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Abstract. - OBJECTIVE: The majority of pa-
tients with papillary thyroid carcinoma (PTC)
have good outcomes, although the identifi-
cation of new predictors of a poor prognosis
would be beneficial. Chronic thyroiditis is a
precancerous condition in which proinflamma-
tory cytokines enhance biologically aggressive
features. This study investigated the expres-
sion of suppressor of cytokine signaling pro-
teins (SOCS) 1 and 3, which are negative feed-
back inhibitors, in PTC and benign thyroid nod-
ules (BTN), and analyzed the relations among
biomarker expression, pathological prognosis,
and clinical features.

PATIENTS AND METHODS: The pathological
materials and clinical data of 100 patients with
PTC and 40 with BTN were retrospectively ana-
lyzed. Inmunohistochemical SOCS1 and SOCS3
staining were performed. Besides comparing
SOCS1 and SOCS3 expression between PTC
and BTN, we analyzed the expression accord-
ing to pathological factors and clinical variables.

RESULTS: The expression levels of the pro-
teins were significantly higher in PTC than in
BTN (p=0.001). SOCS1 expression was higher
in older patients with PTC than in younger pa-
tients (p=0.001). Unlike SOCS1, SOCS3 was re-
lated to the risk group; these groups were distin-
guished based on the American Thyroid Associ-
ation (ATA) risk stratification system (p=0.001).
SOCS3 was also significantly related to lymph
node involvement (p=0.007), capsule invasion
(p=0.005), and extrathyroid extension (p=0.009).

CONCLUSIONS: The increased SOCS1 and
SOCS3 expression in PTC confirms their roles
in thyroid carcinogenesis. Antibodies to both
SOCS1 and SOCS3 might aid the diagnosis
of PTC through immunohistological staining.
SOCS3 provides information on lymph node sta-
tus and aids risk stratification.
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Introduction

Papillary thyroid carcinoma (PTC) is the
most frequent malignancy of the thyroid gland
which originates from follicular cells. PTC is
widely diagnosed in younger adults in compar-
ison to other adult cancers. Women are 3 times
more likely to develop PTC than men. Despite
being malignant cancer, PTC has an excellent
overall prognosis. According to the Surveillance
Epidemiology, and End Results (SEER) database
provided by the National Cancer Institute (NCI),
The American Cancer Society (ACS)' estimates
that 5-year relative survival rates for PTC be-
tween 2010 and 2016, are near 100%, 99% and
76% for localized, regional and distant diseases,
respectively. However, there are some clinical
and pathological features related to poor prog-
nosis, some of which are: older age, male gender,
lymph node metastasis, distant metastasis, large
tumor size, extrathyroid extension and histolog-
ic subtype?. Given the high incidence of PTC, a
much greater number of patients have apparent
symptomatic thyroid nodules, which mostly are
benign lesions’. In many cases, therapeutic man-
agement and long-term follow-up are necessary”.
In order to manage an appropriate treatment
strategy for thyroid diseases with such great
prevalence, it becomes essential to understand
the underlying mechanisms.

Thyroid diseases are closely related to inflam-
mation, and it has also been suggested®” that thy-
roiditis could be interpreted as a precancerous
condition, due to the increased incidence of thy-
roid cancer with preexisting thyroiditis. Several
studies!®!* propose that oncogene activation, which
increases the production of proinflammatory cy-
tokines, contributes to the establishment and pro-
gression of thyroid malignancies. These cytokines
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maintain biologically malignant features such as
proliferation, survival, and invasiveness'>!®!, But
they can also gather inflammatory cells responsi-
ble for stroma remodeling and angiogenesis. Thus,
inflammatory cells keep releasing these mediators,
which enhances tumor progression's.

