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Abstract
Purpose To evaluate the potential role of immunohistochemical changes in stanniocalcin 1 (STC1) and stanniocalcin 2
(STC2) expressions in papillary thyroid cancer (PTC) tissues in the disease’s diagnosis and to investigate their relationship
with classical clinicopathological prognostic factors.
Methods The study included 100 patients with PTC. Normal thyroid tissue adjacent to the tumor was taken as the control
group. Clinicopathological prognostic features at the time of diagnosis of patients were recorded. STC1 and STC2
expressions of tumor tissue and adjacent normal tissue were determined immunohistochemically.
Results The sensitivity of STC1 in the diagnosis of PTC was 93%, the specificity was 94%, positive predictive value (PPV)
93.9%, and negative predictive value (NPV) 93.1%. It was determined that the STC1 staining score in tumor tissue was
positively correlated with the disease TNM stage score (r= 0.259, p= 0.009) and the increase in STC1 staining score were
independent risk factors that increased the risk of lymph node metastasis (R2= 0.398, p < 0.001). While 21% of the tumor
tissues were stained with STC2, none of the normal thyroid tissues adjacent to the tumor tissue showed any staining with
STC2. No correlation was found between STC2 immunohistochemical staining of tumor tissue and clinicopathological risk
factors for the disease.
Conclusion Increased STC1 expression in thyroid lesions may be helpful in diagnosing PTC. In addition, since increased
STC1 expression in PTC tissues is associated with the risk of lymph node metastasis, it may be an efficient marker for
predicting the prognosis of the disease.
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Introduction

Thyroid cancer is the most common endocrine cancer and
papillary thyroid cancer (PTC) constitutes 80–85% of
these. The incidence of thyroid cancer has been increasing
recently, due to this rapid increase in the incidence of PTC,

there is a need for accurate pathological diagnosis of
benign and malignant thyroid lesions [1, 2]. Histopatho-
logical features of primarily diagnosed PTC include typical
papillary structures and nuclear changes such as a promi-
nent nuclear membrane, nuclear grooves, intranuclear
inclusions, and nuclear overlap. Psammoma bodies and
hyaline bodies are other notable histological features of
PTC. However, some benign thyroid pathologies can also
reveal these morphological changes [3–5]. In spite of that,
the aforementioned typical nuclear changes may not be
observed in some PTC cases. For instance, the cystic var-
iant of PTC shows large edematous papillary structures
covered with nucleated cells with scattered chromatin and
flattened surfaces [6–8]. The role of various immunohis-
tochemical evaluations in the diagnosis of malignant thyr-
oid lesions has been evaluated [9, 10]. However, a sensitive
biomarker to provide the definitive diagnosis has not been
revealed yet.
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It is important to determine the prognosis correctly for
the treatment plan in PTC. However, due to the difficulties
experienced in estimating PTC cases with aggressive fea-
tures, the determination of new prognostic biomarkers has
gained importance [11–13]. The role of potential protein
biomarkers, namely galectin-3, cathepsin-B, cytokeratin-19,
and E-cadherin in determining the disease prognosis has
been investigated so far. Nevertheless, none of these have
been proven to be beneficial in determining the risk of PTC
[14–16].

BRAF mutation is one of the most common molecular
events in PTC. This mutation activates the mitogen-activated
protein kinase (MAPK) pathway, leading to loss of control in
the cellular cycle, which initiates the development of
malignancy. The effect of BRAF mutations on the clinical
outcomes of PTC is controversial [17]. Various studies have
shown that the presence of BRAF V600E mutation is asso-
ciated with an aggressive clinical course in PTC, such as
extrathyroidal invasion and lymph node metastasis
[11, 18, 19]. On the other hand, there are studies that do not
support these results [20, 21]. Therefore, more reliable bio-
markers are needed to predict prognosis of the disease.

Stanniocalcin (STCs) is a glycoprotein hormone
involved in various biological processes, including regula-
tion of calcium-phosphate homeostasis, cell proliferation,
apoptosis, inflammation, oxidative stress, and cancer
development [22]. Two paralogs of STCs (STC1 and STC2)
have been identified in mammals and are widely expressed
in a variety of tissues. Since they are not detected in serum,
they are thought to exert their biological functions via the
autocrine and/or paracrine pathway [23, 24] The role of
STC1 in diagnosing and determining the prognosis of var-
ious cancers including esophageal and gastric cancer have
been shown to date [24–26]. Another glycoprotein, STC2, a
homolog of STC1, is suggested to be a marker in the
diagnosis and prognosis of several cancers like renal cell
carcinoma, and colorectal cancer [27–29].

