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RINGKASAN 

 

 Masalah utama yang terjadi dalam terapi cangkok sumsum tulang penderita 

talasemia beta mayor di dunia saat ini adalah reaksi penolakan atau Graft versus 

Host Disease (GvHD). Komponen yang bertanggung jawab atas kejadian GvHD 

adalah gen HLA donor (Petersdorf, 2017) dan sel limfosit T inang (Abbas, 2016). 

Angka kejadian GvHD akut global adalah hingga  50% pada pasien hematopoietic 

stem cell transplantation (HSCT) (Choudhary et al., 2019) dengan angka mortalitas 

lebih 10% (Vaillant et al., 2020). Gen pembawa talasemia mayor di Indonesia 

berkisar 3-10%, atau setiap tahun  lahir 2500 bayi lahir dengan talasemia mayor 

(Menkes,2018). 

       Prinsip menghambat respon GvHD adalah dengan memberikan gen HLA-G 

kelas 1b non klasik yang tidak dikenali inang (Rebmann et al., 2014) dan menekan 

perkembangan limfosit T CD4+, CD8+(Sauls et al., 2020). HLA-G banyak 

ditemukan di permukaan membrane mesenchymal stem cell (MSC) tali pusat 

manusia (Ding et al., 2016). HLA-G menyandi 7 bentuk molekul yaitu HLA-G1, -

G2, -G3, -G4 yang terikat di membrane (mHLA-G) dan HLA-G5, -G6, dan HLA-

G7 yang larut di sitoplasma, soluble (sHLA-G) (Moreau et al, 2002). Selain 

molekul HLA-G yang bersifat imunosupresif, MSC yang diaktifasi oleh sel limfosit 

T, akan mengekspresikan molekul imunosupresif IL-10, TGFβ, PGE2, IDO 
(Manrreza and Montesinos, 2014). MSC dapat menginduksi diferensiasi progenitor 

sel punca hematopoitik CD34+ menjadi populasi DC regulator, yang pada 

gilirannya akan merangsang generasi Foxp3 Treg dan menghambat maturasi 

dendritic cell (mDC) tetap dalam kondisi immature dendritic cell (iDC) (Manrreza 

and Montesinos, 2014). Berbagai jalur efektor imun di atas baik independen 

maupun dependen akan menghambat proliferasi sel T CD4+ dan CD8+ sehingga 

menekan terjadinya GvHD (Assman et al., 2021). 

      Tujuan penelitian ini adalah menjelaskan pemberian ko-kultivasi sel punca 

mesenkimal tali pusat (MSC) dan sel punca hematopoitik CD34+ darah tepi 
terhadap respon Graft versus Host Disease (GvHD) pada cangkok sumsum 
tulang penderita talasemia mayor . Menganalisis perubahan ekspresi IL-10, 

TGF, PGE2, IDO dengan pemeriksaan Elisa dan sekresi HLA-G, Foxp3, CD4+, 

dan CD8+dengan pemeriksaan Imunositokimia. Manfaat penelitian ini secara 

akademis memberikan kontribusi teori ko-kultivasi sel punca mesenkimal tali pusat 

dan sel punca hematopoitik CD34 darah tepi terhadap respon GvHD, sedangkan 

manfaat praktisnya adalah memberikan alternatif peningkatan efikasi dalam 

pencegahan respon GvHD baik pada penelitian preklinik in-vitro maupun in-vitro 

dan uji klinik.  

      Hipotesa penelitian ini adalah pemberian ko-kultivasi sel punca mesenkimal tali 

pusat dan sel punca hematopoitik CD34+ dapat meningkatkan ekspresi IL-10, 

TGF, PGE2, IDO, sekresi HLA-G, dan Foxp3, dan dapat menurunkan jumlah sel 

limfosit CD4+ dan CD8+. 

