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Metastases are the leading cause of death
from malignant tumors. The process of meta-
stasis involves the exit of cancer cells from the
primary tumor, their transition into the blood
or other transport system and, finally, coloniza-
tion and proliferation in distant organs [1-6].

Hypoxia is a hallmark of all solid tumors
and their metastases, including papillary thy-
roid carcinoma (PTC). This leads to activation
of the hypoxia-inducible factor (HIF) family of
transcription factors, which modulate gene ex-
pression within both tumor cells and immune
cells within the tumor microenvironment, in-
fluencing tumor progression and treatment re-
sponse [7-9].

Hypoxia-inducible factor-1 is a key regulator
for balancing oxygen in the cells. It is a tran-
scription factor that regulates the expression
of target genes involved in oxygen homeostasis
in response to hypoxia. Recently, research has
demonstrated the multiple roles of HIF-1 in the

pathophysiology of various diseases, including
cancer. It is a crucial mediator of the hypoxic
response and regulator of oxygen metabolism,
thus contributing to tumor development and
progression. HIF-1a is suggested to contribu-
te to the Warburg effect by stimulating many
genes that mediate glycolysis, including glucose
transporter GLUT1, which possess hypoxia-re-
sponse elements (HREs) in its promoter. Studies
showed that the expression of the HIF-1a sub-
unit is significantly upregulated in cancer cells
and promotes tumor survival by multiple mech-
anisms. In addition, HIF-1 has potential contrib-
uting roles in cancer progression, including cell
division, survival, proliferation, angiogenesis,
and metastasis. Moreover, HIF-1 has a role in
regulating cellular metabolic pathways, particu-
larly the anaerobic metabolism of glucose. Given
its significant and potential roles in cancer de-
velopment and progression, it has been an in-
triguing therapeutic target for cancer research.

* The work was carried out within the frameworks of the research «Improving diagnostics, treatment, pre- and
postoperative tactics of combined thyroid pathology in residents of Ukraine in wartime conditions», State registration
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Several compounds targeting HIF-1-associated
processes are now being used to treat different
types of cancer [9, 10].

The aim of the study was to determine
level of HIF-1a in blood and postoperative sam-

ples of follicular adenoma, goiter, multinodular
goiter, papillary thyroid carcinoma, metasta-
ses, and conditionally normal tissue.

MATERIALS AND METHODS

The research protocol was approved by the
Ethics Committee of the Institute. Protocol
48/4-KE dated 03.25.24. All patients signed in-
formed consent for further diagnostic and sci-
entific research on their biomaterials.

Postoperative samples of follicular adeno-
ma, 2 types of goiter, PTC, metastases, and
conditionally normal (non-tumor or morphologi-
cally unchanged tissue) tissue, obtained from
the surgical department of the Institute’s clinic,
were used for research. Blood plasma were also
analyzed. Blood was obtained by standard ve-
nipuncture and stored in EDTA tubes. Plasma
was separated by centrifugation within 10 mi-
nutes after blood sampling. The concentration
of protein in cell lysates was determined ac-
cording to [11]. Blood controls were taken from
healthy individuals without thyroid and comor-
bid diseases.

Samples were stored at -80°C until use.
The amount of HIF-la was determined using
enzyme immunoassay kits EH0551 (FineTest®,
China). Measurements were performed at an

optical wavelength of 450/630 nm on an im-
munoenzymatic plate analyzer Stat Fax 3200
(Awareness Technology, USA).

Patients with PTC, PTC + metastases (Mts),
follicular adenoma and goiters (88 samples in
total) participated in the study. Group 1 includ-
ed 8 samples with follicular adenoma, group 2
included 8 samples with nodular goiter, group 3
included 8 samples with multinodular goiter,
group 4 included 16 samples with PTC without
Mts, group 5 included 24 samples with PTC
and Mts. The concentration of HIF-1a in plas-
ma of 9 patients with PTC without Mts and
10 patients with PTC and Mts was also deter-
mined. Plasma from 5 individuals without thy-
roid 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 sig-
nificant.

