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the requirement for the degree of Doctor of Philosophy 

 

 

IMMUNOMODULATORY EFFECTS OF RHAPHIDOPHORA KORTHALSII 

METHANOL EXTRACT ON NATURAL KILLER CELL ACTIVATION AND 

CYTOLYTIC ACTIVITY  

 

By 

 

YEAP SWEE KEONG 

 

January 2010 

 

 

Chairperson: Noorjahan Banu Mohamed Alitheen, PhD  

 

Faculty: Biotechnology and Biomolecular Sciences 

 

Rhaphidophora korthalsii (Araceae) is a root-climber plant which has been previously 

identified as splenocyte immunostimulator. The purpose of this study was to examine 

the in vitro and in vivo immunomodulatory effect of R. korthalsii methanol extract on 

immune cell proliferation, cytokine expression and cytotoxicity. More specifically, 

immunomodulatory effects of R. korthalsii methanol extract on the stimulation of NK 

cells activity and cytotoxicity against HepG2 monolayer and spheroid culture were 

determined. Immune cells [peripheral blood mononuclear cells (PBMC) and mice 

splenocytes] treated with this extract resulted in stimulation of cell proliferation, 

cytokine expression and cytotoxicity in dose and time dependent manner. For the in 

vivo immunostimulatory effect study, unlike rIL-2 which degraded rapidly, the 

stimulatory effect from the extract managed to last until day 15. In order to 

understand the activation of NK cells by R. korthalsii methanol extract, NK cells were 

treated directly or indirectly. Both direct and indirect stimulated NK cells showed 

high-level expression of cell surface FasL, NKG2D, 16B4 and extra-cellular IFN-γ 

and TNF-α. These activations contributed to the killing of NK cells against HepG2 
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monolayer cells through Granzyme B mitochondria caspases dependent secretory 

apoptosis pathway where DNA fragmentation, phosphatidylserine (PS) 

externalisation, caspase 3, caspase 8, caspase 9 up-regulation and XIAP, Bid down-

regulation were observed. Apart from that, extract stimulated NK cells which caused 

cell death on the HepG2 spheroid and inhibited the HepG2 cell invasion, suggesting 

that R. korthalsii methanol extract was a potential agent to inhibit liver tumour 

metastasis. Our findings indicated a potential IL-2 free immunotherapy through direct 

and indirect R. korthalsii activation on NK cells which can further induce apoptosis 

on the HepG2 monolayer and spheroid culture.  
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KESAN PEMODULASI-IMUN OLEH RHAPHIDOPHORA KORTHALSII 

PATI METANOL TERHADAP PENGAKTIFAN DAN AKTIVITI SITOLITIK 

SEL PEMBUNUH SEMULAJADI  

 

Oleh 

 

YEAP SWEE KEONG 

 

Jun 2009 

 

 

Pengerusi : Noorjahan Banu Mohamed Alitheen, PhD 

 

Fakulti: Bioteknologi and Sains Biomolekul 

 

 

Rhaphidophora korthalsii (Araceae) adalah sejenis tumbuhan pemanjat akar yang 

terdahulunya dikenali sebagai perangsang sel limpa. Tujuan kajian ini adalah untuk 

memeriksa kesan perangsangan-imun in vitro dan in vivo oleh R. korthalsii pati 

metanol terhadap pembiakan, ekspresi sitokin dan sitotoksisiti pada sel imun. Lebih 

khusus, kesan perangsangan-imun pada R. korthalsii pati metanol terhadap 

pengaktifan dan sitotoksisiti sel pembunuh semulajadi (NK cells) untuk menentang 

sel monolapisan dan sferoid HepG2 juga ditentukan. Sel imun (PBMC dan sel limpa 

tikus) yang dirawati dengan pati tersebut memberi kesan perangsangan terhadap 

pembiakan, ekspresi sitokine dan sitotosiksiti yang bergantung kepada dos dan 

tempoh perangsangan. Untuk ujikaji kesan perangsangan-imun secara in vivo, kesan 

yang terbaik dapat dicapai dengan kepekatan 350 and 700 μg/tikus. It berbeza dengan 

rIL-2 yang cepat mendegradasi di mana kesan perangsangan daripada pati dapat kekal 

sehingga hari ke-15. Bagi memahami pengaktifan sel NK oleh R. korthalsii pati 

metanol, sel NK telah dirawat dengan pati secara langsung dan secara tidak langsung. 

Kedua-dua sel NK yang dirawat secara langsung atau tidak langsung didapati 
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mengekspresskan paras yang tinggi untuk FasL, NKG2D, 16B4 pada permukaan sel 

dan IFN-γ, TNF-α di luar sel. Pengaktifan ini menyumbang kepada pembunuhan sel 

NK terhadap sel monolapisan HepG2 melalui laluan apoptosis granzim B rembesan 

mitokondria berdasarkan caspase di mana peningkatan pengawalaturan penyepihan 

DNA, pengeluran phosphatidylserine (PS), caspase 3, caspase 8, caspase 9 dan 

penurunan pengawalaturan XIAP dan Bid telah diperhatikan. Selain daripada itu, sel 

NK yang dirangsang oleh pati juga menyebabkan kematian sel pada sferoid HepG2 

dan merencatkan invasi sel HepG2 mencadangkan potensi rawatan ini untuk 

merencatkan metastasis tumor hati. Keputusan yang didapati kami mengesyorkan 

potensi rawatan imun tanpa IL-2 melalui pengaktifan NK sel secara langsung dan 

tidak langsung oleh R. korthalsii yang dapat merangsangkan apoptosis pada kultura 

monolapisan dan sferoid HepG2.     
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CHAPTER 1 

 

INTRODUCTION 

 

Immune system is one of the most important glossaries when the issue of health is 

discussed. It protects us from infectious diseases. Generally, immune system can be 

defined as a network of lymphoid organs, tissues and cells and also the products of 

these cells. The main function of immune system is to protect the body against 

infectious microbes or foreign substances (Abbas and Lichtman, 2005). Natural killer 

(NK) cells are the key component of the innate arm of the immune system which 

plays an important role in first line defense against tumor and viral infections (Titanji 

et al., 2008).  

 

 

Malignant diseases are always associated with decreased immune competence 

(Ordemann et al., 2002). However, level of immune system is always reduced 

whenever influenced by anthropogenic factors such as polluted environment, 

malnutrition, seasonal changes and etc. (Keller et al., 2005). For such reason, people 

nowadays have increased their awareness towards building a healthy immune 

system. Guidelines such as reducing life stresses, maintaining balance diet and 

sufficient of exercise as well as obtaining adequate sleep and rest have been 

suggested to maintain individual’s healthy and to protect them against pathogens 

(Nieman, 2000).  

 

 