      Hasil penelitian ini, dapat diringkas sebagai berikut: (1) pemberian ko-kultivasi 

sel punca mesenkimal tali pusat dan sel punca hematopoitik CD34 + dapat 
meningkatkan ekspresi IL-10,  TGF, PGE2, dan IDO sejak jam 12 hingga 
jam 24 secara signifikan (p<0,05); (2) meningkatkan sekresi HLA-G secara 
signifikan (p<0,05); (3) meningkatkan  sekresi  Foxp3 secara signifikan 
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(p<0,05); (4) menurunkan sekresi sel limfosit CD4 dan CD8 secara 
signifikan (p<0,05). 
      Kesimpulan penelitian ini adalah bahwa pemberian ko-kultivasi sel punca 

mesenkimal MSC dan sel punca hematopoitik CD34+ pada kultur sel limfosit T 

mampu menurunkan reaksi GvHD. 
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SUMMARY 

 

      The main problem that occurs in bone marrow transplant therapy in patients 

with beta thalassemia major in the world today is the response reaction or Graft 

versus Host Disease (GvHD). The components responsible for the incidence of 

GvHD are the donor HLA gene (Petersdorf, 2017) and host T lymphocytes (Abbas, 

2016). The incidence of global acute GvHD is up to 50% in hematopoietic stem cell 

transplantation (HSCT) patients (Choudhary et al., 2019) with a mortality rate of 

more than 10% (Vaillant et al., 2020). Genes carrying thalassemia major in 

Indonesia range from 3-10%, or every year 2,500 babies are born with thalassemia 

major (Menkes, 2018). 

      The principle of inhibiting the GvHD response is to provide non-classical HLA-

G class 1b genes that are not recognized by the host (Rebmann et al., 2014) and 

suppress the development of CD4+, CD8+ T lymphocytes (Sauls et al., 2020). HLA-

G is found on the surface of the human umbilical cord mesenchymal stem cell 

(MSC) membrane (Ding et al., 2016). HLA-G encodes 7 molecular forms, namely 

HLA-G1, -G2, -G3, -G4 membrane-bound (mHLA-G) and HLA-G5, -G6, and 

HLA-G7 dissolved in the cytoplasm, soluble (sHLA- G) (Moreau et al, 2002). In 

addition to the HLA-G molecule which is immunosuppressive, MSC, which is 

activated by T lymphocytes, will express immunosuppressive molecules IL-10, 

TGFβ, PGE2, IDO (Manrreza and Montesinos, 2014). MSC induces differentiation 
of CD34+ hematopoietic stem cell progenitors into regulatory DC populations, 

which in turn can generate the Foxp3 Treg and inhibit the maturation of dendritic 

cells (mDC) that remain in immature dendritic cell (iDC) conditions (Manrreza and 

Montesinos, 2014). The various immune effector pathways, both independent and 

dependent, will inhibit the proliferation of CD4+ and CD8+ T cells, causing GvHD 

(Assman et al., 2021).   The aim of this study was to explain the co-cultivation of 

mesenchymal cord stem cells (MSC) and hematopoitic stem cells CD34+ peripheral 

blood to the response of Graft versus Host Disease (GvHD) in bone marrow grafts 

in thalassemia major patients. Analyze changes in expression of IL-10, TGF , 

PGE2, IDO by examining Elisa and secretion of HLA-G, Foxp3, CD4+, and CD8+ 

by immunocytochemistry examination. The academic benefit of this study is to 

contribute to the co-cultivation theory of cord mesenchymal stem cells and 

peripheral blood CD34+ hematopoytic stem cells to the GvHD response, while its 

practical benefit is to provide an alternative to increasing the efficacy in preventing 

GvHD responses in both in-vitro and in-vitro preclinical studies and clinical trials. 

      The hypothesis of this study is that co-cultivation of mesenchymal cord stem 

cells and CD34+ hematopoietic stem cells can increase the expression of IL-10, 

TGF, PGE2, IDO, secretion of HLA-G, and Foxp3, and can reduce the number of 

CD4+ and CD8+ lymphocytes. 

      The results of this study can be summarized as follows: (1) the co-cultivation 

of mesenchymal stem cells and CD34+ hematopoitic stem cells can significantly 

increase the expression of IL-10, TGF, PGE2, and IDO from 12 hours to 24 hours. 

<0.05); (2) increased HLA-G secretion significantly (p <0.05); (3) increased Foxp3 

secretion significantly (p <0.05); (4) decreased the secretion of CD4+ and CD8+ 

lymphocytes significantly (p <0.05). 

