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HER2 expression is associated with 30 % of breast cancer 
patients with a poor prognosis. Though Trastuzumab is 
approved for HER2 targeted therapy, its use is limited 
because of its systemic toxicity and resistance in most patients. 
This study evaluated the synergistic effects of Phenethyl 
isothiocyanate (PEITC) and Curcumin (CUR) in HER2 
overexpressing SK-BR-3, BT-474, and AU-565 breast 
cancer cells. The cytotoxic effect of PEITC: CUR against 
breast cancer cells was evaluated using an MTT assay, 
and the Loewe additivity model was used to evaluate the 
synergistic effect. Apoptosis induction and cell cycle arrest 
over the treatment of PEITC: CUR in breast cancer cells 
were examined using the flow cytometric annexin-V/
Propidium iodide method. Downregulation of HER2-mediated 
signaling was deduced from protein expression analysis using 
western-blot. Our results showed that treatment of PEITC: 
CUR at varying levels of combinations in all three breast 
cancer cells extensively reduced the survival of the cells with 
the lowest inhibitory concentrations (IC50). Cytotoxic data 
revealed that the 3:1 ratio of PEITC: CUR was the best 
among several (1:1, 3:1, and 1:3) combinations, with the 
maximum cytotoxicity. PEITC: CUR (3:1) displayed the 
lowest combination index (CI) against SK-BR-3, and AU-
565 cells indicated its potential synergistic effect. At twice 
the concentration of its IC50, the 3:1 combination elicited 
3.5 to 4.5 fold apoptosis in HER2 overexpressing cells, 
approximately double the effect of the individual drugs alo-
ne. In addition, the selected combination induced the G2/M 

cell cycle arrest in HER2 expressing cells over the treatment. 
Western blot protein expression analysis revealed that the 
PEITC: CUR combination suppressed the HER2/PI3K/
Akt signaling, eventually connected to various apoptotic 
biological events. Our results showed the specificity of 
PEITC: CUR combination in inducing apoptosis and G2/M 
cell cycle arrest in HER2-expressing tumor cells in-vitro 
and enhancing the anti-cancer effect. For a subset of breast 
cancer patients who overexpress HER2, this combination 
of PEITC and CUR could be a potential treatment option.

Key words: Phenethyl isothiocyanate, Curcumin, Apoptosis, 
HER2, breast cancer.
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ÏÎÒÅÍÖ²ÀË ÔÅÍÅÒÈË²ÇÎÒ²ÎÖ²ÀÍÀÒÓ
ÒÀ ÊÓÐÊÓÌ²ÍÓ ²ÍÄÓÊÓª ÀÏÎÏÒÎÇ
² ÇÓÏÈÍÊÓ ÊË²ÒÈÍÍÎÃÎ ÖÈÊËÓ G2/M 
Â HER2-ÏÎÇÈÒÈÂÍÈÕ ÊË²ÒÈÍÀÕ ÐÀÊÓ 
ÌÎËÎ×ÍÎ¯ ÇÀËÎÇÈ

