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Abstract.

BACKGROUND: Papillary thyroid carcinoma (PTC) is the most frequent thyroid malignancy. Histopathological examination
is widely accepted as the gold standard test for the diagnosis of PTC. However, the histopathological examination sometimes
can’t differentiate PTC from other thyroid diseases. Differentiating PTC from other thyroid diseases is essential for a therapeutic
approach and prognosis.

OBJECTIVES: The current study was performed to investigate the utility of TROP-2, SPL-2, and CXCL12 mRNA and protein
expression in discriminating PTC from other thyroid diseases that mimic PTC.

METHODS: The current study was performed on 75 cases of surgically resected thyroid glands. The cases were distributed in
two groups: the PTC group and the non-PTC group. The PTC group consisted of 35 cases (25 patients of the classic PTC variant
and 10 patients of the PTC follicular variant). The non-PTC group consisted of 40 cases (10 cases were multinodular goiter,
5 cases were Graves’ disease, 5 cases were Hashimoto thyroiditis, 15 patients were follicular adenoma (FA) and 5 cases were
follicular carcinoma). TROP-2, SPL-2, and CXCLI12 mRNA expression were estimated by qRT-PCR, and protein expression was
estimated by immunohistochemistry.

RESULTS: There were upregulated TROP-2, SPL-2, and CXCL12 mRNA and protein expressions in PTC compared to non-PTC
(P < 0.001, for each). There was a statistically significant upregulation in the mRNA expression of the three genes among
PTC cases with larger tumor sizes (P < 0.001, for each), those with tumor stages III and IV (P = 0.008, 0.002 and < 0.001
respectively), and those with LN metastasis (P < 0.001, for each). Moreover, there was a statistically significant upregulation in
CXCL-12 gene expression among PTC cases with extra-thyroid extension (P < 0.001).

CONCLUSION: mRNA expression of TROP-2, SPL-2, and CXCL12 among PTC cases increased in larger tumor size, tumor
stages III and IV, and LN metastasis. Moreover, there was an increase in CXCL-12 gene expression among PTC cases with
extra-thyroid extension. Thus, TROP-2, SPL-2, and CXCL12 expressions could be possible diagnostic and prognostic markers in
PTC.
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Abbreviations
PTC Papillary thyroid carcinoma
TROP-2  Trophoblast cell surface antigen-2

Tacstd2  the tumor associated calcium signal
transducer 2

SLP-2 Stomatin-like protein-2

CXCLI12 Chemokine (C-X-C motif) ligand 12

ROC Receiver Operator Curve

1. Introduction

Papillary thyroid carcinoma (PTC) is the most preva-
lent primary malignant thyroid tumor. It represents
about 80% of thyroid cancer cases worldwide. It has a
low aggressive behavior and a favorable outcome [1].
In Egypt, primary thyroid tumors constitute 1.96% of
malignant tumors and represent 74.7% of malignant en-
docrine neoplasms. PTC represents the most prevalent
primary malignant thyroid tumor (70.94% of all thyroid
malignant tumors) [2].

Histopathological examination is widely accepted as
the gold standard test in PTC diagnosis. Most PTC cases
can be diagnosed and categorized depending on the
histopathologic examination. However, the histopatho-
logic examination sometimes can’t differentiate be-
tween PTC and other similar diseases [3].

To remove this discrepancy and reach a final diagno-
sis, a variety of immunohistochemical and biochemical
markers have been investigated. Several studies used
immunohistochemical markers to distinguish PTC from
other thyroid lesions such as HBME-1, galectin-3, and
cytokeratin 19. Some difficulties were associated with
those markers including low specificity, variable sen-
sitivity, and background staining. So, we require novel
markers with high sensitivity and specificity to improve
PTC diagnosis [3].

