e R—

XPERIMENTAL
I |\NCOLOGY

https://doi.org/10.15407/exp-oncology.2024.01.022

HANA RATNAWATI, TERESA LILIANA WARGASETIA,
LARISSA LARISSA, LIANA ALVITRI, KEANE BRYANT

Faculty of Medicine, Maranatha Christian University, Bandung, Indonesia
* Correspondence: Email: Teresa.lw@med.maranatha.edu

HOLOTHURIA SCABRA METHANOL
EXTRACT INHIBITS CANCER GROWTH
THROUGH TGF-B/PI3K/PTEN SIGNALING
PATHWAY IN BREAST CANCER MICE MODEL

Background. Molecules and cytokines can be targeted in cancer therapy. Transforming growth factor-beta (TGF-B)
is a cytokine that acts on protein kinase receptors in the plasma membrane. The signaling pathway of TGF-{ can trigger
the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) pathway, a signal transduction pathway important in can-
cer growth and development. However, this PI3K/AKT cascade can be inhibited by phosphatase and tensin homo-
log (PTEN) tumor suppressor genes. Aim. To determine the inhibitory effect of Holothuria scabra methanol extract
(HSE) on breast cancer growth through the TGF-p/PI3K pathways and PTEN tumor suppressor gene on a breast cancer
(BC) mice model. Materials and Methods. Female C57BL6 mice were subcutaneously injected with carcinogen DMBA
1 mg/kg body weight (BW) and fed a high-fat diet (HFD). Mice were randomly divided into five groups (n = 6):
negative control (NC) administered with a standard diet, positive control (PC) administered with DMBA and HFD,
and three treatment groups (T1, T2, and T3) treated with HSE doses of 0.33, 0.66, and 0.99 g/kg BW for 12 weeks.
TGE-B concentration in the blood serum of mice was assessed by ELISA and the PIK3CA and PTEN gene expression
by qRT-PCR. Results. The treatment with HSE resulted in a significant decrease in TGF- concentrations in the blood
sera of treatment groups T1 (35.31 + 17.33), T2 (43.31 + 17.42), and T3 (48.67 + 20.94) pg/mL compared to the PC
group (162.09 + 11.60) pg/mL (p < 0.001). However, only HSE at a dose of 0.99 g/kg BW decreased the PIK3CA gene
expression (p = 0.026), and at a dose of 0.66 g/kg BW increased the PTEN expression up to 4.93-fold. Conclusion.
HSE is capable of inhibiting the TGF-B/PIK3CA pathway and increasing the PTEN gene expression.
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Based on the data from the Global Cancer Obser-
vatory 2020, female breast cancer (BC) has sur-
passed lung cancer as the most commonly diag-
nosed cancer, with estimated 2.3 million new cases
(11.7%) [1]. The data from the Indonesian Ministry
of Health shows that BC ranks first as the leading

cause of death in cancer cases. The number of the
new BC cases reached 65,858 (16.6%) of 396,914
cancer cases in Indonesia. Meanwhile, deaths have
reached more than 22 thousand cases (9.6%), and
more than 70% are at the advanced stage [2]. Stu-
dies are needed to develop new cancer therapy
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using one of Indonesia’s marine natural resources
sea cucumbers Holothuria scabra.

Many proteins and cytokines play a role in the
pathogenesis of BC. In particular, loss of control
of transforming growth factor-beta (TGF-f) sig-
naling results in the increased cell proliferation
and differentiation and decreased apoptosis [1].
TGEF- acts on the protein kinase receptors in the
plasma membrane, which is essential in cancer
cell proliferation [1, 2]. The signaling pathway
of TGF-p can trigger the phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) pathway, which plays
a role in proliferation, cell growth, and cancer cell
survival 3, 4]. The knockdown of the phosphati-
dylinositol-4,5-bifosfat 3-kinase catalytic subunit
alpha (PIK3CA) gene with small-molecule inhibi-
tors induced apoptosis and inhibition of the PI3K
pathway signaling resulting in reduced cancer cell
growth [5].

This PI3K/AKT cascade can be inhibited by the
phosphatase tensin homolog (PTEN) located on
chromosome 10q23.3. PTEN is a tumor suppres-
sor gene frequently mutated in human cancer
and has haplo-insufficient characteristics because
it can disrupt the tumor suppressor function when
it loses 50% of its function. A decreased PTEN ex-
pression is associated with poor prognosis and tu-
mor resistance to therapy [6].

