicular neoplasms, and follicular
variants of papillary carcinoma®. Therefore, diagnostic criteria for HTT must
be applied strictly, and only 16 of 20 cases of thyroid tumor with a hyalinizing
trabecular pattern from the surgical pathology files were included in this study.
When a patient presents with specific features other than HTT, even if they
are partial, it is more appropriate to diagnose a thyroid tumor. The tumors
which satisfied all of the Carney criteria were HTT and were reactive to both
CD56 and Ki67.In addition, there were cases that did not met all histologic

criteria of Carney but could have be diagnosed as HTT due to the

15



membranous expression of Ki-67and positivity for CD56. The subjective
histologic features which did not satisfy Carney’s criteria in this study were
"hyalinized stroma" and "prominent nuclear groove and pseudoinclusion". In
cases where confirmative diagnosis of HTT was difficult due to these
subjective histologic parameters, specific immunohistochemical stains, such
as Ki67 and CD56 helped diagnose HTT. The seven cases that satisfied all of
Carney’s criteria were positive for CD56 and Ki-67 expressions, and the two
cases in which not all of Carney’s criteria was met, showed membranous
expression of Ki-67. In a previous study, Ki-67 was determined to be a very
sensitive and specific marker for HTT due to its membranous expression in
every HTT case and the lack of expression in PTC'*. However, such an
unusual expression is observed only when MIB-1 clonal antibody is used and

incubated at room temperature, not 37 C in automated immunostainer'®. One

explanation about membranous expression in only MIB-1 clonal antibody is
cross-reactivity to an epitope expressed on cell membrane by peculiar
neoplastic phenotype'’, whereas other explanation is the artifact

phenomenon'®. Absence of membranous staining pattern at 37°C is explained

by temperature-induced modification of the antigen spatial conformation In
addition, Ki-67 is occasionally not expressed in specimen for cytologic
examination'’ and may be irreproducible and vulnerable to changes in
staining conditions. CD56 is expressed in normal thyroid follicular cells,

proliferative follicular cells, and follicular neoplasms but not in PTCs,

16



including follicular variants'®. The evaluation of CD56 expression in HTT has
rarely been established. This study illustrated that HTT has reactivity with
CD56 and Ki-67. Of the nine cases of confirmed HTT according to histologic
features and immunoprofiles for CD56 and Ki-67, five had positive
expression of galectin-3, in concordance with a previous study reporting an
intermediately intense galectin-3 expression rate of 86.2% in HTT'. All five
cases in our study with positive expression of galectin-3 showed weak to
moderate staining intensity.

Four of the 16 cases of TTHTP in this study demonstrated CK19 or/and
galectin-3 positivity and Ki-67 and CD56 negativity. In support of the belief
that HTT frequently accompanies PTC', eight cases of TTHTP in this study
were concurrent with PTC. Of these eight cases, four (50.0%) showed positive
expression for CK19 and/or galectin-3, which are well-known to be expressed
in PTC, and negative expression of CD56, which is also negative in PTC.
Whether TTHTP with expression for CK19 and/or galectin-3, but no
expression for CD56 and Ki-67 can be diagnosed as PTC with prominent
hyalinizing trabecular architecture is uncertain but possible because all 4 cases
of this type of TTHTP were associated with synchronous PTC in this study
and in general PTC can have various architectures’. Three cases of TTHTP
were negative for Ki-67, CD56, CK19 and galectin-3. Since this type of
TTHTP is positive for thyroglobin and TTF-1, it may be considered ‘thyroid

epithelial tumor with a prominent hyalinizing trabucular pattern,” and the

17



possibility of its being a subtype of follicular neoplasm cannot be completely
eliminated. One of three cases of null type had bone metastasis such as
follicular carcinoma. Therefore, this type of TTHTP should be fully evaluated
for follicular neoplasm, specifically for capsular and vascular invasion.
Figure 5 presents a diagnostic flow chart of TTHTP. When histologic features
of the thyroid tumor with prominent hyalinizing and/or trabecular feature
were completely consistent with the criteria of Carney, it can be diagnosed as
HTT, and when TTHTP did not completely satisfy the strict criteria of Carney,
immunohistochemistry for Ki-67 and CD56 was performed. Although there is
possibility of controversy, TTHTP can be diagnosed as HTT if it presents
with membranous expression of Ki-67 and positive expression of CD56. If the
tumor is negative for Ki-67 and CD56, then immunohistochemical staining of
CK19 and galectin-3 is performed. The tumor can be diagnosed as PTC if it is
positive for CK19 and/or galectin-3, although there is possibility of
controversy, and if not, the diagnosis of either benign thyroid epithelial tumor
with a hyalinizing trabecular pattern or a malignant thyroid epithelial tumor
with a hyalinizing trabecular pattern can be reached after meticulous search
for capsular or vascular invasion.

A generalized conclusion cannot be reached due to the relatively small
number of cases, attributed to the strict selection criteria of TTHTP. A

previous study reported that only four of 18 cases of thyroid tumor with
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| Thyroid tumor with prominent hyalinizing trabecular pattern |

[prez ] Capsular or vascuar invasion

absent

present

Benign thyroid epithelial tumor with
hyalinizing trabecular pattern

Malignant thyroid epithelial tumor with
hyalinizing trabecular pattern

Figure 5. The proposed diagnostic flow chart of TTHTP.

Abbreviations: TTHTP, thyroid tumors with a prominent hyalinizing

trabecular pattern; HTT, hyalinizing trabecular tumor; CK19, cytokeratin 19;

PTC, papillary thyroid carcinoma.
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prominent sclerosis or hyalinization and trabecular architecture were
consistent with HTT when the criteria of Carney were applied*. The four
cases were all negative for HBME-1, CK19, and p63. Previous studies on
immunohistochemical staining profiles of HTT have presented with
immunophenotypic  heterogenicity in HTT. High-molecular weight
cytokeratin, a marker of PTC, was positive in about 30% of the cases'. In
addition, thyroperoxidase, a marker of follicular neoplasm, was positive in
about 25% of the cases'’, and some provided positive expressions of
neuroendocrine markers®. The study concluded that a thyroid tumor with
histologic features of HTT can have various immunohistochemical profiles.
Our study is the first to classify TTHTP with similar histologic features to
HTT according to immunohistochemical staining profiles.

Genetically, previous studies have shown the transition of
thymine—adenine at nucleotide 1799 (V600E) in exon 15 of BRAF gene is
another character of PTC. In contrast, the lack of BRAFY***F mutations in the
HTT were repeatedly reported. In this study, one of 12 TTHTP was detected
BRAF"*F mutation and it had immunophenotype of PTC. Six cases with
HTT type of immunostain pattern were included the analysis of BRAFY*"F
gene mutation, and none of them were detected BRAF"*** mutation. These
features of molecular analysis support the previously reported view that HTT

is not a variant of PTC.
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V. CONCLUSION

We conclude that TTHTPs with typical histological features or with typical
immunohistochemical manifestations can be categorized as HTT, and the
remaining TTHTPs should be categorized as PTC or null type. Moreover, the
absence of BRAF'** mutation of TTHTP is valuable for the diagnosis of
HTT. Further studies are necessary to evaluate the clinical and pathological

implication of null type TTHTPs.
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