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ASCORBYL PALMITATE ENHANCES
ANTI-PROLIFERATIVE EFFECT

OF TRASTUZUMAB IN HER2-POSITIVE
BREAST CANCER CELLS

Background. Breast cancer (BC) accounts for about 30% of cancers in women, with a mortality rate of around 15%. HER2-
positive BC, an aggressive subtype, represents 15—20% of all BC cases. High-dose vitamin C has shown antitumor effects
by increasing reactive oxygen species in cancer cells without significant toxicity. Aim. This study aimed to explore an in
vitro dual treatment using ascorbyl palmitate (AP), a lipophilic vitamin C derivative, and trastuzumab, an HER2 receptor
blocker. Materials and Methods. HER2-positive SK-BR-3 BC cells were treated with AP, trastuzumab, or their combina-
tion. The cell survival MTT assay, apoptosis, and cell cycle phase analysis were conducted using flow cytometry, while
mRNA and protein expression were assessed using RT-qPCR and Western blot methods. Ki-67 expression was evaluated
by immunofluorescence assay. Results. AP reduced cell viability in a time- and dose-dependent manner, and its combina-
tion with trastuzumab further decreased cell viability. A cytometric analysis showed enhanced apoptosis after combination
treatment. mRNA analysis revealed upregulated TP53 mRNA expression, along with upregulation of BAX, CYCS, CASP3,
and CASP8 gene expression, while the BCL-2 and BCL2L1 genes were downregulated, further supporting the induction of
apoptosis. The antiproliferative effectiveness of the combination therapy was demonstrated by a Western blot assay, which
showed suppression of phospho-P38, ERK1/2, and PI3K protein synthesis. Conclusion. These results underscore the po-
tential effects of combining AP and trastuzumab in BC treatment, guiding future therapeutic strategies.
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Breast cancer (BC) is one of the leading causes of
morbidity and mortality among women, according
to the World Health Organization data [1]. BC ex-
hibits heterogeneous morphological and biological
diversity, necessitating varied treatment proto-
cols [2]. HER2-positive BC is one of the five main
subtypes of BC, characterized by the overexpression
of the human epidermal growth factor receptor 2

(HER2) protein, which promotes cancer cell growth
and division [3]. BC treatment involves a multidis-
ciplinary approach, in which therapeutic options
such as radiotherapy, surgery, chemotherapy, and
immunotherapy can be combined in different se-
quences. Effective treatment of BC requires maxi-
mizing therapeutic efficacy with minimal adverse
effects to ensure good quality of life for patients. Pa-
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tients with early-stage BC undergo breast-conserv-
ing surgery with radiotherapy or mastectomy. Adju-
vant chemotherapy, biological therapy, and endo-
crine therapy are used in most women based on
proven survival benefits and individualizing risk-
based therapy, which is now a clinical reality for pa-
tients with hormone receptor-positive cancer [4].

Patients with HER2-positive BC receive combina-
tion therapy with chemotherapy and HER2-targeted
treatment. The presence of HER2-targeted agents
significantly alters the prognosis of HER2-positive
BC patients. Initial trials randomizing patients to
trastuzumab (Herceptin), a monoclonal antibody
targeting the HER2 receptor, or chemotherapy alone
demonstrated a reduction in recurrence rates by ap-
proximately 50% [5, 6]. Overexpression of the HER2
receptor is observed in approximately 20—30% of
BC patients and is associated with poor prognosis [7,
8]. Trastuzumab inhibits cell proliferation and sur-
vival-associated signaling pathways by blocking
HER2 [6]. While some metastatic patients respond
to trastuzumab as a single agent, approximately 60%
of patients develop resistance after the initial re-
sponse [9]. Currently, there is no single standard
treatment for most HER2-positive BC patients,
hence there is a need for new treatment modalities.
Receptor tyrosine kinases (RTKs) regulate critical
biological processes including cell proliferation, dif-
ferentiation, metabolism, and survival by activating
a series of intracellular signaling cascades [10]. Ab-
normal expression and mutations in genes encoding
RTKs are well known to contribute to the develop-
ment of various diseases, including cancer. Upon
stimulation, phosphorylated amino acids regulate
numerous downstream signaling pathways and pro-
teins, including PI3K/AKT, Ras/MEK/ERK, PLCy/
protein kinase C, and JAK/STAT [11—13]. Members
of the ERBB family, such as HER2 and EGEFR, are
frequently overexpressed in various cancers, includ-
ing BC, and are targets of many FDA-approved
drugs like tyrosine kinase inhibitors (TKIs) and
monoclonal antibodies (mAbs) targeting their
ectodomains [14].

