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Pinsip dasar moleculer cancer

 Beberapa kerusakan genetik awal didapatkan dari paparan lingkungan

(kimiawi, virus, radiasi)

 Terbentuk nya tumor dari ekspansi klonal 1 sel prekursor yang mengalami

kerusakan genetik

 4 kelompok gen regulator yang merupakan target kerusakan genetik :

 Growth proto-oncogen

 Growth inhibiting tumor suppressor gene

 Gene regulated apoptosis

 Gene involved in DNA repair

 Carcinogenesis merupakan suatu hasil akumulasi mutasi yang berasal dari

proses multistep 



monoclonality

 Monoclonal  hanya satu sel yang 

mengalami transformasi maligna

dan tumbuh progresive

 Polyclonal  beberapa sel yang 

berbeda asal genetikanya

mengalami transformasi maligna

membentuk suatu massa sehingga

tidak dapat ditentukan asal sel nya



Genetic Regulation

 4 classes or normal regulatory genes are :

 proto-oncogenes

 tumor-suppressor genes

 regulate apoptosis

 regulate DNA repair

 In cancer :

 Activasi oncogen

 Inhibisi tumor suppressor gene

 Abnormal apoptosis regulatory gene

 Failure of DNA repair
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MOLECULAR BASIS OF CANCER

T e mechanism as to how a normal cell is transformed to 

a cancer cell is complex. At dif erent times, attempts have 

been made to unravel this mystery by various mechanisms. 

Currently, a lot of literature continues to accumulate on the 

pathogenesis of cancer at molecular level. Before discussing 

the detailed mechanisms, a general basic concept of cancer at 

molecular level is brief y outlined below and diagrammatically 

shown in Fig. 7.17.

1.  Monoclonality of tumours T ere is strong evidence to 

support that most human cancers arise from a single clone of 

cells by genetic transformation or mutation. For example:

i) In a case of multiple myeloma (a malignant disorder of 

plasma cells), there is production of a single type of immuno-

globulin or its chain as seen by monoclonal spike in serum 

electrophoresis.

ii) Due to inactivation of one of the two X-chromosomes in 

females (paternal or maternal derived), women are mosaics 

with two types of cell populations for glucose-6-phosphatase 

dehydrogenase (G6PD) isoenzyme A and B. It is observed that 

all the tumour cells in benign uterine tumours (leiomyoma) 

contain either A or B genotype of G6PD (i.e. the tumour cells 

are derived from a single progenitor clone of cell), while the 

normal myometrial cells are mosaic of both types of cells 

derived from A as well as B isoenzyme (Fig. 7.18).

2.  Field theory of cancer In an organ developing cancer, in 

the backdrop of normal cells, limited number of cells only grow 

in to cancer after undergoing sequence of changes under the 

inf uence of etiologic agents. T is is termed as ‘f eld ef ect’ and 

the concept called as f eld theory of cancer. 

3.  Multi-step process of cancer growth and progres sion  

Carcinogenesis is a gradual multi-step process involving many 

generations of cells. T e various causes may act on the cell 

one after another (multi-hit process). T e same process is also 

involved in further progression of the tumour. Ultimately, the 

cells so formed are genetically and phenotypically transformed 

cells having phenotypic features of malignancy—excessive 

growth, invasiveness and distant metastasis. 

4.  Genetic theory of cancer Cell growth of normal as well 

as abnormal types is under genetic control. In cancer, there 

are either genetic abnormalities in the cell, or there are normal 

genes with abnormal expression. T us the abnormalities 

in genetic composition may be from inherited or induced 

mutations (induced by etiologic carcinogenic agents namely: 

chemicals, viruses, radiation). Eventually, the mutated cells 

trans mit their characters to the next progeny of cells and result 

in cancer. 

5.  Genetic regulators of normal and abnormal mitosis In 

normal cell growth, regulatory genes control mitosis as well as 

cell aging, terminating in cell death by apoptosis. 

 � In normal cell growth, there are 4 regulatory genes: 

i) Proto-oncogenes are growth-promoting genes i.e. they encode 

for cell proliferation pathway.

ii) Anti-oncogenes are growth-inhibiting or growth suppressor 

genes.

ii i) Apoptosis regulatory genes control the programmed cell 

death.

Figure 7.17 Schematic illustration to show molecular basis of cancer.

Figure 7.18 The monoclonal origin of tumour cells in uterine 

leiomyoma.