Åêñïðåñ³þ HER2 âèÿâëÿþòü ó 30 % ïàö³ºíòîê ³ç
ðàêîì ìîëî÷íî¿ çàëîçè ç ïîãàíèì ïðîãíîçîì ïî-
äàëüøîãî ïåðåá³ãó çàõâîðþâàííÿ. Õî÷à òðàñòóçóìàá 
ñõâàëåíî äëÿ òåðàï³¿, ñïðÿìîâàíî¿ íà HER2, éîãî 
âèêîðèñòàííÿ îáìåæåíå ÷åðåç ñèñòåìíó òîêñè÷í³ñòü 
³ ðåçèñòåíòí³ñòü áàãàòüîõ ïàö³ºíò³â. Ìåòà öüîãî 
äîñë³äæåííÿ ïîëÿãàëà â îö³íö³ ñèíåðã³÷íîãî âïëèâó 
ôåíåòèë³çîò³îö³àíàòó (PEITC) òà êóðêóì³íó (CUR) 
íà êë³òèíè ðàêó ìîëî÷íî¿ çàëîçè SK-BR-3, BT-
474 òà AU-565 ç íàäì³ðíîþ åêñïðåñ³ºþ HER2. 
Öèòîòîêñ³÷íèé âïëèâ PEITC CUR íà êë³òèíè ðàêó 
ìîëî÷íî¿ çàëîçè îö³íþâàëè ç âèêîðèñòàííÿì MTT-
òåñòó, à ìîäåëü àääèòèâíîñò³ Ëîó çàñòîñóâàëè äëÿ 
îö³íêè ñèíåðã³÷íîãî âïëèâó. ²íäóêö³þ àïîïòîçó é 
çóïèíêó êë³òèííîãî öèêëó ÷åðåç îáðîáêó êë³òèí ðà-
êó ìîëî÷íî¿ çàëîçè çà äîïîìîãîþ PEITC:CUR äî-
ñë³äæóâàëè çà âèêîðèñòàííÿ ìåòîäó ïðîòî÷íî¿ öèòî-
ìåòð³¿ ç àííåêñèíîì-V/³îäèäîì ïðîï³ä³þ. Âèñíîâîê
ùîäî íåãàòèâíî¿ ðåãóëÿö³¿ HER2-îïîñåðåäêîâàíîãî 
ñèãíàë³íãó áóëî çðîáëåíî íà ï³äñòàâ³ àíàë³çó åêñ-
ïðåñ³¿ á³ëê³â ³ç âèêîðèñòàííÿì Âåñòåðí-áëîòò³íãó. 
Íàø³ ðåçóëüòàòè ïîêàçàëè, ùî îáðîáêà âñ³õ òðüîõ
âèä³â êë³òèí ðàêó ìîëî÷íî¿ çàëîçè ð³çíèìè ïîºä-
íàííÿìè PEITC:CUR ñóòòºâî çíèçèëî ð³âåíü âèæè-
âàííÿ êë³òèí ³ç íàéíèæ÷èìè ³íã³á³òîðíèìè êîíöåí-
òðàö³ÿìè (IC50). Öèòîòîêñè÷í³ äàí³ ïîêàçàëè, ùî 
ñï³ââ³äíîøåííÿ PEITC:CUR 3:1 áóëî íàéêðàùèì 
ñåðåä ð³çíèõ (1:1, 3:1 ³ 1:3) êîìá³íàö³é, ç ìàêñèìàëü-
íîþ öèòîòîêñè÷í³ñòþ. Ïîºäíàííÿ PEITC:CUR (3:1)
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ìàëî íàéíèæ÷èé ïîêàçíèê àääèòèâíîñò³ (CI) ùîäî
SK-BR-3, à êë³òèíè AU-565 ïîêàçàëè ñâ³é ïîòåí-
ö³éíèé ñèíåðã³÷íèé åôåêò. Ïðè ïîäâ³éí³é êîíöåí-
òðàö³¿ ñâîº¿ IC50 ïîºäíàííÿ 3:1 ï³äâèùèëî ð³âåíü 
àïîïòîçó êë³òèí ³ç íàäì³ðíîþ åêñïðåñ³ºþ HER2 
ç 3,5 äî 4,5 ðàç³â, ïðèáëèçíî ïîäâî¿âøè âïëèâ 
ðå÷îâèí, çàñòîñîâàíèõ ïîîäèíö³. Êð³ì òîãî, çàâäÿ-
êè îáðîáö³ âèáðàíå ïîºäíàííÿ ³íäóêóâàëî çóïèíêó 
êë³òèííîãî öèêëó G2/M â êë³òèíàõ ³ç íàäì³ðíîþ 
åêñïðåñ³ºþ HER2. Âåñòåðí-áëîòòèíã àíàë³ç åêñïðå-
ñ³¿ á³ëê³â ïîêàçàâ, ùî ïîºäíàííÿ PEITC:CUR ïðè-
ãí³òèëî ñèãíàë³íã HER2/PI3K/Akt, ïîâ’ÿçàíèé ³ç
ð³çíèìè àïîïòè÷íèìè á³îëîã³÷íèìè ïîä³ÿìè. Íàø³
ðåçóëüòàòè ïðîäåìîíñòðóâàëè ñïåöèô³÷í³ñòü ïîºä-
íàííÿ PEITC:CUR â ³íäóêóâàíí³ àïîïòîçó é çó-
ïèíêè êë³òèííîãî öèêëó G2/M â êë³òèíàõ ïóõëèí ³ç 
íàäì³ðíîþ åêñïðåñ³ºþ HER2 in vitro òà ï³äâèùåíí³ 
ïðîòèïóõëèííîãî åôåêòó. Öå ïîºäíàííÿ PEITC ³ 
CUR ìîæå áóòè ïîòåíö³éíèì âàð³àíòîì ë³êóâàííÿ 
äëÿ ï³äãðóïè ïàö³ºíòîê ³ç ðàêîì ìîëî÷íî¿ çàëîçè, 
ÿê³ äåìîíñòðóþòü íàäì³ðíó åêñïðåñ³þ HER2.

Êëþ÷îâ³ ñëîâà: ôåíåòèë³çîò³îö³àíàò, êóðêóì³í, àïîï-
òîç, HER2, ðàê ìîëî÷íî¿ çàëîçè.
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