Vitamin C, also known as ascorbate or L-ascor-
bic acid, is an essential water-soluble vitamin re-
quired for biosynthesis of carnitine, collagen, and
neurotransmitters. High doses of ascorbic acid,
used as a pharmacological agent, have demonstrat-
ed anticancer activity in various cell lines, includ-
ing breast, ovarian, pancreatic, and hepatocellular
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ones [15, 16]. Ascorbyl palmitate (AP), an ester
formed from ascorbic acid and palmitic acid that
creates a fat-soluble form of vitamin C, has gar-
nered significant interest due to its lipophilic prop-
erties, which allow it to readily penetrate cell mem-
branes and cross the blood-brain barrier [17]. The
synonyms of AP include L-ascorbyl palmitate, pal-
mitoyl L-ascorbic acid, ascorbic acid palmitate,
ascorbyl palmitic acid, vitamin C palmitate, 6-O-
palmitoyl-L-ascorbic acid, ascorbyl-6-palmitate,
and palmitoyl ascorbate. The combination of high-
dose vitamin C with trastuzumab effectively inhib-
its BC cell proliferation and migration by reducing
oxidative stress in the tumor microenvironment
and potentially enhancing the immune response
against cancer cells [18]. Additionally, AP signifi-
cantly reduces mammary tumors in mice, with its
micellar particles demonstrating even greater effi-
cacy [19]. AP is proposed to exert cytotoxic effects
through several mechanisms, including cell cycle
arrest, induction of apoptosis, and inhibition of
proliferation. Furthermore, its hydrophobic prop-
erties may increase cell membrane permeability,
which could further contribute to cell death [20,
21]. Additionally, AP has been reported to syner-
gistically interact with certain chemotherapeutic
agents; specifically, combinations with drugs like
docetaxel or paclitaxel have shown effectiveness in
some cancer models [15, 22]. For example, AP
demonstrates strong cytotoxic effects at a concen-
tration of 10.1 ug/mL in leukemia cells [23] and
suppresses proliferation at 350 pM in the human
oral cancer cell lines [24].

As there has not yet been research on combina-
tion therapy with AP and a monoclonal antibody
like trastuzumab, this study was planned consider-
ing the advantages of its biological use compared to
vitamin C.

Materials and Methods

Cell culture. Human SK-BR-3 BC cells were ob-
tained from Dr. Yelda Birinci Kudu at the Istinye
University in Tiirkiye. These cells were grown in a
50/50 mixture of Dulbecco’s modified Eagle me-
dium (DMEM) and Ham’s F12 (Wisent, Canada),
supplemented with 2 mM L-glutamine, 1,500 mg/L
sodium bicarbonate, and 10% fetal bovine serum
(Life Technologies, USA). The cells were cultured
at 37 °C in an atmosphere of 5% CO,.

157



R. Serttas, K. Tabakcioglu, S. Erdogan

Cell survival assay. SK-BR-3 cells (1 x 10* cells)
were seeded in 96-well plates (Sunub, China) and
incubated for 24 h. Subsequently, the medium was
replaced with fresh medium containing various
concentrations of AP (ChemCruz Biochemicals,
Nederland) (7.8 uM-1000 pM) or 3.125 pg/mL-
800 pg/mL trastuzumab (Genentech, USA) and in-
cubated for 72 h. After determining the doses that
resulted in approximately 50% cell death, 100 uM
AP, 400 pg/mL trastuzumab, or their combination
were administered for 72 h. Cell survival was as-
sessed using the MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide) test
(Across Organics, USA), dissolving the resulting
formazan crystals with DMSO and measuring ab-
sorbance at 570 nm using a plate reader (Multiscan
GO, Thermo Scientific, Finland). The viability was
calculated as OD of the sample/OD of the blank
control x 100 [25].