Trophoblast cell surface antigen-2 (TROP-2) is a
transmembrane glycoprotein encoded by the tumor-
associated calcium signal transducer 2 (Tacstd2) gene.
Originally, it was found in human trophoblast and chori-
ocarcinoma cell lines. It acts as a cell surface receptor
where it recognizes certain ligands and increases the
intracellular calcium [4]. Also, it is an oncogene that is
upregulated in several human cancers with low to no ex-
pression in normal tissues [5]. Its upregulation has been
correlated with poor prognosis in different cancers [6],
as it has pro-proliferative and pro-invasive properties [9,
10]. Moreover, it is an immunotherapeutic target [3]. In
thyroid cancer, TROP-2 was significantly elevated [22,
31,1]. Additionally, TROP-2 immunostaining may dif-

ferentiate PTC from other thyroid carcinomas or normal
follicular tissues [25,7,8].

Stomatin-like protein-2 (SLP-2) belongs to the stom-
atin family. It is identified as a mitochondrial inner
membrane protein encoded by the gene STOML2. It
plays a role in controlling mitochondrial membrane sta-
bility and function [13]. It was strongly associated with
many human cancers, such as gallbladder and cervical
cancers [11,12]. Liu et al. [10] found that SLP-2 mRNA
and protein expression were overexpressed in PTC.

Chemokine (C-X-C motif) ligand 12 (CXCL12), also
named stromal cell-derived factor-1 (SDF-1), belongs to
the chemokine family that binds to CXCR4. The biolog-
ical effect of CXCL12 is attributed to CXCR4-mediated
activation of G protein-coupled signaling molecules, in-
cluding ERK1/2, MAPK, JNK, and AKT [14,15]. Also,
it has a powerful chemotactic ability to lymphocytes.
Moreover, it has an important role in angiogenesis, car-
cinogenesis, and tumor migration [17]. Chung et al. [35]
demonstrated that CXCL12 was exclusively upregu-
lated in PTC whatever the histopathological subtype
when compared to other thyroid lesions. Also, Zhu et
al. [36] found that CXCL12 was exclusively expressed
in PTC tissue samples while it was not expressed in
benign thyroid lesions and other thyroid malignancies.

Distinguishing PTC from other thyroid lesions is im-
portant because it determines the therapeutic interven-
tion and prognosis. However, the pathological findings
sometimes can’t differentiate between PTC and other
thyroid lesions. Thus, our study aimed to evaluate the
utility of TROP-2, SPL-2, and CXCL12 mRNA and
protein expression in distinguishing PTC from other
thyroid lesions that mimic PTC.

2. Material and methods

This study was conducted on 75 surgically resected
thyroid glands after written informed consent from pa-
tients attending the Zagazig University Hospitals and
Surgical Oncology Department, Ismailia Teaching On-
cology Hospital, Egypt during the period between Octo-
ber 2021 and March 2023. The cases were distributed in
two groups: the PTC and the non-PTC groups. The PTC
group consisted of 35 cases (25 patients of the classic
PTC variant and 10 patients of the follicular variant
PTC (FVPTC)). The non-PTC group consisted of 40
cases (10 cases were multinodular goiter, 5 patients
were Graves’ disease, 5 patients were Hashimoto thy-
roiditis, 15 patients were follicular adenoma (FA) and
5 cases were follicular carcinoma). Exclusion criteria
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Reverse

5’-GTCCAGGTCTGAGTGGT TGAA-3’
5’-TGATCTCATAACGGAGGCAG-3’
5’-ACTTTAGCTTCGGGTCAATGC-3’

Table 1
Primer sequence of the studied genes
Forward
TROP2 5’-ACAACGATGGCCTCTACG AC-3’
SLP-2 5’-GTGACTCTCGACAATGTAAC-3’
CXCLI2 5-ATTCTCAACACTCCAAACTGTGC
B actin 5’-CACGAAACTACCTTCAACTCC-3’

5’-CATACTCCTGCTTGCTGATC-3’

included patients with indefinite diagnosis or equivocal
features. The classification and evaluation of thyroid
tumors were performed depending on the 4" edition
WHO Classification of Tumors of Endocrine Organs in
2017 [18].

Immediately after surgery, the resected tissues were
divided into 2 parts. The first was preserved at —80°C
till further processing and the other part was kept in
formalin for further pathological examinations.

Clinicopathological data including age, sex, tumor
size, lymph node involvement, and distant spread were
recorded. PTC patients were staged according to the
pathological TNM system of the American Joint Com-
mittee of Cancer 8" edition 2017. Our study got ap-
proval from the institute review board (IRB), (ZU-IRB
#10022/25-10-2022).