      The conclusion of this study is that co-cultivation of MSC mesenchymal stem 
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Abstract 

Graft Versus Host Disease Response in Co-cultivation of Mesenchymal Stem Cell and 

CD34+ Hematopoietic Stem Cell of Major Thalassemia 

 

Background. The main problem in the implementation of bone marrow transplantation (BMT) in 

patients with thalassemia major in the world today is graft versus host disease (GvHD). One of the 

causes is incompatibility of the donor's human leucocyte antigen (HLA) with recipient T 

lymphocytes. The gene that plays the most role in this GvHD reaction is the donor human 

leucocyte antigen (HLA), and the HLA which has immunosuppressive properties is the non-

classical class 1b HLA-G. HLA-G is found on the surface of mesenchymal stem cell (MSC) 

membranes. MSC when activated with T lymphocytes, will secrete immunosuppression 

molecules, HLA-G and forkhead box protein 3 (Foxp3), and express interleukin-10 (IL-10), 

transforming growth factor ß (TGFß), prostaglandin E2 (PGE2), and indoleamine-2,3-dioxygenase 

(IDO). MSC will induce CD34+ hematopoietic stem cells to keep dendritic cells (DC) in immature 

(iDC) state which will strengthen the inhibition against the proliferation of CD4+ and CD8+ T cells, 

thereby reducing the GvHD reaction. 

 

Methods. The research design was carried out as an experimental pre-posttest only control group 

design (in-vitro). T lymphocytes cultured from peripheral blood of children with thalassemia major 

were exposed to MSC and CD34+ hematopoietic stem cells from sibling donor. The experimental 

unit was divided into 4 groups: (1) The positive control group,  untreated T lymphocytes, (2) T 

lymphocytes exposed to MSC, (3) T lymphocytes exposed to CD34+ hematopoietic stem cells, (4) 

T lymphocytes exposed to co-cultivation of MSC-CD34+. Elisa examination of IL-10, TGFß, 

PGE2, IDO secretion and immunocytochemistry examination of the expression of HLA-G, Foxp3, 

CD4+, and CD8+ were done at 0, 12, and 24 hours incubation time. 

 

Results. Co-cultivation of MSC-CD34+ stem cells in T lymphocyte culture was able to increase 

the secretion of IL-10, TGFß, PGE2, IDO, HLA-G and Foxp3 significantly (p <0.05) at 12 and 24 

hours. CD34+ hematopoietic stem cells and MSC-CD34+ stem cell co-cultivation were able to 

significantly reduce CD4+ expression (p <0.05) at 12 and 24 hours. Furthermore, MSC and MSC-

CD34+ stem cell co-cultivation were able to reduce CD8+ expression significantly (p <0.05) at 24 

hours. 

 

Conclusions. Co-cultivation of MSC-CD34+ hematopoietic stem cells in T lymphocyte culture 

was able to reduce the GvHD reaction. 

 

Keywords: BMT Thalassemia, MSC umbilical cord mesenchymal stem cells, CD34+ 

hematopoietic stem cells, IL-10, TGFß, PGE2, IDO, HLA-G, Foxp3, CD4+, CD8+. 

 

      Promotor, 

 

 

 

 

Prof. Dr. Fedik Abdul Rantam, drh., M.Sc 

xvi

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN

Stamp



xvii 

 

DAFTAR ISI 

 

   

BAB  1                                                                                                            PENDAHULUAN  

1.1          Latar Belakang……………………………………………....                                                                               1 

1.2           Rumusan Masalah…………………………………………...                                                                                           5 

1.3 Tujuan Penelitian…………………………………………....                                                                     5 

1.3.1        Tujuan Umum……………………………………………..…                                                                                              5 

1.3.2  Tujuan Khusus…………………………………………..…...                                                                                          6 

1.4         Manfaat Penelitian………………………………………..….                                                         6 

1.4.1      Manfaat Akademik…………………………………………..                                                                                                    6 

1.4.2        Manfaat Praktis………………………………………………                                                                                                     6 

   

BAB  2   TINJAUAN PUSTAKA                                                                                                              

2.1 Talasemia…………………………………………………… 8 

2.2 Talasemia Mayor …………………………………………… 9 

2.3 Talasemia Minor ……………………………………………. 11 

2.4 Sel Punca …………………………………………………… 11 

2.4.1 Sel Punca Mesenkimal ……………………………………... 13 

2.4.2 Sel Punca Hematopoitik CD34+ …………………………….  16 

2.4.3 Niche ……………………………………………………….. 16 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

Graft versus Host Disease (GvHD)….........……………..….  
Human Leuocyte Antigen(HLA)….……………………………..   
Human Leucocyte Antigen (HLA-G)……………………….   
Forkhead box protein 3 (Foxp3)……………………………… 

Cluster Differentiation 4 (CD4+) ………………………..….  
Cluster Differentiation 8 (CD8+) ………………………..….  
Interleukin-10 (IL-10)………………………………………. 
Transforming Growth Factor-  (TGF-)…………………..  

