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ABSTRACT

Introduction: A pre-therapeutic distinction between benign and
malignant thyroid nodules is critical for deciding the therapeutic
strategy, wherein fine-needle aspiration cytology plays a major role.
However, there are grey-zone categories in the Bethesda system for
reporting thyroid cytopathology, which is currently, the universally
accepted pattern for reporting thyroid FNAC. Several immunomarkers
studied in these ‘indeterminate’ lesions have proven to be of limited
value. Recent molecular studies have shown the growth differentiation
factor-15 (GDF-15) gene to be a promising marker in various
malignancies; though, there is sparse literature regarding its use as a
surrogate immunohistochemical marker, especially in thyroid
neoplasms. The present (pilot) study explores its possible utility in the
pre-therapeutic distinction of follicular-patterned lesions and
neoplasms of the thyroid by testing it initially on histopathologic
sections.

Obijective: To assess the utility of GDF-15 as an immunohistochemical
marker in distinguishing common follicular-patterned thyroid
neoplasms and lesions.

Materials and Methods: GDF-15  immunohistochemistry  was
performed on 75 surgical specimens of thyroid lesions, comprising 19
adenomatous nodules or follicular hyperplasias, 10 nodular goitres,
17 follicular thyroid adenomas, 8 follicular thyroid carcinomas, 12
follicular variant of papillary thyroid carcinomas, and 9 conventional
papillary thyroid carcinomas. All these cases were histologically
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proven, and their immunohistochemical interpretation was performed
using the immunoreactive scoring system. Pearson’s analysis was
performed for the immunohistochemical correlation among the study

Results: The findings were inconsistent; 16 follicular-patterned
malignancies (5 follicular carcinomas and 11 cases of follicular variant
of papillary carcinoma) and seven conventional papillary thyroid
carcinomas revealed both cytoplasmic and membranous expression of
GDF-15. All benign lesions were negative except one follicular
adenoma and three follicular hyperplasias, which exhibited patchy or
focal GDF-15 positivity. However, three follicular carcinomas, one
follicular variant of papillary carcinoma, and two conventional
papillary carcinomas were found to be GDF-15-negative.

Conclusion: Though there is a literature backup supporting the use of
GDF-15 gene analysis in differentiating various follicular-patterned
neoplasms, the GDF-15 protein, as an immunohistochemical marker
failed to distinguish not only between benign and malignant follicular-
patterned neoplasms but also between follicular carcinoma and

follicular variant of papillary carcinoma.

thyroid,

GDF-15, immunohistochemistry,  follicular

neoplasm, follicular adenoma, follicular carcinoma, follicular
hyperplasia, follicular variant of papillary carcinoma
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Introduction

The thyroid gland is one of the most vital
organs of the human endocrine system, and thyroid
disorders are globally prevalent.! A 4.2 crore
population of India is estimated to suffer from
thyroid disorders, with a higher incidence being
noted among females (1.8/1,000 females vs.
1/100000 males).2 The major disorders reported
among Indians include goitre due to iodine
deficiency, those related to an increase
(hyperthyroidism) or decrease in thyroid hormones
(hypothyroidism), and thyroid neoplasms.3 Of all
thyroid cancers, papillary, follicular, medullary, and
anaplastic thyroid carcinomas (PTC, FTC, MTC, and
ATC) represent 80%, 15%, 3%, and 2% of cases,
respectively. Though the Bethesda system for
reporting thyroid cytopathology (TBSRTC) has
significantly  improved the cytopathologists’
approach to thyroid lesions, the ambiguous TBSRTC
categories such as ‘follicular lesions of undetermined
significance (FLUS)’ and ‘follicular
neoplasm/suspicious for follicular neoplasm (FN
and SFN)’ frequently pose considerable problems
in patient management. TBSRTC-IV  (FN/SFN)
category does not comment on the benign or
malignant nature of a follicular neoplasm, as it is
not possible to assess the capsular and vascular
invasion on FNAC and thus, has remained an
accepted limitation of cytology.4