2.1. RNA extraction, cDNA synthesis, and gRT-PCR

RNA extraction from the homogenates of thyroid tis-
sues was carried out by GENEzol™ (Geneaid). Nan-
odrop spectrophotometry (ND 1000-NanoDrop®) was
used to estimate the quality and the quantity of the
extracted RNA. Then, TOPscript™ cDNA Synthesis
Kit (Enzynomics) was used for the synthesis of cDNA.
Real-time polymerase chain reaction was carried out
using Rotor-Gene Q 2 Plex (Qiagen, Hilden, Germany).
The relative gene expressions of TROP-2, SLP-2 and
CXCL12 were calculated with the 2 =24 method. 5-
actin was used as a housekeeping gene. The sequence
of the used primers is listed in the Table 1 [1,19].

2.2. Histopathological examination of thyroid tissues

Thyroid tissues were preserved in formalin. Af-
ter paraffin block formation, tissue sectioning into
4-micrometer sections was performed. Staining with
hematoxylin and eosin was performed [20].

2.3. Immunohistochemical staining

The staining was performed on 4-micrometer thick-
ness tissue samples. Absolute ethyl alcohol was used
to remove the paraffin-xylene solution. Tissue sections
were incubated for an hour with an anti-TROP-2 anti-

body (Santa Cruz Biotechnology, USA) at 1:40 dilution,
an anti-SLP-2 antibody (Proteintech Group, Chicago,
IL, USA) at 1:200 dilution, and an anti-CXCL12 anti-
body (R&D Systems, Minneapolis, MN, USA) at 1:50
dilution. Mayer’s hematoxylin was used as a counter-
stain.

2.4. Assessment of immunohistochemical stains

Regarding TROP-2 expression, the extent of mem-
branous staining was evaluated. Samples with no stain-
ing or membranous staining in less than 5% of cells
were classified as negative and membranous staining
of more than 5% of the cells was categorized as pos-
itive. Positive cases were graded as 14 (5-25%), 2+
(26-50%), 3+ (51-75%), and 4+ (> 75%). Scores of
1+, 24, 3+, and +4 were considered positive, and a
score of 0 was considered negative [21].

Regarding SLP-2 expression, the extent of cytoplas-
mic staining was evaluated. Samples with no staining
or staining less than 10% of cells were classified as
negative and cases with a cytoplasmic expression of
more than 10% were categorized as positive [1].

Regarding CXCL12 expression, the extent of cyto-
plasmic staining was graded from 0 to 3+ as follows: 0,
negative; 14, focal weak staining; 2+, diffuse weak or
focal strong staining; and 3+, diffuse strong staining.
Scores of 14, 2+, and 3+ were considered positive,
and a score of 0 was considered negative [17].

2.5. Statistical analysis

The continuous data were represented as mean =+
standard deviation (SD) and analyzed by ¢-test. Com-
paring the categorical variables between groups was
analyzed by the x? test or Fisher’s exact test. P < 0.05
was considered statistically significant.
3. Results

3.1. Clinicopathological features

There was no significant difference in age between
PTC and non-PTC patients (P = 0.508). The mean
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Table 2
Basic characteristics among both studied groups
Grou;}\/! (:noil(;PTC) Gro;l\gg (3PSTC) fotest/ X2 p
Age\years 44.5 +£10.6 46.7 £15.2 0.676 0.508
Gender Male 10 (25%) 7 (20%) 0.266 0.605
Female 30 (75%) 28 (80%)
Positive TROP-2 IHC expression 2 (5%) 34 (97.1%) 63.4 < 0.001**
Positive SLP-2 THC expression 3 (7.5%) 31 (88.6%) 49.3 < 0.001**
Positive CXCL-12 IHC expression 1(2.5%) 33 (94.3%) 63.5 < 0.001**
TROP-2 gene expression 1.18 £ 0.72 449 £0.26 712 < 0.001**
SLP-2 gene expression 1.15 £ 0.53 3.03 £ 0.27 46.7 < 0.001**
CXCL-12 gene expression 1.09 +0.47 2.52 £0.56 16.9 < 0.001**

*: a significant difference; **: a highly significant difference.