The Holothuria scabra, also known as a sea cu-
cumber or “teripang” in Indonesia, is a marine in-
vertebrate found in deep oceans and constituting
an astounding biodiversity in Asia. This sea cu-
cumber has long been used as food and medicine
in Asia and the Middle East due to its synthesizing
unique secondary metabolites [7].

Holothuria scabra, originating from the South
China Sea, contains secondary metabolites of tri-
terpene glycosides (saponins), which are scabra-
sides A, B, and D. Those three metabolites show
vigorous cytotoxicity against several cancer cells
of different histogenesis, such as leukemia, lung
cancer, hepatocellular carcinoma, colorectal can-
cer, and breast cancer [7].

Our previous study using a liquid chromatogra-
phy-mass spectrometry (LC-MS) has shown that
the methanol extract of Holothuria scabra isolated
from the East Java coastal, Indonesia, contains three
types of anticancer compounds, namely holothurin
A holothurin B and holothurin B3 which inhibit tu-
mor cell growth and increase the apoptosis [8].
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Holothuria edulis, originally from Vietnam, also
contains triterpene glycosides, holothurin A3 and
A4. Both saponins are strongly cytotoxic to hu-
man epidermoid carcinoma and hepatoma cells.
The bioactivity of sea cucumber triterpene glyco-
sides is due to its membranolytic activity [9].

Those studies showed that active compounds
from sea cucumbers have the potential to be an-
ticancer candidates through various mechanisms.
Therefore, we aimed to examine the anticancer
mechanism of Holothuria scabra through an in vivo
study using a BC mice model. Based on the role
of TGF-P and PI3K pathways in the BC pathoge-
nesis, this study aims to determine the inhibitory
effect of Holothuria scabra on BC growth through
the TGF-B/PI3K pathways and PTEN tumor sup-
pressor gene in an in vivo model.

Materials and Methods

Breast cancer modeling in C57BL6 mice. This
research on animal use has complied with all the
relevant National Regulations and Institutional
policies for the care and use of animals from the
Faculty of Medicine, Maranatha Christian Univer-
sity No. 112/KEP/V/2021.

Female Mus musculus C57BL6 mice were bred
in the iRATCo veterinary laboratory services,
Bogor, Indonesia. Thirty female mice, aged 10—
11 weeks, were assigned to five groups (n = 6),
which were the negative control (NC) group (healt-
hy mice fed with a standard diet), the positive con-
trol (PC) group (BC model), and three treatment
groups (T1, T2, T3). Initially, PC, T1, T2, and
T3 groups were fed with a high-fat diet (HFD with
57% fat supplied by the iRATCo laboratory) twice
daily. On the 22! day of the experiment, the mice
were administered with 7,12-dimethylbenz[a]an-
thracene (DMBA) (Sigma — Aldrich, USA) 1 mg/kg
BW, which had been dissolved in sesame oil
(Sigma Aldrich, USA), injected subcutaneously
0.5 mL in one of the mice mammary [10, 11].
DMBA was injected 10 times every 2 days. Breast
tumors were evaluated and palpated every week
to indicate tumor growth. At the end of the ex-
periment, blood was collected from the orbital
veins in a volume of 0.5 mL, then serum was col-
lected and stored at 4 °C for TGF-{ assessment by
an ELISA technique. All mice were sacrificed
by cervical dislocation preceded by the Ketamine
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List of primers used in the study

Gene Forward primer Reverse primer
PIK3CA 5- TTATTGAACCAGTAGGCAACCG -3 5-GCTATGAGGCGAGTTGAGATCC -3’
PTEN 5-TGGATTCGACTTAGACTTGACCT-3’ 5-GGTGGGTTATGGTCTTCAAAAGG-3
GAPDH 5- GAGAAACCTGCCAAGTATG -3 5- GGAGTTGCTGTTGAAGTC -3’

HCl (Dexa Medica, Indonesia) 100 mg/kg BW
intraperitoneal injection.

The breast tumors were removed and weighted,
paraffin-embedded tissue blocks were prepared,
and the slides were stained with hematoxylin-eo-
sin. The histopathological analysis was done using
the Nottingham score. Three parameters, namely
the tubular formation, nuclear pleomorphism,
and mitotic activity, were assessed using a score
of 1 to 3 for each parameter. The final score was
based on the total score of these parameters (range
from 3 to 9): a score of 3—5 as grade 1 (well dif-
ferentiated), a score of 6—7 as grade 2 (modera-
tely differentiated), and a score of 8—9 as grade 3
(poorly differentiated) [12].

