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RINGKASAN

MEKANISME IMUNOREGULASI DAN REGENERASI KERUSAKAN EPITEL
ALVEOLAR SETELAH PEMBERIAN BONE MARROW DERIVED
MESENCHYMAL STEM CELL PADA ACUTE RESPIRATORY DISTRESS
SYNDROME AKIBAT VIRUS HIGHLY PATHOGENIC
AVIAN INFLUENZA H5N1

Acute respiratory distress syndrome (ARDS) adalah kegagalan pernapasan akut
yvang merupakan komplikasi akibat acute lung injury (ALI).ARDS ditandai dengan
kerusakan alveolar difus yang pada akhirnya mengakibatkan hipoksemia berat dan gagal
napas. Virus highly pathogenic avian influenza (HPAI) H5N1 merupakan salah satu
penyebab tingginya insiden ARDS.Indonesia adalah negara dengan jumlah kumulatif
penderita avian influenza terbanyak setelah Mesir, dengan angka kematian tertinggi di
dunia, sejak tahun 2003 tercatat 200 kasus dengan 168 kematian, dua di antaranya
terjadi pada tahun 2015 dan semuanya meninggal karena gagal napas akut. Pada tahun
2017 ditemukan kembali 1 kasus kematian akibat avian influenza H5N1, setelah tidak
ditemukan kasus H5N1 pada tahun 2016 (WHO, 2018; Kemenkes RI, 2017).

Pengembangan terapi saat ini mengutamakan terapi yang memiliki kemampuan
imunomedulator, inhibitor kaskade sinyal intraseluler yang digunakan virus untuk
replikasi dan memiliki kemampuan regenerasi.Terapi berbasis sel merupakan
pendekatan terapi baru yang potensial. Terapi allotransplantasi bone marrow
derivedmesenchymal Stem Cell (BM-MSC) memiliki efek menguntungkan pada model
eksperimental cedera paru akut baik oleh karena bahan kimia maupun infeksi bakteri.
Penelitian tentang pemberian BM-MSCpada ARDS akibat infeksi virus pernapasan akut
belum banyak dan menunjukan hasil yang bertentangan. Tujuan penelitian ini adalah
mengetahui potensi BM-MSC pada ARDS akibat paparan virus HPAI H5N1 dan
menjelaskan mekanismenya.

Jenis penelitian ini adalah frue experimental, randomize control group pre-test
dan post-test design pada hewan coba mencit BALB/c. Penelitian ini dibagi menjadi 2
tahap. Tahap | merupakan tahap prakondisi yang membuat kerusakan paru akut dengan
cara instilasi virus HPAI A/turkey/East Java/Av154/2013 (H5N1) secara intranasal.
Dosis virus yang digunakan adalah dosis letal yaitu 1 x 10, berdasarkan hasil penelitian
pendahuluanmenyebabkan kematian pada 100% mencit (MLD100) pada hari ke-7.
Tahap 2 adalah mencit dengan kerusakan paru akut yang diberikan terapi BM-MSC.
Kuantitas BM-MSC yang digunakan pada penelitian ini adalah 5,5 x 10° dengan booster
sebanyak dua kali. Identifikasi dan karakterisasi BM-MSC dilakukan dengan
pemeriksaan imunositokimia dan floweytometri yang menunjukan CD 105 positif dan
CD 45 negatif. Pemeriksaan ekspresi f-catenin, ekspresi PGE2, ekspresi NFxp, ekspresi
IL-1P, ekspresi RAGE, ekspresi pSfipc, ekspresi Aqp5+, PaO2/FiO2, titer virus dan luas
kerusakan paru dilakukan secara periodik. Uji statistik menggunakan Anova dan analisis
jalur. Etika penelitian disetujui oleh Animal Care and Use Committee (ACUC), Fakultas
Kedokteran Hewan, Universitas Airlangga.

Penelitian ini membuktikan pemberian BM-MSC pada mencit model kerusakan
paru akut akibat HPAT H5N1 meningkatkan ekspresi f-catenin, meningkatkan ekspresi
PGE2, meningkatkan ekspresi Sfipe, meningkatkan ekspresi AqpS+, meningkatkan
kadar PaO2/FiO2, menurunkan ckspresi NFkP, menurunkan ekspresi  IL-1p,
menurunkan ekspresi RAGE, menurunkan ekspresi TNFa, menurunkan skor HE.
Pemberian BM-MSC tidak terbukti menurunkan titer virus dan tidak dapat menjelaskan
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perbaikan kerusakan paru akut melalui mekanisme regenerasi.