Cancer cells provide most of their energy by glycolytic
activity rather than oxidative phosphorylation, which is also
known as the Warburg effect. STC1 has an important role in
the development of this adaptive response. STC1 upregulates
uncoupling protein 2 expression level and decreases mito-
chondrial membrane potential. Thus, it increases lactate
production for anaerobic glycolysis. It also reduces formation
of the reactive oxygen species (ROS) resulting decrement in
oxidative and endoplasmic reticulum (ER) stresses, and
makes tumors resistant to ROS. Thereby facilitating the
survival of cancer cells by inhibiting apoptosis [24, 30].
STC1 is also thought to promote proliferation of tumor cells
[31]. Ma et al. showed that STC1 stimulates cell cycle pro-
gression, increases cancer cell proliferation by increasing the
expression of cyclin D1, Cdk4, and Cdk6, and by suppres-
sing p21 expression, accelerating the G1/S transition [32].

STC1 has been evaluated in a limited number of patients
with thyroid cancer. In the study conducted by Hayase
et al., STC1 was found to be highly expressed in cell cul-
tures obtained from the primary cancer tissue and metas-
tases of Follicular Thyroid Cancer and from the primary
tumor of anaplastic thyroid carcinoma [33]. Dai et al.
showed that administration of recombinant STC1 in thyroid
cancer cell lines increased cell proliferation [34]. On the
other hand, the roles of the STC1 and STC2 in the diagnosis
and predicting prognosis of PTC disease have not been
evaluated until now.

In this study, we aimed to evaluate the role of immu-
nohistochemical changes in STC1 and STC2 expressions in
PTC tissues in diagnosis and their relationship with classical
clinicopathological prognostic factors (lymph node metas-
tasis, vascular invasion, multifocality, tumor size, aggres-
sive histology, TNM staging, microscopic extra-thyroidal
spread, capsular invasion, and macroscopic invasion).

Materials and methods

Selection of the subjects to be included in the study

The G-Power 3.1.9.2 program was used to determine the
sample size. When the effect size was 0.35, the type 1 error
rate was 0.05, and test power was accepted as 95%, it was
determined that it would be appropriate to work with 90
patient tissue samples. In order to stay on the safe side, it was
deemed appropriate to design a study with 100 cases. The
data of 350 patients who were followed up with the diagnosis
of PTC in our clinic between 2016 and 2020 were examined
retrospectively. Patients with a previous history of malig-
nancy other than PTC, lost to follow-up and whose pathol-
ogy specimens were not be able to be obtained were
excluded from the study. A hundred patients with histolo-
gically confirmed PTC who underwent bilateral or unilateral
thyroidectomy were enrolled in this study (between 19 and
69 years, 74 females, 26 males). Normal thyroid tissue
adjacent to the tumor tissue was taken as the control group.
Based on the data of the patients at the time of diagnosis, risk
scores were determined according to the PTC risk score
verified by the American Thyroid Association (ATA) in
2015, and patients were classified into two groups as medium
or high risk and low risk [35]. Of the patients, 52 (52%) had
medium or high risk, while 48 (48%) had low risk.

Determination of clinicopathological features

Clinicopathological prognostic features of the patients at the
time of the first diagnosis were documented. Gender, age
(under 45 years, 45 years and above), tumor size, tumor
number (single, multiple), lymph node metastasis number,
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side of the tumor (right, left, right, and left), T stage (T1,
T2, T3, T4), N stage (N0, N1), TNM stage (1, 2, 3, 4),
histopathological variant (classical, follicular, Whartin-like
and oncocytic), capsular invasion, vascular invasion, intra-
thyroidal extension, extrathyroidal extension, multifocality,
radioactive iodine (RAI) treatment and disease follow-up
times were recorded.