The remaining mammary gland tissue samples
were stored at —80 °C until use.

Holothuria scabra methanol extraction. Fresh
sea cucumber Holothuria scabra was collected
from Malang Coastal, East Java, Indonesia. Sea
cucumber identification was done based on the
Food and Agriculture Organization of The United
Nations Species Catalog for Fishery Purposes [13].
20 g of sea cucumber were ground to a powder and
then extracted with 500 mL of absolute methanol
using the maceration method for 48 h. The solvent
was filtered through Whatman filter paper No. 41,
then evaporated using a rotary evaporator (Buchi
R-114) at 50 to 60 °C.

Administration of HSE. 30 female mice were
assigned to five groups (n = 6): the NC group, the
PC group, and 3 treatment groups (T1, T2, and
T3) treated with 3 various doses of Holothuria sca-
bra methanol extract (HSE) 0.33 0.66 and 0.99 g/
kg BW with oral gavage, once daily, for 12 weeks.
The HSE was given on the 227 day, simultaneous-
ly with the first DMBA injection.

TGF-B assessment by Sandwich-ELISA tech-
nique. Mouse TGF-B1 ELISA kit (Elabscience,
USA) was used to evaluate TGF- concentration,
in which the microplates were pre-coated with
an antibody specific for mouse TGF-p1. The as-
say procedure was carried out according to the
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kit instructions. Samples of blood serum were ad-
ded in triplicate to the microplate wells (100 uL for
each well) and incubated for 90 min at 37 °C. The
liquid was removed, and 100 uL of a biotinylated
detection antibody working solution was added
to each well and incubated for 1 h at 37 °C. The so-
lution was aspirated from each well, 350 uL of wash
buffer was added, soaked for 1 min, and then as-
pirated. This wash step was repeated 3 times. 100
uL of the HRP conjugate working solution was ad-
ded to each well and incubated for 30 min at 37 °C.
The wash process was repeated 5 times; 90 pL sub-
strate reagent was added to each well and incu-
bated for 15 min at 37 °C. The plate was protected
from light. The enzyme-substrate reaction was
terminated by adding 50 pl stop solution to each
well. The optical density (OD) was measured by
an ELISA reader at a wavelength of 450 nm. The
OD value was proportional to the concentration
of mouse TGF-f1.

qRT-PCR analysis of PIK3CA and PTEN gene
expression. RNA extraction from BC tissue samples
was performed using Genezol and continued with
the QRT-PCR procedure using the Toyobo One-
step RT-PCR kit with GAPDH as a housekeeping
gene. The PIK3CA, PTEN, and housekeeping gene
GAPDH primer sequences are listed in the Table:

2 pg RNA was reverse-transcribed into cDNA.
Each reaction consisted of 60 ng cDNA as a temp-
late, 480 SYBR Green Master Mix, 0.4 pM forward
primer, and 0.4 uM reverse primer, and the set-
tings as follows: heating 5 min (95 °C), 40 cycles
for 30 s (95 °C), 30 s (60 °C), and 60 s (72 °C).

Statistical analysis. Data analysis was per-
formed using the Statistical Package of Social
Science (SPSS ver. 25.0). Significant differences
between the treatment groups were determined
by the one-way ANOVA test and continued with
post-hoc Tukey HSD for normal data and by non-
parametric analysis, Kruskal — Wallis continued
with the Mann — Whitney test for abnormal
data. Differences between the treatment groups
at p = 0.05 were considered statistically significant.
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Results

The histological features of mammary gland samp-
les are shown in Fig. 1, a, and the breast tumor
weights are shown in Fig. 1, b. The mean breast
tumor weight in the PC and T1, T2, and T3 groups
was 0.63 +0.13g,0.27 £0.17 g, 0.30 £ 0.14 g, and
0.30 £+ 0.17 g, respectively. The tumor weight re-
duction in the T1, T2, and T3 groups showed
a significant difference (p < 0.05) compared to the
PC group and between the HSE treatment groups.
Therefore, HSE administration suppressed the
breast tumor growth.

