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Discriminating thyroid and parathyroid lesions may sometimes pose a diagnostic
difficulty. Medullary thyroid carcinomas (MTCs) display various cytologic and architectural features that resemble other thyroid and even rarely some parathyroid
neoplasms. Moreover, some MTCs may have negative serum calcitonin, rendering them difficult to diagnose. Hence, to reach an appropriate diagnosis in problematic cases of these three categories – thyroid lesions, MTC and parathyroid
lesions – the use of several immunohistochemical panels has been suggested and
applied. However, conventional markers are not always conclusive in problematic
cases. Thus, in the current study we aim to evaluate the diagnostic utility of using
GATA3 and INSM1 (insulinoma-associated protein 1) as novel nuclear markers to
be applied as an adjunct in case of histopathologic suspicion.
A retrospective study was carried out on samples of lesions from three groups:
group 1: thyroid lesions (27), group 2: medullary thyroid carcinoma (25); 1/25 had
negative serum levels of calcitonin, and group 3: parathyroid lesions (36). Biopsies
were received at the Pathology Laboratory of Ain Shams University Hospitals.
INSM1 showed 98% diagnostic accuracy in diagnosing MTC and differentiating
it from other thyroid lesions. The case of MTC with negative serum calcitonin
showed positive INSM1 staining. GATA3 showed 96.8% diagnostic accuracy in
diagnosing parathyroid lesions and differentiating them from thyroid lesions.
Using immunohistochemical staining by GATA3 and INSM1, in the appropriate
histopathological setting, significantly aids in the differentiation between thyroid
lesions, parathyroid lesions and MTCs. INSM1 could serve as a potential diagnostic
marker in the rare cases of non-secretory MTC and in metastatic work up.
Key words: GATA3, INSM1, medullary carcinoma, thyroid, parathyroid.

Introduction
Parathyroid and thyroid lesions are common in
routine histopathologic work. Normal parathyroid
tissue is situated at the posterior or near the lower
pole of the thyroid gland; hence most parathyroid
lesions occur at this site [1]. Despite the fact that

most parathyroid lesions have a straightforward histopathologic diagnosis, owing to their site in relation
to the thyroid gland, some parathyroid lesions may
pose a diagnostic difficulty in being discriminated
from some thyroid lesions [2]. Medullary thyroid
carcinoma (MTC), a well-differentiated neuroendocrine tumor of the thyroid gland, is derived from
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the parafollicular calcitonin-producing cells (C-cells).
It constitutes 5-8% of all thyroid malignancies
[3, 4], so due to the limited numbers of patients, its
study is rather difficult. In addition, no agreement
has been reached as regards the classification of its
cytoarchitectural patterns [5]. Among the described
subtypes are classical, papillary or pseudopapillary,
glandular, giant cell, spindle cell, small cell, paraganglioma-like, clear cell, oncocytic, angiosarcoma-like,
squamous cell and melanin producing subtypes
[6, 7, 8]. Even mucus secretion has been observed in
MTC [9]. The great variability in microscopic patterns of MTC, the presence of rare cases of non-secretory MTCs (i.e., not associated with elevated serum
calcitonin), together with the possibility of metastatic lesions to the thyroid gland may render these cases
difficult to diagnose and follow up [10, 11, 12, 13,
14, 15, 16].
It is, therefore, mandatory to add new immunohistochemical markers as an adjunct to reach a proper diagnosis in problematic cases. Several immunohistochemical panels have been suggested and used,
the majority of which are cytoplasmic, which may,
in some instances, cause inaccurate evaluation of immunoreaction due to background staining [5]. On
the other hand, transcription factors are highly specific, nuclear immunohistochemical (IHC) markers;
among these are GATA3 and INSM1. GATA3 is
an established marker of urothelial carcinoma [17]
and primary breast carcinoma [18], with less expression in certain cases of metastatic breast carcinoma [19]. Moreover, GATA3 is involved in the embryonic development of parathyroid glands, as well
as in adult parathyroid cell proliferation [2], while
INSM1 is a relatively new and useful diagnostic
marker of neuroendocrine differentiation [12, 20].
Thus, in the current study we aim to evaluate the diagnostic accuracy of using GATA3 and INSM1 (insulinoma-associated protein 1) as an adjunct in discriminating problematic cases within the spectrum
of thyroid, parathyroid lesions and medullary thyroid
carcinoma.