Cytokines act as intercellular messengers to
control the hematopoietic system, immune sys-
tem, and inflammatory response. The cytokines
consist of a large variety of glycoproteins and
have been divided into five groups: a) Tumor
necrosis factor-alpha and related molecules, b)
Interleukin-1 family members, ¢) Transforming
growth factor-beta molecules, d) chemokines,
and e) cytokines that signal through Janus Ki-
nase (JAK)/signal transducers and activators of
transcription (STAT) pathway. The latter group
could be the largest and consists of hematopoi-
etic growth factors, immunomodulatory cy-
tokines, and inflammatory cytokines’. Every
cytokine binds to a specific transmembrane re-
ceptor located on the surface of the target cell,
that contains intracellular domains which are
associated with members of the JAK family of
thyrosine kinases?***. The establishment of the
cytokine-receptor complex activates JAK by
transphosphorylation, which in turn phosphory-
lates a transcription factor, the STAT that is at-
tached to the intracellular part of the receptor®.
This leads to the disassociation of STAT from
the receptor and translocation into the nucleus,
where they can interact with cytokine-specific
genes and can stimulate transcription®’. This sig-
naling pathway is a dynamic process and highly
organized response controlled by negative feed-
back by subsequent downregulation and atten-
uation of the initial signal®®?’. The suppressor
of cytokine signaling (SOCS) proteins are the
primary drivers of signal attenuation, which acts
as negative-feedback inhibitors due to cytokine
exposure*®?. There are eight mammalian SOCS
family members, SOCS 1-7, and cytokine-in-
ducible SH2 protein (CIS). SOCS proteins can
negatively regulate cytokine receptor signaling
by several distinct mechanisms. Firstly, they can
directly inhibit JAKs by binding to the receptor
or to the JAK activation loop®. Secondly, they
can compete with other signaling molecules
containing SH2-domains for binding sites on the
receptor’’. Thirdly, they can target the receptor
complex and associated signaling proteins for
proteasomal degradation and prevention of nu-
clear translocation of key signaling molecules?.

SOCSI and SOCS3 proteins are unique mem-
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bers of the entire SOCS family, having the abil-
ity to directly inhibit the kinase activity of JAK.
This activity relies upon a short motif, which
is immediately upstream of the SH2 domain,
known as the kinase inhibitory region (KIR)*.
In particular, SOCSI and SOCS3 can play pivot-
al roles in inflammation, as well as in the devel-
opment and progression of cancers. Abnormal
expression of SOCS1 and SOCS3 in cancer cells
has been reported** in human carcinoma associ-
ated with dysregulation of signals from cytokine
receptors, Toll-like receptors (TLRs), and hor-
mone receptors, resulting in malignancies. Ac-
cording to De Santis at al*, in PTC, SOCSI1 was
noticeably downregulated in comparison to thy-
roid parenchyma. Francipane et al*® found the ex-
pression of SOCSI1, SOCS3 and SOCSS5 in PTC
significantly higher in comparison to thyroid
parenchyma. In this regard, our study aims to
investigate the expression of SOCS1 and SOCS3
in PTC and compare it with the expression in
benign thyroid nodules (BTN) and normobhis-
tologic thyroid parenchyma. Besides, we also
compared the expression level of either protein
against clinical parameters to determine whether
it can be utilized as a prognostic and predictive
indicator. To the best of our knowledge, among
the studies which analyzed SOCS expression in
thyroid diseases, our study contains the largest
number of cases.

Patients and Methods

Patient Selection

In the current study, we retrospectively re-
trieved 100 thyroidectomy cases from the ar-
chives of Gaziantep University Medicine Faculty
Department of Pathology between 2016 and 2021,
diagnosed as PTC and 40 thyroidectomy cases di-
agnosed with BTN, including follicular adenoma
and hyperplastic/colloid nodule. All patients were
diagnosed, and follow-ups were made in our insti-
tute. In addition to histological findings, clinical
data were obtained from the medical archives and
recorded. Patients whose clinical or histological
material was not available were excluded from the
current study.