Table 3

Relation between genes expression and basic characteristics of the lesion among studied PTC cases

PTC cases  TROP-2 gene

SLP-2 gene CXCL-12 gene

Variables ‘ P X P . P
N =35 expression expression expression
Tumor size
<2cm 12(343%) 428+0.119 <0.001** 2.81+0.178 < 0.001** 207 £0.192 < 0.001**
>2cm 23 (65.7%)  4.59 £ 0.247 3.15 4+ 0.237 2.76 4 0.543
TNM stage
-1 31(88.6%) 4.45+0.23 0.008* 298 +0.24 0.002* 2.38 + 042 < 0.001**
-1v 4 (11.4%) 4.8 +0.26 34+£0.18 3.6 £0.26
T stage
I-11 25 (71.4%) 4.4 4+0.21 < 0.001** 293 40.23 < 0.001** 234039  <0.001**
m-1v 10 (28.6%) 4.75 + 0.25 334021 3.16 + 0.48
LN metastasis
Positive 12 (34.3%) 4.69 +£0.24 < 0.001**  3.25+0.21 < 0.001** 3.03 £ 0.51 < 0.001**
Negative 23 (65.7%) 4.38 +0.201 292 +0.23 2.26 £0.38
Extra-thyroid extension
Positive 2 (5.7%) 48 +0.14 0.08 3354+ 0.21 0.09 384+0.14 < 0.001**
Negative 33(94.3%) 4.47+£0.25 3.01 £0.26 244 + 0.47

*: significant difference; **: highly significant difference.

ages + SD were 46.7 £ 15.2 and 44.5 £ 10.6, respec-
tively. Also, there was no significant difference regard-
ing in gender between PTC and non-PTC patients (P =
0.605) (Table 2).

Regarding PTC cases, twelve patients (34.3%) had
tumor sizes less than 2 cm while 23 (65.7%) patients
had tumor sizes more than 2 cm. Thirty-one patients
(88.6%) were I-11 TNM stage while 4 patients (11.4%)
were III-IV TNM stage. Twenty-five patients (71.4%)
were I-II T stage while 10 patients (28.6%) were I11-
IV T stage. Twelve patients (34.3%) had lymph node
metastasis and two patients (5.7%) had extra-thyroid
extension (Table 3).

3.2. Histopathological and immunohistochemical
results

H&E staining showed that PTC sections had papil-
lary projections with nuclear features of PTC (Fig. 1A).
FVPTC sections showed capsulated tumors with promi-
nent nuclear features of PTC (Fig. 1B). Colloid goi-

ter sections showed variable-sized follicles with flat
lining (Fig. 1C). Graves’ disease showed hyperplastic
thyroid follicles with papillary projections (Fig. 1D).
Hashimoto thyroiditis sections showed prominent lym-
phoid follicles with abundant Hurthle cells (Fig. 1E).
Follicular adenoma sections showed intact capsules
(Fig. 1F). Follicular carcinoma showed thickened cap-
sules with full thickness penetration (Fig. 1G) with
prominent atypia and mitosis (Fig. 1H).

Our results revealed significant positive immunohis-
tochemical expression of (TROP2, SLP2, and CXCL2)
in the PTC group compared to the non-PTC group
(Figs 2—4 respectively).

3.3. Relation between mRNA and protein expression
and clinicopathological features in PTC

There was a highly statistically significant elevation
in TROP-2, SPL-2, and CXCL12 mRNA and protein
expression among the PTC group (P < 0.001) (Ta-
ble 2). There was a statistically significant upregulation
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Fig. 1. (A) PTC: papillary projections with nuclear features of PTC (X 200), (B) FVPTC: capsulated tumor with prominent nuclear features of
PTC (X200), (C) Colloid goiter: variable sized follicles with flat lining (X100), (D) Graves’ disease: hyperplastic thyroid follicles with papillary
projections (X200), (E) Hashimoto thyroiditis: prominent lymphoid follicles with abundant hurthle cells (X100), (F) follicular adenoma with intact
capsule (X100), (G) Follicular carcinoma; thickened capsule with full thickness penetration (X100), (H) Follicular carcinoma with prominent

atypia and mitosis (X200).