Material and methods
Tissue and patient data
The current study was a retrospective study conducted on 88 thyroid and parathyroid lesions that
were obtained from the archives of the Pathology
Laboratory of Ain Shams University Hospitals as
a tertiary hospital in in Cairo, Egypt. These were
received and diagnosed during the period from January 2017 to December 2019. Cases were obtained
via total thyroidectomy. These 88 cases included
36 parathyroid lesions as follows: 15 parathyroid
hyperplasia, 16 parathyroid adenoma and 5 cas-
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es of parathyroid carcinoma with prior clinical and
radiological diagnosis, and 52 thyroid lesions as follows: 7 thyroid adenomas, 7 follicular carcinoma,
13 papillary carcinoma and 25 cases of medullary
carcinoma. To simplify the statistical analysis, the 88
cases included in this study were divided based on
their origin into three groups: group 1 – thyroid
lesions (27); group 2 – medullary thyroid carcinoma (MTC) (25; 1/25 was non-secretory MTC with
undetectable serum levels of calcitonin); and group
3 – parathyroid lesions (36). Hematoxylin and eosin-stained slides were examined to re-evaluate and
verify the histopathologic diagnosis.
Inclusion criteria were as follows: a) all cases
of MTCs, parathyroid and thyroid lesions received
between January 2017 and December 2019 with
available laboratory tests and whose diagnoses were
confirmed by routine immunohistochemical tests,
b) in the case of papillary thyroid carcinoma, only
cases that posed diagnostic difficulty and necessitated confirmation via several immunohistochemical
markers were included, c) only cases with enough tissue were selected in the analysis. Exclusion criteria:
a) not enough tissue available, b) no available previous laboratory and radiological reports, c) straightforward papillary thyroid carcinoma.
Archival extraction of data about routine basic immunohistochemical markers, namely calcitonin, CEA
(carcinoembryonic antigen) and PTH (parathyroid
hormone), was done.
Ethics statement
All patients who participated in this study signed
a written informed consent form before undergoing
the surgery. The study was approved by the Research
Ethical Committee (REC) at the Faculty of Medicine,
Ain Shams University.
Immunohistochemical staining
Four micrometer sections of formalin-fixed and
paraffin-embedded samples of thyroid, parathyroid
and MTC samples were prepared. Immunohistochemical staining was performed using two primary antibodies on samples of the three groups; mouse
monoclonal anti-GATA3 (Clone: HG3-31; Santa
Cruz Biotechnology, Dallas, Texas, USA; 1: 100 dilution) and mouse monoclonal anti-INSM1 (Clone:
A8; Santa Cruz Biotechnology, Dallas, Texas, USA;
1 : 200 dilution). Avidin-biotin immunoperoxidase complex technique was used according to Hsu
et al. [21] by applying the Super Sensitive detection
kit (Biogenex, Fermont, California, USA). The prepared tissue sections were fixed on poly-L-lysine
coated slides overnight at 37°C. Graded alcohol series were used to deparaffinize and rehydrate them.
Then the sections were heated in a microwave oven
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in 10 mM citrate buffer (pH 6.0) for 20 min. After
the blocking of endogenous peroxidase and incubation in Protein Block Serum-Free Solution (Dako Cytomation, Glostrup, Denmark) for 20 min, the sections were incubated overnight at 4°C with primary
antibodies. Biotinylated anti-mouse immunoglobulin
and streptavidin conjugated to horseradish peroxidase were then added. Finally, 3,3-diaminobenzidine as the substrate or chromogen was used to form
an insoluble brown product. Finally, the sections
were counterstained with hematoxylin and mounted.
Sections of breast adenocarcinoma and normal parathyroid gland samples were used as a positive control
for GATA3 and sections of non-neoplastic pancreatic tissue as a positive control for INSM1. Negative
control sections of each lesion were incubated with
normal mouse serum instead of each of the primary
antibodies.
Interpretation of immunohistochemical staining
Immunohistochemical analysis of GATA3 and
INSM1 was blindly performed by the two pathologists (the authors) without any prior knowledge
of the clinicopathological data. Any discrepancies
were resolved by consensus using a multi-headed microscope.
Nuclear staining of GATA3 and INSM1 in cells
of any of the lesions of three groups was regarded
as positive staining. Negative staining was defined as
completely absent nuclear staining in the target cells.
No differences in the intensity of staining of target cells were detected in any of the 3 groups by
any of the 2 IHC markers. Hence, the immunoreaction of both markers was graded according to
the percentage of distinctly reactive cells (0 = negative 0%,1+ = focal > 0-25% and 2+ = diffuse
>25%) [2, 22, 23].
Statistical analysis
Categorical variables are expressed as frequencies
and percentages. Chi square and Fisher’s exact test
were used to examine the relationship between categorical variables. A significance level of p < 0.05
was used in all tests. All statistical procedures were
carried out using SPSS version 15 for Windows (SPSS
Inc., Chicago, IL, USA).