Histological Assessment

For PTC cases, all slides and pathological re-
ports were reevaluated retrospectively by two
pathologists for histological subtype, location of
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the tumor (bilateral/unilateral and multifocality),
thyroid capsule invasion, extrathyroid extension,
lymph node involvement, and distant metastasis.
During the histological assessment, representa-
tive tumor and benign nodule samples were se-
lected for immunohistochemical analysis.

Immunohistochemical Analysis

Immunohistochemical studies were performed
on 5 um sections of formalin-fixed, paraffin-em-
bedded tissues. SOCS1 (GTX100657, Polyclonal
Rabbit IgG, 1:100, GeneTex, Irvine, CA, USA)
and SOCS3 (SC-518020, Clone: G5 Monoclonal
Mouse IgGl, 1:100, Santa Cruz Biotechnolo-
gy, Heidelberg, Germany) antibodies were per-
formed using an automated immunohistochemis-
try-staining device (Ventana, Bench Mark Ultra
AutoStainer, Roche Diagnostics, Indianapolis,
IN, USA).

Semi-Quantitative Evaluation
of Immunohistochemical Expression
Staining was evaluated and scored using the
immunoreactive score (IRS) system®’ (Table I).
The cytoplasmic reaction was evaluated as pos-
itive staining for either antibody. Appropriate ex-
ternal positive controls were used: ileum samples
for SOCSI and lung samples for SOCS3 served as
a positive control.

Statistical Analysis

The defining statistics of the data obtained
from this study were calculated using the mean
for numerical variables, frequency, and percent
analysis for standard deviation and categori-
cal variables. Clinical parameters were checked
with Shapiro-Wilk test to determine whether they
were coherent with the normal distribution, which
turned out that they were not (p<0.05). The Krus-
kal-Wallis test compared clinical parameters with
SOCSI1 and SOCS3 expression. The differences
between categorical variables were analyzed with

the Chi-square test. After variant analysis, Tukey
multiple comparison test was used to determine
the differences between groups. To compare the
epidemiological data with the expression level of
SOCS antibodies #-test and Chi-square test were
used. Analysis has been carried out with SPSS
vers. 2.0. (SPSS Inc., Chicago, IL, USA) and
p<0.05 was evaluated as statistically significant.

Results

Demographic and Histomorphological
Findings

One hundred thyroidectomy cases with PTC
and 40 thyroidectomy cases with BTN were stud-
ied. Of the patients with malignant disease, 83
(83%) were females, 17 (17%) were males, and
the female/male ratio was 4.88; whereas of the
patients with benign disease, 33 (82.5%) were fe-
males, 7 (17.5%) were males, and the female/male
ratio was 4.71. The mean age of patients with ma-
lignant disease was 40.66+14.99 and 45.5+14.39
in the benign group. Histological subtypes of PTC
consisted of 52 classic, 33 follicular, and 15 tall
cell variants. The median diameter of tumors was
2.45cm (range 1-6.5). Among all cases, no patient
had distant metastasis, whereas lymph node me-
tastasis was evident in 20 cases, multifocality in
39 cases, extrathyroidal extension in 21 cases,
capsular invasion in 49 cases, and the presence
of tumor in bilateral lobes in 54 cases. Table 11
shows the results of histomorphological and clin-
ical data.

Expression Rate of SOCS1 and SOCS3
in Benign and PTC Patients

The expression rate of SOCSI in BTN was
negative in 37 cases (92.5%) and had mild reac-
tion (IRS 1) in only 3 cases (7.5%). Expression
rate of SOCS3 in BTN was negative in 30 cases
(75%) and had mild reaction in 10 cases (25%).

Table 1. Immunoreactivity score (IRS) system used for cytokine signaling proteins (SOCS) expression evaluation.

A (percentage of
positive cells)

B (intensity of
staining)

Final score
(multiplication of A and B)

0=no positive cells

0=no color reaction

0-1=negative

1=<10% positive cells 1=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=strong reaction

4=>80% positive cells

Final IRS score (A x B): 0-12
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Table Il. Comparison of SOCS1 and SOCS3 expression in papillary thyroid carcinoma (PTC) and benign nodules.