Fig. 2. TROP2 immunostaining: (A) PTC positive membranous staining (x400), (B) FVPTC: positive membranous staining (x200), (C) Colloid
goiter: negative (x200), (D) Graves’ disease with papillary hyperplasia-negative (x400), (E) Hashimoto negative (x100), (F) Follicular adenoma
negative (x200), (G) Follicular carcinoma negative (x200).

in the three gene expressions among PTC cases with
larger tumor size (P < 0.001 for each), tumor stages
III and IV (P < 0.001 for each), and TNM stages 111
and I'V (0.008, 0.002 and < 0.001 respectively). There
was a statistically significant upregulation in CXCL-12
gene expression among PTC cases with extra-thyroid
extension (P < 0.001) (Table 3). However, none of the

clinicopathological parameters was related to the three
markers’ IHC expression (Table 4).

3.4. Receiver Operator Curve (ROC) for TROP2,
SLP2 and CXCL2

Receiver Operator Curve (ROC) analysis of TROP-2
gene expression detected that the sensitivity was 94.3%,
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Fig. 3. SLP2 immunostaining: (A) PTC positive cytoplasmic staining (x200), (B) FVPTC: positive cytoplasmic staining (x200), (C) Colloid goiter:
negative (x200), (D) Graves’ disease with papillary hyperplasia-negative (x200), (E) Hashimoto negative (x200), (F) Follicular adenoma negative

(x200), (G) Follicular carcinoma negative (x200).

Fig. 4. CXCL2 immunostaining: (A) PTC positive cytoplasmic staining (x400), (B) FVPTC: positive cytoplasmic staining (x200), (C) Colloid
goitre: negative (x200), (D) Graves’ disease with papillary hyperplasia-negative (x200), (E) Hashimoto negative (x200), (F) Follicular adenoma
negative (x200), (G) Follicular carcinoma negative (x200).

the specificity was 97.5%, the positive predictive value
(PPV) was 97.1%, the negative predictive value (NPV)
was 95.1%, and the accuracy was 96% at a cut-off
> 4.15. SLP-2 sensitivity was 97.1%, the specificity
was 92.5%, the positive predictive value (PPV) was
91.9%, the negative predictive value (NPV) was 97.4%,
the accuracy was 94.7% at a cut-off > 2.4. CXCL-12
sensitivity was 94.3%, the specificity was 97.5%, the
positive predictive value (PPV) was 97.1%, the negative

predictive value (NPV) was 95.1%, and the accuracy
was 96% at a cut-off > 1.85 (Fig. 5, Table 5).

4. Discussion
Regarding TROP-2 THC expression, only 5% (2/40)

of non-PTC cases showed positive TROP-2 expression.
This result was similar to Addati et al. [22] who found
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Table 4
Relation between immune-histochemistry results of TROP-2, SLP-2, CXCL-12 and tumor characteristics
TROP2 P SLP-2 P CXCL-12 p
Positive ~ Negative Positive ~ Negative Positive ~ Negative
T size <2cm(n=12) 11(91.7%) 1(83%) 0343 9(75%) 3(25%) 0.106 12(100%) 0(0.0%) 0.536
>2cm(n =23) 23(100%) O 22 (95.7%) 1 (4.3%) 21 91.3%) 2 (8.7%)
LN metastasis Yes (n = 12) 12 (100%) 0 0.665 12 (100%) O 0.275 10(83.3%) 2(16.7%) 0.111
No (n = 23) 22 (95.7%) 1 (4.3%) 19 (82.6%) 4 (17.4%) 23 (100%) 0 (0.0%)
Distant metastasis MO (n = 34) 33(97.1%) 1(2.9%) 0.971 30 (88.2%) 4 (11.8%) 0.971 32(94.1%) 2(59%) 0.943
Ml (n=1) 1(100%) O 1(100%) O 1 (100%)
Extra-thyroid extension Yes (n = 2) 2 (100%) O 0.943  2(100%) O 0.793  2(100%) O 0.889
No (n = 33) 32(97%) 1(3%) 29 (87.9%) 4 (12.1%) 31(93.9%) 2(6.1%)
Table 5
Receiver Operator Curve (ROC) curve analysis of studied gene expression as diagnostic predictors of PTC cases
Variable(s) AUC  Cut-off  Sensitivity  Specificity PPV NPV Accuracy P
TROP-2 gene 0976 >4.15 94.3% 97.5% 97.1%  95.1% 96% < 0.001
SLP-2 gene 0966 >24 97.1% 92.5% 91.9% 97.4% 94.7% < 0.001
CXCL-12 gene 0975 >1.85 94.3% 97.5% 97.1%  95.1% 96% < 0.001
Table 6
Function of the proteins encoded by the studied genes
Gene Protein Function Reference
Tumor associated calcium Trophoblast cell Regulates the level of intracellular calcium regulates epithelial ~ Lin et al., 2012
signal transducer 2 (Tacstd2)  surface antigen-2 cell migration and proliferation, cell growth, transformation,
(TROP-2) regeneration, and proliferation.