17 

18 

19 

21 

23 

24 

25 

25 

Sampul Depan…………………………………………………………….….. i 

Sampul Dalam……………………………………………………………
Halaman Awal Disertasi…………………………………………………

 ii 

iii 

Lembar Prasarat Gelar Doktor pada Ujian Akhir Tahap 2 (Terbuka).……..                                                                                                         
Lembar Pengesahan……………………………………………...……..                                                                                                         

 iv 

v 

Lembar Penetapan Panitia Penguji Ujian Tahap 1 (Tertutup)…………..               
Lembar Ucapan Terima Kasih…………………………………………. 
Ringkasan………………………………………………………………. 
Summary………………………………………………………………... 
ABSTRAK…………………………………………………………….. 
DAFTAR ISI……………………………………………………………..……….                                                                                             

 vi 

vii 

xii 

xiv 

xvi 

xvii 

DAFTAR TABEL………………………………………………………..…….. xxi 

DAFTAR GAMBAR…………………………………………………….……….                                                                                        xxii 

DAFTAR ARTI LAMBANG, SINGKATAN DAN ISTILAH.………..                                                                                                                xxiv 

DAFTAR LAMPIRAN…………………………………………………..……..                                                                                            xxix 

   

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xviii 

 

2.13  

2.14 

2.15 

2.16 

2.17 

2.18 

2.19 

2.20   

Prostaglandin E2 (PGE2)…………………………………...  
Indoleamine 2,3-dioxygenase (IDO)………………………... 
Respon Imun Jaringan Cangkok……………………………. 
Regulasi Imun Sel Punca Mesenkimal pada Sel Limfosit T... 

Regulasi Imun Sel Punca Mesenkimal pada Sel Imun……… 

Sumsum Tulang……………………………………………... 
Cangkok Sumsum Tulang………………………………… 

Cangkok sumsum tulang pada talasemia mayor……………. 
                                                                                    

26 

27 

27 

28 

29 

30 

31 

33 

 

BAB  3   KERANGKA KONSEPTUAL DAN HIPOTESIS 

PENELITIAN                          

 

3.1 Kerangka Konseptual………………………………………..                                                                                                      37 

3.2 Penjelasan Kerangka Konseptual Penelitian………...………                                                          38 

3.3 Hipotesis Penelitian…………………………………...……..                                                                                     39 

   

BAB  4    METODE PENELITIAN  

4.1   Rancangan Penelitian………………………………………..                                                                                                 40 

4.2 Unit Eksperimen………………………………………..…....                                                                                              41 

4.3 Replikasi dan Randomisasi…………………...……..………                                                                                         41 

4.4 Variabel Penelitian………………………………...……...…                                                                                                       43 

4.4.1        Variabel Bebas………………………………………………                                                                                                            43 

4.4.2        Variabel Antara……………………………………......…….                                                                                            43 

4.4.3 Variabel Terikat…………………………………..…….........                                                                                                           43 

4.4.4    Variabel Kendali…………………………………...…...……                                                                                                              44 

4.4.5 Definisi Operasional Variabel…………………………..…...                                                                                    44 

4.5 Materi Penelitian…………………………………….………                                                                                                             48 

4.6 Lokasi dan Waktu Penelitian………………………..…….....                                                                                        48 

4.7           Langkah Penelitian……………………………………..……                                                                                         49 

4.7.1 Uji Laik Etik Penelitian…………………………………...…                                                                                                       49 

4.7.2

  

Prosedur Penelitian Tahap (isolasi, kultur, karakterisasi dan 

uji toksisitas sel punca) …...……....…………………….                                              

 

49 

4.7.2.1     Prosedur Pengambilan Tali Pusat…..………………………..                                                                                 49 

4.7.2.2     Prosedur Isolasi dan Kultur Ekspansi Sel Punca Mesenkimal 

Tali Pusat ……………………………………………………     

 

50 

4.7.2.3     Karakterisasi dan Diferensiasi Fenotip Sel Punca 

Mesenkimal Tali Pusat dan Sel Punca Hematopoitik 

CD34+………………………………………………………..                                                                        