There have been innumerable studies
dealing with the role of immunocytochemistry (ICC)
and immunohistochemistry (IHC). The important

markers include galectin-3, human bone marrow
endothelium marker-1 (HBME-1), cytokeratin-19
(CK-19), and thyroid peroxidase (TPO). Most of
these markers were studied as IHC panels, either on
histologic sections or cell block preparations from
FNA material. Galectin-3, which initially emerged
as the most ‘promising’ marker for differentiating
benign versus malignant thyroid nodules, was later
found to have limited practical value.> Several
newer molecular markers have been identified in
recent years, and these include protein convertase-
2 (PCSK2), cyclin D2 (CCND2), human telomerase
reverse transcriptase (h-TERT), growth
differentiation factor (GDF-15), Ras-related
protein-2A (RAP2A), thyroid stimulating hormone
receptor (TSHR), and insulin-like growth factor type
1 receptor (IGF-1R).6-10 Using these markers, some
authors also tried to distinguish between benign and
malignant follicular-patterned thyroid neoplasms.
8,11

Among the «above genes, growth
differentiation factor-15 (GDF-15) belongs to the
human transforming growth factor-p (TGF-B)
family. It is also known by several other names, such
as nonsteroidal anti-inflammatory drug (NSAID)-
activated gene-1 (NAG-1), macrophage inhibitory
cytokine-1 (MIC-1), prostate differentiation factor
(PDF), placental bone morphogenetic protein
(PLAB), and placental TGF-B (PTGF-B), and these
names reflect its varied functions. Certain GDF-15-
related  cytokines are shown to have
immunomodulatory  and  cancer  progression
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activities.8F12 An elevated level of GDF-15, or its
increased expression is often noticed during the
tumour progression of gastric, ovarian, prostatic,
and breast carcinomas.'?'7  Studies  have
demonstrated its role in the activation of STAT3
signalling as well as stimulation of ERK
phosphorylation and SMAD signalling in thyroid
cancer cells; GDF15-STAT3 signalling is said to
have a crucial role in the progression of
mitochondrial stress-induced thyroid cancer.'”

The present (pilot) study assessed the role
of GDF-15 as a surrogate IHC marker in
distinguishing between benign and malignant
follicular thyroid lesions / neoplasms on histologic
sections, presuming that a positive outcome would
facilitate its use on cytologic material for a pre-
therapeutic distinction of indeterminate thyroid
nodules.

Materials and Methods

The study was conducted in the Department
of Pathology, Jawaharlal Institute of Postgraduate
Medical Education and Research (JIPMER),
Puducherry, India, in collaboration with the
Departments of Surgery, Otorhinolaryngology, and
Biochemistry, JIPMER, Puducherry, and the
Department of Pathology, Indira Gandhi Medical
College and Research Institute (IGMC&RI), after
obtaining approval from the Research Committees
of JIPMER and IGRMC&RI, as well as the JIPMER
Ethics Committee. The thyroid samples were
selected based on the corresponding fine needle
aspiration cytology (FNAC) reports or clinical and
ultrasound (US) findings. A total of 75 solitary
thyroid nodules with subsequent histopathologic
follow-up were studied; these included 19 cases of
follicular thyroid hyperplasia (FTH), 10 nodular
goitres (NGs), 17 follicular thyroid adenomas
(FTAs), 8 follicular thyroid carcinomas (FTCs), 12

Table 1: Immunoreactive Scoring System (IRS)
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follicular variant of papillary thyroid carcinomas
(FVPTCs), and 9 conventional papillary thyroid
carcinomas (CPTCs). The informed consent of all
participant-patients was obtained, both before the
fine needle aspiration (FNA) procedure and prior
to surgery.