Stomatin-like protein 2
(STOML2)

C-X-C motif chemokine
ligand 12

Stomatin-like
protein-2 (SLP-2)

Chemokine (C-X-C
motif) ligand 12
(CXCL12), stromal
cell-derived
factor-1 (SDF-1)

Intracellular calcium ion homeostasis, mitochondrion
organization, lipid localization, positive regulation of
interleukin-2 production, mitochondrial protein processing.
Chemoattractant active on T-lymphocytes and monocytes.
Activates the CXCR4 to induce a rapid and transient rise in the
level of intracellular calcium ions and chemotaxis.

During embryonic development, B-cell lymphopoiesis,
myelopoiesis in bone marrow and heart ventricular septum
formation.

Wang et al., 2014
Xiao et al., 2015

Lu et al., 2009
Roland et al., 2003
Lee et al., 2020

ROC Curve
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Fig. 5. Receiver Operator Curve (ROC) for TROP2, SLP2 and CXCL2.
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that TROP-2 was positive in 6/56 of non-neoplastic
samples, and Abdou et al. [3] who found that TROP-2
was positive in 4/21 of non-neoplastic samples. Saffar
et al. found that TROP-2 was positive in 5/71 samples
of the non-PTC group and all from Hashimoto thyroidi-
tis samples. However, Nesreen et al. [24], Simms et
al. [25], and Murtezaoglu et al. [26] did not find any
positivity in non-neoplastic samples.

The only benign lesion that showed positive TROP-
2 expression was Hashimoto thyroiditis which is at-
tributed to the abundance of Hurthle cells in this lesion.
These cells have endogenous biotin activity that may
show odd positive staining patterns with several anti-
bodies [27]. In addition, follicular cells in Hashimoto
thyroiditis may show PTC-like nuclear changes and
may carry the same genetic mutation as classical PTC
and may express PTC-associated proteins. This mu-
tation activates the mitogen-activated protein kinases
(MAPK) pathway, the same pathway through which
TROP-2 conveys its signals. Moreover, chronic lym-
phocytic thyroiditis has follicular epithelial dysplasia
displaying cytological atypia resembling PTC with a
similar immunohistochemical profile [28].

In our study, none of the follicular carcinoma samples
showed positive TROP-2 expression. This is similar to
earlier studies reported by Simms et al. [25], Bychkov
et al. [8], Liu et al. [7], and Abdel Raouf et al. [29].

Our study showed positive membranous TROP-2 ex-
pression in 97.1% of PTC cases (34 out of 35). These
results were consistent with the research conducted by
Yang et al. [1], Zargari et al. [21], and Saffer et al. [23].
TROP-2 positivity was 96%, 93%, and 98% in them,
respectively. On the other hand, the results were differ-
ent from the research performed by Abdou et al. [3],
Murtezaoglu et al. [26], Bychkov et al. [8], and Lui et
al. [7] that reported lower TROP-2 expression in PTC
(71.4%, 50%, 81.5%, and 81.6% respectively).

