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Abstract. Thrombospondins (TSP-1—TSP-5) are multifunctional extracellular matrix (ECM) proteins, of which TSP-1 and TSP-2
are the most studied in scope of oncology. TSP-1 expression has been proposed as a marker that promotes tumor growth,
invasion, and metastasis (Mts) through interactions with cancer cells. The aim of this study was to compare TSP-1 levels in
conditionally normal (N) thyroid tissue, goiter tissue, papillary thyroid carcinoma (PTC), metastatic lesions, as well as in blood
plasma and peripheral blood mononuclear cells (PBMCs). Methods. Postoperative tissue samples, blood plasma, and PBMCs
were obtained from patients operated in the surgical department of the State Institution «V.P. Komisarenko Institute of
Endocrinology and Metabolism of the National Academy of Medical Sciences of Ukraine» clinic. TSP-1 concentrations were
determined using enzyme-linked immunosorbent assay kits. Results. TSP-1 levels in goiter tissue did not differ from those
in N thyroid tissue. No significant differences were observed between normal tissue and PTC tissue without Mts. In contrast, a
significant increase (more than threefold) in TSP-1 levels was detected in PTC tissues with Mts compared to adjacent normal
tissues. TSP-1 expression in non-metastatic PTC tissue was approximately fivefold lower than in PTC tissue with Mts. TSP-1 levels
in metastatic tissue were markedly higher than in normal tissue. In PBMCs from PTC patients with Mts, TSP-1 concentrations
significantly exceeded those in controls and in PBMCs from PTC patients without Mts. In blood plasma, TSP-1 levels in PTC
patients with or without Mts did not differ from those observed in healthy individuals. Conclusions. TSP-1 levels in benign
thyroid neoplasms and PTC tissues without Mts did not differ from those in N thyroid tissue. In contrast, TSP-1 concentrations
were significantly elevated in PTC tissues with Mts and in PBMCs of PTC patients with metastatic disease. These findings
demonstrate marked differences in TSP-1 expression between metastatic and non-metastatic PTC, both at the tissue and
cellular levels, suggesting that TSP-1 may serve as a potential preoperative biomarker for predicting metastatic potential in PTC.
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PTC is the most common malignant neoplasm
of the endocrine system, accounting for more than
80-85% of all thyroid cancer cases. Despite its gen-
erally favorable prognosis, PTC is characterized by
a relatively high frequency of regional lymphatic
Mts, which significantly affects recurrence risk and
disease course. Accordingly, numerous studies have

focused on identifying molecular markers involved
in tumor progression and metastatic spread [1-4].
An important role in the development of malignant
neoplasms is played by the tumor microenviron-
ment (TME), which comprises the ECM, stro-
mal and immune cells, and signalling molecules.
Beyond providing structural support, the ECM
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actively regulates cell adhesion, migration, prolifer-
ation, and angiogenesis. One of the key components
of the ECM is TSPs, a family of secreted glycopro-
teins involved in intercellular and cell-matrix inter-
actions [5].

TSPs are multifunctional proteins, of which TSP-
1 and TSP-2 are the most extensively studied in on-
cology. These proteins interact with various cell-sur-
face receptors, including CD36, CD47, and integrins,
and modulate the activity of growth factors such as
transforming growth factor-p (TGF-B), a potent in-
ducer of epithelial-mesenchymal transition (EMT), a
critical step in metastatic dissemination [5-7].

TSP-1 is a large matricellular glycoprotein
with various protein-binding domains has recently
emerged as a multifaceted regulator of tumor pro-
gression, influencing cell adhesion, motility, angi-
ogenesis, immune modulation, and EMT. TSP-1
plays 2 major roles in tumors: it inhibits tumor ne-
ovascularization, but also promotes tumor invasion
and Mts [8,9]. In PTC, metastatic behavior is influ-
enced not only by intrinsic genetic alterations, such
as the BRAF""F mutation, but also by the TME,
including ECM components like TSP-1 that medi-
ate cell — cell and cell — matrix signaling.

The aim of this study was to compare TSP-1 lev-
elsin N thyroid tissue, goiter tissue, PTC tissue, and
metastatic lesions, as well as in blood plasma and
PBMCs from PTC patients with and without Mts.

Material and methods

The research protocol was approved by the Bio-
ethics Commission of SI «V.P. Komisarenko Insti-
tute of Endocrinology and Metabolism of the Na-
tional Academy of Medical Sciences of Ukraine»,
protocol no. 26-KE dated April 10, 2019. All pa-
tients signed informed consent for the use of bioma-
terials for further diagnostic and scientific research.