Hallmark of cancer

1. Self-sufficiency in growth signals

2. Insensitivity to growth-inhibitory 

signal

3. Altered celluler metabolism 

(warburg effect)

4. Evasion of apoptosis

5. Limitless replicative potential 

(immortality)

6. Sustained angiogenesis

7. Ability to invade and metastazise

8. Ability to evade the host imune

response



Self-sufficiency in growth signals : 

Oncogens

 Oncogen  gene that promotes autonomous cell growth in cancer

 Oncogen terjadi akibat mutasi dari proto-oncogen

 Oncogen mengkode protein yang disebut : Oncoprotein

 Fungsi oncoprotein adalah tetap meningkatkan pertumbuhan sel tumor 

meskipun tidak mendapatkan growth signal yang normal



Growth signal normal :

 Ikatan antara growth factor dengan growth receptor

 Ikatan tersebut mengaktivasi signal transducing protein

 Transmisi signal transduksi ke inti sel melewati signal transduksi molekul

 Induksi dan aktivasi inti sel mencetuskan DNA transkripsi

 Ekspresi factor yang mencetuskan Sel untuk memasuki siklus sel

 Perubahan dari ekspresi gen lain untuk mensupport sel dan metabolisme nya

untuk perkembangan yang optimal





Growth Factor – Growth Factor Receptor
 Secara normal, sel membutuhkan stimulasi growth factor agar dapat

proliferasi

 Ikatan antara GF dengan GFR dapat mengaktifkan thyrosin-kinase pathway 

melalui jalur RAS

 Aktif nya RAS dapat mengkatifkan MAPK dan PI3K sehingga terjadi proses 

transkripsi DNA pada inti sel

 Pada malignancy  overekspresi GF 

 PDGF  glioblastoma

 TGF-⍺ sarcoma

 EGFR/ERBB1  ca paru

 ERBB2  ca mamma



RAS mutation

 Protein RAS merupakan anggota dari protein G pada membran yang berikatan
dengan GTP (guanasine triphosphat) and GDP (guanasine diphosphat)

 Stimulasi pada thyrosin kinase mengubah GDP menjadi GTP sehingga mengaktifkan
RAS

 RAS memiliki intrinsik GTP-activiting protein (GAP) dimana berfungsi mengha,mbat
RAS yang tidak terkontrol

 Didapatkan 3 gen pengkode RAS pada manusia

 HRAS

 KRAS

 NRAS

 Teraktivasi akibat infeksi retrovirus 

 15-25% tumor  ekspresi RAS mutation

 90% pada ca pancreas dan cholangio ca

 50% pada colon, endometrium, thyroid 

 Mutasi pada GAP  NF 1



Oncogenic BRAF dan PI3K mutation

 Mutasi BRAF

 100 %  hairy cell leukemia

 60%  melanoma

 80%  nevus

 Mutasi PI3K 

 30%  ca mamma



MYC oncogen

 MYC merupakan salah satu faktor transkripsi pada inti

 Mekanisme MYC sampai sekarang masih belum jelas

 Aktivitas MYC :

 Mengkespresikan beberapa gen yang berperan pada pertumbuhan sel

 Meningkatkan upregulasi dari ekspresi telomerase

 Salah satu faktor trkskripsi yang dapat bekerja untuk mengaktifkan somatic cell 

menjadi pluripotent stem cell

 MYC translocation :

 Burkit’s lymphoma

 neuroblastoma



Cyclin - CDK



Mutations in growth factor receptors, non-receptor tyrosine kinases, or 

downstream signaling molecules that lead to constitutive signaling, such as: 

• Activation of the EGF receptor tyrosine kinase by point mutations (lung 

cancer); activation of the HER2 receptor tyrosine kinase by gene 

amplification (breast cancer) ; activation of the JAK2 tyrosine kinase by 

point muta- tions (myeloproliferative disorders) 

• Activation of the ABL nonreceptor tyrosine kinase by chromosomal 

translocation and creation of a BCR-ABL fusion gene (chronic 

myelogenous leukemia, acute lym- phoblastic leukemia) 

• Activation of RAS by point mutations (many cancers) 

• Activation of the PI3K and BRAF serine/threonine kinases by point 

mutations (many cancers) 



Insensitivity to growth inhibition : Tumor 

Suppressor gene

 Disebut juga Anti Oncogen

 Berfungsi untuk menekan pertumbuhan atau menghambat proliferasi sel

tumor

 Saat normal gen ini berperan dalam siklus sel

 Jika terjadi mutasi  maka hambatan proliferasi menjadi hilang  sel

tumbuh tidak teratur

 Contoh : p53, pRb









Rb : Genome of 

proliferation

RB, a key negative regulator of the G1 /S 

cell cycle transition, is directly or 

indirectly inactivated in most human 

cancers. 





The antiproliferative effect of RB is abrogated in cancers through a variety of 

mechanisms, including: 

• Loss-of-function mutations affecting RB 

• Gene amplifications of CDK4 and cyclin D genes 

• Loss of cyclin-dependent kinase inhibitors (p16/INK4a) 

• Viral oncoproteins that bind and inhibit RB (E7 protein of HPV) 



TP53 : Guardian of the 

Genome

TP53, a tumor suppressor gene that 

regulates cell cycle progression, 

DNA repair, cellular senescence, 

and apoptosis, is the most 

frequently mutated gene in human 

cancers. 