RESULTS AND THEIR DISCUSSION

The Fig. 1 presents the results of the HIF-1a
detection in the postoperative tissue of patients
with PTC, FA and goiter. No significant dif-
ferences were observed between the concentra-
tion of HIF-la in adenoma tissue and in the
corresponding conditionally normal tissue. The
level of HIF-1a in the tissue of nodular goiter
exceeded the levels in conditionally normal tis-
sue by 2 times. A more then 2.5 ratio was ob-
served in PTC tissues without metastases. The
concentration of HIF-1a in the tumor tissue of
the PTC with metastases was higher than in
the conditionally normal tissue by more then
3.5 times. The level of HIF-la in metastases
significantly differ from the corresponding con-
ditionally normal tissue but was much lower
comparing tumor tissue. There was also signifi-
cant difference between PTC tissues without
and with metastases (see Fig. 1).

In blood plasma of patients with PTC with-
out metastases, the concentration of the HIF-
la significantly (~ 1.5 times) exceeded its level
in control plasma (Fig. 2). The most important
fact is that the concentration of HIF-1a in the
blood of patients with PTC and metastases was
more then 3 times higher than in of condition-
ally normal tissue and more then 2 times high-
er than in tumor tissue of PTC without metas-
tases, which is very important for predicting
the occurrence of metastases in the preopera-
tive period.

An urgent task facing surgeons in the treat-
ment of PTC is the search for specific markers
of Mts. The number of such markers is already
several dozen, but it is still difficult to deter-
mine whether Mts will form in thyroid carci-
nomas, as well as to predict the development of
radioiodine resistance of Mts. According to our

IIpobremu endoxpurnoi namosnoeii Ne4, 2025

15



Kniniuna endokpurosioeisn

HIF-1a
ng/mkg

*

350 —

300 —

250 —

200

150

100 J
T L] TH T T

50 §
0 f T

FA G MNG PTC PTC+Mts

Fig. 1. HIF-1a quantity in the thyroid tissue of
patients with PTC, FA and goiter.
Notes: transparent column — conditionally normal
(histologically unchanged) tissue;
shaded column — tumor (changed) tissue,
heavily shaded column — metastases.
FA — follicular adenoma, G — nodular goiter,
MG — multinodular goiter, PTC — tumor tissue,
PTC+ — tumor tissue with metastasis.
— significantly different from conditionally
normal tissue,
P <0.05; + — significantly different from all
other samples, P < 0.05.

*

data, proliferating cell nuclear antigen (PCNA)
[12, 13], the expression of a rare isoform of ribo-
somal kinase S6K — p60S6K [14], overexpres-
sion of matrix metalloproteinases (MMP) and
ZEB1 transcription factor [15, 16] are markers
that can indicate the aggressiveness and meta-
static potential of thyroid tumors.

Our data indicate significant differences in
the concentration of HIF-1a between tumor tis-
sues of PTC without and tissues of PTC with
metastasis. It is interesting to note that the
level of HIF-1a in metastases was significantly
lower. It should be emphasized the fact that
in the blood plasma the level of HIF-la was
also significantly higher in PTC patients with
Mts than in plasma of healthy people and PTC
patients without metastases. The latter circum-
stance can become the basis for the preopera-
tive prognosis of the development of metastases
in PTC patients.

Other authors have shown that HIF-1a ex-
pression are closely related to thyroid cancer
progression and invasion [8, 9, 17, 18].

Activated HIF-la regulates the response
of tumor cells to changes in oxygen concentra-
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Fig 2. HIF-1a quantity in the blood plasma
of patients with PTC.
Notes: * — significantly different
from control samples,
P <0.05;
+ — significantly different from PTC samples.

tion through transcriptional activation of genes
[10]. Induction of transcription of proangiogenic
factors such as VEGF (vascular endothelial
growth factor) stimulates the development of
blood vessels and the supply of cells with oxy-
gen. In addition, HIF-1 stimulates metastatic
activity of the tumor - migration of cells to dis-
tant and more oxygen-rich tissues. Cancer de-
velopment and progression depend mainly on
the presence of hypoxia and activation of HIF-1a
and inflammation (activation of NF-kB). The
expression of HIF-la and HIF-2a in thyroid
cancer is higher than in normal thyroid tissue
or its benign lesions. Hyperexpression of HIF-1a
and 2a has been associated with capsular inva-
sion and the presence of MLV. Tumors with
high levels of HIF-1a and 2a had a higher TNM
(tumor, nodus m metastasis) stage. Evidence
suggests that HIF may promote the migration
and aggressiveness of PTC, FTC, and ATC [17].
Therefore, HIF-1a may serve as a marker and
target for the treatment of thyroid cancer and
radioiodine resistance [19].
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CONCLUSION