PTC Benign disease p-value
N (%) N (%)
Expression of SOCSI Negative 38 (38) 37 (92.5)
Mild 33 (33) 3(7.5) 0.001*
Moderate 26 (26) 0(0)
Strong 303) 0 (0)
Expression of SOCS3 Negative 22 30 (75)
Mild 19 (19) 10 (25) 0.001*
Moderate 48 (48) 0(0)
Strong 31 (31 0(0)

*p<0.05; Chi-square test; cytokine signaling proteins (SOCS).

SOCSI expression in PTC was negative in 38 cas-
es (38%), mild in 33 cases (33%), moderate in 26
cases (26%) and strong in 3 cases (3%) (Figures
1-4). SOCS3 expression in PTC was negative in
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2 cases (2%), mild in 19 cases (19%), moderate in
48 cases (48%) and strong in 31 cases (31%) (Ta-
ble II and Figures 5-8). Thyroid follicular epitheli-
um was negative for either protein (Figures 9-10).

Figure 1. PTC negative for SOCSI (x200).

Figure 2. PTC shows mild reaction with
SOCSI (x200).
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Figure 3. PTC shows moderate reaction
with SOCSI (x200).

Figure 4. PTC shows strong reaction with
SOCSI (x200).

Figure 5. PTC negative for SOCS3 (x200).

Figure 6. PTC shows mild reaction with
SOCS3 (x200).
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Figure 7. PTC shows moderate reaction
with SOCS3 (x200).

Figure 8. PTC shows strong reaction with
SOCS3 (x200).

Figure 9. Thyroid follicular epithelium
was negative for SOCSI1 (x200).

Figure 10. Thyroid follicular epithelium
was negative for SOCS3 (x200).
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Comparison of SOCS1 and SOCS3
Expression Rate of patients
with BTN vs. PTC

Although both BTN and PTC showed im-
munoreactivity with SOCS1 and SOCS3, the
expression rate of these antibodies was signifi-
cantly higher in PTC than in BTN. The compari-
son of SOCSI and SOCS3 expression in PTC vs.
BTN was statistically significant (p=0.001 and
p=0.001, respectively) (Table II).

Comparison of SOCS1 and SOCS3
Expression Rate in PTC with
Epidemiological and Clinical Parameters
The propensity of SOCS1 expression in PTC
was found to be in older patients rather than
younger patients (p=0.001) (Table III), where-
as SOCS3 showed relatively equal expression
across all ages (p=0.277) (Table IV). Expression
of SOCS1 and SOCS3 had no relation with gen-
der comparison (Tables V and VI). Neither of the
clinical parameters, including tumor size, serum
levels of thyroglobulin and thyrotropin (TSH),
stimulated thyroglobulin and TSH, and the Ra-

dioactive lodine doses had no significant statis-
tical relation with the expression of SOCS1 and
SOCS3 (Tables VII and VIII). Unlike SOCSI,
which showed no relation with the risk groups
(p=0.288) (Table IX), SOCS3 was related to
the risk groups based on the American Thyroid
Association (ATA) risk stratification system
(p=0.001) (Table X).

Comparison of SOCS1 and SOCS3
Expression Rate in PTC with
Histomorphological Parameters

Regarding histological subtypes, no statisti-
cal relation was observed with the expression of
SOCSI1 and SOCS3 (Table IX). Neither histomor-
phological parameters, including lymph node in-
volvement, multifocality, unilateral vs. bilateral
lobe involvement, capsule invasion, and extrathy-
roid extension, revealed any statistically signifi-
cant result when compared with SOCSI expres-
sion (Table I1X). SOCS3, on the other hand, was
significantly related to lymph node involvement,
capsule invasion as well as extrathyroid extension
(Table X).

Table Ill. Comparison of SOCS1 expression in papillary thyroid carcinoma (PTC) with age.