The current study showed that there is a significant
difference in TROP-2 positive expression between PTC
cases and non-PTC cases. This result is compatible with
Abdou et al. [3], Addati et al. [22], Saffer et al. [23],
Bychkov et al. [8], and Lui et al. [7] that reported that
TROP-2 is a new marker in the diagnosis of PTC.

The diagnostic validity of TROP-2 in the PTC sam-
ples showed 94.3% sensitivity and 97.5% specificity,
97.1% PPV, 95.1% NPV and the accuracy was 96%.
Similarly, Yang et al. [1] detected that TROP-2 sensi-
tivity in PTC was 96% [1], on the other hand, Bychkov
et al. [8] detected that TROP-2 sensitivity in PTC was
75%, but the specificity was 98.4%.

None of the clinicopathological parameters was re-
lated to TROP-2 IHC expression. This result was simi-

lar to the previous studies performed by Yang et al. [1],
Bychkov et al. [8], and Kong et al. [30]. However,
TROP-2 positive expression may indicate poor PTC
prognosis and be associated with advanced tumor stage
as detected by Guan et al. [31].

As regards SLP-2 expression, the current study
showed that only 7.5% (3/35) of the non-PTC cases
showed positive SLP-2 expression, and 88.6% of PTC
cases (31 out of 35) showed positive cytoplasmic ex-
pression. This finding was compatible with that found
by Yang et al. [1] who found 83.3% of PTC cases show-
ing positive SLP-2 expression. Also, they stated that the
mRNA expression and positive SLP-2 staining in PTC
were higher than in follicular adenoma with no associa-
tion with any of the clinicopathological features similar
to our findings. They reported that SLP-2 sensitivity
was 83.3%, specificity was 79.3%, PPV was 80.6%,
NPV was 82.1%, and accuracy was 81.4%.

Liu et al. [7] reported that SLP-2 mRNA and protein
expressions were upregulated in PTC cases. 72% (77
out of 107) of PTC cases were positive for SLP2 expres-
sion. Similar to our findings, upregulated SLP-2 m RNA
was correlated with larger tumor sizes, advanced tumor
stages, and lymph node metastasis. They concluded that
SLP-2 is a marker for the diagnosis of classic PTC.
However, no differences in SLP-2 expression regard-
ing age, gender, or multifocal tumors were detected.
SLP-2 expression was strongly correlated with primary
tumor size where its expression in T1 cases (tumor <
2 cm) was significantly different from its expression in
other stages. There were no differences in SLP-2 ex-
pression among T2-T4 cases. Those findings supported
the prognostic role of SLP-2.

Bartolome et al. [32] reported that 97 of 150 (65%)
PTCs were SLP-2 positive. Benign thyroid tissue did
not have SLP-2 immunostaining. Follicular carcino-
mas and anaplastic carcinomas (except in one case)
showed no or weak/focal SLP-2 expression. They indi-
cated that SLP-2 was a possible marker for the recog-
nition of high-risk PTC. SLP-2 expression was higher
in the classic PTC than in the follicular variant of PTC.
Different from our findings, significant positive cor-
relations were detected between increased SLP-2 and
lymph node spread, extra-thyroid spread, and higher
tumor stages. Similar to our findings, no correlations
were detected between SLP-2 expression and other clin-
icopathological features of the patients (age, gender,
tumor size).

Additionally, the expression of SLP-2 was signifi-
cantly associated with clinicopathological features and
the expression of Ki-67, a cell proliferation marker.
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Moreover, western blot results showed that SLP-2 was
upregulated by TGF-/51, a cytokine with a key role in
PTC tumorigenesis. They found that SLP-2 was clini-
cally relevant to the invasion of PTC.