One of the most important tasks facing

endocrine surgery is the determination of re-
liable markers of metastasis in the treatment
of papillary thyroid carcinoma. Of particular

value are markers that can be determined at
the stage of preoperative research. It is possible
that HIF-1a can be one of these markers.
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Metastases are the leading cause of death from malignant tumors. Hypoxia is a hallmark of all solid tumors
and their metastases, including papillary thyroid carcinoma (PTC). This leads to activation of the hypoxia-
inducible factor (HIF) family of transcription factors, which modulate gene expression within both tumor cells
and immune cells within the tumor microenvironment, influencing tumor progression and treatment response.

The aim of the study was to compare the levels of HIF-1a in blood and tissue samples of follicular adenoma,
goiter, papillary thyroid carcinoma, metastases, and conditionally normal tissue.

Materials and methods. Postoperative samples of tissue and blood plasma, obtained from the surgical
department of the Institute's clinic, were used for research. Patients with PTC, PTC + metastases, follicular
adenoma and goiters (88 samples in total) participated in the study. Plasma from 5 individuals without thyroid
disease and other chronic diseases, representative for age, was used as a control. The amount of HIF-1a was de-
termined using enzyme immunoassay kits. Student's ¢-test was used to compare data groups. Values of P < 0.05
were considered significant.
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Results. The level of HIF-1a in the tissue of nodular goiter exceeded the levels in conditionally normal
tissue by 2 times. A more then 2.5 ratio was observed in PTC tissues without metastases. The concentration
of HIF-1a in the tumor tissue of the PTC with metastases was higher than in the conditionally normal tissue
by more then 3.5 times. The level of HIF-1a in metastases was much lower comparing tumor tissue. In blood
plasma of patients with PTC and metastases the concentration of the HIF-1a was more then 3 times higher than
in control (healthy people) and more then 2 times higher than in tumor tissue of PTC without metastases.

Conclusions. Our data indicate significant differences in the concentration of HIF-1a between tumor tis-
sues of papillary thyroid carcinoma with and without metastasis. It should be emphasized the fact that in the
blood plasma the level of HIF-1a was also significantly higher in papillary thyroid carcinoma patients with
metastasis than in healthy people and papillary thyroid carcinoma patients without metastases. The latter
circumstance can become the basis for the preoperative prognosis of the development of metastases in papillary
thyroid carcinoma.

Keywords: papillary thyroid carcinoma, metastases, hypoxia-inducible factor 1-alpha.

PIBEHb IHOYKOBAHOTI O INMOKCIEIO ®AKTOPA-1a Y NNA3MI KPOBI,
MYXAWHAX WKMTONOQIEHOT 3ANO3MN TA METACTA3AX

KoGpuncera H. ., [Iymkapsor B. M., Jlesuyk H. 1., Koeayu O. L.,
Kowmicapenxo I. 1., I'yna B. B., Tpousko M. 1.

JY «lncmumym endoxkpunonocii ma 0bminy pevosun im. B. II. Komicapenka HAMH Yrpainu»;
m. Kuis, Yikpaina
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Meracrasy € 0CHOBHOIO MPUYWHOIO CMEPTI BIJ 3JIOSAKICHUX ITyXJIMH. ['1IIOKCIST € 03HAKOI0 BCIX COJIIJTHUX
IMyXJIMH T4 iX METACTa31B, BRJINYAYH MAJIIpHy KapiimaoMy mutonomiouol damosu (ITKII3). Ile npusso-
IUTH OO0 AaKTUBAI[l POAUHN TPAHCKPUIIINHUX (paKTopiB iIHAYKoBaHOro rimokcieo ¢paxropa (HIF), axi momy-
JI0I0TH €KCIPECiIo MeH1B IK y IIyXJIMHHUX KJIITHHAX, TAK 1 B IMYHHHUX KJIITHHAX Y MIKPOOTOYEHH] ITyXJIMHU,
BIIJIMBAIOYHM HA IPOTPECYBAHHSA NYyXJIMHHA TA PEAKI[II0 HA JIKyBAHHI.