Expression of SOCSI1 p-value
Negative Mild Moderate Strong
Average=SD Average=SD Average=SD Average=SD
Age 36.42+12.01° 37.76+14.99* 49.04+15.58° 53.67+13.58° 0.001*

*p<0.05; “Variant analysis; *"Represents the difference between groups (Tukey test); cytokine signaling proteins (SOCS).

Table IV. Comparison of SOCS3 expression in papillary thyroid carcinoma (PTC) with age.

Expression of SOCS3 p-value
Negative Mild Moderate Strong
Average=SD Average=SD Average=SD Average=SD
Age 38.5+20.51 38.47+11.29 38.77+14.31 45.06+17.37 0.277
Variant analysis; cytokine signaling proteins (SOCS).
Table V. Comparison of SOCS1 expression in papillary thyroid carcinoma (PTC) with gender.
Expression of SOCS1 p-value
Negative Mild Moderate Strong
N (%) N (%) N (%) N (%)
Gender ﬁﬁ]e 32 gzg?)l) 258 ((183.]855)) 18 8((3609;.7273)) ; 8222 0.095

Chi-square test; cytokine signaling proteins (SOCS).
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Table VI. Comparison of SOCS3 expression in papillary thyroid carcinoma (PTC) with gender.

Expression of SOCS3 p-value
Negative Mild Moderate Strong
N (%) N (%) N (%) N (%)
Male 0 (0) 3 (15.79) 8 (16.67) 6 (19.35)
Gender @ nale 2 (100) 16 (84.21) 40 (83.33) 25 (80.65) 0907
Chi-square test; cytokine signaling proteins (SOCS).
Table VII. Comparison of SOCS1 expression rate in papillary thyroid carcinoma (PTC) with clinical parameters.
Expression of SOCS1 in PTC p-value
Negative Mild Moderate Strong
Median value N (%) N (%) N (%)
(Q1-Q3) (Q1-Q3) (Q1-Q3) (Q1-Q3)
Tumor size (cm) 2.1(1.5-2.9) 2(1.7-2.7) 2.3 (1.6-4) 4.4 (1.3-6.2) 0.569
Thyroglobulin level 0.05(0.02-0.2) ~ 0.08 (0.02-0.15)  0.11 (0.04-0.38)  0.04 (0.04-0.2) 0.509
(ng/mL)
TSH level (mU/L) 0.32 (0.07-0.89) 0.49 (0.2-1.7) 0.88 (0.1-4.2) 0.4 (0.12-3.6) 0.417
Stimulated Thyroglobulin 2.4 (0.2-6.05) 2.9 (1.28-17) 1.55 (0.22-9.8) 6 (0.2-512) 0.334
level (ng/mL)
Stimulated TSH level 62.5 (49-83) 64 (41-97) 59.5 (45-80) 50 (50-156) 0.969
(mU/L)
Kruskal-Wallis H test; cytokine signaling proteins (SOCS).
Table VIII. Comparison of SOCS3 expression rate in papillary thyroid carcinoma (PTC) with clinical parameters.
Expression of SOCS3 in PTC p-value
Negative Mild Moderate Strong
Median value N (%) N (%) N (%)
(Q1-Q3) (Q1-Q3) (Q1-Q3) (Q1-Q3)
Tumor size (cm) 2.1 (1.7-2.5) 2(1.5-2.7) 2(1.5-2.5) 2.7 (1.7-4) 0.062
Thyroglobulin level 0.13 (0.05-0.2) 0.1 (0.03-0.2) 0.04 (0.02 -0.18) 0.2 (0.04-0.55) 0.093
(ng/mL)
TSH level (mU/L) 0.67 (0.44-0.89) 0.17 (0.1-0.66) 0.6 (0.07 -1.9) 0.88 (0.16-5) 0.085
Stimulated Thyroglobulin 12.1 (0.2-24) 1.6 (0.2-4.1) 1.8 (0.24 -9.75) 3.35(1.8-17) 0.334
level (ng/mL)
Stimulated TSH level 112 (90-134) 59.5 (50-67) 60.5 (47.5 -86.5) 63 (44-79) 0.401
(mU/L)

Kruskal-Wallis H test; cytokine signaling proteins (SOCS).