Assessment of cell cycle progression. The cells
were treated for 72 h with 100 uM AP, 400 pg/ml
trastuzumab, or their combination. Subsequently,
SK-BR-3 cells were detached with trypsin, fixed in
70% ethanol, and stored overnight at -20 °C. The
cells were then washed with cold PBS, and cell cycle
analysis was conducted using a commercial kit

Primer sequences used in this study

Gene Primer sequences (5'-3')

BAX F: CATGGGCTGGACATTGGACT

R: AAAGTAGGAGAGGAGGCCGT
BCL2 F. TTGTGGCCTTCTTTGAGTTCGGTG

R: GGTGCCGGTTCAGGTACTCAGTCA
BCL2L1 F: GTAAACTGGGGTCGCATTGT
(Bd-xL) R: TGGATCCAAGGCTCTAGGTG
CASP3 F: TGGTTCATCCAGTCGCTTTG
(Caspase-3) R: CATTCTGTTGCCACCTTTCG
CASP8 F: CTGCTGGGGATGGCCACTGTG
(Caspase-8) R: TCGCCTCGAGGACATCGCTCTC
CYCS F: TGGGCCAAATCTCCATGGTC
(Cytochrome ¢) | Rt AGGCAGTGGCCAATTATTACTCA
TP53 F: GAGGTTGGCTCTGACTGTACC

R: TCCGTCCCAGTAGATTACCAC
CDKNIA (p21) |F: GGCGTTTGGAGTGGTAGAAA

R: GACTCTCAGGGTCGAAAACG
CDKNIB (p27) |F: TTGCAGGTCGCTTCCTTATT

R: TGGGCCAAATCTCCATGGTC
GAPDH F: TTGGTATCGTGGAAGGACTCA

R: TGTCATCATATTTGGCAGGTTT
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(Life Technologies, USA). The distribution of cell-
phase populations (G1, S, and G2/M) was deter-
mined using a Tali image-based cytometer (Invit-
rogen/Life Technologies, USA) following the man-
ufacturer’s instructions [26].

Determination of apoptotic cells. SK-BR-3 cells
were seeded overnight at a concentration of 1 x 10°
cells per 25 cm? flasks (Nest, China). Following the
overnight incubation, the cells were maintained in
100 uM AP, 400 pg/ml trastuzumab, or their com-
bination for 72 h. The cells were then trypsinized,
rinsed with PBS, resuspended in annexin V bind-
ing buffer (ABB), washed again, resuspended, and
stained with Annexin V/propidium iodide (PI) (In-
vitrogen, USA). The stained cells were then left to
incubate for 15 min at room temperature in the
dark. The samples were centrifuged at 300 g for 5
min, resuspended in ABB, and reincubated with a
PI solution in the dark. An image-based cytometer
(Invitrogen, Life Technologies, USA) was used to
determine the proportions of total and apoptotic
cells [26].

Evaluation of mRNA expression. Cells were
treated with 100 uM AP, 400 pg/ml trastuzumab, or
their combination for 72 h, followed by the isola-
tion of total RNA. The RNA samples were then
converted into complementary DNA using a
cDNA synthesis kit from Thermo Fisher Scien-
tific (USA). mRNA expression levels were mea-
sured using an RT-qPCR system (Applied Biosys-
tems, USA) with SYBR Green PCR Master Mix
(Thermo Fisher Scientific, USA). GAPDH served
as an internal control. The oligonucleotide prim-
ers, detailed in the Table, were synthesized by PRZ
Biotech (Ankara, Tiirkiye).

Immunoblot analysis. Proteins were extracted
from SK-BR-3 cells treated for 72 h with 100 uM
AP, 400 pg/ml trastuzumab, or their combination
using RIPA lysis buffer (Thermo Fisher Scientific,
USA). A total of 50 ug of protein from each sample
was resolved in 8—12% polyacrylamide gel and
subsequently transferred to a PVDF membrane
(Life Technologies, USA). The membranes were in-
cubated overnight at 4 °C with primary antibodies
against extracellular signal-regulated kinase
(ERK1/2) (Cat# sc-514302), phosphoinositide 3-ki-
nase (PI3K) (Cat# sc-374534), phospho-p38 (Cat#
sc-166182), and B-actin (Cat# sc-69879) (all anti-
bodies were from Santa Cruz Biotechnology, Inc.,
USA). Detection of bound antibodies was achieved
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using the appropriate IgG and a chemilumines-
cence Western blot substrate kit (Thermo Fisher
Scientific, USA). Quantitative analysis of protein
band intensity was conducted using the Bio-Rad
ChemiDoc MP System (USA) [27].