The results showed that a Nottingham score
of the PC group (7.00 + 1.26) was significantly
different compared to the NC group (0.17 +
+ 0.41) with p = 0.003. This proves that a mode-
rately differentiated breast cancer was formed
in the DMBA and HFD treatment groups [14].
Data on the breast tumor weight and Nottingham
score proved the development of breast tumors
in this BC mice model.

TGF-concentration. The assessment of the
TGF-pB concentration in the blood serum of mice
(Fig. 2) showed that this index was the high-
est in the PC group (162.09 + 11.60 pg/mL)
compared to the NC group (17.30 + 3.35 pg/mL)
(p < 0.01). HSE administration in 3 various doses
decreased the TGF-P concentration: it was 35.31 +

Fig. 1. Histological features (a) and breast tumor weight ()
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+ 17.33 pg/mL 43.31 + 17.42 pg/mL and 48.67 +
+ 20.94 pg/mL in T1, T2, and T3 groups respec-
tively. These results indicated that HSE admin-
istration effectively reduced the TGF-B concen-
tration by 69.97—78.21% but the reduction was
not dose-dependent. Statistical analysis showed
a highly significant difference between the PC
group and all the treatment groups by this par-
ameter but no significant difference (p > 0.05) bet-
ween T1, T2, T3, and the NC group.

PIK3CA expression. It was reported that TGF-
can activate several intracellular signaling path-
ways, including the PI3K/Akt pathway [16].
Therefore, the PIK3CA gene expression was analy-
zed (Fig. 3).

The PC group showed the highest PIK3CA gene
expression (1.050 + 0.29) and a highly signifi-
cant difference (p = 0.0001) compared to the NC
group (0.270 + 0.13). The administration of HSE
in all doses reduced the PIK3CA gene expression
in a dose-dependent manner, however, insignifi-
cantly groups T1 and T2 and significantly in group
T3 (Fig. 3).

PTEN gene expression. The PTEN gene acts
as a negative regulator of the PI3K/AKT pathway.
We determined the effect of HSE administration
on the PTEN gene expression (Fig. 4). As seen, the
PTEN gene expression in the PC group (1.00 *
+ 0.12) was significantly lower (p = 0.009) com-
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Fig. 4. PTEN gene expression in the groups of mice

pared to the NC group (10.28 + 0.21). The HSE
administration led to the increased PTEN gene
expression in groups T2 and T3 (4.93 + 0.21 and
3.49 £ 0.31 respectively) but notin group T1 (0.31 +
+ 0.08). The difference in PTEN gene expression
between the T2 and NC groups was insignificant.
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Discussion

Previous studies have proven the efficacy of DMBA
and HFD used to construct a BC mice model. HFD
accelerates cancer development [10, 11]. Increasing
fat intake results in the leptin production by adipo-
cytes. Gillespie's study [16] found that HFD signi-
ficantly stimulates the early onset and increased the
incidence of mammary tumors in DMBA-induced
female mice. Leptin signaling is involved in DM-
BA-induced mammary carcinogenesis as leptin
increases the secretion of several molecules related
to BC [17, 18]. DMBA, a polycyclic aromatic hyd-
rocarbon, is a carcinogen, acting through estro-
gen receptor signaling and the PI3K/Akt pathway.
DMBA could induce BC in mice models, and 85%
of such models exhibited a high level of PI3KCA
and PTEN mutations with a significant activation
of the PI3K/Akt pathway [18]. In our study, a com-
bination of DMBA administration and HFD diet
succeeded in obtaining BC development in mice.

In our previous study, the methanol extract
of Holothuria scabra was analyzed using a li-
quid chromatography-mass spectrometry (LC-MS),
and the results showed that Holothuria scabra
contained three types of anticancer compounds,
namely holothurin A, holothurin B, and holothu-
rin B3. Based on in silico analysis, these holothurin
compounds target proteins, which plays an essen-
tial role in the induction of apoptosis and tumor
growth suppression [19]. In particular, they inhi-
bited the growth of sarcoma-180 in mice and epi-
dermal carcinoma cells in vitro [20].