Temuan baru pada penclitian ini adalah, faktor terlarut yang dilep
BM-MSC mampu memberikan efek imunregulasi dan regenerasi sel alveolar tipe 1 dan
alveolar tipe 2 melalui aktivasi PGE2 endogen. Adanya kerusakan paru akut akibat
pelepasan sitokin proinflamasi TNF-a dan IL-1p yang berlebih pada daerah jejas,
diperkirakan akan memicu BM-MSC untuk melepaskan berbagai macam faktor terlarut
dan mengubah lingkungan mikro pada daerah jejas, yang akan mengaktifkan PGE2
endogen, untuk selanjutnya akan meningkatkan akumulasi P-catenin endogen pada
sitoplasma. Akumulasi f-catenin yang berlebihan dalam sitoplasma akan mengaktifkan
jalur imunoregulasi dan regenerasi. Aktivitas jalur imunoregulasi akibat peningkatan /-
catenin melalui mekanisme cross regulationakan menyebabkan penurunan faktor
transkripsi NFkp, sehingga aktivitas gen proinflamasi dan ckspresi RAGE menurun,
mekanisme ini dapat mencegah kerusakan paru lebih lanjut. Aktifitas f-catenin juga
akan meningkatkan proliferasi progenitor sel AT2 dan ATl yang berfungsi dalam
mekanisme regenerasi. Berdasarkan besaran pengaruh dan signifikansinya dari kedua
mekanisme tersebut, mekanisme imunoregulasi lebih dominan untuk mencegah
terjadinya kerusakan fungsi paru lebih lanjut, yang ditandai dengan penurunan skor HE.
Penurunan skor HE dapat mencegah terjadinya ARDS berdasarkan penghitungan rasio
PaO2/FiO2. Penelitian ini memiliki keterbatasan sehingga perlu dilakukan penelitian
lebih lanjut, karena adanya faktor — faktor lain yang belum diteliti yang mungkin dapat
mempengaruhi potensi dan mekanisme MSC eksogenus pada perbaikan kerusakan paru

akut.
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SUMMARY

MECHANISMS OF IMMUNOREGULATION AND REGENERATION OF
ALVEOLAR EPITHELIAL DAMAGE AFTER ADMINISTRATION OF BONE
MARROW DERIVED MESENCHYMAL STEM CELL INACUTE
RESPIRATORY DISTRESS SYNDROME INDUCED BY
HIGHLY PATHOGENIC AVIAN INFLUENZA H5N1VIRUS

Acute respiratory distress syndrome (ARDS) is type of acute respiratory failure
due to lung injury from a variety of precipitants. Pathologically ARDS is characterised
by diffuse alveolar damagewhich finally causes hipoxemia and respiratory failure.
Highly pathogenic avian influenza (HPAI) H5N1 virus is one of the causative agents
with a high incident rate in Acute respiratory distress syndrome. Indonesia is the country
with the second highest cummulative number of avian influenza patients, after Egypt,
with the highest mortality rate in the world. Since 2003, there have been 200 cases with
168 mortalities, both of them occured in 2015 and all of them died due to acute
respiratory distress syndrome. In 2017, it was also found 1 more mortality case because
of avian influenza H5N1 after its absence in 2016.

The current therapy development prioritizes therapies having immunomodulator
ability, inhibitor of the intracellular signal cascades which are used by virus to replicate
and have regeneration ability. A cell-based therapy is a new potential therapy
approach.Bone marrow derived mesenchymal Stem Cell (BM-MSC) allotranplantation
therapy has beneficial effects in acute lung injury experimental models, due to chemical
substances and bacteria infection. Study related BM-MSC administrationin ARDS due
to acute respiratory virus infection is limited and indicates conflicting result.The aim of
this study is to provide information about the potential therapeutic roles of BM-MSC in
ARDS due to HPAI H5N1 virus infection and to explain its mechanism.