Immunohistochemical evaluation

Trinocular Nikon Eclipse Ni-U microscope (origin;
Japan). STC1 immunohistochemical staining using rabbit
polyclonal antibody ab229477 (Abcam, origin; USA) at 1/
600 dilution, 1/100 dilution using rabbit polyclonal anti-
body STC2 ab63057 (Abcam, origin; USA) Dako Omnis
fully automated immunohistochemistry instrument (ori-
gin; Denmark) used to evaluate preparations. Human
invasive breast tumor tissue and mouse spleen, and pan-
creas tissue were used as positive controls. 5-micron
sections were taken from the paraffin tissue that best
represents the tumor with a Leica rotary microtome (ori-
gin; Germany) and stained with Dako Omnis fully auto-
matic immunohistochemistry device. Standard brown
DAB (3,3′ diaminobenzidine tetrahydrochloride) was
used for positive coloring. Double-blind evaluation of
STC1 and STC2 was performed by two pathologists with
a trinocular Nikon Eclipse Ni-U microscope. Optical
microscope image taken at ×20 and ×100 magnification of
preparations with Nikon DS-RI2.

The staining score for STC1 and STC2 was calculated
semi-quantitatively according to the percentage of positive
staining and staining intensity (Figs. 1 and 2). A definite
positive reaction was described as a brown signal in the
cytoplasm or cell membrane. Staining intensity was scored
as 0 (no staining), 1 (weak staining in light yellow), 2
(medium staining in yellow-brown), 3 (strong staining in
brown). The percentage of positive staining was scored as
≤10%, 11–50%, 51–80%, and ≥81% as 1, 2, 3, and 4,
respectively. The total score obtained from these scorings
was accepted as the final staining score. The calculated
score ranges from a minimum of 1 to a maximum of 7.

Statistical analysis

Descriptive statistics were used to summarize study data.
The relationship between categorical variables was assessed
using Chi-square and Fisher’s exact tests. The diagnostic
power of STC1 and STC2 for PTC was evaluated by
receiver operating characteristic (ROC) curve analysis.
Sensitivity, specificity, negative predictive value (NPV),
and positive predictive value (PPV) were calculated in
diagnosing PTC. The relationship between STC1 staining
score and clinicopathological findings in PTC patients was

evaluated by Spearman correlation analysis. The indepen-
dent effect of increased STC1 staining score on the risk of
lymph node metastasis was evaluated by multivariate
logistic regression analysis. SPSS Windows version 22.0
package program was used for statistical analysis and
p < 0.05 was considered statistically significant.

Results

Demographic, clinical, and biochemical characteristics of
the patients are given in Table 1. Among all of the patients,
99% (99/100 patients) underwent total thyroidectomy
(TTx), while only 1% (1/100 patients) underwent lobect-
omy. Lymph node dissection was performed for 21% of the
patients (21/100). Three patients who underwent TTx were
re-operated due to recurrence.

According to the ATA risk scoring system, patients were
classified into three groups, 48% (48/100 patients) of the
patients defined in the low-risk group, 30% (30/100
patients) were in the medium-risk group, and the remaining
22% (22/100 patients) were in the high-risk group. 65% of
the cases received RAI treatment. During a mean follow-up
period of 42.99 ± 19.68 months, ninety-four patients fol-
lowed without any progression whereas, three patients
developed recurrence after treatment. A total of 3 metastasis
and among them 2 deaths were reported.

The status of clinicopathological findings according to
the immunohistochemically STC1 staining intensity is
shown in Table 2. 93% of PTC tissues and only 6% of
normal thyroid tissues adjacent to tumor tissue were stained
with STC1. Of the tumor tissues stained with STC1, 34%
were stained light, 33% moderate, and 31% high intensity.

STC1 staining intensity in tumor tissue was not found to
be associated with age, gender, tumor size, multifocal,
intra-, and extra-thyroid extension, lymph node metastasis,
distant organ metastasis, and disease stage (Table 2,
p < 0.05 for each).

When the relationship between the STC1 staining score
and clinicopathological findings was evaluated, the final
staining score showed a positive correlation with the
disease TNM stage score (r= 0.259, p= 0.009). In the
multivariate logistic regression analysis, the increase in
the STC1 staining score of the tumor tissue was demon-
strated to be an independent risk factor that increases the
risk of lymph node metastasis (Table 3, R2= 0.398,
p < 0.001).