Discussion

The relationship between ongoing inflamma-
tion and cancer development has been studied
for many years. Thyroid diseases, which tend to
affect younger female patients®®, are accompa-
nied by chronic inflammation. The expression of
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SOCS1 and SOCS3 proteins, which act as neg-
ative feedback regulators of cytokine-mediated
signaling, is abnormal in several organ malignan-
cies*. This study investigated the expression of
SOCSI1 and SOCS3 in PTC and benign nodules,
and their relations with clinical and histomorpho-
logical parameters.
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Table 1X. Comparison of SOCS1 expression with histological features, ATA risk classification and RAI doses.

Expression of SOCS1
Negative Mild Moderate Strong
N (%) N (%) N (%) N (%) p-value
Follicular 14(36.84)  7(21.21) 10 (38.46)  1(33.33)
Histological type Classic 20 (52.63) 22 (66.67) 10 (38.46) 1 (33.33) 0.346
Tall cell 4(10.53) 4(12.12) 6 (23.08) 1(33.33)
Lymph node Absent 33(86.84)  25(75.76) 19 (73.08) 3 (100) 0,390
metastasis Present 5 (13.16) 8 (24.24) 7 (26.92) 0 (0) '
L Absent 27(71.05) 20 (60.61) 13 (50) 1(33.33)
Multifocalit 0272
wittocattty Present 11(2895) 13 (39.39) 13 (50) 2 (66.67)
. ~ Absent 33(86.84)  26(7879) 16 (61.54) 3 (100)
Extrath ¢ 082
xtrathyroid extension ¢ 5(13.16) 7(21.21) 10 (38.46) 0 (0) 0
Cansule invasion Absent 22(5789) 19 (57.58) 8(30.77) 2 (66.67) o110
apstie Hvasio Present 16 @2.11) 144242  18(6923)  1(33.33) :
. . Unilateral 20(52.63)  15(d545) 10 (3846)  1(33.33)
lateral/Bilateral 0.690
Unilateral/Bilatera Bilateral 18(4737)  18(54.55)  16(61.54) 2 (66.67)
(1) Low risk 21(5676) 11 (35.48) 8 (33.33) 2 (66.67)
ATA risk group (2) Intermediate risk 14 (37.84) 19 (61.29) 16 (66.67) 1(33.33) 0.288
(3) High 2 (5.41) 1(3.23) 0 (0) 0 (0)
<150 31(8378)  24(7742)  19(79.17) 3 (100)
RAI I 0752
doses (mCI) >150 6(16.22) 7(22.58) 5(20.83) 0 (0)
Chi-square test, cytokine signaling proteins (SOCS); Radioactive lodine (RAI).
Table X. Comparison of SOCS3 expression with histological features, ATA risk classification and RAI doses.
Expression of SOCS3
Negative Mild Moderate Strong
N (%) N (%) N (%) N (%) p-value
Follicular 1 (50) 7(36.84) 15 (31.25) 9 (29.03)
Histological type Classic 1 (50) 9@4737) 27 (56.25) 16 (51.61) 0.955
Tall cell 0(0) 3 (15.79) 6(12.5) 6 (19.35)
Lymph node Absent 1(50) 18(94.74) 42 (87.5) 96129
metastasis Present 1 (50) 1 (5.26) 6 (12.5) 12 (38.71) '
L Absent 2 (100) 11(57.89) 31 (64.58) 17 (54.84)
focalit .
Multifocality Present 0 (0) §@2.11)  17(35.42) 14 (45.16) 0-550
. ~ Absent 2 (100) 18(94.74) 40 (83.33) 18 (58.06)
th t . *
Extrathyroid extension ot 0 (0) 1 (5.26) 8 (16.67) 134194 000
Cansule invasion Absent 1(50) 16 (84.21) 24 (50) 03226 oo
psuie Present 1 (50) 3 (15.79) 24 (50) 21 (67.74) :
. . Unilateral 1(50) 7(36.84) 25 (52.08) 13 (41.94)
teral/Bilateral .
Unilateral/Bilatera Bilateral 1 (50) 12(63.16) 23 (47.92) 18 (58.06) 0.665
(1) Low risk 2 (100) 16 (88.89) 19 (42.22) 5(16.67)
ATA risk group (2) Intermediate risk 0 (0) 2 (11.11) 24 (53.33) 24 (80) 0.001*
(3) High 0(0) 0(0) 2 (4.44) 1 (3.33)
<150 2 (100) 16 (88.89)  37(82.22) 22 (73.33)
RAI I 0.495
doses (mCI) >150 0(0) 2 (1111) 8 (17.78) 8 (26.67)