Results
Data for the 88 studied cases are represented in
Table I.
Immunohistochemical results
The included adjacent normal parathyroid tissue
showed no INSM1 expression, but expressed diffuse
GATA3 nuclear expression; this staining served as

Table I. Data for the studied cases
N

%

27

30.7

Group 2: Medullary carcinoma
(n = 25)

25

28.4

Group 3: Parathyroid lesions:

36

40.9

Negative

54

61.4

Positive

34

38.6

Negative

64

72.7

Positive

24

27.3

Groups
Group 1: Thyroid lesions:
• Adenoma (n = 7)
• Follicular carcinoma (n = 7)
• Papillary carcinoma (n = 13)

• Hyperplasia (n = 15)
• Adenoma (n = 16)
• Parathyroid carcinoma (n = 5)
GATA3

INSM1

an internal positive control for GATA3. The included adjacent normal thyroid tissue showed neither
INSM1 expression nor GATA3 expression. Thirtyfour (94.4%) out of 36 cases of parathyroid lesions
showed GATA3 nuclear expression. However, none
of the parathyroid lesions showed INSM1 expression.
None of the 25 cases of MTC showed GATA3 nuclear
expression (Figs. 1, 2, 3).
Twenty-four (96%) out of 25 cases of MTC showed
INSM1 nuclear expression (Fig. 3). However, none
of the 27 thyroid lesions showed INSM1 nuclear
expression. On the other hand, none of the thyroid
lesions or MTC cases showed GATA3 expression.
There was a highly statistically significant difference
between MTC and thyroid lesions as regards INSM1
IHC expression (p = 0.0001; Table II). Among the 24
INSM1 positive MTC cases one was calcitonin-negative MTC (negative serum levels of calcitonin and
negative calcitonin IHC).
Thirty-four (94.4%) out of the 36 parathyroid
lesions showed positive GATA3 nuclear expression
(Figs. 1, 2). On the other hand, none of the thyroid
lesions showed GATA3 expression. There was a highly statistically significant difference between parathyroid and thyroid lesions as regards GATA3 IHC expression (p = 0.0001; Table III).
Concerning the grading of INSM1 immunoreaction in MTC cases, 76% of cases (19 out of 25 cases)
showed 2+ immunoreaction (Table IV).
Concerning the grading of GATA3 immunoreaction in different types of parathyroid lesions, there
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Fig. 1. Parathyroid hyperplasia GATA3 positive IHC,
100× (A); parathyroid hyperplasia INSM1 negative IHC,
100× (B); parathyroid adenoma (encapsulated) HE,
40× (C); parathyroid adenoma GATA3 positive IHC, 100×
(D); parathyroid adenoma INSM1 negative IHC, 100× (E)

