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RINGKASAN 

 

MEKANISME AKTIVASI SEL PUNCA KULIT  

OLEH PROBIOTIK Lactobacillus plantarum IS-10506  

PADA DERMATITIS ATOPIK 
  

 

( Uji Praklinis pada Mencit Balb/c (Mus musculus)  

Model Dermatitis Atopik) 

 

Dermatitis Atopik (DA) adalah penyakit kulit inflamasi yang disebabkan 

oleh interaksi kompleks antara kerentanan genetik, defek sawar kulit, defek sistem 

imun alamiah dan peningkatan respon imunologik terhadap alergen dan antigen 

mikrobial. Dermatitis Atopik (DA) ditandai dengan gatal, eksaserbasi dan remisi 

yang berulang, sering menyebabkan gangguan tidur sehingga mempengaruhi 

kualitas hidup pasien.  

Pada DA, aktivitas sel T helper 2 (Th2) dan sel T helper 17 (Th 17) 

meningkat, sedangkan aktivitas sel T helper 1 (Th1) menurun. Selain itu, pada DA 

jumlah sel T regulator (Treg) Foxp3+ rendah. Sel T reg Foxp3+ berperan dalam 

menyeimbangkan lingkungan pro inflamasi yaitu dengan  menekan respon Th 2 

dan Th 17.  Sitokin yang dihasilkan oleh sel Th2 misalnya Interleukin (IL)-4 

menghambat ekspresi human beta defensin (hBD) -2, suatu antimicrobial peptide. 

Salah satu peran hBD-2 adalah menstimulasi sel punca folikel rambut Leucine-

rich repeat-containing G-protein coupled receptor (Lgr) 6. Tumor Necrosis 

Factor (TNF)-α yang dihasilkan oleh keratinosit, berikatan dengan reseptor 

endotel vaskuler. Sitokin ini menghambat Stromal cell-derived factor (SDF)-1, 

dimana SDF-1 mengaktifkan proliferasi keratinosit melalui jalur Mitogen-

activated Protein Kinase (MAPK). Perbaikan lesi kulit memerlukan kerjasama 

antarsel punca kulit diantaranya adalah sel punca keratinosit Cluster of 
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Differentiation (CD) 71 dan sel punca folikel rambut Lgr 6.  Di samping itu, DA 

sebagai penyakit kulit inflamasi dengan gangguan sawar kulit menunjukkan 

peningkatan transepidermal water loss (TEWL).  

Penatalaksanaan DA meliputi lima pilar penatalaksanaan DA, terapi 

sistemik, dan terapi topikal. Salah satu pilar dari lima pilar penatalakasanaan DA 

adalah menghindari faktor pencetus. Pencegahan alergi dengan menghindari 

faktor pencetus (alergen) sulit dilaksanakan. Induksi aktif toleransi imunologik 

dengan probiotik diharapkan dapat menurunkan reaksi alergi. 

Probiotik mempunyai kemampuan mengatur keseimbangan sel Th1/ Th2 

dan meningkatkan jumlah dan fungsi sel T reg. Penelitian oleh Prakoeswa, dkk 

menunjukkan bahwa probiotik Lactobacillus plantarum IS-10506 (LIS-10506)  

memberikan perbaikan klinis lesi DA yang diukur dengan Scoring for Atopic 

Dermatitis (SCORAD) pada pasien DA anak dan dewasa. Namun demikian, 

mekanisme probiotik dalam aktivasi sel punca kulit untuk perbaikan lesi kulit DA 

belum dapat dijelaskan. 

Sehubungan dengan situasi pandemi Covid-19, maka penelitian dilakukan 

di Laboratorium Hewan Coba Fakultas Kedokteran Universitas Diponegoro 

Semarang. Penelitian dilakukan setelah mendapat ethical clearance no. 106/ EC/ 

H/ FK-UNDIP/ XI/ 2020 dari Komisi Etik Penelitian Kesehatan (KEPK) Fakultas 

Kedokteran Universitas Diponegoro Semarang. Penelitian ini dilakukan dengan 

membuat hewan model DA menggunakan mencit Balb/c (Mus musculus) jantan 

usia 8-12 minggu yang terbagi dengan alokasi random menjadi kelompok  plasebo 

dan kelompok  probiotik. Kedua kelompok mencit diberikan paparan ovalbumin 

secara injeksi intraperitoneal sebanyak 2 kali dengan interval 2 minggu, 
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dilanjutkan paparan ovalbumin secara epikutaneus dengan ditutup kasa dan 

plester selama 1 minggu dan paparan epikutaneus tanpa ditutup kasa selama 1 

minggu. Pemodelan DA pada penelitian ini diamati dengan adanya tanda klinis 

lesi kulit DA berupa eritema/ perdarahan, udem, erosi/ ekskoriasi, dan kekeringan 

kulit serta gambaran histopatologi pada sediaan Hematoksilin Eosin yang 

menyokong diagnosis DA.  