MeToro qocmimxenusa 0ymo nopisasuHA BMicTy HIF-1a y 3paskax kKpoBi Ta TkKaHUH QOTIKYJISAPHOL aJIeHO-
MU, 300y, TAMIIAPHOI KAPIIUHOMH IIIUTOMOAI0HOT 321031, METACTA31B TA YMOBHO HOPMAJIBHOI TKAHUHH.

Marepianu Tta meronu. Jyis mociigskeHHsT BUKOPUCTOBYBAJIH IICASOIEpAIlliHl 3padKu TKAHUH Ta
JIa3M#U KPOBl, OTPUMAH] 3 XIpypPridHOro BIIAIJIEHHS KJIIHIKU [HCTHUTYTy. ¥ IOCIII3KE€HH] B3SJH y4acTh
namientu 3 [IKII3, ITKII3 + meracrasu, GoaikyJIapHO amgeHOMOK Ta 3000M (3arasom 88 3paskis). Ak
KOHTPOJIbHY I'PYIly BUKOPUCTOBYBAJIU IIJ1a3My 5 0¢i0 6e3 3aXBOPIOBAHD IIUTOIOAI0HOI 32JI031 Ta IHIIUX XPO-
HIYHMX 3aXBOPIOBAaHb, penpesdeHTaruBHUX 3a BikoM. Kinbkicts HIF-la Busnauasm 3a momomorown HaOOpiB
st imyHOodepMeHTHOr0 aHauridy. s mopiBHAHHS Pyl JaHUX BUKOPUCTOBYBaau t-kputepiit CTbiomeHTA.
Buauvennsa P < 0,05 BBamkannca 3HAYY IIUMH.

Pesyabraru. Pisenr HIF-la y TkanwHI By3Ji0BOro 300y IIepeBUINYBAB PiBHI B YMOBHO HOPMAJlb-
Hi¥ TranuHl y 2 pasu. ¥ tkanuHax [IKII3 6es meracrasiB cmocrTepirajiocs CIiBBIAHOIIEHHA IToHamd 2,5.
Koumeurpamisa HIF-1a 8 myxnuunii tkanuni [IKII3 3 meracrasamu Gysa Burmoo (6labmr HIK y 3,5 pasn),
HOPIBHSAHO 3 YMOBHO HOpMaJIbHOIO TKaHuHOW. PiBens HIF-1la B MeTacTraszax OyB 3HAYHO HUKIUM ITOPIBHSIHO
3 MYXJIMHHOK TKaHUHOWK. Y miuasmi kposi mamienTtis 3 IIKII3 Tta meracrazsamu kouuenrpais HIF-1a 6yna
y IIOHA 3 pas3u BUIIOKI y IIOPIBHAHHI 3 KOHTPOJBHOI IPpy o (30poBi 0cobm), Ta y MOHAT 2 pa3y BHUIIOK, HikK
y nyxanuHi# TkarnH] [TKI3 6e3 meracrasis.

Bucuosku. Hamri mami ceiguars mpo 3HadHl BigMiHHOCTI B KoHIleHTpamii HIF-la mix nyxaumaHAMHT
TKAHUHAMHU IIAIIJISPHOl KapIUHOMHM IIUTONOLIOHO0I 321031 3 MeTacTazaMu Ta 0e3 Hux. Ciln migkpeciauTn
TOM (pakT, 1o B rra3mi kposi pisernb HIF-1a Takosx 6yB 3HAYHO BUIIKUM y ITAI[I€HTIB 3 MAIIJISIPHOKN KAPI[UTHO-
MOIO IITUTOMIO/II0HO01 3aJI03U 3 MeTacTa3aMMU, HIK Y 3[I0POBUX JIIOJEH Ta IMAIIEHTIB 3 MAIIJISIPHOI KapI[THHOMOIO
muTOIIoA10H0I 3a03u 6e3 meracrasis. OcTaHHA 00CTaBHHA MOMKE CTATH OCHOBOW IJIA IepenolepaliiiHoro
IPOrHO3y PO3BUTKY METACTA31B IPU IAIlIAPHIA KapIHHOMI IIUTOIIOLI0HOI 341031,

KiamoyoBi cioBa: mamjaspHa KapiijmHOMAa IIATOIIONIOHOI 3aJ103M, MeTacTas3u, IiIoKCisa-1HIyKOBAHUN
daxrTop 1-anbda.
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