Analysis of Ki-67 expression. SK-BR-3 cells were
cultured in 2-well chamber slides and subjected to
the treatments described earlier (3 x 10° cells per
well). The wells were washed with PBS and incu-
bated with 2% paraformaldehyde in PBS for fixa-
tion. Fixated cells were incubated with a permeabi-
lization solution, including 0.5% Triton X-100 and
1% bovine serum albumin (BSA). Then, the cells
were blocked with 5% BSA and incubated over-
night with the primary Ki-67 antibody (Cat# E-AB-
60601, Elabscience, USA) at 4 °C. On the following
day, the cells were washed with PBS, then incubat-
ed with the secondary antibody (Cat#AB150077,
Elabscience, USA) for 1 h at room temperature in
the dark and stained with DAPI (Abcam, UK). The
samples were scored under a fluorescence micro-
scope. The presence of any green-stained signals in
the cells was considered positivity for Ki-67 [28].

Statistical analysis. Statistical analyses were car-
ried out using SPSS software (version 20, SPSS Inc.,
Chicago, IL, USA). One-way ANOVA followed by
Duncan’s multiple range test was used to assess dif-
ferences in viability, gene expression, and protein
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relative to the untreated cells. *p < 0.05 com-
pared to the untreated group; **p < 0.05 compa-
red to the other groups

expression levels between untreated and treated
groups. Each experiment was repeated at least three
times, with results reported as mean + standard de-
viation (SD). A p-value of less than 0.05 was con-
sidered statistically significant.

Results

AP inhibited the proliferation of HER2-positive
BC cells. To determine the effective dose, SK-
BR-3 cells were treated with 7.8 pM to 1000 pM
AP for 72 h, and their effects on the cell growth
were assessed. As shown in Fig. 1, g, high doses of
AP inhibited cell growth in a dose-dependent
manner. Similarly, cell viability was determined by
the MTT assay 72 h after exposure to trastuzumab
at the doses ranging from 3.125 to 800 pg/mL.
Both agents significantly reduced cell viability in
a dose-dependent manner compared to the un-
treated groups (Fig. 1, a, b). Subsequently, the ap-
proximate median doses of AP (100 pM) and
trastuzumab (400 pug/mL) were selected and si-
multaneously applied to the cells to determine any
potential increase in cytotoxic activity. The com-
bined treatment significantly reduced cell viabil-
ity more than the use of AP and trastuzumab in-
dividually (Fig. 1, ¢). The microscopic images of
the treated cells were consistent with the MTT-
test cell viability data (Fig. 2).
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Fig. 2. Combination treatment reduces cancer cell viability. The morphology of BC SK-BR-3 cells was examined under
a microscope after 72 h of treatment with 100 uM AP, 400 pg/mL trastuzumab (Trast), or their combination
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Fig. 3. Effects of AP and trastuzumab (Trast) on apoptosis (a) and cell cycle distribution (b) in SK-BR-3 cells. Cells were
exposed to 100 uM AP, 400 pg/mL Trast, or a combination of both for 72 h. Apoptosis and cell cycle distribution were
assessed using cytometric analysis. *p < 0.05 compared to the untreated group; **p < 0.05 compared between treatments

Combined application of AP and trastuzumab | cording to the results, while the individual applica-
induced apoptosis. The involvement of the apop- | tion of either agent induced apoptosis compared to
totic cell death in the cytotoxic activity induced by | the control, the combined treatment significantly
treatments was analyzed using flow cytometry. Ac- | enhanced this effect. The results show that AP and
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trastuzumab induced apoptosis in 18% and 22% of
cells, respectively, while their combination — in
35% of cells (Fig. 3, a). Regardless of the type of
treatment, all applications caused approximately
14%—18% of non-apoptotic cell death compared
to the untreated group (Fig. 3, a).