Sebelum dan sesudah perlakuan, kelompok plasebo dan kelompok 

probiotik dilakukan pengukuran TEWL menggunakan tewameter TM 300® dari 

Courage & Khazaka Koln, Jerman dan dilakukan pengamatan manifestasi klinis 

oleh dua orang dokter Spesialis Kulit dan Kelamin. Kelompok  plasebo mendapat 

0,7 gram susu skim dalam1 ml aquadest melalui sonde lambung. Kelompok 

probiotik mendapat Lactobacillus plantarum IS-10506 (LIS) 10
9
 cfu (0,7 gram) 

dalam 1 ml aquadest. Setelah mencit diterminasi, jaringan kulit punggung diambil 

dan dibuat preparat histopatologi untuk dilakukan pemeriksaan imunohistokimia. 

Pemeriksaan imunohistokimia dilakukan di Laboratorium Biokimia dan 

Biomolekuler Fakultas Kedokteran Universitas Brawijaya Malang.  

Pemeriksaan imunohistokimia mendapatkan hasil bahwa ekspresi Foxp3+ 

lebih tinggi secara signifikan pada kelompok probiotik dibandingkan dengan 

kelompok plasebo p = 0,000 ( p < 0,05). Perbedaan ekspresi TNF-α pada kedua 

kelompok tidak signifikan secara statistik p = 0,363 ( p > 0,05). Ekspresi hBD-2 

lebih tinggi secara signifikan pada kelompok probiotik dibandingkan dengan 

kelompok plasebo p = 0,000 ( p < 0,05). Ekspresi SDF-1 lebih tinggi secara 

signifikan pada kelompok probiotik dibandingkan dengan kelompok plasebo p = 

0,000 ( p < 0,05). Ekspresi Lgr6+ lebih tinggi secara signifikan pada kelompok 
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probiotik dibandingkan dengan kelompok plasebo p = 0,000 ( p < 0,05). Ekspresi 

CD 71 lebih tinggi secara signifikan pada kelompok probiotik dibandingkan 

dengan kelompok plasebo p = 0,000 ( p < 0,05).  

Kelompok plasebo tidak mengalami penurunan TEWL yang signifikan p = 

0,194 ( p > 0,05) sedangkan kelompok probiotik mengalami penurunan TEWL 

yang signifikan p = 0,000 ( p < 0,05). Persentase penurunan TEWL kelompok 

probiotik berbeda secara signifikan dengan persentase penurunan TEWL 

kelompok plasebo p = 0,000 ( p < 0,05). 

Hasil analisis menunjukkan penilaian antar 2 pengamat tidak ada 

perbedaan yang berrmakna, baik penilaian manifestasi klinis DA pre ataupun post 

perlakuan. Korelasi yang sangat kuat antar hasil pengukuran pengamat 1 dan 

pengamat 2 menunjukkan hasil pengukuran manifestasi klinis DA reliabel. 

Persentase perbaikan manifestasi klinis DA kelompok probiotik berbeda secara 

signifikan dengan perbaikan manifestasi klinis DA kelompok plasebo p = 0,009 ( 

p < 0,05). 

Analisis jalur menunjukkan bahwa pemberian probiotik LIS-10506 

menstimulasi Treg Foxp3+, hBD-2, SDF-1, CD 71, dan Lgr6+. Selain itu, 

pemberian probiotik LIS-10506 menurunkan TEWL dan memperbaiki manifestasi 

klinis DA secara langsung. 

Kesimpulan dari penelitian ini adalah ekspresi Treg Foxp3+, hBD-2, SDF-

1, Lgr6+, dan CD 71 lebih tinggi secara signifikan pada kelompok probiotik 

dibandingkan dengan kelompok plasebo. Perbedaan ekspresi TNF-α pada kedua 

kelompok penelitian tidak signifikan. Pemberian probiotik LIS-10506 

menurunkan TEWL dan mempercepat perbaikan manifestasi klinis DA 
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dibandingkan plasebo. Pada analisis jalur didapatkan hasil bahwa pemberian 

probiotik LIS memperbaiki manifestasi klinis DA  melalui jalur lain yang tidak 

dianalisis pada penelitian ini, yaitu jalur PI3K/ AKT/ β-catenin dan jalur TGFβ1. 

