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ABSTRACT

Background: Prostate-Specific Membrane Antigen (PSMA) has been known as a tumor associated neovasculature marker in some solid
malignant tumors. Targeting of PSMA by cytotoxic- conjugated antibody can represent powerful tool for vascular targeted therapy. In
thyroid, it appears that angiogenesis factors are involved in neoplastic growth and aggressiveness of tumors.

This study was conducted to evaluate the expression of PSMA as an angiogenesis factor in neovasculature of thyroid follicular neoplasms
by immunohistochemistry to determine its usefulness for distinguishing between adenoma and carcinoma.

Methods: Paraffin Blocks of formalin fixed samples representing 48 cases of Follicular Thyroid Adenoma (FTA) and 15 cases of Follicular
Thyroid Carcinoma (FTC) were evaluated.

Results: Among 15 cases of FTC, 11 cases revealed both capsular and vascular invasion. In one case only capsular and in two cases only
vascular invasions were observed. One case also revealed suspicious vascular invasion with further bone metastasis.

The intensity of PSMA staining in vascular structures of carcinomas were significantly higher in comparison with thyroid follicular
adenomas (p=0.028). However, we observed no significant difference in the extent of PSMA expression in adenoma and carcinoma groups
(p=0.239).Thyroid follicular cells were negative for PSMA in adenoma, carcinoma and in non-neoplastic area.

Conclusion: According to our findings, significant higher intensity of PSMA expression in FTC could be useful in differentiating between
FTA and FTC. However, more importantly, expression in neovasculature of differentiated thyroid tumors can represent a potential utility for
PSMA -targeted radionuclide therapy in advanced differentiated thyroid cancers.
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Introduction

Thyroid cancers are the most common endocrine
malignancies that have increased recently.!'! The number of
cases with thyroid nodule requiring further evaluation even
is higher, probably due to use of more sensitive detection
techniques. @ Thyroid lesions with follicular growth
pattern are composed of a wide range including benign
adenomatous nodule, Follicular Thyroid Adenoma (FTA),
Follicular Thyroid carcinoma (FTC) and Follicular variant
of Papillary Thyroid Carcinoma (FVPTC).3!

FTA, FTC and FVPTC are well encapsulated lesions
sharing many imaging, cytologic and histologic features?®*!.

Difficulties are also not uncommon while reporting these
follicular pattern neoplasms based on histomorphological
findings.®”? Thus, diagnosis of a solitary encapsulated
nodule with follicular histologic pattern is sometimes
problematic for pathologists.> 1

One of the most challenging tasks in pathologic evaluation
of thyroid follicular pattern lesion is distinction between
FTC and FTA as a common benign thyroid nodule. !

Diagnosis of carcinoma is based on the presence of
capsular, vascular or extra thyroid tissue invasion or nodal
or distant metastasis.> % 10-121

Different tools such as IHC and molecular profiling have been
used to differentiate between benign and malignant follicular
neoplasms or differentiating malignant tumor subtypes, * *
including some angiogenesis factors. P!Thyroid is rich in
vascular network'¥and shows increased vascularity in both
non neoplastic and malignant conditions. )

On the other hand, a system of nutrient vessels is an
essential component of tumor growth. !5 For example,
expression of VEGF, a hypoxia induced angiogenic factor,
concomitant with hyper vascularity have been induced
more strongly in differentiated malignant thyroid tumors
than benign tumors. "% Micro-vessel Density (MVD) as
an indicator of angiogenesis is shown to be correlated with
disease free survival in PTC and intra thyroid tumor spread
in FTC.D- 1417

These data suggest that angiogenesis factors are involved
in neoplastic growth and aggressiveness of thyroid tumors.
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(4] Thus, monitoring the process of angiogenesis may
represent an early tool for diagnosis of malignancy.!'*!

Prostate Specific Membrane Antigen (PSMA) is type
I integral membrane glycoprotein initially expressed
in prostate cancer cells but then it had been discovered
that it also is expressed in neovasculature of the various
solid tumors, including some carcinomas, neuroendocrine
tumors, sarcomas and melanomas!'> 21 but neither
normal endothelium [ nor endothelial cells of benign
tissue are positive.'”) Recently, it has been suggested
that PSMA expression has been evident in some thyroid
neoplasms using [#*Ga]PSMA-HBED-ccPET/CT.?>%!