The potential effect of the treatments on the cell
cycle was assessed. Trastuzumab arrested the cell
cycle at the G2/M transition, while AP had no ef-
fect. In the combined treatment, the effectiveness
of trastuzumab was lost (Fig. 3, b).

Modulation of mRNA expression. The molecu-
lar mechanisms underlying the apoptosis induced
by treatments were determined through mRNA ex-
pression analysis of apoptosis-related genes using
the quantitative RT-PCR. According to the results,
AP and trastuzumab significantly downregulated
the expression of the anti-apoptotic gene BCL2L1,
with the combination treatment decreasing it by
25% compared to the control (Fig. 4, a). Addition-
ally, BCL2 mRNA expression was reduced by 28%
with AP and 18% with trastuzumab, while the com-
bination treatment reduced it by 10%. On the oth-
er hand, the pro-apoptotic gene BAX expression
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control; **p < 0.05 compared between treatments

did not show significant changes under single treat-
ments but showed a significant 15% increase under
the combined treatment (Fig. 4, a).

As shown in Fig. 4, b, the individual treatments
did not cause significant changes in the expression
of the genes coding for cytochrome c, caspase 3,
and caspase 8, while the combined treatment re-
sulted in increases by 51, 30, and 35%, respectively.
Similarly to the cytometry cell cycle data, the
mRNA analyses of the cell cycle-related genes
CDKN1A and CDKNIB also yielded comparable
results. The treatments did not cause significant
changes in the expression levels of these two genes,
except for trastuzumab, which reduced CDKN1B
expression by 15% (Fig. 4, c¢). Additionally, while
trastuzumab decreased TP53 expression by 21%,
the combined treatment upregulated it by 20%.

Ki-67 expression. Cells in groups with three rep-
licates were evaluated using fluorescent microscope
images. In each group, at least 100 cells (ranging
from a minimum of 140 to a maximum of 450)
were recorded as positive or negative. Although
there was no significant difference between the
groups in terms of Ki-67 index (p > 0.05) (Fig. 5),
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Fig. 5. Ki-67 expression analysis. SK-BR-3 cells were exposed to 100 uM AP, 400 pg/ml trastu-
zumab (Trast), or a combination of both for 72 h, followed by Ki-67 expression analysis using
fluorescence microscopy. No significant differences were detected between the groups (p > 0.05)

particularly noticeable abnormal changes in nucle-
ar morphology were observed following AP and
combination treatment. These changes included
cell fusion, irregularities in nuclear contours, and
structures resembling micronuclei.

Regulation of protein expression. The changes
in the expression of major intracellular signaling
pathway proteins associated with cell survival,
growth, and proliferation, namely PI3K, ERK1/2,
and P38, were determined using Western blot-
ting. While AP and trastuzumab did not cause
significant changes in ERK1/2 expression indi-
vidually, their combined application resulted in a
43% downregulation of this protein expression
(Fig. 6, a). Although neither AP nor trastuzumab
changed PI3K expression, their combination
treatment reduced this protein by 48% (Fig. 6, b).
Phosphorylated P38 expression was reduced
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by 13% and 37% in response to AP and trastu-
zumab treatments, respectively, compared to the
untreated cells. Similarly, the combined treat-
ment also reduced its expression by approximate-
ly 33% (Fig. 6, c).

Discussion

This study investigated the effects of AP and trastu-
zumab on HER2-positive BC cells in vitro, focusing
on their impact on cell proliferation, apoptosis, Ki-
67 expression, and the key intracellular signaling
pathways at the molecular level. The data indicated
that the combined application of these two agents
resulted in a significantly greater cytotoxic effect
compared to the use of each agent individually. AP
effectively inhibited the proliferation of SK-BR-3
cells in a dose-dependent manner, similarly to
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Fig. 6. Effects of treatments on the key signaling pathways. SK-BR-3 cells were exposed to 100 pM AP, 400 pug/mL
trastuzumab (Trast), or a combination of both for 72 h. ERK1/2 (a), PI3K (b), and phospho-P38 (c) expression were
then evaluated using Western blot. -actin was used for normalization of protein expression. *p < 0.05 compared to the

