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Abstract. Alpha-smooth muscle actin (a-SMA) is an isoform of the actin protein essential for cell motility, maintenance of
cytoskeletal structure, and muscle contraction. Numerous studies indicate that a-SMA is involved in carcinogenesis, epithelial-
mesenchymal transition (EMT), metastasis (Mts) formation, and tumor drug resistance. Its expression serves as a marker of
cancer-associated fibroblasts (CAFs), which promote tumor growth, invasion, and Mts through interactions with cancer cells.
The aim of this study was to compare a-SMA levels in tissue samples of follicularadenoma (FA), goiter, papillary thyroid carcinoma
(PTC), metastases (Mts), conditionally normal thyroid tissue, as well as in blood plasma and peripheral blood mononuclear cells
(PBMC). Material and methods. Postoperative samples of tissue, blood plasma, and cells were obtained from the surgical
department of the clinic. The amount of a-SMA was determined using enzyme immunoassay kits. Results. a-SMA levels in
FA and goiter tissues did not differ from those in conditionally normal tissue. A significant difference was observed between
normal and PTC tissues with and without metastases. a-SMA levels in PTC tissue without Mts were nearly four times lower
than in PTC tissue with Mts. a-SMA expression in metastatic tissue was higher than in normal tissue. Additionally, significant
differences in a-SMA levels were detected between normal tissue samples from patients with and without Mts. In blood plasma
and PBMC of PTC patients, a-SMA concentration significantly exceeded control levels. Conclusions. a-SMA levels in benign
thyroid neoplasms did not differ from those in conditionally normal tissue. In the blood plasma and PBMC of PTC patients,
a-SMA concentrations were elevated compared to controls; however, no differences were observed between PTC cases with
and without Mts. Our findings reveal significant differences in a-SMA concentrations between PTC tumor tissues with and
without Mts, which may be useful for predicting metastatic potential.
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a-SMA, encoded by the ACTA2 gene, is an iso-
form of actin protein. It is crucial for cell move-
ment, maintaining the cell’s internal structure (cy-
toskeleton), and muscle cell contraction. It is nor-
mally found in smooth muscle cells of blood vessel
walls, the intestines, and other organs. In non-mus-
cle cells, particularly fibroblasts, its expression is
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a marker for their activation into myofibroblasts.
These activated cells are involved in normal wound
healing but also play a central role in pathologi-
cal conditions like fibrosis and cancer progression.
a-SMA is an marker of epithelial to mesenchymal
transition (EMT). EMT is a process by which tu-
mor cells develop to be more motile and able to me-
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tastasize. Progression of tumor cells is always fol-
lowed by cell composition and extracellular matrix
(ECM) component alteration. Increased a-SMA
expression and collagen alteration may predict the
progressivity of neoplasms. a-SMA is an actin iso-
form that plays an important role in fibrogenesis.
a-SMA can be found in smooth muscle cells, my-
ofibroblasts, and blood vessels [1, 2]. a-SMA cor-
relates with activation of fibroblast to myofibroblast
CAFs [3, 4]. Myofibroblasts differ from fibroblasts
because of its contractile ability. The phenotype of
myofibroblasts in expressing a-SMA and producing
extracellular matrix compound is regulated by trans-
forming growth factor-beta [5]. Contractile proper-
ties of myofibroblasts are associated with a-SMA
expression and are involved in inflammation, wound
healing, fibrosis, and carcinogenesis [6]. Carcinoma
cells that transform to mesenchymal cells also ex-
press a-SMA [7]. a-SMA expression was noted to
be higher in serous borderline ovarian tumors that
invade the omentum compared to non-invasive.
a-SMA, together with vimentin, E-cadherin, and fi-
bronectin are the markers for the EMT process. The
EMT is considered one of the steps involved in nor-
mal cells to become cancerous [2].