This study is conducted to evaluate the expression of
PSMA by Immunohistochemistry in neovasculature of
thyroid follicular neoplasms to determine its usefulness
for distinguishing between adenoma and carcinoma.
Also, to evaluate the potential capability of radio labeled
Anti PSMA antibody as complementary target therapy in
advanced thyroid malignancies.

Materials & Methods

Paraffin Blocks of formalin fixed samples representing
48 cases of FTA and 15 cases of FTC were retrieved
from archive of pathology department .The questionable
cases were excluded. Blocks with minimal necrosis or
hemorrhage and representative amount of tumor tissue
were selected for IHC study. IHC was performed using
monoclonal liquid NCL-L-PSMA mouse antibody (Clone
1D6, Novocastra) according to the manufacturers’ protocol.
Prostate tissue was considered as positive control. Also we
performed CD31 staining (JC/70A,Biogenex) to confirm
the localization of neovasculature.

The stained sections were assessed for the extent and
intensity of endothelial cell staining in tumor micro-vessels
and scored semi-quantitatively.(table-1)

Table 1: Scoring system for the Extent and Intensity of PSMA in IHC staining

After data collection, all quantitative and qualitative
data were analyzed using statistical package for Social
Sciences (SPSS) version 19. P-value less than 0.05 was
considered significant.

Results

Totally, 63 cases of thyroid follicular neoplasms were
evaluated including 48 cases of follicular thyroid adenoma
and 15 cases of follicular thyroid carcinomas. Among
FTCs, 11 cases revealed both capsular and vascular
invasion. In one case only capsular and in two cases only
vascular invasions were observed. One case also revealed
suspicious vascular invasion with further bone metastasis.

Female: male ratio in adenoma and carcinoma groups
were 37:11 and 9:6, respectively. The average age of the
patients in adenoma and carcinoma groups was 35.8+ 10.1
and 43.8 &+ 13.4 years, respectively. Thus, the patients with
carcinoma were significantly older than adenoma group.
(p=0.029). Regarding to the size of the tumor, we did not
find any significant relationship. (3.3 + 1.7 cm in adenoma
versus 3.7+2.4cm in carcinoma; p=0.597).

We evaluated the extent and intensity of PSMA staining in
vascular endothelial cells and scored semi-quantitatively
(Table-1). The results for PSMA IHC staining are
summarized in table 2 and 3. The intensity of PSMA staining
was significantly higher in carcinoma rather than adenoma
cases (p=0.028) (Table-2). However, we did not observe any
significant difference in the extent of PSMA expression in
vascular structures of thyroid adenoma and carcinoma groups
(p=0.239)(Table-3). Thyroid follicular cells in adenoma,
carcinoma also non neoplastic area were negative for PSMA.

Discussion

Reliable determination of thyroid tumor pathology could
reduce the cost of management of thyroid nodules by
eliminating many of the diagnostic thyroidectomies

0-9 Negative No reaction 0
10-39 Minimal Faint reaction visible only at high power 1+
40-69 Moderate Moderate intensity at low power 2+
=70 Diffuse Strong reaction easily visible at low power 3+

Table 2: The intensity of PSMA staining by immunohistochemistry in FTA and FTC

Follicular Thyroid Adenoma

39(81.25%)

6(12.50%)

1(2.08%)

2(4.17%)

Follicular Thyroid Carcinoma

10(66.67%)

1(6.67%)

4(26.66%)

0(0.00%)
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Table 3: The extent of PSMA staining by immunohistochemistry in FTA and FTC
Extent Score, Histologic Dx Negative Minimal Moderate Diffuse Total
Follicular Thyroid Adenoma 41(85.42%) 3(6.25%) 3(6.25%) 1(2.08%) 48
Follicular Thyroid Carcinoma 11(73.33%) 1(6.67%) 1(6.67%) 2(13.33%) 15

being performed for benign thyroid nodules or morbidity
associated with these operations.” Some angiogenesis
modulating genes such as VEGF have been suggested as a
marker of more aggressive differentiated thyroid cancers®
or more strongly induced in differentiated malignant
tumors in comparison with benign tumors.['s-27- 281

PSMA also known as folate hydrolase , is type II trans-
membrane glycoprotein that located on chromosome I1.0'
211t was first described to be expressed in benign prostate
acinar epithelium 5! but further studies have shown that
PSMA is also expressed in non-prostate tissue including
luminal/apical aspect of duodenum, kidney proximal
tubules and neuroendocrine cells in colonic crypt.?”!