control; **p < 0.05 compared between the treatments

trastuzumab. The antiproliferative activity of AP,
both when used alone and in combination, has
been demonstrated in other studies. For example,
AP-containing nanoparticle formulations kill can-
cer cells by increasing the production of extracel-
lular reactive oxygen species [29]. Additionally, li-
posomal formulation of AP with 5-fluorouracil
synergistically inhibits mouse BC cells [30]. Both
agents individually reduced cell viability, consistent
with previous studies showing their individual ef-
ficacies against HER2-positive BC cells [6, 15, 16,
19]. In particular, the combination of AP and
trastuzumab resulted in a more pronounced de-
crease in cell viability compared to either agent
alone. The increase in the activity is consistent with
other reports suggesting that the combination of
different therapeutic agents can overcome cell pro-
liferation and enhance overall efficacy [15, 22, 31].

The first-line treatment protocol includes HER2-
targeted therapy, combining chemotherapy with
the monoclonal antibodies (mAbs) trastuzumab
and pertuzumab. Trastuzumab is the first mAb ap-
proved by the U.S. Food and Drug Administration
for treatment of HER2-positive BC [32]. The devel-
opment of trastuzumab therapy has significantly
improved the survival rates of women with HER2-
positive BC. However, phase 3 studies indicate that
the 8-year overall survival rate for patients receiv-
ing chemotherapy in combination with HER2-tar-
geted therapy is 37% [33]. The inadequate response
to HER2-directed therapy may be attributed to
three characteristics of the HER2 receptor: acces-
sibility, heterogeneity, and organization within the
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plasma membrane [34]. It also may be associated
with disruptions in the downstream signaling path-
ways of the HER2 receptor. First, the changes in the
PTEN-PI3K/AKT and MEK/ERK pathways [35,
36] regulate critical processes such as apoptosis,
metabolism, cell proliferation, and growth. Second,
the decreases in the levels of the cyclin-dependent
kinase inhibitor p27 [37] regulate cell proliferation,
motility, and apoptosis. Western blotting revealed
that the combination of AP and trastuzumab leads
to significant downregulation of key intracellular
signaling proteins, including ERK1/2 and PI3K.
Specifically, the combination treatment reduced
ERK1/2 and PI3K expression by 43% and 48%, re-
spectively, which is consistent with the known role
of these pathways in cell survival and prolifera-
tion [38, 39]. The reduction in phosphorylated P38
expression further supported the notion that the
combination therapy affects multiple signaling
pathways involved in cellular stress responses [40].

The cytometry analysis revealed that both AP
and trastuzumab individually induced apoptosis in
HER2-positive BC cells, with the combination
therapy significantly increasing the apoptotic re-
sponse. Specifically, the combination therapy in-
duced apoptosis in 35% of cells, compared to 18%
and 22% with AP and trastuzumab alone, respec-
tively. The increase in apoptosis observed with the
combined treatment aligns with other research sug-
gesting that combination therapies can amplify
apoptotic pathways [15, 31]. The mRNA expression
analysis revealed significant changes in apoptosis-
related gene expression. The combination of AP
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and trastuzumab resulted in a notable reduction in
anti-apoptotic BCL2L1 and BCL2 and an increase
in the pro-apoptotic BAX. These changes indicate
a shift toward a pro-apoptotic environment with
the combination therapy, aligning with studies that
have shown the importance of balancing pro- and
anti-apoptotic signals in cancer treatment [41].
Moreover, the increased expression of the genes
coding for cytochrome c, caspase-3, and caspase-8
with the combination therapy suggests an en-
hanced activation of apoptotic pathways. This is
consistent with previous findings that combined
therapies can lead to higher activation of apoptotic
mediators [42]. The observed changes in cell cycle-
related genes, particularly the downregulation of
P27 by trastuzumab and the upregulation of P53 by
the combination treatment, provide further insight
into the mechanistic effects of these therapies on
cell cycle regulation [43].