The surgical specimens were routinely
processed in all 75 cases, and the histopathologic
diagnosis was made on hematoxylin and eosin
(H&E) sections. The antibody kit for GDF-15 was
procured from Origene Technologies (US).
Antibody dilution was done according to the
manufacturer's protocol in the range of 1:1000. The
working condition of the antibody was tested using
the control tissue recommended by the
manufacturers. The 4 pum thick microsections were
prepared from the paraffin-embedded tissue
blocks and mounted on the poly-L-lysine coated
slides for immunostaining. Each slide was treated
with 3% hydrogen peroxide in methanol for 20
minutes for endogenous peroxidase blocking.
Antigen retrieval was done by the pressure cooker
method with citrate buffer (pH 6.4). The primary
antibody was incubated overnight at 4 °C, and the
polymer horseradish peroxidase was incubated for
40 minutes. Diaminobenzidine (DAB) was used as a
chromogen. The slides were examined under a
microscope, and an IHC assessment was done using
the immunoreactive scoring (IRS) system.’® The
scoring pattern is shown in Table 1. Pearson’s
correlation analysis was performed to assess the
correlation of IHC expression between the study
groups. All statfistical tests were done using
GraphPad Instant Version 3.06. To determine the
sensitivity and specificity of IHC markers for
diagnosis, the area under the receiver operator
characteristic curve (ROC) was calculated using the
R statistical software R-3.6.1.

A (Percentage of Positive Cells)

B (Intensity of expression)

Final score (AxB)

0= no positive cells

0= no color reaction

0-1 = negative

1=<10% of positive cells

= mild reaction

2-3 = mild

2=10-50% positive cells

2 = moderate reaction

4-8 = moderate

3=51-80% positive cells

3 = intense reaction

9-12 = strongly positive

4=>80% positive cells

Final IRS score (AXB): 0-12

Results

As for IHC expression of GDF-15, most of
the malignant thyroid tumours expressed moderate
to strong positivity (Fig. 1A, 1B, 1C), and the cases
included four FTCs and seven each of FVPTCs and
CPTGCs. In contrast, all benign lesions, including FTAs,
FTHs, and NGs, were mostly negative, though one
FTA and three FTHs showed a mild and focal

Medical Research Archives |https:

expression. Notably, malignant thyroid neoplasms
like FTC (1 case) and FVPTC (2 cases) also revealed
mild positivity, while three cases of FTC and one
case of FVPTC, as well as two conventional PTCs,
had a negative expression, raising doubts about its
practical utility. Strikingly, all our NGs were GDF-
15 negative (Table 2). The details of GDF-15 [HC
expression in our study groups are highlighted in
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Table 2. The percentage of malignant lesions
expressing GDF-15 ranged from 62.5 to 77.8%
(CPTCs: 77.8%; FVPTCs: 91.6%; and FTCs: 62.5%),
while 0.0-8.69% of benign lesions expressed the
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marker, though it was unexpected. Further, among
the benign lesions, the FTH (non-neoplastic) group
had a greater number of GDF-15 positive cases
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Figure 1: (A) A diffuse, strong expression of GDF-15 in FTC; (B) a case of CPTC with moderate GDF-15 expression;
(C) A diffuse, strong expression of GDF-15 in FVPTC (A, B&C: IHCx40, DAB chromogen).

Table 2: Assessment of GDF-15 IHC expression by using IRS scoring system

. GDF-15 Expression
Hlsl:i)?paiho!ogy Nucmber of Negative Mild Moderate Strong
iagnosis ases (0-1) (2-3) (4-8) (9-12)
FTC 8 3 1 2 2
FTA 17 16 1 0 0
FVPTC 12 1 2 6 3
PTC 9 2 0 6 1
FTH 19 16 3 0 0
NG 10 10 0 0 0
Table 3: Percentage distribution of GDF-15 IHC expression in different study groups
Immuno Marker FTC FTA FVPTC PTC FTH NG Total
GDF-15 + 5 1 11 7 3 0] 27
n% 62.50% 5.80% 91.60% 77.80% 15.78% 0%
GDF-15 — 3 16 1 2 16 10 48
n% 37.5 94.20% 8.40% 22.20% 84.22% 100%
Total No. of 8 17 12 9 19 10 75
Cases