Also, PSMA has been known as a tumor associated
neovasculature marker in some solid malignant tumors!'?
which targeting of that by cytotoxic- conjugated antibody
can represent powerful tool for vascular targeted therapy in
malignant tumors.t'! We did not find significant difference
between extent of expression of PSMA between benign and
malignant follicular neoplasms which limits its ability as a
differentiating marker. In a study by Karl Sgal et al,l'*3"a
marginal difference was noted in the degree of vascularity
between FTA and FTC using VWF by IHC method. An
important finding of the study was increased density of
vessels adjacent to capsule (especially in area of invasion) in
FTC which was not the same in FTA(1 vessel/Two thyroid
follicular cells versus 1 vessel /10 thyroid follicular cells,
respectively). Also areas with solid proliferation showed
increased vascularity.!'*3% In another study by Frigugliett et
al,l"*3using CD34 to estimate the angiogenesis, there was
no significant difference between FTC and FTA(p=0.388).
Also there was no significance regarding to sex, size, or
age. However, AcSDKP as an angiogenic active marker
showed five times higher mean tissue concentration in
PTC rather than benign nodular goiter by Kusinski et
al.'®"Working on the value of angiogenesis-modulating
genes in various thyroid lesions by Kebebew et al,”” some
independent markers of malignancy of follicular cell origin
were observed including ANGPT2 (Angiopeptin2)and
TIMP1 (Tissue inhibitor of metalloproteinase I) mRNA.
They recommended that they could be helpful adjunct to
FNA cytology.?!

Recently, there has been some evidences regarding to
increased uptake of PSMA using [%Ga] PSMA-HBED-
ccPET/CT in different thyroid tumors.?>2% For example, in
areport by Kanthan et al**! a known case of prostate cancer
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underwent [#Ga] PSMA-HBED-ccPET/CT for staging. A
PSMA —Avid thyroid lesion was identified which on further
histologic exam was diagnosed as FTA.*

Incidental FTC with increased uptake also reported by
Sager et al,*in a known case of prostate cancer. In another
report by Tawade et al’®! they believes that it was more
effective in detection of multiple mediastinal, lung and
supra-clavicular lymph nodes and brain metastatic lesions
in a patient with rising thyroglobulin and negative whole
body radioiodine scan.?’!

In a tissue microarray based study by Mhawech-Fauceglia
P et al®> 33 they observed positive PSMA staining in some
isolated thyroid cancers. However no PSMA positivity
was reported by their team in 846 benign tumors.32 33!

On histology, However; there are limited data regarding
to expression of PSMA in thyroid neoplasms. In a study
by Silver et al®! and Mhawech-Fauceglia et al., *! they
found thyroid is negative for PSMA using clone mouse
monoclonal antibody CYT-351(clone 7E11-C5;Cytogen,
Princeton, NJ) and monoclonal antibody YPSMA-
1,1:50;Genetex,Inc. , San Antonio, Tx, USA), respectively.
We also did not find any reaction of thyroid follicular cell
using monoclonal liquid NCL-L-PSMA mouse antibody
(Clone 1D6, Novocastra). However regarding to tumor
neovasculature, seven out of 48 and four out of 15cases of
FTA and FTC were positive for PSMA, respectively.

Conclusion

To our knowledge, this is the first study focusing on
expression of PSMA in thyroid follicular neoplasms by
IHC method. The intensity of PSMA in vascular structures
of follicular thyroid carcinomas was significantly stronger
than adenomas. However, Respect to thyroid follicular
cell staining, our findings do not support usefulness of
PSMA in differentiating between FTA and FTC. More
importantly, expression of PSMA in neovasculature of
differentiated thyroid follicular neoplasms can represent
a potential utility for PSMA-targeted radionuclide
therapy in advanced "*'I-resistant/negative differentiated
thyroid cancers.
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