This is a true experimental, with randomized control group pre-test and post-test

design in BALB/c mice. This study was divided into 2 stages. Stage 1 was
preconditioning phase which created acute lung injury by instillation of HPAI
A/turkey/East Java/Av154/2013 (H5N1) virus intranasally. The lethal dose used was 1 x
107, and based on the previous study, it caused mortality in 100% mice (MLD100) on
day 7. Stage 2 was mice with acute lung injury given BM-MSC therapy. The BM-MSC
quantity applied in this study was 5,5 x 10°withboosterapplied twice. Identification and
characterization of BM-MSC were conducted by doing immunocytochemical and
Jlowcytometry examination, indicating CD 105 positive and CD 45 negative. f-catenin,
PGE2, NFx$, IL-1B, RAGE, Sftpe, Aqp5+, PaO2/FiO2 level, viral titer and area of lung
injury weremeasured periodically.Statistical analysis was performed using Anova and
path analysis. This study was approved by Animal Care and Use Committee (ACUC),
Faculty of Veterinary Medicine, Universitas Airlangga.

The results of this study had proven that the administration of BM-MSC in acute
lung injury induced by HPAI HSNI1 increased the expression of S-catenin,
PGE2,Sftpe,Aqp5+ and ratio of PaO2/Fi0O2, while decreased the expression of NFxf,11-
1B, RAGE,TNFa, and HE score. The BM-MSC administration did not prove to
decrease the viral titer and was not able to explain the regeneration of acute lung damage
by means of regeneration mechanism.

The new finding of this study is that the soluble factor released by BM-MSC was
able to provide with immunoregulation and regeneration effects of type 1 and type 2
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ABSTRACT

MECHANISMS OF IMMUNOREGULATION AND REGENERATION OF
ALVEOLAR EPITHELIAL DAMAGE AFTER ADMINISTRATION OF BONE
MARROW DERIVED MESENCHYMAL STEM CELL INACUTE
RESPIRATORY DISTRESS SYNDROME INDUCED BY
HIGHLY PATHOGENIC AVIAN INFLUENZA H5N1VIRUS

Resti Yudhawati M

Background: Highly pathogenic avian influenza (HPAI) HSN1 virus is one of the
causative agentswith a high incident rate in Acute respiratory distress syndrome (ARDS).
Studies on therapeutic administration of bone marrow-derived mesenchymal stem cells
(BM-MSCs) in ARDS caused by the viral infection have been limited and shown
conflicting results.

Objective: The aim of this study was to investgate for therapeutic potential of BM-
MSCs administration in ARDS caused by a HPAI H5NI virus, and to explain its
mechanism.

Methods: There were 86BALB/c mice used in this study. The animals model were
divided into four groups; healthy control, ARDS control, ARDS group with PBS therapy
and ARDS group with BM-MSC therapy.The model of acute lung injury was made by
instillation of HPAI A/turkey/East Java/Av154/2013 (H5N1) virus, with dosage of 1 x
10°  intranasally. The BM-MSC quantity applied in thisstudy was 5,5 X
10°withboosterapplied twice.The expression of S-catenin, PGE2, NFxp, IL-1B, RAGE,
Sfipc and Aqp5+ were measured bylmmunohistochemistrystaining. Lung injury was
scored by haematoxyllin-eosin staining. Viral titer was calculated by Haemaglutination
(HA) examination. Blood gas examination was done to know the PaO2/FiO2 ratio.
Results: This study had proven that the administration of BM-MSC in acute lung injury
induced by HPAI H5NI increased the expression of J-catemin, PGE2, Sfipc,
Agp5S+andthe level of PaO2/FiO2, while decreased the expression of NFkf}, IL-1B,
RAGE, TNFa, and HE score. Path analysis proves that there is a correlation between

PGE2, p-catenin, NFxf and TNF-a
Conclusions: The administration of BM-MSCs had a tendency to inhibit acute lung

injury caused by the HPAI H5N1 virus. Mechanism immunregulation is more dominant
to inhibit further damage of pulmonary function, through the PGE2, B catenin, NFkf and
TNFa pathway.

Keywords: Agp5+, ARDS, f-catenin, BM-MSC, IL-1B, NFxP, PaO2/FiO2, PGE2,
RAGE, Sfipe, Viral titer.
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