The TGF-B assessment showed a significant
effect of HSE administration on the TGF-p con-
centrations in the blood sera of mice. TGF-p plays
a critical role in the tumor development. In the
early phases, TGF-p frequently acts as a tumor
suppressor by inducing the growth inhibition and
apoptosis in premalignant cells. In contrast, tumor
cells can resist its antimitogenic effects in the ad-
vanced phase, and TGF-f can switch into a tumor
promoter [15, 21]. TGF-P can stimulate cancer
development, interfere with cell cycle regulation,
especially in the G1 phase, and induce tumor in-
vasion and metastasis by promoting angiogenesis,
epithelial-mesenchymal transition, and modifying
the immune response [21, 22].

The TGF-P pathway is a classic membrane-to-
nucleus signaling pathway with the involvement
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of decapentaplegic (SMAD) proteins. The pro-
cess begins with the attachment of the TGF-f li-
gand to receptors T-pR I and T-PR II, which then
phosphorylate SMAD2/3 forming a complex with
SMAD4, and then translocates into the nucleus
and acts as a transcriptional factor toward the tar-
get genes, involved mainly in the growth arrest and
apoptosis [21].

SMAD3 is known to be a target of the PI3K/
Akt pathway. The activation of the PI3K/Akt
pathway prevents the phosphorylation and ac-
tivation of SMAD3, then the formation of the
SMAD3/4 complex is inhibited. As a result, this
molecular complex will not translocate into the
nucleus to activate the apoptotic genes. The apop-
totic process will be inhibited, and the cells will
continue to proliferate. Thus, the PI3K/Akt path-
way is an intracellular signaling pathway typically
associated with cell proliferation and inhibition
of apoptosis and is essential in the initiation and
development of many malignancies through regu-
lation of the TGF-B/SMAD4 pathway [23, 24].

In this study, HSE administration reduced the
TGF-p concentrations in the blood sera of mice
by 69.97%—78.21%. This decrease is thought
to be due to the activity of holothurin as an an-
ticancer compound of Holothuria scabra via in-
hibiting the TGF-f attachment to the T-pR I and
T-BR II receptors, so that SMAD2/3 phosphoryla-
tion does not occur. As a result, the process of tu-
mor cell apoptosis can take place, and this causes
a reduction in the tumor weight by nearly twice
in the HSE treatment groups.

As stated above, the TGF-p/SMAD4 pathway
is also regulated by the PI3K/Akt pathway. One
of the genes that play a role in its regulation is the
PIK3CA gene [4]. Therefore, we also examined
the PIK3CA gene expression level and revealed its
dose-dependent decrease under conditions of HSE
treatment.

According to Lu et al. [25], a bioactive peptide
from sea cucumber has many health benefits, in-
cluding antioxidant, immunomodulatory, and an-
ticancer ones. Our previous bioinformatic study
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with molecular docking has revealed that sea cu-
cumber peptides have a potential for BC treat-
ment. Two sea cucumber peptides (WPPNYQW
and YDWREF peptides) bind to the active sites of
PI3K and AKT1 with low binding affinity values
and stable interactions to inhibit the PI3K/Akt
pathway [26].

The tumor suppressor PTEN gene can counte-
ract PI3K and inhibit the PI3K/Akt pathway, and
vice versa, the loss of PTEN function results in the
increased PIP3 level and the persistent activation
of the PI3K effector [27].

In our study, the expression of the PTEN gene
was found to be significantly lower in the PC group
compared to the NC group. The low PTEN gene ex-
pression in BC mice models is in accordance with
the statement that PTEN is one of the tumor sup-
pressor genes most frequently inactivated in car-
cinogenesis. The loss or mutation in the PTEN
gene is commonly detected in many primary and
metastatic human cancers [6, 27].

The PTEN gene expression levels in the T2 and
T3 groups were significantly higher compared to
the PC group. The administration of HSE at a dose
of 0.66 g/kg BW significantly increased the PTEN
gene expression by 4.93 times.

To sum up, holothurins from Holothuria scabra
methanol extract decreased the TGF-P concen-
tration, inhibited the PIK3CA gene expression,
and increased the PTEN gene expression in the
murine BC model. Therefore, these compounds
act through the TGF-B/PI3K and PTEN signa-
ling pathways and are promising candidates for
BC treatment.
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X. Pamnuasami, T.JI. Bapeacemos, JI. Jlapica, JI. Ansimpi, K. bpatianm
QaxynbTeT MeAUIHY, XpUCTUAHCbKIIL YHIBepcuTeT Mapanata, banayHsr, [nonesia