As regards CXCL12 THC, our study reported that
94.3% (33 out of 35) of PTC cases showed positive
CXCL12 expression. This result was compatible with
Conley-LaComb et al. [33]. CXCL12 had 90.8% sensi-
tivity, 96.8% specificity, 98.9% PPV, 76.9% NPV, and
92.2% accuracy in tissue specimens of PTC and with
Jung et al. [34] that reported 93.6% sensitivity, 88.6%
specificity, 91.7% PPV, 91.2% NPV, and 91.5% accu-
racy and suggested that CXCL12 may be a supplemen-
tary diagnostic marker for PTC. Lee et al. [17] showed
that CXCL12 immunoreactivity had 98.3% sensitivity,
93.5% specificity, 96.6% PPV, 96.7% NPV, and 96.6%
accuracy in TMA specimens. Chung et al. [35] found
that CXCL12 expression was exclusively detected in
PTC compared to other thyroid diseases. 91.1% of the
variant PTCs and 90.6% of the classical type were as-
sociated with CXCL12 immunohistochemical expres-
sion, irrespective of the histological subtype. On the
other side, very few thyroid lesions, excluding PTC,
were positive for CXCL12. The Validity of CXCL12
in PTC showed 90.8% sensitivity, 96.8% specificity,
98.9% PPV, 76.9% NPV, and 92.2% accuracy.

In contrast, Zhu et al. [36] found that CXCL12 ex-
pression was detected in 75% of PTC cases and 10% of
follicular adenoma cases but was not detected in other
studied cases.

In our study, TROP-2, SLP-2, and CXCL-12 mRNA
expressions were upregulated in PTC. Similarly, Liu et
al. [10] were the first to detect SLP-2 overexpression
(mRNA and protein levels) in PTC samples. Similar
to our findings, SLP-2 upregulation was significantly
associated with LN involvement and tumor stage where
it was correlated with tumors > 1 cm in size, advanced-
stage tumors and lymph node metastasis. Our results
were also similar to that found by Yang et al. [1]. They
found upregulated TROP-2 and SLP-2 mRNA expres-
sions in PTC compared to follicular adenomas (FA).
In contrast to our findings, no correlation was found
between their expressions and the clinicopathological
factors. They stated that TROP-2, SLP-2, and CD56
were possible diagnostic markers for PTC, especially
when combined. Similar to our findings, Guan et al. [31]
found that TROP-2 was associated with TNM staging
and N classification. MMP2 expression was upregu-
lated by TROP-2. Bartolome et al. [32] stated that up-
regulated SLP-2 in the aggressive PTC had a close rela-
tionship with BRAF mutation, and SLP-2 could help in
the identification of high-risk PTC.

Regarding the potential mechanisms of TROP-2 in
PTC carcinogenesis, it was found to enhance the in-
vasion of thyroid cancer by inducing MMP2 through
ERK and JNK pathways [31]. Also, CXCL12 plays
an important role in angiogenesis and carcinogenesis,
including tumor migration [17]. Its effect is related
to CXCR4-mediated activation of G protein-coupled
signaling molecules, including ERK1/2, MAPK, JNK,
and AKT [14,15]. In anaplastic thyroid cancer cells
in particular, CXCL12/CXCR4 axis-mediated migra-
tion has been reported which is associated with AKT
and ERK activation [16]. Zhu et al. [36] added that
CXCL12/CXCR4/CXCR7 axis may contribute to thy-
roid cancer development by regulating cancer cell
migration/invasion via AKT and ERK signaling and
MMP-2 activation.

SLP-2 is upregulated in mitochondrial stress and in-
teracts with prohibitins and chaperones in the mito-
chondrial inner membrane. It is required for stress-
induced mitochondrial hyperfusion. Its upregulation in-
creases the mitochondrial membrane phospholipid car-
diolipin content and binds to cardiolipin to induce mi-
tochondrial biogenesis [13]. Its expression is regulated
by transforming growth factor-3 (TGF-f), a cytokine
that plays an important role in PTC tumorigenesis [37]
where a correlation between TGF-/3 signaling and EMT
was also found in poorly differentiated thyroid carci-
noma [39]. The TGF-/3/Smad signaling pathway is in-
volved in the epithelial-mesenchymal transformation,
local invasion, and LN metastasis of PTC [38].

5. Conclusion

TROP-2, SPL-2, and CXCL12 expressions could be
possible diagnostic and prognostic markers in PTC.
mRNA and protein expression of the three markers
were increased in PTC cases compared to non-PTC.
They were also significantly increased in PTC cases
with larger tumor size, tumor stages III and IV, and LN
metastasis. Moreover, there was a statistically signifi-
cant increase in CXCL-12 gene expression among PTC
cases with extra-thyroid extension.
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