 50% kanker  Mutasi pada TP53 terjadi pada kromosom 17p13.1

 3 kanker terbanyak : paru, colon, breast  mutasi TP53

 Mirip dengan Prb, Mutasi TP53 yang terjadi hanya satu alelmerupakan “first 

hit”

 TP53 mengkode protein p53 yang berfungsi dalam berbagai tahapan di sklus

sel, dan mengaktifakan beberapa protein lain, salah satu nya MDM2

 MDM 2 berfungsi untuk mendegradasi TP53, sehingga jika ditemukan TP53 

yang abnormal, maka akan didapatkan peningkatan MDM2

 Sama seperti pRB, transformasi TP53 akibat ikatan DNA dengan virus ( E6 HPV)

 Secara normal, TP53 undetectable, jika terjadi overstress, TP53 disekresikan

akibat inhibisi dari MDM2 lewat 2 mekanisme :

1. DNA damage dan hypoxia

2. Oncogenic stress

 Keluarga p53 : p63 (sel epitelial), p73 (strong apoptotic agent)



APC : Gatekeeper of Colonic Neoplasia



 Mutasi APC (adenomatous poliposis coli) pada kromosom 5q21  terjadi pada

pasien adenomatous colon yang mengalami 1 alele mutasi

 APC merupakan salah satu komponen dari WnT signaling pathway, dimana

berperan sebagai :

 Kontrol perkembangan sel

 Kontrol adhesi

 Dan kontrol polaritas selama fase embriogenic

 Fungsi utama dari APC adalah menahan B-catenin  jika WnT tidak

terstimulasi maka APC menyebabkan degradasi dari B-catenin

 Jika Wnt terstimulasi maka terjadi hambatan proses destruksi oleh APC, 

sehingga B-catenin berikatan dengan TCF mengaktifkan transkripsi sel

 Jika APC tidak ada, maka B-catenin masuk ke dalam nukleus dan berikatan

dengan TCF

 Mutasi pada APC/B-catenin terjadi pada 50% hepatoblastoma, dan 20% 

hepatoma



E-chaderin

 Merupakan protein permukaan sel yang berperan pada ikatan antar sel

 Hilangnya ikatan antar sel menyebabkan peningkatan translokasi B-catenin ke

dalam nukleus, dan menstimulasi proliferasi sel

 Secara normal, hilangnya ikatan B-catenin/E-chaderin terjadi pada trauma di 

sel epitelial

 Mutasi pada B-catenin/E-chaderin menyebabkan proliferasi sel terus menerus

 Dengan hilangnya E-chaderin maka kemungkinan tumor invasi dan metastasis 

akan lebih tinggi

 Mutasi E chaderin = CDH1  gastric carcinoma



CDKN2A

 Mengkode 2 protein :

1. p16/INK4a CDKi  menghambat ikatan CDK4/Cyclin-D  pRb teraktivasi

2. P14/ARF  mengambat MDM2  tidak terjadi destruksi p53  p53 aktif

 Mutasi pada CDKN2A dapat berpengaruh pada pRb dan p53

 Mutasi CDKN2A : melanoma maligna, bladder ca, ALL, head and neck tumor, 

cholangio ca



PTEN (phosphatase dan tensin

homologue)

 Menghambat ikatan PI3K/Akt pada thyrosin kinase pathway

 Akibatnya tidak terjadi proliferasi sel

 Mutasi pada PTEN  Cowden syndrome



GROWTH PROMOTING METABOLIC 

ALTERATION : WARBURG EFFECT

 Even in the presence of ample oxygen, cancer cells demonstrate a distinctive 

form of cellular metabolism charac- terized by high levels of glucose uptake 

and increased conversion of glucose to lactose (fermentation) via the 

glycolytic pathway. 

 This phenomenon called : Warburg Effect  aerobic glycolysis

 aerobic glycolysis provides rapidly dividing tumor cells with metabolic 

intermediates that are needed for the synthesis of cellular components, 

whereas mitochondrial oxidative phosphorylation does not. 

 metabolic reprogramming is produced by signaling cascades downstream of 

growth factor receptors, the very same pathways that are deregulated by 

mutations in oncogenes and tumors suppressor genes in cancers. 





Evasion of Programmed Cell 

Death : Apoptosis

 Gen yang berfungsi untuk mengatur apaptosis

 Saat keadaan normal berperan di dalam siklus sel

 Jika terjadi mutasi

  maka sel tidak akan mati, dan sel akan proliferasi terus menerus

 Mutasi tersering  jalur intrinsik

 Integritas dari membran mitokondria diatur oleh protein pro-

apoptotic dan anti-apoptotic

 Pro apptotic  BAX/BAK

 Anti apoptotic  BCL2, BCL-XL, MCL1

 Mutasi pada BCL 2  malignant lymphoma



Limitless Replicative Potential : The 

Stem-Cell like Properties of Cancer Cells

 All cancers contain cells that are immortal and have limitless replicative 

potential 

 Immortality of cancer cells :

 Evasions of senescence

 Evasions of mitotic crisis

 The capacity of self-renewal

 Contoh : AML, CML
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