The Pearson correlation analysis of GDF-
15 expression among the study groups was carried
out, and the values ranging from 0.7 to 0.89 were
considered a 'strong correlation’. The values
ranging from 0.4 to 0.69 were taken as ‘moderate
correlation’, while the values ranging from 0.1 to
0.39 were considered 'mild correlation'. The R-
value of the GDF-15 IHC correlation among all
study groups is shown in Table 3. Cases of NG were
not considered for correlation analysis as none of
them were positive for GDF-15. No significant
correlation was observed between FTA and FTC
with regard to the IHC expression of GDF-15. As
per the correlation analysis, GDF-15 expression in
FTA and FTC showed a weak correlation with an R-
value of 0.117 and an insignificant ‘p-valve of
0.634 (Table 4). A strong correlation was observed
between FTC and CPTC with an R-value of 0.758
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and a highly significant ‘p-value of 0.0002,
indicating a similar IHC expression pattern in both
lesions. FVPTC and PTC had a similar percentage of
positive GDF-15 expression in 75% of our cases;
however, as per the correlation analysis, both had
a weak correlation with an R-value of 0.152 and a
‘p-valve of 0.535. A moderate correlation was
observed between the FTH (a non-neoplastic benign
lesion) and PTC (a malignant neoplasm) groups with
an R-value of 0.403 and a ‘p-value of 0.086, which
was statistically not significant; this moderate
correlation decreases the utility of GDF-15 in
routine diagnostic practice. A weak correlation was
observed between an FTA and an FTH with an R-
value of 0.206, which indicated a difference in their
IHC expression. This was an example of dissimilarity
in IHC expression between two non-malignant
categories. Such results decrease the sensitivity of
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GDF-15 as an immunomarker for differentiating
and discriminating
between benign and malignant thyroid neoplasms

follicular-patterned

tumours
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(Table 4). The GDF-15 expression showed 71%

Table 4: The correlation of GDF-15 IHC expression between the study groups

sensitivity and 80% specificity for differentiating
the follicular-patterned thyroid neoplasms under
the area of 0.761 (Graph 1).

Study
Groups Mean Siur.ldcjrd R-Value P-Value Correlation
Deviation
FTC
Vs 2.053 4.0342 0.117 0.634 Weak
FTA 0.211 0.917
FTC
Vs 2.053 4.034 0.216 0.375 Weak
FVPTC 3.526 4.623
FTC
Vs 2053 4.034 0.758 0.0002 Strong
PTC 2.421 3.625
FTC
Vs 2.053 4.034 0.317 0.1864 Weak
FTH 1.737 2.663
FTA
Vs 0211 0917 0.13 0.597 Weak
FVPTC 3.526 4.623
FTA
Vs 0211 0917 0.239 0.324 Weak
PTC 2.421 3.625
FTA
Vs 0.211 0.917 0.206 0.398 Weak
FTH 1.737 2.663
PTC
Vs 2421 3.625 0.152 0.535 Weak
FVPTC 3.526 4.623
FVPTC
Vs 3.526 4623 0.098 0.691 Weak
FTH 1.737 2.663
PTC
Vs 2421 3.625 0.403 0.086 Moderate
FTH 1.737 2.663

Graph 1: The ROC curve analysis of GDF-15 IHC expression

Medical Research Archives | https:
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Discussion

The FNAC procedure plays a major role in
the pretherapeutic distinction between benign and
malignant thyroid nodules, which is critical for
deciding the therapeutic strategy. However, the
lesions encompassing follicular neoplasms (FTA and
FTC), FTH, and FVPTC often cause diagnostic
dilemmas by presenting as ‘indeterminate lesions’
representing the grey-zone TBSRTC categories-lll,
IV, and V. The IHC markers used on cell blocks
prepared from FNA material have yielded varied
results, which are of limited utility.> Currently,
molecular assays like Afirma or ThyroSeq v2 are
being effectively utilised on thyroid FNA material,
but they are too expensive for routine application
in developing nations like India.'® In recent years,
certain newer molecular markers have emerged but
have not been validated to an extent that would
allow their routine application. The use of
corresponding IHC markers would be of some
benefit, but the related literature is too sparse.’3 It
is noteworthy that there are occasional studies
discussing the use of GDF-15 as an IHC marker.11.20
The present study tested the efficacy and practical
utility of GDF-15 as a surrogate IHC marker on
histologic sections of follicular-patterned
lesions/neoplasms. A few cases of conventional PTC
were also included in the study as a sort of control.