CAFs are key players in cancer development
and therapy, and they exhibit multifaceted roles in
the tumor microenvironment (TME). From their
diverse cellular origins, CAFs undergo phenotyp-
ic and functional transformation upon interacting
with tumor cells and their presence can adversely
influence treatment outcomes and the severity of
the cancer. Emerging evidence has highlighted the
heterogeneity and plasticity of CAFs, with sub-
types identifiable through distinct gene expression
profiles and functional properties. CAFs influence
cancer development through multiple mechanisms,
including regulation of ECM remodeling, direct
promotion of tumor growth through metabolic sup-
port, promoting EMT to enhance cancer invasive-
ness and growth, they also aid in angiogenesis, fur-
ther supporting a metastatic environment as well as
stimulating cancer stem cell properties within the
tumor. Moreover, CAFs can induce an immunosup-
pressive TME and contribute to drug resistance
and have potential as therapeutic targets [3, 4].

The aim of the study was to compare the levels
of a-SMA in tissue samples of FA, goiter, PTC, Mts,
and conditionally normal tissue, in blood plasma
and PBMC.

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 FA, 2 types of goiters,
PTC, Mts, and conditionally normal (non-tumor or
morphologically unchanged tissue) tissue, obtained
from the surgical department of the Institute’s clin-
ic, were used for research. Blood plasma of patients
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) [8]. The con-
centration of protein in cell lysates was determined
according to Bradford [9]. Blood controls were tak-
en from healthy individuals without thyroid and
comorbid diseases.

Samples were stored at -80 °C until use. The
amount of a-SMA was determined using enzyme
immunoassay kits EH1506 (FineTest®, China)
(Fig. 1). Measurements were performed at an op-
tical wavelength of 450/630 nm on an immunoen-
zymatic plate analyzer Stat Fax 3200 (Awareness
Technology, USA).
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Fig. 1. Calibration curve for calculating the concentration of a-SMA
using EH1506 enzyme immunoassay kits.

Patients with PTC, PTC + Mts, FA and goiters
participated in the study. Group 1 included 8 sam-
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ples with FA, group 2 — 8 samples with nodular
goiter, group 3 — 8 samples with multinodular goiter,
groups 4 — 16 samples with PTC without Mts, group
5 — 24 samples with PTC and Mts. The concentra-
tion of a-SMA 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, repre-
sentative for age, was used as a control.

Statistical analysis and data presentation were
performed using Origin 7.0 software. The results of
the study are presented as M*SE. Student’s ¢-test
was used to compare data groups. Values of p<0.05
were considered significant.

Results and discussion

The level of a-SMA did not differ significantly
between conditionally normal tissue and benign
neoplasms: FA, nodular and multinodular goiter
(Table). The a-SMA concentrations in benign neo-
plasms are ~ 0.2 ng/mkg of total protein.

Table. a-SMA quantity in the thyroid tissue of patients with FA and goiters

Indicators ng/mkg SE % SE

CN 0.58262 0.30826 100.00 5291
FA 0.23936 0.12834 41.08 22.03
CN 0.10957 0.05097 100.00 46.52
NG 0.13156 0.04281 120.07 39.07
CN 0.23844 0.08686 100.00 3643
MNG 0.17835 0.04248 74.80 17.81

Note. CN — conditionally normal (histologically unchanged) tissue (100% in
each group); NG — nodular goiter, MNG — multinodular goiter.

Unlike benign neoplasms, a-SMA amount
were significantly higher in PTC tumor tissue
compared to normal tissue (Fig. 2a,b). Actin
levels in PTC tumor tissue with metastases were
almost four times higher than in corresponding
normal tissue and PTC tumor tissue without me-
tastases. The difference in a-SMA levels between
normal tissue of PTC without metastases and
normal tissue of PTC with metastases is note-
worthy. This latter finding indicates the tumor’s
influence on adjacent tissues and is confirmed by
other authors [10-12].
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Fig. 2a. a-SMA quantity in the thyroid tissue of patients with PTC.

Note. CN — conditionally normal tissue. * — significantly different from
conditionally normal tissue, p<0.05; + — significantly different from
normal and tumor PTC tissue without Mts, p<0.05.