Postoperative samples of 2 types of goiters,
PTC, Mts, and N (non-tumor, morphologically un-
changed thyroid tissue) tissue, obtained from the
surgical department of the Institute’s clinic, were
used for research. Blood plasma and PBMC of pa-
tients were also analysed. Blood was obtained by
standard venipuncture and stored in EDTA tubes.
Plasma was separated by centrifugation within
10 minutes after blood sampling. The PBMC were
collected using Histopaque 1077 (Sigma, USA) [10].
The concentration of protein in cell and tissue
lysates was determined according to Bradford [11].

Blood controls were taken from healthy individuals
without thyroid and comorbid diseases.

Samples were stored at -80°C until use. The
amount of TSP-1was determined using enzyme im-
munoassay kits EH1506 (FineTest®, China). Meas-
urements were performed at an optical wavelength
of 450/630 nm on an immunoenzymatic plate ana-
lyzer Stat Fax 3200 (Awareness Technology, USA).

Patients with PTC, PTC+Mts, and goiters
were participated in the study. Group 1-2 included
6 samples with nodular goiter (NG), group 3-4 —
6 samples with multinodular goiter (MNG), groups
5-6 — 12 samples with PTC without Mts, group
7-9 — 18 samples with PTC and Mts. The con-
centration of TSP-1 in plasma of 9 patients with
PTC without Mts and 10 patients with PTC and
Mts was also determined. Blood from 5 individuals
without thyroid disease and other chronic diseases,
representative for age, was used as a control.

Statistical analysis and data presentation were
performed using Origin 2019b software. The re-
sults of the study are presented as M+SE. Student’s
t-test and nonparametric tests were used to com-
pare data groups. Values of p<0.05 were considered
significant.

Results and discussion

The Table and Figure 1 present the results of TSP-
1 detection in postoperative tissue samples from pa-
tients with PTC and goiters. No significant differences
were observed in TSP-1 concentrations between NG
or MNG tissues and the corresponding N thyroid tis-
sue (Table, groups 1-2 and 3-4; Figure 1). Likewise, no
significant differences were detected between N tissue
and PTC tissues without Mts (Table, groups 5-6).

Table. TSP-1 concentrations in the thyroid tissues (ng/ug of total protein).

# Groups M=SE (n)

1 N 8514068 (3)

2 NG 8.08+0.36 (3)

3 N 15.00+4.41 (3)

4 MNG 11.81+0.26 (3)

5 N 4.24+0.16 (6)

6 PTC 4.75+0.33 (6)

7 N 7.61+£0.57 (6) °

8 PTC+Mts 24.24+2.88 (6) 7
9 Mts 20.90+3.53 (6) 7

Note. N — conditionally normal tissue. Indices stipulate significant differ-
ences from the corresponding group, p<0.05.
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Figure 1. TSP-1 concentrations in the thyroid benign neoplasms and
malignant tumors (%).

Note. + — see table for abbreviations and significant differences, p<0.05.

In contrast, TSP-1 levels in PTC tissues with
Mts were more than threefold higher than those
in N tissue (Table, groups 7-8; Figure 1). Very high
TSP-1 expression was also observed in metastatic
tissue (group 9; Figure 1). Notably, differences were
detected between N tissue adjacent to tumors with
and without Mts (groups 5 and 7), which may indi-
cate reciprocal interactions between the tumor and
adjacent N tissue [12, 13]. In addition, relatively
high TSP-1 levels were observed in MNG tissues.
Previous studies have shown that TSP-1 expres-
sion in goiters is particularly pronounced in areas
of fibrosis [ 14].

In the blood plasma of patients with PTC, both
with and without metastases, TSP-1 levels did not
differ from those observed in healthy individuals (Fig-
ure 2), and absolute concentrations were relatively
low (151.49£8.44 and 154.58+10.06 ng/mL, respec-
tively). In contrast, TSP-1 concentrations in PBMCs
from PTC patients were markedly higher than in con-
trols (Figure 2). Moreover, TSP-1 levels in PBMCs of
patients with metastatic PTC were significantly high-
er than those in patients with non-metastatic PTC.
These findings suggest that cellular, rather than plas-
ma, TSP-1 levels may be useful for predicting meta-
static development during the preoperative period.

Thus, TSP-1 levels in PTC tissues and periph-
eral blood cells of patients with metastases were
significantly higher than those in the correspond-
ing tissues and cells of patients with non-metastat-
ic PTC. These findings are of particular importance
and suggest that TSP-1 may be useful for predict-
ing metastatic development during the preopera-
tive period.
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Figure 2. TSP-1 concentrations in the blood cells and plasma of PTC
patients (%).

Note. C — control (blood of healthy people), Mts — metastasis. * —
significantly different from previous group, p<0.05.

TSPs are a family of ECM proteins. TSP-1 was
the first identified member and is a key regulator of
the TME. The diverse biological functions of TSP-
1 depend on interactions between its structural do-
mains and multiple cell-surface molecules [5, 7].