Normally, a significant IHC expression of
GDF-15 is seen in placental tissue and
macrophages. Elevated serum GDF-15 levels are
often associated with injury as well as inflammation;
but more significant is its overexpression in
malignant tissues.!1.14-17.21 A recent study by Kang
et al.’lm demonstrated elevated GDF-15 levels in
patients with aggressive and recurrent PTCs. In
cancer biology, GDF15 is reported to have various
roles, such as cellular proliferation and migration,
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inflammation, metabolism, and DNA damage
response. The pro-angiogenic property is one of its
tumour-promoting  activities.722 Even  cancer
cachexia is linked to GDF-15 overexpression.!!

A positive IHC expression of GDF-15 is
described in several malignant tumours. Wallin et
al.’™ and Peake et al.'’ reported cytoplasmic or
membranous expression of GDF-15 in colonic and
breast adenocarcinomas, respectively, while Liu et
al. found membranous expression, chiefly in high-
grade hepatocellular carcinoma (grade-Ill HCC).16

A recent study by Kang et al.'! evaluated
the role of GDF-15 IHC and its quantification by
enzyme-linked immunosorbent assay (ELISA) in a
series of 266 papillary thyroid carcinomas (PTCs).
The authors analysed GDF-15 protein expression
and the GDF-15 gene knockdown effects. The cell
viability, cell migration, and cell invasion assays
were also carried out by the authors. It was found
that overexpression of GDF-15 was associated with
decreased mitochondrial activity in PTC. The
circulating GDF-15 level in serum was also
measured by ELISA, and the level was found to be
significantly elevated in patients with PTC as
compared to normal individuals. Reporting an
increased IHC expression of GDF-15 in PTCs with
extrathyroidal invasion and/or lymph node
metastasis, the authors suggested its association
with aggressive behaviour.!!

As for the role of GDF-15 in other thyroid
neoplasms, there are only two rare studies by
Weber et al8 and Prabakaran et al.23 that
investigated the utility of GDF-15 mRNA expression
in follicular-patterned neoplasms of the thyroid.
However, there has been extremely limited data on
its role as a surrogate IHC marker in follicular-
patterned neoplasms like FTA, FTC, and FVPTC.
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Interestingly, GDF-15 expression was
observed in all our thyroid lesions, though its
expression varied among the different neoplastic
and nonneoplastic groups. As in its non-thyroid
malignant counterparts, its expression was both
cytoplasmic and membranous, with the stronger
expression being noted in FTCs. Paradoxically, one
of our FTAs was also GDF-15 positive, with its
intensity being similar to that of the FTC. In addition,
three of our FTCs did not express the marker,
indicating that not all GDF-15 negative tumours
with a follicular pattern represented FTA.
Apparently, such observations limit the practical
utility of GDF-15 in differentiating FTA from FTC.

The positive aspect of our (pilot) study is
that it dealt with the less-explored GDF-15 protein
as a surrogate IHC marker in distinguishing
follicular-patterned lesions, though we had a mixed
outcome. There are a few limitations, of which the
major one is its low sample size with a fairly smaller
number of FTAs and FTCs, with which we could not
determine a cut-off range of GDF-15 expression
for differentiating benign and malignant follicular-
patterned neoplasms. A panel of relevant newer
markers was not used, and an IHC correlation with
clinical parameters was not done. There is a need
for further studies with an IHC panel comprising
some newer markers in addition to GDF-15 on a
larger series of cases to validate its use for routine
diagnostic applications. Also, an IHC correlation
with the clinical parameters could shed some light
on the prognostic significance of GDF-15 IHC in the
follow-up of patients with thyroid cancer.
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Summary &conclusions

To summarise, GDF-15 as an IHC marker
displayed a higher frequency of expression in
malignant than benign thyroid tumours and was
negative in all NGs. Nevertheless, the fact that
patchy and focal GDF-15 expression was noted in
a few of our FTAs and FTHs and that some of our
malignant thyroid neoplasms lacked GDF-15
expression reduces its significance as an IHC marker
for differentiating thyroid follicular tumours. Hence,
we conclude that GDF-15 alone cannot be a magic
marker for distinguishing various follicular-
patterned thyroid lesions or neoplasms.
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