*p<0.05; Chi-square test; cytokine signaling proteins (SOCS); Radioactive lodine (RAI).
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The expression of SOCS1 and SOCS3 was
significantly increased in PTC compared to be-
nign nodules and non-neoplastic thyroid follicu-
lar epithelium, in line with several other studies
in literature. Kobawala et al*® studied the expres-
sion of SOCSI-3 in 83 cases with PTC and 45
with benign thyroid diseases and found signifi-
cantly increased expression of the three markers
in PTC. Singh et al**investigated SOCS1 expres-
sion in neoplastic and non-neoplastic prostate
samples and showed that SOCS1 expression was
significantly increased in prostate cancer tissues
compared to benign prostate hyperplasia. Simi-
larly, Calarco et al* reported increased SOCS3
expression in prostate cancer. In a study of 126
prostate cancer and 28 periprostatic non-neo-
plastic tissue samples, Zhu et al** revealed great-
er SOCS2 expression in the prostate cancer
samples. Yang et al* reported moderate to very
strong SOCS3 expression in 67.8% of hepatocel-
lular carcinoma cases. Moreover, Raccurt et al*
found elevated expression of SOCS1-3 in tumor
cells; in particular, SOCS2 was significantly in-
creased in in situ carcinoma. Besides solid organ
tumors, studies**® of hematological malignan-
cies also showed increased SOCS expression,
mostly using ex vivo models. SOCS3 expression
was increased in mycosis fungoides®, chronic
myeloid leukemia (CML)* and anaplastic large
cell lymphoma®’, while SOCS1 and SOCS3 were
higher in acute myeloid leukaemia“*®.

The increased and consistent expression of
SOCS3, in particular, suggests its implementa-
tion as an additional useful immune marker to the
immunohistochemistry panel used in PTC, which
consists of Hector Battifora and Mesothelioma
(HBME-1), cytokeratin 19 (CK19) and galectin 3.
This utilization of SOCS3 would increase diag-
nostic accuracy, especially in fine needle aspira-
tion cytology when combined with immunohisto-
chemistry methods.

Contrasting with the increased SOCS pro-
tein expression discussed above, several stud-
ies®>364249-55 have reported equal or decreased
expression in cancerous tissues compared to their
normal histological counterparts. Francipane et
al’® reported decreased SOCS1 and SOCS3 ex-
pression in PTC, whereas expression in thyro-
cytes was normal. De Santis et al** reported sim-
ilar results, i.e., markedly downregulated SOCS1
in PTC compared to surrounding normal tissue.
Liu et al*” found that the expression of SOCSI1 and
SOCS3 in astrocytomas was higher in the non-can-
cerous component. Cui et al’' found downregulat-
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ed SOCS2 expression in hepatocellular carcino-
ma, while Deng et al*® noted significantly lower
SOCS3 expression in gastric carcinoma than in
normal mucosa. Similarly, Li et al** reported that
both SOCS1 and SOCS3 mRNA expression were
lower in gastric tumor tissues than in normal tis-
sues, while Zhu et al** found increased SOCS2
expression in prostate cancer, but downregulated
SOCS6 expression. Sasi et al*” compared the ex-
pression of several SOCS proteins between breast
cancer and non-cancer breast tissues and found no
significant difference in SOCSI1-3 and 7 expres-
sions in both tissue types. Marioni et al** found
no significant difference in SOCSI1 expression
among laryngeal lesions, including squamous
cell carcinoma, hyperplastic benign lesions, and
normal laryngeal mucosa. In addition, Ayyildiz et
al® found equal SOCSI expression in colorectal
carcinoma and a control group.