Keterbatasan penelitian ini adalah tidak menganalisis jalur lain dalam mekanisme 

aktivasi sel punca kulit pada Dermatitis Atopik yaitu jalur Phosphoinositide 3 

kinase (PI3K)/ protein kinase B (AKT)/ β- catenin dan jalur Transforming Growth 

Factor Beta 1 (TGFβ1). Selain itu, pada penelitian ini tidak mengukur kadar IL-4, 

IL-5 dan IL-13 serum mencit sebagai salah satu tanda bahwa model hewan coba 

DA telah terjadi. 
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SUMMARY 

 

SKIN STEM CELL ACTIVATION MECHANISM  

BY PROBIOTIC Lactobacillus plantarum IS-10506  

IN ATOPIC DERMATITIS 

  

(Preclinical Study on Balb/c Mice (Mus musculus) 

 as Atopic Dermatitis Model)  

 

Atopic dermatitis (AD) is an inflammatory skin disease caused by 

complex interactions between genetic susceptibility, skin barrier defects, innate 

immune system defect, and enhanced immunologic response to allergens and 

microbial antigens. Atopic dermatitis (AD) is characterized by itching, repeated 

periods of exacerbation and remission which often cause sleep disturbances so 

that affect patient's quality of life.  

In AD, the activity of T helper cells 2 (Th2) and T helper cells 17 (Th 17) 

are increased, while the activity of T helper 1 (Th1) cells is decreased. In addition, 

in AD, Foxp3+ regulatory T cell (Treg) count was low. Foxp3+ Treg cells play a 

role in balancing the pro-inflammatory environment by suppressing the Th2 and 

Th 17 responses. Cytokines produced by Th2 cells such as Interleukin (IL)-4 

inhibits the expression of antimicrobial peptide human beta defensin (hBD)-2. 

One of the roles of hBD-2 is to stimulate hair follicle stem cells Leucine-rich 

repeat-containing G-protein coupled receptor (Lgr) 6. Tumor Necrosis Factor 

(TNF)- produced by keratinocytes, binds to vascular endothelial receptors. This 

cytokine inhibits stromal cell-derived factor (SDF)-1, in which SDF-1 activates 

keratinocyte proliferation through the Mitogen-activated Protein Kinase (MAPK) 

pathway. Repair of skin lesions requires collaboration among skin stem cells, 

including Cluster of Differentiation (CD) 71 keratinocyte stem cells and hair 
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follicle stem cells Lgr 6. In addition, AD as an inflammatory skin disease with 

impaired skin barrier shows increased transepidermal water loss (TEWL).  

AD management includes the five pillars of AD management, 

systemic, and topical therapy. One of the five pillars of AD management 

is to avoid precipitating factors. Prevention of allergies by avoiding triggers 

factors 

(allergens) are difficult to implement. Active induction of immunologic tolerance 

with probiotics are expected to reduce allergic reactions.  

Probiotics have the ability to regulate the balance of Th1/Th2 cells and 

improve the amount and function of T reg cells. Research by Prakoeswa, et al 

showed that probiotic Lactobacillus plantarum IS-10506 (LIS-10506) gives 

clinical improvement of AD lesions as measured by the Scoring for Atopic 

Dermatitis (SCORAD) in paediatric and adult AD patients. However, the 

mechanism of probiotics in skin stem cell activation for the repair of AD skin 

lesions cannot be explained. 

Due to pandemic covid-19, this research was conducted at the 

Experimental Animal Laboratory, Faculty of Medicine Diponegoro University, 

Semarang. The research was carried out after obtaining ethical clearance no. 106/ 

EC/ H/ FK-UNDIP/ XI/ 2020 from the Health Research Ethics Commission  

(Komisi Etik Penelitian Kesehatan/ KEPK) Faculty of Medicine, Diponegoro 

University, Semarang. This research was conducted by making animal models of 

AD using males Balb/c (Mus musculus) mice, aged 8-12 weeks, divided by 

random allocation into placebo group and probiotic group. Both groups were 

exposed to ovalbumin by intraperitoneal injection, 2 times, at 2-week intervals, 
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followed by percutaneous exposure to ovalbumin, covered with gauze and plaster 

for 1 week and percutaneous exposure without being covered with gauze for 1 

week. The AD modelling in this study was observed with clinical signs of AD 

skin lesions  those were erythema/ hemorrhage, edema, erosion/ excoriation, 

dryness and histopathological feature on the Hematoxylin Eosin preparation 

which supported the diagnosis of AD.  