The expression of Ki-67, a marker of cell prolif-
eration, is a key indicator of tumor cell growth and
tumor grading. According to the findings of this
study, notable nuclear abnormalities, such as cell fu-
sion and irregular nuclear contours, were observed
following AP and combination treatments. These
observations suggest that, despite unchanged Ki-67
levels, cellular morphology is disrupted, which may
potentially impact cell function and viability [44].
There are studies suggesting that although trastu-
zumab is effective in targeting HER2-positive cells,
Ki-67 expression levels may not show significant
changes after treatment [45, 46]. This indicates that
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while the combination of AP and trastuzumab may
improve clinical outcomes, its effect on the prolif-
eration marker Ki-67 may be limited.

In this study, we combined AP with trastuzumab
to enhance the antitumor efficacy of this monoclo-
nal antibody. Our findings underscore the potential
of such combination therapy to improve outcomes
for HER2-positive BC, warranting further clinical
investigation. However, a key limitation of this
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Mepuunnit gakybrer yHiBepcurery Tpakis,
Enipne, Typeyunna

ACKOPBUI ITAJIBMITAT IIOCUJIIOE AHTUITPOJII®EPATVBHUI
E®EKT TPACTY3YMABY VI HER2-TIO3UTUBHNMX KJIITUH
PAKY I'PYIHOI 3AJ103U

Cran nutaHH:A. Ha pak MonouHoi 3anosu (PM3) npumnagae 6/m13bko 30% ycix BUIIafKiB 3aXBOPIOBAHb Ha PaK Y SKiHOK,
a cMepTHicTD ckmagae 6insa 15%. HER2-mosutusHmit PM3, 110 € arpecuBHUM MiATUIIOM, CKIaga€e 15—20% ycix Bu-
nanxis PM3. ITporunyxmnaamii edext BUCOKMX 103 Bitaminy C 06yMoBIeHmit 361IblIIeHHAM aKTUBHOCTI peaKTVBHIX
(hopM KIUCHIO B PaKOBUX K/IITMHAX, 110 He CYIIPOBOKYEThCA 3HAYHOIO TOKCMYHICTI0. MeTa po60TI IoJIArana B JOCi-
mKeHHi in vitro epexry ackopbimmansmitary (AII), minodinproro moxigHoro Biraminy C, Ta TpacTysyma6by, 6rokaropa
peuentopa HER2, na xmitnuan PM3. Martepiamn ta metogu. HER2-mosnrtusHi xnitnan SK-BR-3 xynbTuByBamm B
npucyrHocti AIl ta Tpactysymaby, okpemo abo pasom. BusHawanu BIOKMBaHICTD KIiTHH 3a gornomoroio MTT-recry,
aIloNTO3 Ta PO3MOAIT 32 KTITMHHUM IMK/IOM 32 OITOMOTOI0 IPOTOYHOI nToMeTpii, ekcripecito MPHK Ta 6inkiB 3a fo-
nomoroio Bectepu-6mor-ananisy ta 3T-kIIJIP. Pesynpraru. AIl £030- Ta 4aco3a/Ie>XHO SHIDKYE BIDKMBAHICTD KIITHH.
Ileit edekT mOCUMIOETbCA TpacTysyMabom. CyMicHe 3aCTOCYBaHHS IIMX JIBOX areHTIiB IIOCUIIIOE allONTO3 B K/IITUMHAX.
36impienns excrpecii mPHK TP53, BAX, a Tako)X TeHiB, AKi KOLYIOTb LIMTOXPOM C, Kacmasy-3 Ta Kacasy-8 mopsp 3i
sHIKeHHAM ekcripecii BCL-2 ta BCL2L1 TakoX CBif4nTb IO IHAYKIiIO0 anonToTyyHux npouecis. [Tpo antunpomide-
paTyBHY e(heKTUBHICTD 3aCTOCOBAHNX 3aC00IB CBIYNTD TAKOX IPUTHIUeHHsI eKcrpecii 6inkiB ¢pocdo-P38, ERK1/2 ta
PI3K. BucHoBok. OnepxaHi JaHi cBif4aTh Ipo MOTEeHNiHY epeKTUBHICTD KOMOIHOBaHOTO/CIIiIBHOTO 3aCTOCYBaHHS
ATl Ta TpacTy3ymaly mid nikyBaHua PM3.

Kmrouogi cnoBa: pak rpyaHoi 3anosu, Tpactysymad, HER2-1osuTHBHICTD, acCKOpOiIIanbMiTarT, anomnTos.
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