was a highly significant difference between the type
of parathyroid lesion and the grading of immunoreaction by GATA3; while all cases of parathyroid hyperplasia show the highest grading +2, most cases of adenoma show +2, while among carcinoma cases there
are 2 cases with grade +2, 1 case with grade +1 and
2 cases with no staining (p = 0.025; Table V).
Upon using both studied markers in combination
in problematic lesions within these three categories –
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thyroid lesions, MTCs and parathyroid lesions –
a highly statistically significant difference in expression of combined markers is noted, as 0%, 96% and
94.4% of thyroid lesions, MTCs and parathyroid lesions, respectively, show positivity for either of these
two markers (Table VI).
In differentiating MTCs from thyroid lesions,
combined markers show 96%, 100%, 100%, 96.4%
and 98% sensitivity, specificity, positive and negative predictive values (PPV, NPV) and accuracy,
respectively. Moreover, in differentiating parathyroid from thyroid lesions, combined markers show
94.4%, 100%, 100%, 93.1% and 96.8% sensitivity, specificity, PPV, NPV and accuracy, respectively.
On the other hand, in differentiating parathyroid
lesions and MTCs, any of the two studied markers
used singly would be sufficient, while combined use
of both markers would be insignificant in this context (Table VII).
Concerning the conventional markers whose
results are extracted from the archives of the Pathology Laboratory, in differentiating MTCs from
thyroid lesions, calcitonin shows 92.0%, 92.6%,
92%, 92.5% and 92.3% sensitivity, specificity,
PPV, NPV and accuracy respectively, while CEA
showed 84.0%, 100%, 100%, 87%, 92.3% sensitivity, specificity, PPV, NPV and accuracy, respectively. Moreover, in differentiating parathyroid
from thyroid lesions, PTH shows 86.1%, 100%,
100%, 84.3% and 92% sensitivity, specificity, PPV,
NPV and accuracy, respectively. On the other hand,
in differentiating parathyroid lesions and MTCs,
calcitonin shows 92.0%, 83.3%, 79.3%, 93.7%
and 86.6% sensitivity, specificity, PPV, NPV and
accuracy, respectively, while CEA showed 84.0%,
100%, 100%, 90%, 93.4% sensitivity, specificity,
PPV, NPV and accuracy, respectively. In differentiating parathyroid lesions from MTCs, PTH has
86.1%, 100%, 100%, 83.3%, and 91.8% sensitivity, specificity, PPV, NPV and accuracy, respectively
(Table VIII).

Discussion
MTCs display cytologic and architectural features
that may resemble several primary and metastatic
neoplasms [24]. Moreover, some parathyroid lesions
are difficult for a pathologist to diagnose and distinguish from the neighboring thyroid lesions [2, 12]. In
addition, some features such as oncocytic changes are
common findings in benign as well as malignant thyroid conditions [25, 26], and can pose diagnostic problems; for instance, the oncocytic cell type of papillary
carcinoma is difficult to diagnose because it obscures
the pattern of ground-glass nuclei [9]. Several studies
aiming at refining important histopathological diagnostic parameters or combining immunohistochemical
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Fig. 2. Parathyroid carcinoma showing trabecular pattern HE, 200× (A); parathyroid carcinoma GATA3 positive IHC,
200× (B); parathyroid carcinoma INSM1 negative IHC, 200× (C); parathyroid carcinoma oncocytic variant HE, 200× (D);
parathyroid carcinoma, oncocytic variant, GATA3 positive IHC, 200 × (E); parathyroid carcinoma, oncocytic variant,
INSM1 negative IHC, 200× (F)

markers have been conducted in this setting [27, 28].
Also, oncocytic parathyroid adenomas can resemble
Hurthle cell tumor, and parathyroid lesions, in gener-

al, may exhibit oxyphilic cells [2, 12]. Therefore, IHC
is strongly indicated for all cases of solid tumors without typical features of papillary or follicular carcinoma
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Fig. 3. MTC HE, 100× (A), MTC INSM1 positive IHC, 100× (B); MTC GATA3 negative IHC, 100× (C); MTC oncocytic variant HE, 200× (D); MTC, oncocytic variant, INSM1 positive IHC, 400× (E); MTC, oncocytic variant, GATA3
negative IHC, 200× (F)

to prevent underdiagnosis of medullary carcinoma and
for proper assessment of these intricate lesions [9].
The conventional markers are not always conclusive; thyroid transcription factor-1 (TTF-1) is posi-
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tive in 96% of papillary carcinomas, 100% of follicular carcinomas, 20% of oncocytic tumors and 90%
of MTCs, whereas anaplastic carcinomas are essentially immunonegative for TTF-1 [29]. Ninety-five
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Table II. Comparison between medullary carcinoma and thyroid lesions as regard the results of studied markers
Group
Medullary carcinoma