Dysregulated SOCS proteins during carcino-
genesis include both inactivated and upregulat-
ed SOCS proteins. For example, the increase in
SOCS2 in CML might have negative effects on
other SOCS proteins, which would suppress tu-
mor development®®>. The continuous effects of
cytokines on the JAK-STAT and other pathways
may support cancer progression in tumor cells.
Rather than being a causal mechanism, SOCS
upregulation might result from activating these
pathways. Additionally, failure of other negative
regulatory pathways acting on the JAK-STAT
pathway, or inappropriate oncogene activation, in
such tumors could exceed the capacity of SOCS,
thereby contributing to STAT activation. Despite
the increased SOCS expression, their function as
inhibitory proteins remains insufficient to inhibit
cancer cell proliferation. As a result, the increased
SOCS expression might be a consequence of can-
cer progression, rather than a contributing fac-
tor*®. This could also explain the elevated levels
of SOCS proteins observed herein, which could
be interpreted as a consequence of cancer devel-
opment.

In the present study, the expression of SOCSI
in PTC was significantly higher in older than
younger patients, but this was not observed with
SOCS3. Zhu et al** found that SOCS2 expres-
sion in prostate cancer was increased in patients
younger than 60 years, while Ayyildiz et al*
found no significant relationship between age
and SOCSI expression in colon cancer. We found
no correlations between the clinical parameters
we investigated and SOCS expression, except
for the expression of SOCS3 and the clinical risk
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group. The ATA risk stratification system allows
clinicians to plan treatment by distinguishing
low, intermediate, and high-risk groups®. Unlike
SOCSI, SOCS3 showed intermediate to strong
reactivity in the intermediate risk group, which
might serve as an immunohistochemistry indi-
cator in addition to the criteria evaluated in this
risk group.

Finally, the analysis comparing SOCS3 re-
activity with histomorphological parameters re-
vealed a positive correlation with thyroid capsule
invasion, but negative correlations with extrathy-
roidal extension and lymph node metastasis. The
relation between deficient SOCS3 expression in
advanced cases and extrathyroidal extension and
lymph node metastasis suggests a protective role
of SOCS3 against carcinogenesis. In this regard,
the ability of SOCS3 to inhibit cell growth and
migration by blocking the JAK/STAT pathway
in oncogenesis might be compromised. These re-
sults are in line with several other studies. Deng
et al® reported decreased SOCS3 expression in
advanced gastric carcinoma with lymph node
metastasis. Another study found significantly
lower SOCS3 mRNA expression in advanced
breast cancer patients with greater lymph node
involvement than patients with less lymph node
involvement or negative lymph nodes®. In addi-
tion, Ying et al® reported relations of decreased
SOCS3 expression with lymph node metastasis,
blood vessel invasion, and disease-free survival
in breast carcinoma. Although many studies in
the literature reported a strong negative correla-
tion between SOCS3 expression and advanced
disease features, others found the opposite. For
example, Yang et al* found that SOCS3 expres-
sion was positively correlated with tumor vascu-
lar invasion.

Conclusions

The expression of SOCSI and SOCS3 proteins
in PTC is significantly increased in malignant
thyroid disease compared with benign diseases,
suggesting that SOCS proteins have direct and
indirect functions in thyroid cancer pathogenesis.
Therefore, SOCS expression in thyroid cytology
could support the diagnosis of PTC, in addition
to immunohistochemical markers and nuclear
morphology, and aid the prediction of lymph node
involvement. SOCS3 is a promising marker that
might predict ATA risk, although this should be
verified in larger studies.
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