TSP-1 regulates both angiogenesis and lym-
phangiogenesis. It inhibits angiogenesis through
interaction with CD36, inducing endothelial cell
apoptosis, suppressing endothelial cell migration
and proliferation, and modulating vascular en-
dothelial growth factor (VEGF) bioavailability
and activity. Beyond angiogenic regulation, TSP-
1 also influences tumor cell adhesion, invasion,
migration, proliferation, apoptosis, and antitumor
immunity. Although TSP-1 has historically been
characterized as an anti-angiogenic factor, its role
within the TME is complex and context-depend-
ent, particularly in PTC. In certain thyroid tumor
microenvironments, TSP-1 expression localizes
predominantly to stromal regions and cooperates
with other angiogenic regulators to shape neovas-
culature that supports tumor growth and dissemi-
nation [15, 16].

Altered TSP-1 expression has been observed
in PTC with metastatic phenotypes. High TSP-1
expression, encoded by the THBST gene, has been
associated with poor clinical outcomes and enrich-
ment of pro-metastatic gene signatures in thyroid
cancer, including PTC. Recent studies demonstrate
that elevated TSP-1 levels correlate with aggres-
sive histopathological features and an unfavorable
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immune microenvironment in PTC patients, sup-
porting a link between TSP-1 expression and meta-
static potential [9].

Oncogenic drivers of PTC, most notably the
BRAF""E mutation, upregulates TSP-1 expression at
both transcriptional and protein levels through acti-
vation of the MAPK signalling pathway. Functional
studies indicate that BRAFV6t—mediated elevation
of TSP-1 enhances adhesion, migration, and invasive
behavior of PTC cells, whereas THBS silencing re-
duces metastatic features in vitro and in vivo [17].

Mechanistically, TSP-1 contributes to metastat-
ic progression by promoting tumor cell migration
and EMT. TSP-1-mediated activation of TGF-B
induces EMT-related transcription factors and cy-
toskeletal reorganization, thereby increasing tumor
cell motility and invasive capacity. This is consist-
ent with extensive evidence implicating TGF-B
signalling as a central driver of EMT in thyroid
carcinoma cells [4, 18]. Clinically, increased TSP-1
expression has been associated with lymphatic Mts,
extrathyroidal invasion, and a more aggressive tu-
mor phenotype [18, 19].

Emerging evidence further suggests that elevat-
ed TSP-1 contributes to immunosuppressive fea-
tures of the TME, including reduced T-cell infiltra-
tion, thereby indirectly facilitating metastatic pro-
gression. In parallel cancer models, THBS7 silenc-
ing enhances immune cell infiltration and improves
responses to immunotherapy, implicating TSP-1 in
immune evasion during metastatic spread [20]. In
addition, upregulation of THBS7 has been associ-
ated with resistance to chemotherapy and ionizing
radiation in various cancers [21, 22].

Quantification of TSP-1 expression in tumor
tissues and blood-derived samples may therefore
have prognostic significance. Elevated THBS7 ex-
pression in PTC has been linked to aggressive tu-
mor characteristics, including lymph node metas-
tases and unfavorable immune infiltration profiles,
highlighting its potential as a biomarker for refined
risk stratification [9].

Given its involvement in TGF-B activation and
integrin-mediated signalling, TSP-1 and its asso-
ciated pathways represent promising therapeutic
targets. Strategies aimed at inhibiting TSP-1 di-
rectly, blocking its interactions with receptors such
as CD47, or interfering with downstream signalling
pathways, including FAK /Akt, are under investiga-
tion in preclinical cancer models and may be appli-
cable to PTC [23-25].

Thus, TSP-1 is a multifunctional ECM com-
ponent that plays a significant role in PTC biol-
ogy, particularly in metastatic progression. Its
interactions with oncogenic signalling pathways,
EMT regulators, angiogenic factors, and immune
components underscore its central role within
the TME. Further studies are required to vali-
date TSP-1 as a clinical biomarker and to explore
therapeutic strategies targeting its pro-metastatic
functions.

Conclusions

1. Thrombospondin-1 levels in benign thyroid
neoplasms and papillary thyroid carcinoma tissues
without metastases did not differ from those in con-
ditionally normal thyroid tissue.

2. Thrombospondin-1 concentrations were sig-
nificantly elevated in papillary thyroid carcinoma
tissues with metastases and in metastatic lesions
themselves, suggesting potential prognostic value.

3. Significant differences in thrombospondin-1
levels were observed in peripheral blood mononu-
clear cells from papillary thyroid carcinoma pa-
tients with and without metastases.

4. These findings indicate that thrombospon-
din-1 may be useful for predicting metastatic de-
velopment during the preoperative period. Overall,
thrombospondins represent promising prognostic
markers and potential therapeutic targets in papil-
lary thyroid carcinoma.