P

Sig

0.0001*

HS

-----

-----

Thyroid lesions

n

%

n

%

Positive

0

0.0

0

0.0

Negative

25

100.0

27

100.0

Positive

24

96.0

0

0.0

Negative

1

4.0

27

100.0

GATA3

INSM1

*χ2 test

Table III. Comparison between parathyroid and thyroid lesions as regard the results of studied markers (INSM1 and
GATA3)
Group
Parathyroid lesion

P

Sig

0.0001*

HS

–

–

Thyroid lesions

n

%

n

%

Positive

34

94.4

0

0.0

Negative

2

5.6

27

100.0

Positive

0

0.0

0

0.0

Negative

36

100.0

27

100.0

GATA3

INSM1

*χ2 test

percent of medullary carcinomas are positive for calcitonin [9]. Previous studies have shown that although
calcitonin is highly specific for MTC, the staining pattern may vary; it is usually diffuse, but can be focal
(with 25% or less of cells exhibiting cytoplasmic reactivity) [30]. Absent calcitonin expression could occur
in up to 5% of MTC cases [31]. As an alternative,
in such cases where conventional immunohistochemical markers are inconclusive, in situ hybridization
would be used for detecting calcitonin and calcitonin
gene-related peptide mRNAs, but this technique is
both expensive and is not always available in all institutes [32, 33]. In MTCs that show no elevation in serum calcitonin, the diagnosis may be delayed, which
may worsen the condition. Even at the tissue level,
only less than half of these cases show focal or diffuse
IHC expression of calcitonin [10]. Therefore, finding
other alternative immunohistochemical markers that
help in identifying MTC and differentiating it from
other thyroid lesions/tumors is mandatory in such
cases. CEA has a role in diagnosing such cases [14],
but being a cytoplasmic marker, CEA immunostaining in thyroid has been described to have non-specific
reaction with CEA-like substances, a problem minimized by the advent of monoclonal CEA, and usually

Table IV. Grading of staining of INSM1 in MTC (medullary thyroid carcinoma) cases
N

%

Negative

1

4.0

+1

5

20.0

+2

19

76.0

INSM1

suggests the diagnosis of MTC, but could not exclude
other lesions such as thymic-derived lesions or metastatic carcinoma [9, 34, 35, 36]. Although metastasis to the thyroid is rarely encountered, the possibility of a metastatic deposit should be excluded in
any suspicious lesion of the thyroid, owing to its poor
prognosis [37, 38]. Metastatic deposits in the thyroid
could be mucinous in nature in cases of ovarian or
lung carcinoma. This can lead to a difficulty in diagnosing the mucous-secreting variant of MTC. CEA
will not solve this diagnostic dilemma, being positive in both cases. Thus, the need of other adjunct
markers to be added the conventional panel remains.
INSM1 by contrast will stain positive for mucous se-
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Table V. Grading of staining of GATA3 according to types of parathyroid lesions
Parathyroid lesions
Hyperplasia
n

Adenoma

P

Sig

0.025**

S

Carcinoma

%

n

%

n

%

Intensity of GATA3 staining
0

0

0.0

0

0.0

2

40.0

+1

1

6.7

3

18.8

1

20.0

+2

14

93.3

13

81.3

2

40.0

**Fisher’s exact test

Table VI. Description and comparison of combined markers (any positive GATA3 and/or INSM1) between the 3 studied
groups
Group
Thyroid lesions

Medullary carcinoma

%

n

P*

Significance

0.001

HS

Parathyroid lesions

n

%

n

%

INSM1/GATA3 (any positive marker)
Negative

27

100.0

1

4.0

2

5.6

Positive

0

0.0

24

96.0

34

94.4

*χ2 test

Table VII. Diagnostic criteria of combined studied markers (INSM1 and GATA3) in differentiating the three studied
groups
Sensitivity