Before and after the treatment, the TEWL of the placebo and the probiotic 

group was measured using TM 300® (Courage & Khazaka) Cologne, Germany 

tewameter and the clinical manifestations were observed by two 

dermatovenereologists. Placebo group received 0.7 grams of skim milk in 1 ml 

distilled water via a gastric tube. The probiotic group received 10
9
 cfu of 

Lactobacillus plantarum IS-10506 (LIS-10506) (0.7 grams) in 1 ml of distilled 

water. After the mice were terminated, the skin tissue of the back is taken and 

histopathological preparations were made for immunohistochemical examination. 

Immunohistochemical examination was carried out in the Laboratory of 

Biochemistry and Biomolecular, Faculty of Medicine, Brawijaya University 

Malang.  

Immunohistochemical examination showed that Foxp3+ expression 

was significantly higher in the probiotic group compared to placebo group with    

p = 0.000 (p < 0.05). Differences in TNF- expression between the two groups 

was not statistically significant with p = 0.363 (p > 0.05). hBD-2 expression was 

significantly higher in the probiotic group compared to placebo group with            

p = 0.000 (p < 0.05). SDF-1 expression was significantly higher in the probiotic 

group compared to the placebo group with p= 0.000 (p < 0.05). Lgr6+ expression 
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was significantly higher in the probiotics group compared with the placebo group 

with p = 0.000 (p < 0.05). Expression of CD71 was significantly higher in the 

probiotic group compared to placebo group with p = 0.000 (p < 0.05). 

The placebo group did not experience a significant decrease in TEWL 

with p = 0.194 (p > 0.05) whereas the probiotic group experienced a significant 

decrease in TEWL with p = 0.000 (p < 0.05). The percentage of TEWL reduction 

in the probiotic group was significantly different compare to the placebo group 

with p = 0.000 (p < 0.05).  

The results of the analysis show that there is no meaningful difference 

between the assessments of 2 observers for both pre- and post-treatment clinical 

manifestations of AD. A very strong correlation between the results of 

measurement from observer 1 and observer 2 showed a reliable measurement of 

the clinical manifestations of AD. Percentage improvement in clinical 

manifestations of AD in the probiotic group was significantly different with the 

percentage of the placebo group with p = 0.009 (p < 0.05).  

Pathway analysis showed that administration of LIS probiotics stimulated 

T regs Foxp3+, hBD-2, SDF-1, CD 71, and Lgr6+. In addition, the administration 

of probiotic LIS-10506 decreased TEWL and improved clinical manifestations of 

AD directly.  

The conclusion of this study was that the expressions of  Treg Foxp3+, 

hBD-2, SDF-1, Lgr6+ and CD71 were significantly higher in probiotic group 

compared to the placebo group. The difference of TNF-α expression in both study 

group was not significant. Administration of probiotic LIS-10506 decreased 

TEWL and accelerated improvement the clinical manifestation of AD compared 
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to placebo.  Pathway analysis showed that the administration of LIS-10506 

probiotics improved clinical manifestations of AD through the other pathways that 

have not been analysed in this research those were PI3K/AKT/β-catenin and 

TGFβ1 pathways . The limitation of this study was that this study  did not analyse 

other pathways for the mechanism of skin stem cell activation in AD such as the 

pathway of Phosphoinositide 3 kinase (PI3K)/ protein kinase B (AKT)/ -catenin 

and Transforming Growth Factor Beta 1 (TGF1) pathway. In addition, this study 

did not measure the serum levels of IL-4, IL-5, and IL-13 as one of several signs 

that animal model of AD had been occurred. 
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ABSTRAK 

 

Latar Belakang: 

Dermatitis Atopik (DA) adalah inflamasi kulit kronik dengan rasa gatal, timbul 

pada predileksi tertentu, bersifat kronik berulang sehingga dapat mempengaruhi 

kualitas hidup pasiennya. Salah satu terapi DA adalah pemberian probiotik per 

oral. Lactobacillus plantarum IS-10506 (LIS-10506) merupakan probiotik asli 

Indonesia yang didapatkan dari fermentasi susu kerbau di Sumatra Barat. 

Mekanisme probiotik dalam aktivasi sel punca kulit untuk perbaikan lesi kulit DA 

belum dapat dijelaskan. 