500

o
*

%

5
55
3%
s
SRR
R

R R

2%
3%

d
i
o)

X
%
e

%

..
slededodololele

oS5
e
S
eledl

%
&
3s

CN PTC+Mts Mts

Fig. 2b. Percentage of a-SMA quantity in the thyroid tissue of patients
with PTC compared with corresponding conditionally normal tissue.
Note. CN — conditionally normal tissue. * — significantly different from
conditionally normal tissue, p<0.05;, + — significantly different from
normal and tumor PTC tissue without Mts, p<0.05.

a-SMA concentration in the PBMC of patients
with PTC both with, and without Mts was signifi-
cantly (more than 10 times) higher than in control
cells (Fig. 3), which can serve as a diagnostic mark-
er. There was not a difference between two types of
tumor tissue.

a-SMA concentration in the blood plasma of
patients with PTC both with, and without Mts,
also significantly higher than in control plasma
(Fig. 4), although the amplitude of changes is
significantly lower than in PBMC. There was
also not a difference between two types of tumor
tissue.
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Fig 3. a-SMA concentration in the PBMC of patients with PTC.

Note. Contr. — cells of healthy volunteers. * — significantly different from
control, p<0.05.
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Fig 4. a-SMA concentration in the blood plasma of patients with PTC.

Note. Control — plasma of healthy people. * — significantly different from
control samples, p<0.05.

The malignant transformation of tumors is not
solely governed by tumor cells, it is also modulated
by stromal cells within the TME and by a signal-
ing network. The TME is the surrounding environ-
ment in which cancer cells reside and proliferate.
It is a highly dynamic and complex network com-
posed of the ECM, diverse signaling molecules, and
non-tumor cells, such as immune cells, fibroblasts,
and adipocytes. Among these, CAFs — activated
fibroblasts, embedded in the TME, which play a
critical role in remodeling the ECM during cancer
development, have recently attracted attention in
tumor research. They not only mediate tumor pro-
gression by remodeling the ECM, thereby influ-
encing tumor cell invasion, Mts, angiogenesis, and
therapeutic resistance, but also interact with oth-

er TME components (such as tumor and immune
cells) through multiple complex molecular mecha-
nisms, further exacerbating malignant progression
[13, 14].

a-SMA expression in cancer is associated with
Mts because it indicates the presence of activated
CAFs, which promote tumor invasion and spread.
CAFs assist in processes like EMT, which helps can-
cer cells detach from the primary tumor, and they
also contribute to angiogenesis, further supporting
a metastatic environment. a-SMA is a marker for
CAFs, which are stromal cells that create a more
permissive environment for tumor growth and
spread. In some cancers, high a-SMA expression
is correlated with increased tumor fibrosis, which
can be part of the supportive microenvironment for
metastatic cells. a-SMA-positive CAFs can pro-
mote the formation of new blood vessels, which is
essential for tumors to grow and metastasize to new
locations. The a-SMA expression is often associat-
ed with a higher number of lymph node metasta-
ses and a poorer prognosis for patients with certain
types of cancer [1, 3, 4].

a-SMA is expressed in myofibroblasts within
the TME of thyroid cancer, rather than the cancer
cells themselves. Its presence is a marker of CAFs,
which are linked to increased tumor growth, inva-
sion, and Mts through their interaction with cancer
cells. Elevated levels of a-SMA can indicate more
aggressive tumors, particularly when found in the
stroma [15-17].

It was shown that expression of a-SMA and ma-
trix metalloproteinases-9 (MMP-9) was higher in
PTC tissue compared to normal thyroid tissue. The
expression of a-SMA and MMP-9 was slightly, but
not significantly, higher in the metastasized tumors
and their respective lymph nodes [18]. Our data
show the significant difference in a-SMA levels be-
tween conditionally normal tissue adjacent to PTC
without metastases and PTC with metastases (see
Fig. 2a,b).