Specificity

PPV

NPV

Accuracy

MTC and thyroid lesions

96.0%

100.0%

100%

96.4%

98%

Parathyroid and thyroid lesions

94.4%

100.0%

100%

93.1%

96.8%

MTC and parathyroid lesions

94.4%

4%

58.6%

33.3%

57.3%

Table VIII. Detailed diagnostic criteria of conventional markers (calcitonin, CEA and PTH) in differentiating the studied
groups
Diagnostic accuracy criteria for calcitonin, CEA, and PTH in differentiating MTC from thyroid lesions
Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

Calcitonin

92.0

92.6

92

92.5

92.3

CEA

84.0

100.0

100.0

87

92.3

PTH

0

100.0

0

51.9

51.9

Diagnostic accuracy criteria for calcitonin, CEA, and PTH in differentiating parathyroid from thyroid lesions
Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

16.7

92.6

75

45.4

49.2

CEA

0

100.0

0

42.8

42.8

PTH

86.1

100.0

100

84.3

92

Calcitonin

Diagnostic accuracy criteria for calcitonin, CEA, and PTH in differentiating MTC and parathyroid lesions
Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Accuracy (%)

Calcitonin

92.0

83.3

79.3

93.7

86.6

CEA

84.0

100.0

100.0

90

93.4

PTH

86.1

100.0

100.0

83.3

91.8
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creting MTC, but not metastatic ovarian and lung
adenocarcinomas [39].
Some of the above-mentioned problems were encountered among MTC cases in the current work.
For diagnosing MTC from thyroid lesions, calcitonin
showed 92.0%, 92.6%, 92%, 92.5% and 92.3%
sensitivity, specificity, PPV, NPV and accuracy, respectively, while CEA showed 84.0%, 100%, 100%,
87%, 92.3% sensitivity, specificity, PPV, NPV and
accuracy, respectively. Moreover, in differentiating
parathyroid lesions and MTCs, calcitonin shows
92.0%, 83.3%, 79.3%, 93.7% and 86.6% sensitivity, specificity, PPV, NPV and accuracy, respectively, while CEA showed 84.0%, 100%, 100%, 90%,
93.4% sensitivity, specificity, PPV, NPV and accuracy, respectively. Thus, these conventional markers yielded high diagnostic accuracy among cases
of the current work, yet in problematic cases, INSM1
was able to provide a diagnostic aid in certain problematic cases, whereas calcitonin and CEA were not
able to do so. For instance, one case of MTC had negative serum calcitonin. Moreover, it showed negative
immunohistochemical expression of calcitonin at
the tissue level. To establish the diagnosis of MTC, in
situ hybridization was performed in a private laboratory outside our hospital to detect calcitonin and was
a costly and time-consuming procedure. This case
showed INSM1 positivity and GATA3 negativity in
the current work. This provides a low-cost ancillary
diagnostic aid if validated by further studies with
a larger cohort.
Among the technical problems that we faced in
some cases was the tendency of calcitonin to show
only focal cytoplasmic expression of some tumor
cells. Moreover, two of the cases included in the current work had a history of lung adenocarcinoma, so
we could not exclude the remote possibility of the lesions being metastatic tumors to the thyroid gland
and not MTCs, since CEA would be positive in both
cases. INSM1, on the other hand, is only positive in
the case of MTC. Thus, adding INSM1 as an adjunct
to traditional markers in problematic cases would be
of great help.
Previous studies have shown that calcitonin is
expressed in about 15% of parathyroid hyperplasia
cases, 23% of parathyroid adenomas, whereas all normal parathyroid glands were negative [40]. Several
studies stated that parathyroid carcinoma cases were
negative for both TTF-1 and calcitonin [41]. However, Hodgson et al. [42] presented a case of parathyroid carcinoma expressing immunohistochemical
positivity to calcitonin. The rare intrathyroid location
of parathyroid lesions could pose a diagnostic difficulty in their discrimination from benign follicular lesions of the thyroid [43]. Parathyroid lesions/tumors
are usually positive for parathyroid hormone (PTH).
This is in line with the results of PTH in the current

