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The objective of this study was to investigate the optimization 
of electroporation of hepatocyte nuclear factor 1 alpha 
(Hnf1-�) in murine mesenchymal stem cells (mBM-MSCs).
mBM-MSCs were phenotypically observed and confir-
med by positive expression of stemness markers with dif-
ferentiation capacity into osteocytes. Hnf1-� plasmid 
DNA was transfecDVted via Neon electroporation system 
into the mBM-MSCs. The cells were maintained in a 
complete DMEM medium. Following single 0.5 �g Hnf1-� 
electroporation the differences in viability of mBM-MSCs 
were statistically insignificant at 24, 72, and post-21 days. 
Fluorescence imaging of turbo green fluorescence protein 
(tGFP) was detected for the efficiency of transfection. The 
transfection efficiency was detected at parameters of 1000 
pulse voltage (v), 10 pulse width (ms), and at 3 pulse 
number at 24 hours (***p-value < 0.001, 66.5 ± 12.2) in 
mBM-MSCs. The efficiency of transfected 0.5 �g Hnf1-� 
was decreased at 72 hours (40.2 ± 10.9) and 21 days 
(31.7 ± 5). 250 �g/ml G418 Sulfate was used for the 
selection of Hnf1-� transfected positive cells. TaqMan-qRT-
PCR results of independent experiments revealed significant 
fold differences in Hnf1-� expression with above mentioned 
defined parameters. Therefore, 0.5 �g Hnf1-� plasmid into 
2.5 × 105 mBM-MSCs with a pulse voltage of 1000 v, pulse 
width of 10 ms, and pulse number of 3, was optimized, which 
was not reported before. These parameters can be considered 
for transfection with cell viability of 65–96 % from 24 
hours to 21 days and 60 –70 % transfection efficiency after 
24 hours. Hence, this optimized procedure with efficient 
transfection rates can be applied for further gene functions 
and differentiation studies in the liver, pancreas, kidney, 
intestine, and for other tissues in specialized niches.

Key words: Alamar blue, G418, Pulse, Stem Cells, Trans-
fection Efficiency, Viability, Voltage.