While 21% of the tumor tissues were stained with STC2,
none of the normal thyroid tissues adjacent to the tumor
tissue revealed STC2 staining. Macrophages of tumor tis-
sues were stained with STC2. No correlation was found
between STC2 expression of tumor tissue and clin-
icopathological risk factors (p > 0.05).
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Fig. 1 Evaluation staining with
STC1 of papillary thyroid
carcinoma tissues. A Papillary
thyroid carcinoma with
prominent papillary structures
(B) 1+ staining with STC1 in
papillary thyroid carcinoma (C)
2+ staining with STC1 in
papillary thyroid carcinoma (D)
3+ staining with STC1 in
papillary structures in papillary
thyroid carcinoma (A: H&E
40×, B, C, D: DAB 100×)

Fig. 2 Evaluation staining with
STC2 of papillary thyroid
carcinoma tissues. A Papillary
thyroid carcinoma with
prominent papillary structures
and nuclear inclusions (B) 3+
staining with SCT2 in invasive
breast carcinoma as positive
control (C) 1+ staining with
STC2 in papillary thyroid
carcinoma (D) 2+ staining with
STC2 in papillary thyroid
carcinoma (A: H&E 100×,
B:DAB 20×, C, D:100×)
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The diagnostic power of STC1 and STC2 to predict PTC
was evaluated by ROC analysis. The area under the curve
was determined as 0.979 for STC1 and 0.605 for STC2
(Figs. 3 and 4). The sensitivity of STC1 in the diagnosis of

PTC was 93%, the specificity was 94%, PPV 93.9%, and
NPV 93.1%. While the specificity of STC2 in the diagnosis
of PTC was 100%, its sensitivity was only 21%. When
STC1 and STC2 were investigated together, the sensitivity
was 57%; the specificity was 97% (Table 4).

Table 2 The relationship between the STC1 staining score and
clinicopathological features

Features Negative
n (%)

Low
n (%)

High
n (%)

p

Gender 0.340

Female 5 (71.4) 13 (61.9) 56 (77.8)

Male 2 (28.6) 8 (38.1) 16 (22.2)

Age (year) 0.592

≤45 2 (28.6) 7 (33.3) 31 (43.1)

>45 5 (71.4) 14 (66.7) 41 (56.9)

T-stage 0.499

T1–T2 5 (71.4) 10 (47.6) 35 (48.6)

T3–T4 2 (28.6) 11 (52.4) 37 (51.4)

N-stage 0.371

N0 7 (100) 17 (81.0) 56 (77.8)

N1 – 4 (19.0) 16 (22.2)

M-stage 0.549

M0 7 (100) 20 (95.2) 27 (90.3)

M1 – 1 (4.8) 4 (9.7)

Intrathyroidal invasion 0.632

Yes 1 (14.3) 4 (19.0) 8 (11.1)

No 6 (85.7) 17 (81.0) 64 (88.9)

Extrathyroidal invasion 0.786

Yes 2 (28.6) 9 (42.9) 27 (37.5)

No 5 (71.4) 12 (57.1) 45 (62.5)

Capcular invasion 0.711

Yes 2 (28.6) 5 (23.8) 13 (18.1)

No 5 (71.4) 16 (76.2) 59 (81.9)

Histopathological variant 0.929

Microcarcinoma – – 2 (2.8)

Follicular varyant 1 (50.0) 9 (42.9) 20 (29.2)

Classical 5 (71.4) 12 (57.1) 41 (56.9)

Oncocytic 1 (50.0) – 5 (6.9)

Whartin like – – 3 (4.2)

PTC risk score verified by
the ATA

0.675

Low 5 (71.4) 9 (42.9) 34 (47.2)

Medium 1 (14.3) 8 (38.1) 11 (29.2)

High 1 (14.3) 5 (29.2) 9 (23.6)

ATA American Thyroid Association, T Tumor size, T1 the largest size
≤2 cm and limited in the thyroid, T2 size>2 cm ≤4 cm and limited in
the thyroid, T3 the largest size >4 cm and limited in the thyroid or only
invasion of strap muscles, T4 extrathyroidal extension of any tumor
size, N lymph node metastasis, N0 the absence lymph node metastasis,
N1 the presence of lymph node metastasis, M distant metastasis, M0
the absence of distant metastasis, M1 the presence of distant metastasis

Table 1 Clinicopathological features of PTC patients

Features n (%)

Gender

Female 74 (74)

Male 26 (26)

Age (year)

≤45 40 (40)

>45 60 (60)

T- Stage

T1–T2 52 (52)

T3–T4 48 (48)

N- Stage

N0 80 (80)

N1 20 (20)

M- Stage

M0 92 (92)

M1 8 (8)

Intrathyroidal invasion

Yes 13 (13)

No 87 (87)

Extrathyroidal invasion

Yes 38 (38)

No 62 (62)

Capcular invasion

Yes 80 (80)

No 20 (20)

Histopathological variant

Follicular varyant 33 (33)