 

 

52 

4.7.2.4     Pemeriksaan Imunositokimia ………………………………. 54 

4.7.2.5     Pemeriksaan Flowcytometry………….……………………..                                                   55 

4.7.2.6     Pemeriksaan ELISA ………………..……………………….                                                                                  56 

4.7.2.7 Pemeriksan Kadar IL-10, IDO, PGE2, dan TGF…………..                                                                                                            56 

4.7.2.8     Pemeriksaan Kadar CD4, CD8, HLA-G dan Foxp3…………            57 

4.8      Bahan Isolasi dan Kultur ……………………………………                                      58 

4.8.1   

4.8.2   

Bahan Isolasi dan Kultur CD34+……………….....……........  
Protokol Isolasi CD34+………………………………………                                               

58 

60 

4.8.3      Bahan Isolasi Kultur Sel Punca Mesenkimal Tali Pusat ……              61 

4.8.4  Bahan Isolasi Sel T..………………………...……………….  62 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xix 

 

4.8.5    Protokol Isolasi sel limfosit T. ……………………………...     62 

4.8.6 

4.8.7  

4.8.8  

4.8.9   

4.8.10          

Bahan Pemeriksaan Parameter Penelitian ELISA…...………   

Bahan Pemeriksaan Penelitian Imunositokimia ……………. 
Alat Penelitian ……………………………………………… 

Perhitungan Sel dan Penentuan Jumlah Sel Hidup …………. 

Penyimpanan sel …………………………………………….          

63 

63 

63 

65 

66 

4.9  

4.10 

  

Analisis Data………………………………..…………...….. 
Skema Tahapan Penelitian…………………………………..                                                                                                                 

66 

68 

 

BAB  5    HASIL DAN ANALISIS PENELITIAN  

5   Data Penelitian……………………………………………....                                                                                                 70 

5.1 Data material penelitian….……………………………..…....                                                                                                         71 

5.1.2 Karakterisasi sel punca hematopoitik CD34+....……..………                                                                     72 

5.1.3 Karakterisasi sel T….……………………………...……...…                                                                                                       73 

5.2        Hasil dan analisis kadar IL-10, TGF-, PGE2, IDO, ekspresi 

HLA-G, Foxp3, CD4+, CD8+ ………………………………….                                                                
 

74 

5.2.1        Kadar IL-10…..……………………………………......…….                                                                                                            74 

5.2.2 Kadar TGF-……………………………………..…….........                                                                                                           75 

5.2.3    Kadar PGE2………...……………………………...…...……                                                                                                   77 

5.2.4 Kadar IDO…………………..…………………………..…...                                                                                       78 

5.2.5 Ekspresi HLA-G….………………………………….………                                                                                                            80 

5.2.6 Ekspresi Foxp3…………….………………………..…….....                                                                                 82 

5.2.7           Ekspresi CD4+…….…………………………………..……..                                                                                                              84 

5.2.8 Ekspresi CD8+………………………………………......…...                                                                                                      86 

5.2.9 

5.2.10 

5.2.11 

5.2.12 

 

5.2.13 

5.2.14 

 

BAB 6 

6.1 

6.1.1 

6.1.2 

6.1.3 

6.2 

 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

6.2.6 

6.2.7 

6.2.8 

6.3 

Mekanisme Efek Pemberian MSC ………………………….  

Mekanisme Efek Pemberian CD34+…………………………. 
Mekanisme Efek Pemberian MSC-CD34+…………………... 
Efek perlakuan terhadap kadar IL-10, TGF-, PGE2, IDO, 

ekspresi HLA-G, dan ekspresi Foxp3………………………... 
Efek perlakuan terhadap ekspresi CD4+……………………... 
Efek perlakuan terhadap ekspresi CD8+……………………... 
 