ÎÏÒÈÌ²ÇÎÂÀÍÈÉ ÏÐÎÒÎÊÎË 
ÅËÅÊÒÐÎÏÎÐÀÖ²¯ ßÄÅÐÍÎÃÎ ÔÀÊÒÎÐÀ 1 

ÀËÜÔÀ ÃÅÏÀÒÎÖÈÒ²Â (HNF-1�)
Ó ÌÅÇÅÍÕÈÌÀËÜÍÈÕ ÑÒÎÂÁÓÐÎÂÈÕ 
ÊË²ÒÈÍÀÕ

Ìåòà öüîãî äîñë³äæåííÿ ïîëÿãàëà ó âèâ÷åíí³ îï-
òèì³çàö³¿ åëåêòðîïîðàö³¿ ÿäåðíîãî ôàêòîðà 1 àëüôà 
ãåïàòîöèò³â (Hnf1-�) ó ìåçåíõèìàëüíèõ ñòîâáóðîâèõ 
êë³òèíàõ ìèøåé (ìÊÌ-ÌÑÊ). ìÊÌ-ÌÑÊ áóëè âè-
ÿâëåí³ ôåíîòèï³÷íî ³ ï³äòâåðäæåí³ çà ïîçèòèâíîþ 
åêñïðåñ³ºþ ìàðêåð³â ñòîâáóðîâîñò³ ç³ çäàòí³ñòþ äî
äèôåðåíö³àö³¿ â îñòåîöèòè. ÄÍÊ ïëàçì³äè Hnf1-�
òðàíñô³êóâàëè çà äîïîìîãîþ ñèñòåìè åëåêòðîïî-
ðàö³¿ Neon â ìÊÌ-ÌÑÊ. Êë³òèíè òðèìàëè â ïîâ-
íîìó ñåðåäîâèù³ DMEM. Ï³ñëÿ îäíîðàçîâî¿ åëåê-
òðîïîðàö³¿ 0,5 ìêã Hnf1-� â³äì³ííîñò³ â æèòòºçäàò-
íîñò³ ìÊÌ-ÌÑÊ áóëè ñòàòèñòè÷íî íåçíà÷íèìè 
÷åðåç 24, 72 ãîä òà 21 äåíü. Åôåêòèâí³ñòü òðàíñôåêö³¿ 
âèçíà÷àëè çà äîïîìîãîþ ôëóîðåñöåíòíî¿ â³çóàë³çàö³¿ 
òóðáî-çåëåíîãî ôëóîðåñöåíòíîãî á³ëêà (tGFP). Åôåê-
òèâí³ñòü òðàíñôåêö³¿ âèçíà÷àëè çà ïàðàìåòð³â ³ì-
ïóëüñíî¿ íàïðóãè 1000 (v), òðèâàëîñò³ ³ìïóëüñó 
10 (ìñ) òà 3 ³ìïóëüñ³â íà 24 ãîäèíè (***p-çíà-
÷åííÿ <0,001, 66,5 ± 12,2) â ìÊÌ-ÌÑÊ. Åôåêòèâ-
í³ñòü òðàíñôåêö³¿ 0,5 ìêã Hnf1-� çíèæóâàëàñÿ ÷å-
ðåç 72 ãîä (40,2 ± 10,9) òà 21 äåíü (31,7 ± 5). Äëÿ 
â³äáîðó ïîçèòèâíèõ êë³òèí, òðàíñô³êîâàíèõ Hnf1-�, 
âèêîðèñòîâóâàëè 250 ìêã/ìë ñóëüôàòó G418. Ðå-
çóëüòàòè TaqMan-êÇÒ-ÏËÐ ó íåçàëåæíèõ åêñïå-
ðèìåíòàõ âèÿâèëè çíà÷í³ â³äì³ííîñò³ â åêñïðåñ³¿ 
Hnf1-� ïðè âèùåçàçíà÷åíèõ ïàðàìåòðàõ. Òàêèì ÷è-
íîì, áóëî îïòèì³çîâàíî 0,5 ìêã ïëàçì³äè Hnf1-� â 
2,5 × 105 ìÊÌ-ÌÑÊ ç ³ìïóëüñíîþ íàïðóãîþ 1000 Â,
òðèâàë³ñòþ ³ìïóëüñó 10 ìñ ³ ê³ëüê³ñòþ ³ìïóëüñ³â – 
3, ïðî ùî ðàí³øå íå ïîâ³äîìëÿëîñÿ. Ö³ ïàðàìåòðè 
ìîæíà ðîçãëÿäàòè äëÿ òðàíñôåêö³¿ ç æèòòºçäàòí³ñòþ 
êë³òèí 65 % – 96 % â³ä 24 ãîäèí äî 21 äíÿ òà 
åôåêòèâí³ñòþ òðàíñôåêö³¿ 60 % – 70 % ÷åðåç 24 ãîä.
Òàêèì ÷èíîì, öÿ îïòèì³çîâàíà ïðîöåäóðà ç åôåê-
òèâíèìè ïîêàçíèêàìè òðàíñôåêö³¿ ìîæå áóòè çàñ-
òîñîâàíà äëÿ ïîäàëüøèõ äîñë³äæåíü ôóíêö³é ãåí³â 
òà äèôåðåíö³þâàííÿ â ïå÷³íö³, ï³äøëóíêîâ³é çàëî-
ç³, íèðêàõ, êèøê³âíèêó, à òàêîæ äëÿ ³íøèõ òêàíèí ó 
ñïåö³àë³çîâàíèõ í³øàõ.

Êëþ÷îâ³ ñëîâà: àëàìàðîâèé ñèí³é, G418, ïóëüñ, 
ñòîâáóðîâ³ êë³òèíè, åôåêòèâí³ñòü òðàíñôåêö³¿, 
æèòòºçäàòí³ñòü, íàïðóãà.
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