work, which showed high diagnostic accuracy in differentiating parathyroid lesions from MTCs and from
other thyroid lesions. However, like most hormones
PTH can be aberrantly expressed in other tumors;
therefore, many markers continue to be evaluated for
diagnostic utility [44, 45].
Concerning GATA3 IHC expression in parathyroid lesions included in the current study, 34 out
of the 36 cases of parathyroid lesions (94.4%) showed
positive GATA3 nuclear staining. This was less than
what was recorded by Takada et al. [1], who stated
that 66 out of their 67 parathyroid lesions (98.5%)
showed positive nuclear staining. This discrepancy
could be attributed to different sample sizes, different parathyroid lesions in their study, which did not
include parathyroid carcinoma cases, and different
nature of specimens, their samples being cytological.
In the current study all cases of parathyroid hyperplasia (15 cases) showed positive nuclear GATA3
staining, among which 14 cases (93.3%) showed diffuse (+2) immunoreaction, while one case showed
focal (+1) immunoreaction. All cases (16 cases)
of parathyroid adenoma showed positive GATA3 nuclear staining; 13 out of the 16 cases (81.3%) showed
+2 staining, while 3 out of the 16 cases (18.8%)
showed +1 staining. Three out of 5 parathyroid carcinoma cases showed positive nuclear staining (60%),
2 cases of which showed +2 staining (40%) and
1 case showed +1 staining (20%). This was to some
extent higher than the results stated by Ordonez [2],
where GATA3 immunoreaction was also graded according to the percentage of positive cells, but into
4 grades (unlike the 2-tier grading system we adopted in the current study); 80% of parathyroid hyperplasia cases, 72.7% of parathyroid adenoma cases
and 33.3% of carcinoma cases showed the highest
immunoreaction grading. This difference could be
attributed to 2-tier versus 4-tier grading systems.
On the other hand, our results were lower than those
of Betts et al. [46], who had all their 7 parathyroid
cases only showing strong nuclear staining, which
could be attributed to their small sample size.
An important differential diagnosis in this context is to differentiate MTC from paraganglioma
of the head and neck owing to its different management from that of other NETs. A subtype of paraganglioma that is mostly encountered in the head
and neck region is the non-functioning paraganglioma. This subset shows focal-to-weak or even absent staining for tyrosine hydroxylase, together with
keratin negativity. In this specific context, positivity
for GATA3 may help to support a diagnosis of paraganglioma. In addition, absent staining of PTH,
calcitonin and CEA is also needed to diagnose “cytokeratin negative, tyrosine hydroxylase negative”
paraganglioma in the head and neck region so as to
exclude other lesions such as parathyroid neoplasms,
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which are also positive for GATA3 [47]. Furthermore,
Rosenbaum et al. demonstrated that INSM1 would
also be positive for paraganglioma [39]. This could
be a useful asset that could be provided by the combination of both INSM1 and GATA3 in this context.
Concerning INSM1 IHC expression in parathyroid
lesions included in the current study, all of the parathyroid lesions (36 cases) showed negative INSM1
IHC expression. This is in line with the results
of Rooper et al. [20], Yu et al. [23] and Rosenbaum
et al. [39], all of their parathyroid lesions/tumors having showed negative INSM1 IHC staining.
In the present study, 24 out of 25 MTC cases
(96%) showed INSM1 nuclear expression. This was in
agreement with Rosenbaum et al. [39], who observed
INSM1 nuclear expression in 96% of their cases.
In contrast, none of the MTC cases showed GATA3
expression (0%). This complemented the findings
of Ordonez [2], none of whose MTC cases showed
GATA3 expression.
Concerning grading of INSM1 immunoreaction,
19 out of 25 MTC cases (76%) in the present study
showed diffuse (+2) nuclear staining, while 5 cases
(20%) showed focal (+1) expression. This is to some
extent like the findings of Rooper et al. [20], whose
positive MTC cases, in terms of proportion of positive
tumor cells, showed a mean of 86%, thus showing
diffuse staining.
Concerning the thyroid lesions in the current
study, all cases (27) were negative for both GATA3
and INSM1. This was in agreement with studies
by Ordonez [2] and Betts et al. [46], in which none
of the thyroid lesions/tumors showed GATA3 expression. Our results also agree with those of Rosenbaum
et al. [39], in which none of the thyroid lesions/tumors (excluding MTC) expressed INSM1.
In the current study, the adjacent normal thyroid