The results showed that the expression levels of
Notch1, TGF-B1, and p-Smad3 in PTC cells and
a-SMA in the stroma of PTC were all significantly
higher than in nodular goiter and normal thyroid
tissues. Further analysis showed that in PTC, high-
er expression levels of Notch1 and TGF-B1 were
closely related with lymph node Mts, whereas the
expression a-SMA and p-Smad3, increased signif-
icantly with advanced tumor stages. A significant
correlation was found between higher TGF-B1
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expression in PTC cells and increased a-SMA lev-
els in the fibroblasts surrounding the cancer cells.
TGF-B1 was identified as an important factor from
PTC cells that act in a paracrine manner to influence
the activation of stromal fibroblasts. These data sug-
gest that the activation of Notch and TGF-B,/Smad3
pathways in cancer cells influence tumor growth.
Moreover, cancer cell-derived-TGF-B ligands also
affect stromal cells in a paracrine fashion and en-
hance tumor growth [19]. There are also significant
differences in the TGF-B1 level between tumor tis-
sues of PTC with and without Mts [20, 21].

Immunohistochemical — studies demonstrat-
ed that the three fibroblast activation markers
(a-SMA, FAPalpha, Tn-C) are consistently ex-
pressed in the peritumoral and intratumoral stro-
mal compartment of medullary thyroid carcinoma.
Moreover, the extent of desmoplasia as well as the
expression of fibroblast markers correlated with the
presence of lymph node (LN) metastases. Authors
found in a series of 48 thyroid cancers a significant
correlation between FAPalpha RNA expression and
incidence of LN metastases also in papillary can-
cers. These findings suggest that the link between
specific molecular markers of tumor stromal reac-
tion and locoregional Mts extends from medullary
to other thyroid cancer types [22].

In recent years, a large number of markers of
tumor aggressiveness, Mts, and radioiodine resist-
ance have been identified in differentiated thyroid
carcinomas. These include proliferating cell nuclear
antigen [23, 24], the expression of a rare isoform of
ribosomal kinase S6K — p60S6K [12], overexpres-
sion of MMP [25], transcription factor ZEB1 [26],
decrease in level of tight junction protein ZO-1
[27], overexpression of hypoxia-inducible fac-
tor-1a [28], TGF-B1 [20, 21] and many others [29].
It is possible that a-SMA quantity in the thyroid
tissue of patients with PTC can be another predict-
ing factor of Mts formation.

Conclusions

1. Our data indicate significant differences in the
concentration of alpha-smooth muscle actin between
tumor tissues of papillary thyroid carcinoma with
metastasis, carcinoma tissue without metastasis,
conditionally normal tissue and benign neoplasms.

2. The level of actin in the benign neoplasms did
not differ from its levels in conditionally normal tis-
sue.

152

3. In blood plasma and peripheral blood mon-
onuclear cells of patients with papillary thyroid
carcinoma the concentration of the alpha-smooth
muscle actin exceeded its level in control plasma,
but there is no difference between papillary thyroid
carcinoma with and without metastasis.

4. Our data indicate significant differences in
the concentration of alpha-smooth muscle actin
between tumor tissues of papillary thyroid carcino-
ma with metastasis and tissues of papillary thyroid
carcinoma without metastasis. The latter facts may
be useful for predicting the formation of metastasis.

Limitations

This study has several limitations. It was con-
ducted at a single centre; 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. There are also certain difficul-
ties with collecting postoperative experimental ma-
terial.
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’|IBaHO-DpaHKiBCbKNIA HaLiOHaNbH Me[UUHUI YHIBEPCHTET