Classical 58 (58)

Oncocytic 6 (6)

Whartin like 3 (3)

PTC risk score verified by the ATA

Low 48 (48)

Medium 30 (30)

High 22 (22)

TNM stage

Stage 1 77 (77)

Stage 2 15 (15)

Stage 3 1 (1)

Stage 4 7 (7)

ATA American Thyroid Association, T Tumor size, T1 the largest size
≤2 cm and limited in the thyroid, T2 size >2 cm ≤4 cm and limited in
the thyroid, T3 the largest size >4 cm and limited in the thyroid or only
invasion of strap muscles, T4 extrathyroidal extension of any tumor
size, N lymph node metastasis, N0 the absence lymph node metastasis,
N1 the presence of lymph node metastasis, M distant metastasis, M0
the absence of distant metastasis, M1 the presence of distant metastasis
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Discussion

In the study, it was shown that, the expression of STC1 was
significantly higher in PTC tissues compared to normal
thyroid tissue. In light of this information, STC1 can be
consider as a good marker for the diagnosis of PTC with
93% sensitivity and 94% specificity. In addition, the intense
pattern of STC1 staining in pathology specimen shown to
be associated with adverse clinicopathological features such
as high TNM stage and lymphatic metastasis. This suggests
that STC1 can also be used as a biomarker to predict PTC
prognosis.

STC1 is located in mitochondria, STC2 is located in the
ER and golgi apparatus and regulates the function of these

organelles via the autocrine/paracrine pathway [22]. In
cancer cells, expression of hypoxia-inducible factor (HIF)
increases in response to the hypoxic microenvironment and
then it induces STC1 expression [36]. With the Warburg
effect, STC1 shifts mitochondrial respiration to a more
glycolytic metabolic profile, increasing the tolerance of
tumor cells to hypoxia and inhibiting apoptosis [24]. The
role of mitochondrial abnormalities in the development of
thyroid cancer is also well known [37]. However, the role of
STC1, which regulates mitochondrial functions, in the
diagnosis of PTC has never been evaluated. In this study,
STC1 immunostaining was found to be an efficient marker
in the diagnosis of PTC with 93% sensitivity, 94% speci-
ficity, 93.9% PPV, and 93.1% NPV. Although most of the
PTC tissues were stained with STC1, intensities showed
differences. In addition, the staining intensity of normal
thyroid tissues was mostly strong in PTCs and weak to
moderate in non-PTC lesions. Failure to stain normal
thyroid tissue other than PTC may be diagnostically
important. Although the specificity of STC2 immunostain-
ing for PTC was 100%, its sensitivity was very low (21%).
In the literature, no immunohistochemical marker with this
sensitivity and specificity is demonstrated. In a meta-
analysis by Xin et al., which asses the markers that may
have diagnostic value in PTC; the sensitivity for Gal-3 was
84.2% and specificity 83.2%, for HBME-1 92.8% and
specificity 86.4%, and for CK-19 81.6% and specificity
87.2% [32]. For the diagnosis of PTC, MMP9 sensitivity

Table 3 The effect of clinicopathological prognostic factor and
STC1 staining score on lymph node metastasis risk in PTC

β p

Age (year) 0.905 0.001

Gender (male) 3.086 0.290

Capsular invasion 3.196 0.149

Intrathyroidal invasion 1.048 0.959

Extrathyroidal invasion 1.922 0.321

STC1 staining score 1.569 0.049

Tumor size 1.042 0.118

Bold values indicate statistical significance.

1 - Specificity
1,00,80,60,40,20,0

ytivitisneS

1,0

0,8

0,6

0,4

0,2

0,0

AUC=0.969 (0.941-0.997)

Sensitivity=0.93   
Specificity=0.94

Fig. 3 ROC curve analysis of STC1 for the diagnosis of papillary
thyroid cancer

1 - Specificity
1,00,80,60,40,20,0

ytivitisneS

1,0

0,8

0,6

0,4

0,2

0,0

AUC=0.605 (0.527-0.683)

Sensitivity=0.21 
Specificity=1.00

Fig. 4 ROC curve analysis of STC2 for the diagnosis of papillary
thyroid cancer
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was 83.5%, specificity was 79.1%, PPV was 83.1%, and
NPV was 79.6% [33]. In this current study, the increase in
STC1 expression in PTC may be related to the regulation of
mitochondrial respiration, which has a role in the patho-
genesis of the disease. On the other hand, STC2 plays an
important role in cytoprotection against ER/oxidative stress-
induced apoptosis [23]. The lower expression of STC2 in
PTC tissues may be related to the fact that ER stress is not a
major problem in the disease.