tissue was negative for both INSM1 and GATA3,
which corroborates the findings of Rosenbaum
et al. [39], who stated that INSM1 was not expressed in normal thyroid tissue in their study. Also,
Miettinen et al. [48], demonstrated GATA3 negativity in normal thyroid tissue. On the other hand,
the adjacent normal parathyroid tissue in the current study was positive for GATA3, but negative for
INSM1. This was in agreement with Ordonez [2]; all
of the normal parathyroid tissue included in his study
showed nuclear positivity for GATA3. Moreover,
Yu et al. [23] observed INSM1 negativity in normal
parathyroid tissue.
Unlike hormones, developmental transcription
factors are rarely aberrantly expressed in well-differentiated neuroendocrine neoplasms. Transcription
factors are highly specific IHC markers; among these
are GATA3 and INSM1. It is worth noting that since
both of the studied markers are transcription factors,
their nuclear localization offers better evaluation
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of immunoreaction, with low background staining,
unlike most of the conventional cytoplasmic markers
used in this scope [23, 39]. Therefore, in the current
study we suggested the use of GATA3 and INSM1
IHC for better differentiation of difficult cases in
the spectrum of thyroid, MTC and parathyroid lesions/tumors.
In case of a problematic lesion that falls into
the category of thyroid/ parathyroid/ MTC, and
guided by the results of the current study, GATA3
and INSM1 IHC markers could be added to the panel of markers, where GATA3 showed a highly statistically significant relation (p = 0.0001) in differentiating parathyroid from thyroid lesions, with
diagnostic accuracy, sensitivity, specificity, PPV and
NPV of 96.8%, 94.4%, 100%, 100% and 93.1%,
respectively. The current study also demonstrated
that in discriminating MTC from other thyroid lesions, INSM1 showed a highly statistically significant relation (p = 0.0001), with diagnostic accuracy,
sensitivity, specificity, PPV and NPV of 98%, 96%,
100%, 100% and 96.4%, respectively.
In the same context, Ordonez [2] demonstrated
GATA3 positivity in all of his parathyroid lesions
and he stated that GATA3 is a very sensitive parathyroid marker. Also, Betts et al. [46] showed that
GATA3 had 100% sensitivity and 97% specificity in
discriminating parathyroid lesions from thyroid lesions. The discrepancy in their results as compared to
ours may be attributed to our smaller sample size and
the different subtypes included in the two studies.
According to Rooper et al. [20], INSM1 was positive in all types of head and neck neuroendocrine tumors evaluated in their study (including MTC) with
99% sensitivity. Moreover, INSM1 was negative in
almost all non-neuroendocrine head and neck tumors
including thyroid and parathyroid lesions (97.6%
specificity). The discrepancy might be attributed to
the fact that, unlike our study, their study comprised
head and neck lesions other than thyroid and parathyroid lesions.
The current study showed a highly statistically significant relation between the two markers in differentiating the three studied categories. Nevertheless,
INSM1 could serve (alone without GATA3) as a diagnostic marker to differentiate MTCs from thyroid
lesions and from parathyroid lesions. In fact, a recent
study has claimed that INSM1 was sufficiently sensitive and specific to serve as a standalone marker for
neuroendocrine tumors of the head and neck [49].
The usual technique for diagnosing a neuroendocrine tumor is through a panel approach. Combining monoclonal antibodies with transcription
factors, hormones and cell-specific peptides often
assists diagnosticians in the assessment of cellular origin of a neuroendocrine neoplasm [50]. In the current study, we tested the diagnostic accuracy of two
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transcription factors, and guided by our results, we
concluded that using immunohistochemical staining by GATA3 and INSM1 can significantly aid in
the differentiation between thyroid lesions, parathyroid lesions and MTCs in problematic cases. Furthermore, INSM1 may serve as a complementary marker for the diagnosis of non-secretory and metastatic
MTCs, after validating our findings in further studies
with larger sample sizes. A limitation to this study
is the small number of cases of some thyroid lesions,
MTCs and of parathyroid carcinomas, so further
studies are needed to validate a panel of immunohistochemical markers that prove most useful as an adjunct in the evaluation of challenging MTCs, thyroid,
parathyroid lesions/tumors.
The authors declare no conflict o interest.
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