Pe3tome. Anbda-rnaakom'azoBuii akTvH (a-SMA) — Lie i30dopma akTMHO-
Boro Gifika. BiH Mae BMpillanbHe 3HaueHHA AnA Pyxy KAITUH, NiATPUMKA
IXHBOI  BHYTPILUHBOI  CTPYKTYPM Ta CKOPOYEHHA MA30BMX  KAITWH.
YncneHHi faHi BKasyioTb Ha Te, Wo a-SMA bepe yuacTb Y KaHLeporeHesi,
eniTenianbHo-Me3eHxiManbHoMy nepexogi (EMIT), yTBopeHHi meTacTasis
(MT0) Ta CTiKoCTi nMyxnuHy Ao Tepanii. loro npucyTHICTb € MapKepom
$GibpobnacTiB, acoLiNoBaHMX i3 PakoM, AKi MOB'A3aHI 3 POCTOM, iHBa3iE
Ta MeTaCTasyBaHHAM TMyX/IMHW 4Yepe3 IXHIO B3aEMOAII0 3 PaKOBKMM
KnitrHamn. MeToro focnigxeHHs Oyno NopiBHAHHA piBHiB 0-SMA B 3pas-
Kax TKaHWH donikynapHoi ageHommn (DA), 306y, NaninapHoi kKapuyHoMM
wwronogioHoi 3ano3n (MKLL3), MTc, yMOBHO HOPManbHOT TKaHUHK, Nnas-
MI Ta nepudepunyHmnx MoHoHykneapis kposi (PBMC). Matepian i me-
Toaw. [NicnAonepauiHi 3paskuy TKaH1HW, Nasma Ta KNitHW Kposi Oyni
OTPVIMaHI 3 XipyPriyHOro BigAiNeHHaA KNiHikK. KinbkicTb a-SMA B13Havanm
3a jlonomoroto Habopis AnA iMyHodepmeHTHOro aHanizy. PesynbraTu.
PiBHi a-SMA B TkaHWHi DA Ta 300y He BIAPI3HABCA Bif MOrO KiNbKOCTI B
YMOBHO HOPMasbHilt TKaHuHI. CnocTepiranaca 3HauHa pisHLA MiX HOP-
MafbHOI TKaHWHOW Ta TKaHuHo [KLL3 i3 MTC Ta 6e3 Hux. KinbkicTb
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0-SMA B TkaHuHi [MKLL3 6e3 MTc Byna maixe B 4 pasn HAXUOIO, HIX Y
TKaHuHi MKLL3 i3 Mrc. PiseHb a-SMA B meTacTaszax OyB BUWMM, HiX Y
HOPMaNbHIN TKaHWHI. TakoX CnocTepiranaca 3HayHa PisHMLA MiX HOp-
MasibHOK TKaHMHOI MaLieHTIB i3 MTC Ta 63 HKX. Y nnasmi Ta KAitnHax
KpoBi nauierTis i3 [MKLL3 KoHueHTpauia a-SMA 3HauHO nepeswlyBana
KOHTPOMbHWI piBeHb. BUCHOBKM. KinbkicTb a-SMA B 10OPOAKICHMX HO-
BOYTBOPEHHAX He BIAPI3HANACA Bifj PIBHA aKTVHY B YMOBHO HOPMaSIbHIl
TKaHWHI. Y nna3mi kposi Ta PBMC nauienTig i3 MKLL3 koHUeHTpauia a-SMA
nepesyLLyBana PiBeHb Y KOHTPOMbHIM mna3mi, ane pisHuui mix MKLL3
i3 MT1c Ta 6e3 M1c Hemae. Hawi faHi BKasyloTb Ha 3HauHi BigMiHHOCTI B
KOHLeHTpawii a-SMA Mix nyxanHHUMI TKarHamu MKLL3 i3 MTc Ta TkaHn-
Hamu MKLL3 6e3 Mtc. OctanHi GakTy MOXyTb OyTI KOPUCHKMI ANA NPO-
FHO3yBaHHA YTBOPEHHA MTC.

KniouoBi cioBa: naninsapHa KapuyHoMa LMTONOAIGHO! 3ano3n, MeTa-

CTa3yBaHHA, LOOPOAKICHI HOBOYTBOPEHHH, abda-TNaaKoM A30BUIA aKTUH.

Ana uwntyBaHHA: KobpuHcbka HA, Mywkapbos BM, Jlesuyk HI,
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