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ABSTRAK 

EKSPRESI SITOKIN INTERLEUKIN-6 DAN TUMOR NECROSIS 
FACTOR-α PADA MENCIT BALB/c YANG DIINJEKSI DNA PENGKODE 

PROTEIN SPIKE-SARS-CoV-2 DENGAN AJUVAN LIPOSOM UNTUK 
MENDUKUNG KESEHATAN NASIONAL 

Pandemi COVID-19 mendorong pengembangan vaksin yang aman dan 
efektif, salah satunya vaksin DNA yang menawarkan stabilitas tinggi, 
kemudahan produksi, serta keamanan transfeksi vaksin, terutama jika 
dikombinasikan dengan ajuvan liposom yang mampu meningkatkan 
efisiensi pengantaran dan imunogenisitas antigen. Respon imun terhadap 
infeksi SARS-CoV-2 berkaitan erat dengan aktivasi sitokin proinflamasi, 
termasuk IL-6 dan TNF-α yang berperan penting dalam fase awal imunitas 
terhadap virus. Penelitian ini bertujuan untuk mengevaluasi ekspresi sitokin 
IL-6 dan TNF-α sebagai indikator aktivasi sistem imun terhadap vaksin DNA 
SARS-CoV-2 dengan ajuvan liposom pada mencit BALB/c. Formulasi 
ajuvan liposom berupa PEI25k, DOTAP, dan kolesterol diinjeksikan ke 
mencit BALB/c sebanyak empat kali sebelum diterminasi untuk analisis 
ekspresi sitokin melalui RT-qPCR dengan organ limpa sebagai sampel uji. 
Analisis karakterisasi sel dengan flow cytometry dilakukan untuk konfirmasi 
hasil respon imun terhadap formulasi vaksin menggunakan sel eksudat 
peritoneal mencit BALB/c. Hasil uji ekspresi sitokin IL-6 (0,17±0,01) dan 
TNF-α (0,25±0,01) serta karakterisasi sel imun dengan 20,69% populasi sel 
monosit dan makrofag menunjukkan formula PEI25k:DOTAP:kolesterol 
(2:1:1) memiliki potensi dalam induksi respon imun yang paling signifikan 
dalam perkembangan vaksin DNA SARS-CoV-2 berbasis liposom.  

Kata Kunci: ajuvan liposom, IL-6, SARS-CoV-2, TNF-α, vaksin DNA 
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ABSTRACT 

EXPRESSION OF INTERLEUKIN-6 AND TUMOR NECROSIS FACTOR-
α IN BALB/c MICE IMMUNIZED WITH LIPOSOME-ADJUVANTED 

SARS-CoV-2 SPIKE DNA VACCINE TO SUPPORT NATIONAL HEALTH 

The COVID-19 pandemic has driven the development of safe and effective 
vaccines, including DNA vaccines, which offer high stability, ease of 
production, and safe transfection, particularly when combined with 
liposome-based adjuvants that enhance delivery efficiency and antigen 
immunogenicity. The immune response to SARS-CoV-2 infection is closely 
associated with the activation of proinflammatory cytokines, including IL-6 
and TNF-α, both of which play crucial roles during the early phase of 
immune defense against the virus. This study aims to evaluate the 
expression of IL-6 and TNF-α as indicators of immune activation in BALB/c 
mice administered with a liposome-adjuvanted SARS-CoV-2 DNA vaccine. 
The liposomal adjuvant formulation, consisting of PEI25k, DOTAP, and 
cholesterol, was injected into BALB/c mice four times, prior to termination 
for cytokine expression analysis via RT-qPCR using spleen tissue samples. 
Immune cell characterization was also conducted via flow cytometry using 
peritoneal exudate cells to confirm immune responses elicited by the 
vaccine formulation. The results of IL-6 (0,17±0,01) and TNF-α (0,25±0,01) 
expression, along with immune cells profiling with 20,69% cells population 
consisting of monocytes and macrophages, indicated that the 
PEI25k:DOTAP:cholesterol (2:1:1) formulation had the most significant 
potential in inducing a balanced immune response, supporting its promise 
in the development of a liposome-based SARS-CoV-2 DNA vaccine. 
 
Keywords: DNA vaccine, IL-6, liposome adjuvant, SARS-CoV-2, TNF-α 
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