PTC is a curable disease with a good prognosis, dismally
8–23% of patients present local recurrences and/or distant
metastases [38]. In recent years, the primary goal of PTC
management has been to identify cases with potentially
aggressive diseases that require specific treatment and spe-
cific follow-up programs. Disease prognosis is very sig-
nificant in deciding whether RAI treatment is needed and
the level of TSH suppression. Classical risk factors (age at
diagnosis, large tumor size, aggressive histological variants,
extra-thyroidal extension, lymph node metastasis, and dis-
tant metastasis) are occasionally insufficient in determining
the prognosis [35, 39]. Therefore, the roles of various bio-
markers have been investigated [40].

Tumor microenvironment is important in tumor pro-
gression and metastasis. As a result of rapid proliferation of
tumor cells, a hypoxic environment occurs and HIF
expression increases. Increased STC1 in response to HIF
stimulates cell proliferation, reduces apoptosis, thus pro-
motes metastasis and invasion [24, 41, 42]. A recent meta-
analysis showed that high STC1 adversely affects the
prognosis of solid tumors [43]. The role of STC1 in pre-
dicting PTC prognosis has not been evaluated to date. In
this study, when the relationship between the percentages of
staining of tumor tissue with STC1 and clinicopathological
findings was evaluated by Spearman correlation analysis, it
was shown that the increase in the percentage of STC1
immunostaining was associated with more unfavorable
clinicopathological features such as lymph node metastasis,
ATA risk score and TNM stage (respectively, r= 0.236,
p= 0.018 and r= 0.201, p= 0.045). In the multivariate
logistic regression analysis, being over 45 years old and the
increase in the percentage of STC1 shown to be responsible
for the increased risk of lymph node metastasis
(R2= 0.398, p < 0.001). The higher expression of STC1 in
PTC cases with poor prognostic features may be related to
their more hypoxic microenvironment. Wang et al. found

higher expression of HIF-1α in PTC tissues with lymph
node metastases [44]. Burrows et al. also revealed that
reduction of HIF-1 α activity with phosphoinositide
3-kinase inhibitor in follicular thyroid cancer cells reduced
tumor growth and metastatic lung colonization [45]. In
hypoxic conditions, thyroid cancer cell mitochondria pro-
duce high levels of ROS. Mitochondrial ROS contribute to
tumor growth, epithelial-mesenchymal transition, cancer
invasion, and metastasis [37]. In addition, STC1 stimulates
tumor neo-angiogenesis, thereby providing sufficient oxy-
gen and nutrients for tumor cell survival and proliferation
and promoting distant metastasis [24].

There are no approved drug treatments other than tyr-
osine kinase inhibitors for PTC patients resistant to radio-
iodine therapy [46]. STC1 may be a potential new target for
the development of targeted therapies, especially in this
patient group. Further studies are needed on this subject.

In our study, STC2 did not show immunostaining in
normal thyroid tissue adjacent to the tumor tissue. Only
21% of the tumor tissues were stained. No correlation was
found between PTC prognosis and STC2 immunostaining
of tumor tissue. These results suggest that immunohisto-
chemical evaluation of STC2 will not be useful in predict-
ing PTC prognosis.

The strength of this study is that the rate of staining with
STC1 is low (6%) in normal thyroid tissue and high (93%)
in PTC tissues, suggesting its potential to be used as a
diagnostic marker. However, the study also has some lim-
itations. In this study, the expression of STC1 and STC2
was evaluated only immunohistochemically. Expression
levels of these genes and protein levels in tissue could not
be measured by PCR. In addition, the level of HIF-1, which
indicates tissue hypoxia, was not evaluated.

In conclusion, because of its high sensitivity and spe-
cificity, STC1 may be an efficient marker to confirm the
diagnosis of PTC cases that do not show typical histo-
pathological features. We also think that it will be useful in
determining the prognosis of PTC. Further studies are
needed.
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Table 4 Diagnostic value of
STC1 and STC2 expression in
PTC

Marker Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy value (%)

STC1 93 94 93.9 93.1 93.5

STC2 21 100 100 55.8 60.5

STC1+ STC2 57 97 95 69.2 77

PPV Positive Predictive Value, NPV Negative Predictive Value
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