 

Objective: 

Untuk menjelaskan mekanisme probiotik dalam aktivasi sel punca kulit untuk 

perbaikan lesi kulit DA. 

 

Method: 

Sebanyak 40 ekor mencit Balb/c (Mus musculus) jantan usia 8-12 minggu 

diaklimatisasi selama 1 minggu dan dibagi secara acak menjadi 2 kelompok. 

Kedua kelompok dipaparkan dengan ovalbumin secara intraperitoneal dilanjutkan 

secara epikutaneus. Kelompok plasebo mendapat susu skim 0,7 gram per hari per 

oral dan kelompok probiotik mendapat LIS-10506 dosis 10
9
 cfu per hari per oral 

selama 4 minggu. Pengukuran TEWL dan manifestasi klinis dilakukan sebelum 

dan sesudah perlakuan. Jaringan kulit punggung mencit dibuat sediaan 

histopatologi dan dilakukan pemeriksaan imunohistokimia. Analisis statistik 

menggunakan uji t 2 sampel bebas, uji t berpasangan, uji Wilcoxon Signed Rank, 

dan analisis jalur.  

 

Hasil: 

Terdapat perbedaan yang signifikan antar dua kelompok pada ekspresi Foxp3+ ( 

p= 0,000), hBD-2 ( p= 0,000), SDF-1 ( p= 0,000), CD 71 (p = 0,000), Lgr6+ ( p = 

0,000), TEWL ( p = 0,000), dan manifestasi klinis DA ( p = 0,009). Perbedaan 

ekspresi TNF-α pada dua kelompok tidak signifikan secara statistik (p = 0,363). 

Analisis jalur menunjukkan bahwa pemberian LIS-10506 per oral secara langsung 

memperbaiki manifestasi klinis DA. 

 

Kesimpulan: 

Probiotik LIS-10506 meningkatkan ekspresi Foxp3+, hBD-2, SDF-1, CD 71, 

Lgr6+, menurunkan TEWL, dan memperbaiki manifestasi klinis DA secara 

langsung. 

 

Kata kunci:  dermatitis atopik, sel punca kulit, Lactobacillus plantarum IS-10506 
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ABSTRACT 

 

Background:  
Atopic Dermatitis (AD) is a chronic inflammation of the skin with itching on 

certain predilection. The course of AD is chronic and recurrent so that it affects 

the quality of life of the patient. One of AD therapy is oral probiotic 

administration. Lactobacillus plantarum IS-10506 (LIS-10506) is a native 

probiotic from Indonesia obtained from fermented buffalo milk in West Sumatra. 

Probiotic mechanism in skin stem cell activation for the repair of AD skin lesions 

is still unknown.  

 

Objectives:  
To analyse the mechanism of probiotics in skin stem cell activation for the repair 

of AD skin lesions.  

 

Methods:  
A total of 40 male Balb/c (Mus musculus) mice aged 8-12 weeks were 

acclimatized for 1 week and randomly divided into 2 groups. Both groups were 

exposed to ovalbumin intraperitoneally followed by percutaneous. The placebo 

group received 0.7 grams of skim milk  daily orally and the probiotic group 

received 10
9
 cfu of LIS (= 0,7 grams) daily orally for 4 weeks. Transepidermal 

water loss (TEWL) measurements and clinical manifestations observations were 

performed before and after treatment. The back skin tissue of mice was made into 

histopathological preparations and underwent immunohistochemical examination. 

Statistical analysis  was done with independent sample t-test, paired t-test, 

Wilcoxon Signed Rank test, and pathway analysis.  

 

Results:  
There were significant differences between the two groups in the expression of 

Foxp3+ (p= 0.000), hBD-2 (p= 0.000), SDF-1 (p= 0.000), CD 71 (p = 0.000), 

Lgr6+ 

(p = 0.000), TEWL (p = 0.000), and clinical manifestations of AD (p = 0.009). 

The difference in TNF- expression in the two groups was not statistically 

significant (p = 0.363). Pathway analysis showed that oral administration of LIS-

10506 directly improved the clinical manifestations of AD.  

 

Conclusion: 

Foxp3+, hBD-2, SDF-1, CD 71, and Lgr6+ expressions were significantly higher 

in probiotic group compared to placebo group. 

Probiotic group experienced a significant decrease in TEWL while the placebo 

group did not. Probiotic LIS-10506 directly improved clinical manifestation of 

AD. 

 

Keywords: atopic dermatitis, skin stem cells, Lactobacillus plantarum IS-10506  
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