PEMBAHASAN 

Analsis data material penelitian……………………………… 

Analisis karakterisasi sel punca mesenkimal tali pusat……… 

Analisis karakterisasi sel punca hematopoitik CD34+…..…… 

Analisis karakterisasi sel T………………………………….. 
Analisis kadar IL-10, TGF-, PGE2, IDO, ekspresi HLA-G, 

Foxp3, CD4+, CD8+………………………………………….. 
Kadar IL-10………………………………………………….. 
Kadar TGF-………………………………………………… 

Kadar PGE2………………………………………………….. 
Kadar IDO…………………………………………………… 

Ekspresi HLA-G……………………………………………... 
Ekspresi Foxp3………………………………………………. 
Ekspresi CD4+……..……..……..……..……..……..……….. 
Ekspresi CD8+……..……..……..……..……..……..……….. 
Pemberian ko-kultivasi MSC- CD34+ menghambat 

89 

90 

91 

 

92 

93 

93 

 

 

94 

94 

94 

95 

 

95 

95 

97 

98 

99 

100 

102 

103 

104 

 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xx 

 

 

 

 

BAB 7 

7.1 

7.2 

 

 

penolakan graft (Novelty)……………………………………. 
 

 

PENUTUP 

Kesimpulan…………………………………………………... 
Saran…………………………………………………………. 
 

DAFTAR PUSTAKA………………………………………... 
LAMPIRAN………………………………………................. 

106 

 

 

 

108 

108 

 

109 

118 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxi 

 

DAFTAR TABEL 

 

Tabel 2.15       Fitur jalur pengolahan antigen            28 

Tabel 2.20.1    Hasil HSCT talasemia beta mayor dari donor HLA-matched       35 

Tabel 2.20.2    Faktor risiko Pesaro dan kelas risiko BMT talasemia                   35 

Tabel 5.2.1     Perbedaan kadar IL-10 antar kelompok dan waktu pengamatan    74 

Tabel 5.2.2     Perbandingan kadar TGF- antar kelompok                                   75 

                       dan waktu pengamatan 

Tabel 5.2.3     Perbandingan kadar PGE2 antar kelompok dan waktu                   77 

            pengamatan 

Tabel 5.2.4     Perbandingan kadar IDO antar kelompok dan waktu                     78 

            pengamatan 

Tabel 5.2.5     Perbandingan ekspresi HLA-G antar kelompok dan waktu           81 

            pengamatan 

Tabel 5.2.6     Perbandingan ekspresi Foxp3 antar kelompok dan waktu              83 

            pengamatan 

Tabel 5.2.7     Perbandingan ekspresi CD4+ antar kelompok dan waktu          85 

            pengamatan 

Tabel 5.2.8     Perbandingan ekspresi CD8+ antar kelompok dan waktu               87 

            pengamatan 

Tabel 5.2.12   Efek perlakuan terhadap kadar IL-10, TGF-, PGE2, IDO,           92  

                       ekspresi HLA-G, dan ekspresi Foxp3 

Tabel 5.2.13   Efek perlakuan MSC, CD34+, MSC-CD34+ terhadap                    93 

                       ekspresi CD4+ 

Tabel 5.2.14   Efek perlakuan MSC, CD34+, MSC-CD34+ terhadap                    93 

                       ekspresi CD8+ 

 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxii 

 

DAFTAR GAMBAR 

 

Gambar 2.4.3    Skema diagram dari sel punca niche 17   

Gambar 2.6.1    Struktur molekul HLA kelas I dan II 19                                 

Gambar 2.6.2    Lokasi dan organisasi gen HLA pada kromosom nomer 19 

Gambar 2.7       Molekul HLA-G                                                                            20 

Gambar 2.8       Sifat supresi alami dari sel Treg                                                   23 

Gambar 2.16     Regulasi imun sel punca mesenkimal pada limfosit T                29 

Gambar 2.17     Regulasi imun sel punca mesenkimal pada sel imun                    30 

Gambar 2.18     Mekanisme eritropoisis inefektif dan hemolisis                          31  

Gambar 3.1       Kerangka konsep                                                                          37 

Gambar 4.1      Skema rancangan penelitian In Vitro                                            40   

Gambar 4.10     Skema tahapan penelitian                                                             68   

Gambar 5.1.1   Karakterisasi sel punca mesenkimal tali pusat (MSC)                  72 

Gambar 5.1.2   Karakterisasi sel punca hematopoitik CD34+                                73 

Gambar 5.1.3   Karakterisasi Sel T                                                                        73 

Gambar 5.2.1  Diagram perbedaan kadar IL10 antar kelompok dan waktu          75 

                       pengamatan   

Gambar 5.2.2  Diagram perbandingan kadar TGF- antar kelompok                   76 

                        dan waktu pengamatan 

Gambar 5.2.3  Diagram perbandingan kadar PGE2 antar kelompok                    78 