Limitations

This study has several limitations. It was con-
ducted at a single center; therefore, the findings re-
quire validation in large-scale, multicenter studies.
In addition, the relatively small number of patients
in the overall cohort and in individual subgroups
may have influenced the measured levels of the
studied parameters.
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KOHTEKCTI OHKOOTTT. M10ro nigsnilieHa ekcrpecia Moxe CyxuTy Map-
Kepom, LLO acoLlOETbCA 3 POCTOM, iHBa3IEI0 Ta MeTacTasyBaHHAM Myx-
MHW. MeTolo Lboro AochifxeHHa Oyno nopisHAHHA piBHIB TSP-1 y
3paskax yMOBHO HopmanbHOT (N) TKaHWHM WKTONoAiOHOT 3ano3u, 300is,
naninApHoI KapLyHoMu wutonopaioHoi 3ano3n (MKLL3), metactasis (MTc),
a TaKOX Y MMa3mi KPOBI Ta MOHOHYKIEAPHNX KNiTMHaX nepudepuyHol
Kposi (MHKIK). MaTepian i meToam. [licnsonepauiinHi 3paskiu TKaHNH,
M11a3mm1 KPOBI Ta KNiTUH Bynvi OTPUMaHI 3 XipypriYHoro BiaaineHHs KniHikn
IEOP. KinbkicTb TSP-1 B13Hauanu 3a gonomoroto Habopis ana imyHodep-
MEHTHOTO aHanizy. PesynbraTu. PigHi TSP-1 y TKaHuHi 300a He Bigpi3Hs-
NMCA Bifl MOKa3HVIKIB B YH TKaHMHI WMTONOAIOHOT 3a1031. TakoX He Oyno
pisHMUi M N TKaHWHOW Ta TKaHuHo [MKLL3 6e3 meTacTasis. 3HayHa
pizHMUA (BinblW HiX Yy 3 pa3w) croctepiranaca mixk TkaHuHamu TKLL3 i3
MeTacCTasamu Ta NpUNerio YMOBHO HOPMasbHOK TKaHKHO. Ekcnpecia
TSP-1y TkaHuHi MKLL3 6e3 meTacTasis byna nprbnmnsHo B 5 pasis HUKUOLO,
HIX Yy TKaHWHI MKLL3 3 meTactasamn. PisHi TSP-1 y MeTacTaTnyHin TKaHu-
Hi Oyn 3HAUHO BULLMMM, HIXX B YMOBHO HOPManbHii TkaHuHi. Y MHKIK
nauienTis i3 MMKLL3 i3 MeTacTazamu koHUeHTpauia TSP-1 cyTTeBO nepesw-
LlyBasa AK KOHTPOSbHI 3HAUYEHHA, TaK | MOKa3HWKWM B KNITUHAX NaLieHTiB i3
MKLL3 6e3 meTacTasis. Y nna3mi Kposi navieHTis i3 MKLL3 i3 meTacTazamu
Ta 6e3 HuX piBeHb TSP-1 He Biapi3HABCA Bifl KOHLIEHTPaL dakTopa B 340-
poBux nofel. BucHoBKuM. PigHi TSP-1'y 1o6posKicHX HOBOYTBOPEHHAX
wyTonomibHOT 3a103m Ta TKaHuHax [KLL3 6e3 meTacTasis He Bigpi3HANM-
CA Bif, PIBHIB B YMOBHO HOPMANbHIN TKaHWHI. Y TkaHMHax [1KLL3 i3 MTc
Ta MHKTTK nauienTis i3 MTc KoHueHTpauisa TSP-1 6yna 3HayHo nigsuiieHa
NOPIBHAHO 3 KOHTPONbBHOLO rPyMoto Ta TkaHvHamu [MKLL3 6e3 meTacTasis.
Lli naHi feMOHCTPYIOTb MOMITHI BIAMIHHOCTI B ekcnpecii TSP-1 mix meTa-
CTaTMYHOIO Ta HemeTacTaTnyHot MKLL3, AK Ha TKaHWMHHOMY PIBHI, TaK i B
MHKITK. OTxe, TSP-1 moxe cnyxuTv NOTeHLiHMM NepegonepauinHim
6iOMapKEPOM [1A MPOrHO3YBaHHA METACTaTUYHOrO NOTEHLiany naninap-
HOI KapLIHOMM LWXTOMOAIGHOT 3a1103M.

KniouoBi cnioBa: TpoMOboCnoHanH-1, naninAapHa KapuuMHOMa LWUTOMo-
AI6HOT 3an03W, MeTacTa3yBaHHs, JOOPOAKICHI HOBOYTBOPEHHS.
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