TGEF-B/PI3K/PTEN OIIOCEPEIKOBAHE IHITBYBAHHS POCTY
PAKY MOJIOYHOI 3AJI031 Y MUIIIEN 3A TOTIOMOTOIO
METAHOJIBHOTO EKCTPAKTY HOLOTHURIA SCABRA

Bcerym. Llutokinu Ta pakTopy pocTy MOKYTb OyTU BUKOPUCTAHI B AKOCTI TepalleBTUYHIX MillleHel! IIpY pi3HUX TUIIaX
paky. Tpanchopmyrounit pakrop pocty 6era TGF-P € urokiHOM, KNIl 3B’I3YETHCS 13 pelienTopamu IpOTeiHKiHA3K
Ha IUTa3MaTU4Hill MeMOpaHi. Bin Moxe akTuByBaT! curnaabumii nurax PI3K, Akuil Bifirpae BaxIuBy pob y pery/suii
POCTY Ta PO3BUTKY 3/I0AKICHMX HOBOYTBOpeHb. OffHaK Kackaj curHaiabHoro nuraxy PI3K/AKT moxxe inribysarmcs
oHKocytpecopamy, Takumu sk PTEN. Meta. Busnauuty inri6yrouy fito MetaHonbHOToO eKcTpakty Holothuria scabra
(HSE), onocepenkoBany curianbaum uraxom TGE-B/PI3K ta PTEN, Ha picT paky MO/IOYHOI 3a/103U B MMUIIIet, iH-
LyKoBaHOro 7,12-puMeTnnbens|alanrpanenom (JMBA) i gieToro 3 BucokuM BMicTOM X1piB. MaTepianu Ta MeTOm.
Camxam muert C57BL6 migmkipHo BBoanau KaHuepored JJMBA y osi 1 Mr/kr Macu Tina i rogyBanyu KOpMoM i3 Bu-
COKMM BMICTOM XXVUPY 3 METOI0 iHAYKI{i paKy MOJIOYHOI 3a/1031. Muileli BUAJKOBUM YMHOM PO3LULAIN Ha ITATh
rpyn (n = 6): HeratuBHuit KouTponb (HK) i3 cranmaprHOIO Aieroro, mosutuBHMiT KoHTponb (IIK) — impykoBaHmit
PaK MOJIOYHOI 331031 Ta TPY IPYIN TBAPMH i3 paKOM MOJIOYHOI 3a/103M, AKi oTpuMyBam Tepamito (T1, T2, T3) y Bu-
rani HSE y posax 0,33, 0,66 ta 0,99 r/kr macu tina nporsirom 12 tkHiB. JocmimkeHus konuenTpanii TGF-f mpo-
Bopmu MetogoM ELISA, a excrpecito reniB PIK3CA ta PTEN BusHauanu metogoM qRT-PCR. [lani npoanasnizoBaHo
3 BUKOPUCTaHHAM ofHO(dakTOpHOro pucnepciriaoro ananisy ANOVA. Pesynpratn. Konnenrpanis TGF-f y TBapus,
1o orpumyBanu Tepamio T1 (35,31 + 17,33), T2 (43,31 + 17,42) i T3 (48,67 + 20,94), 3Ha4HO BifpisHsmacs Bif rpynu
K (162,09 £ 11,60) 3 p < 0,001. HSE y Bcix BUKOpUCTaHUX [03aX IPUBOAUB [0 3HIDKeHHA piBHA TGF-B, HezanexxHo
Bif o3y, mpote nue npu Bukopuctanui HSE B mosi 0,99 r/kr mMacy Tina BigmideHo sHIDKeHHS ekcrpecii PIK3CA
(p =0,026). HSE B 031 0,66 r/xr macu Tia mpuBoauBs 10 36inpiuenHs excpecii PTEN y 4,93 pasu. BucHoBoOK. 3aBfsiku
3matHocri inribysBatn curnanpanii mysix TGF-B/PIK3CA rta crumymioBatu excipecito PTEN, HSE Moxe crati 0OCHO-
BOIO [I/Ls1 [IOfA/IBIIIOTO PO3POOTIEHHS 3aCO0IB [I/1s1 TKYBaHHs PaKy MOJIOYHOI 3a/I03L.

Kiro4oBi cnoBa: mpoTunyxinHHa fiisl, pak Mono4Hoi 3anosu, Holothuria scabra, TGFB/PIK3CA, PTEN.
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