                        dan waktu pengamatan 

Gambar 5.2.4  Diagram perbandingan kadar IDO antar kelompok dan                79 

                        waktu pengamatan 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxiii 

 

Gambar 5.2.5.1  Diagram perbandingan ekspresi HLA-G antar kelompok dan    80 

                        waktu pengamatan (imunositokimia) 

Gambar 5.2.5.2 Diagram perbandingan ekspresi HLA-G antar kelompok dan    82 

                        waktu pengamatan (multiple comparisons LSD) 

Gambar 5.2.6.1 Diagram perbandingan ekspresi Foxp3 antar kelompok dan       82 

                        waktu pengamatan (imunositokimia) 

Gambar 5.2.6.2 Diagram perbandingan ekspresi Foxp3 antar kelompok dan       84 

                        waktu pengamatan (multiple comparisons LSD) 

Gambar 5.2.7.1  Diagram perbandingan ekspresi CD4+ antar kelompok dan       84 

                        waktu pengamatan (imunositokimia) 

Gambar 5.2.7.2  Diagram perbandingan ekspresi CD4+ antar kelompok dan       86 

                        waktu pengamatan (multiple comparisons LSD) 

Gambar 5.2.8.1  Diagram perbandingan ekspresi CD8+ antar kelompok dan       86 

                        waktu pengamatan (imunositokimia) 

Gambar 5.2.8.2  Diagram perbandingan ekspresi CD8+ antar kelompok dan       88 

                        waktu pengamatan (multiple comparisons LSD) 

Gambar 5.2.9  Diagram analisis jalur mekanisme efek pemberian MSC              89 

Gambar 5.2.10  Diagram analisis jalur mekanisme efek pemberian CD34+         90 

Gambar 5.2.11  Diagram analisis jalur mekanisme efek pemberian MSC-           91 

                          CD34+ 

 

 

 

 

 

 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxiv 

 

DAFTAR ARTI LAMBANG, SINGKATAN DAN ISTILAH  

 

AIDS       : Acquired Immuno Deficiency Syndrome 

APC       : Antigen Presenting Cell 

BSA      : Bovine Serum Albumin 

cAMP       : cyclic Adenosine Monophosphate  

CD105       : Cluster of Differentiation 105  

CD11b       : Cluster of Differentiation 11b 

CD13       : Cluster of Differentiation 13 

CD133       : Cluster of Differentiation 133  

CD14       : Cluster of Differentiation 14 

CD19       : Cluster of Differentiation 19   

CD25       : Cluster of Differentiation 25  

CD34       : Cluster of Differentiation 34  

CD34+       : Cluster of Differentiation 34 positive 

CD37       : Cluster of Differentiation 37  

CD4+       : Cluster of Differentiation 4 positive 

CD69       : Cluster of Differentiation 69  

CD79      : Cluster of Differentiation 79  

CD8      : Cluster of Differentiation 8  

CD8+       : Cluster of Differentiation 8 positive 

CD11b  : Cluster of Differentiation 11b 

CD45  : Cluster of Differentiation 45 

CD73  : Cluster of Differentiation 73 

CD79 : Cluster of Differentiation 79 

CD90       : Cluster of Differentiation 90 

CD105  : Cluster of Differentiation 105 

CD133  : Cluster of Differentiation 133  

CST          : Cangkok Sumsum Tulang 

CTL CD8  : Cytotoxic T Lymphocyte Cluster Differentiation 8 

CTLA-4  : Cytotoxic T Lymphocyte-Associated Protein 4 

DAB    : 3,3’Diaminobenzidine 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxv 

 

DC   : Dendritic Cell 

DH2O    : Distilled Water 

Dil- Ac-LDL : 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine 

perchlorate-Acetylated Low Density Lipoprotein 

DMEM     : Dulbecco’s Modified Eagle Medium 

DMEM-LG     : Dulbecco’s Modified Eagle Medium-Low Glucose 

DMEM/F12    : Dulbecco’s Modified Eagle Medium Nutrient Mixture F-12 

DMSO     : Dimethyl Sulfoxide 

EBMT     : European Group of Bone Marrow Transplantation 

ECGF              : Endothelial Cell Growth Factor 

EDTA   : Ethylenediaminetetraacetic Acid 

ELISA    : Enzyme-Linked Immunosorbent Assay 

EPC     : Endothelial Progenitor Cell 

FACS     : Fluorescence Activated Cell Sorter 

FBA    : Fetal Bovine Albumin 

FBS     : Fetal Bovine Serum 

FITC     : Fluorescein Isothiocyanate 

Foxp3    : Forkhead Box P3 

G-CSF   : Granulocyte-Colony Stimulating Factor 

GH  : Growth Hormone 

GvHD     : Graft versus Host Disease 

H2SO4    : Hydrogen Sulphate 

HbA                 : Hemoglobin A 

HbA2              : Hemoglobin A2 

HbF                 : Hemoglobin F 

HBSS              : Hank Balance Salt Solution 

HCV  : Hepatitis C Virus 

hEGF              : Human Epidermal Growth Factor 

HEPES            : 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid 

HLA     : Human Leucocyte Antigen 

HLA-A    : Human Leucocyte Antigen-A 

HLA-B    : Human Leucocyte Antigen-B 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxvi 

 

HLA-C    : Human Leucocyte Antigen-C 

HLA-DR     : Human Leucocyte Antigen-DR 

HLA-E    : Human Leucocyte Antigen-E 

HLA-F    : Human Leucocyte Antigen-F 

HLA-G    : Human Leucocyte Antigen-G 

HLA-G1   : Human Leucocyte Antigen-G1 

HLA-G1s   : Human Leucocyte Antigen-G shedding 

HLA-G2   : Human Leucocyte Antigen-G2 

HLA-G3   : Human Leucocyte Antigen-G3 

HLA-G4   : Human Leucocyte Antigen-G4 

HLA-G5   : Human Leucocyte Antigen-G5 

HLA-G6   : Human Leucocyte Antigen-G6 

HLA-G7    : Human Leucocyte Antigen-G7 

HLA-H    : Human Leucocyte Antigen-H 

HO-1  : Heme Oxygenase-1 

HRP     : Horseradish Peroxidase 

HSCT  : Hematopoietic Stem Cell Transplantation 

HUCMSC : Human Umbilical Cord Mesenchymal Stem Cell 

ICC      : Immunocytochemistry 

iDC       : immature Dendritic Cell 

IDO      : Indoleamine 2,3-dioxygenase 

IFN-gamma : Interferon Gamma 

IFN        : Interferon  

IL-10         : Interleukin 10 

IL-35         : Interleukin 35 

ILC  : Innate Lymphoid Cells 

ILT        : Immunoglobulin Like Transcript  

ILT2        : Immunoglobulin Like Transcript 2 

ILT4        : Immunoglobulin Like Transcript 4 

KIR2DL4 : Killer like Inhibitor Receptor Domain Tail 4 

LIF  : Leukemia 

LSM      : Lymphocyte Separation Medium 

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI RESPON GRAFT VERSUS... MOCHAMAD SYAIFUDIN



xxvii 

 

M199    : Medium 199 

mDC      : mature Dendritic Cell 

MEM     : Modified Eagle Medium 

MHC    : Major Histocompatibility Complex 

mHLA-G    : membrane Human Leucocyte Antigen-G 

mHLA-G    : soluble Human Leucocyte Antigen-G 

MLC     : Mixed Lymphocyte Culture 

MNC    : Mononuclear Cell 

MRD  : Matched Related Donor 

MSC     : Mesenchymal Stem Cell 

MSD  : Matched Sibling Donor 

MUD  : Matched Unrelated Donor 

NA  : Not Available 

NBMDR    : National Bone Marrow Donor Registry Program 

NK Cell    : Natural Killer Cell 

OS  : Overall Survival 

PBMC    : Peripheral Blood Mononuclear Cell 

PLA2  : Phospholipase A2 

PBS     : Phosphate Buffer Saline 

PGE2    : Prostaglandin E2 

RFLP    : Restriction Fragment Length Polymorphism 

sHLA-G    : soluble Human Leucocyte Antigen-G 

sHLA-G     : Transmembrane Human Leucocyte Antigen-G 

SCD  : Sickle Cell Disease 

TCR:  : T Cell Receptor 

T-reg   : Regulatory T Cell 

TGF    : Transforming Growth Factor Beta 

TFR  : Thalassemia Free Survival 

TMB   : Tetra Methyl Benzidine 

TNF-alfa    : Tumor Necrosis Factor alfa 

Tr1   : Type 1 Regulatory T Cell  

UCB     : Umbilical Cord Blood 
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WFI   : Water For Injection 
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