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Akciğerin Görevi

• Gaz alışverişi
• Havadan gelen patojenlere karşı 
direnç
• Mukosiliyer temizlik
• İmmünolojik savunma
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Epitel Hücreleri
• Bazal Hücreler
•Fonksiyonu bilinmiyor. Goblet ve 
siliyalı hücrelere dönüşebilir.
• Goblet Hücreleri
•Mukus üretir (Müsin glikoproteini) 
Bronşit, KOAH, kistik fibroz,astma 
da artar
• Siliyalı Kolumnar epitel
•Siliyalı hücre/goblet hücre: 5/1
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Siliyalı Kolumnar Epitel
• Yaklaşık her hücrede 250 siliya var.
• Her siliyada aksonem 
mikrotübülleri bulunur. (9+2 düzeni)
• Primer Siliyer Diskinezi de 
sorunludur: Bronşiektazi, kronij 
rinosinüzit, sperm motilitesi 
bozukluğu, Kartagener.
• 12-15/dk frekanslı.
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Küçük İletici Havayolları
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Küçük İletici Havayolları
•Bronkiollerdir.

• Pulmoner asinusun hemen 

distalidir.

• Clara hücreleri ile döşelidir.

• Silialı ve skuamöz değildir.
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Clara Hücreleri

30 Kasım 11 Çarşamba



Clara Hücreleri
•Metabolik işlevleri bulunur.
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Clara Hücreleri
•Metabolik işlevleri bulunur.

• Bir çok endoplazmik retikulum var.

• Sürfaktan apoproteinini üretir.

• Arişidonik asid metabolizması ve 
anti-lökoproteaz aktiviteye sahiptir.

• Oksidan gazların hedefidir. 
Prolifere olur.
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Alveol Tip I Hücreler
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Alveol Tip I Hücreler
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Alveol Tip I Hücreler
•Alveol epitelinin baskın hücresi

• Genii ve düz, sitoplazmik uzantılı.

• Bölünme yeteneği yok.

• Kandan sıvı ve çözünür maddelerin 
sızmasını önler. (Sıkı bağlantılar)

• Kayıp ile alveole sıvı sızar ve 
ardından Tip II proliferasyonu olur.
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Alveol Tip II Hücreleri
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Alveol Tip II Hücreleri
• Akciğer distalindeki hücrelerin 
%15’i
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Alveol Tip II Hücreleri
• Akciğer distalindeki hücrelerin 
%15’i

• Kübik özellikte.

• ‘Granüler pnömosit’

• Yüzey aktif madde üretir.

• Alveol hasarında prolifere olur.

• MHC Sınıf I ve II ifadesi vardır.
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Endotel Hücreleri
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Endotel Hücreleri
•Pulmoner arterden distal vene 
kadar, pencere oluşturmadan damarı 
döşer.
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Lümen membranı
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Lümen membranı
• ACE

• İnsülin

• Glikozaminoglikanlar

• LDL

• Lipoprotein lipaz

• Ig, fibrinojen, Alfa2 makroglobulin, 
albumin
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Alveol Makrofajları
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Akciğer Lenfatikleri
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Akciğer Lenfatikleri
• Lavaj: %60 T, %10 B Hücreleri.

• Bronchus Associated Lymphoid 
Tissue: BALT

• Hilum ve mediastinumda daha 
fazla.

• Lenf nodu endoteli: HEV (High 
endothelian venule) 

30 Kasım 11 Çarşamba



Genetik Regülasyon
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tivity of the receptor or promotes the interaction 
of the receptor with domains of cytoplasmic 
proteins (e.g., the SRC homology 2 domain) that 
are effectors and regulators of intracellular sig-
naling.36 In humans, there are approximately 120 
SRC homology 2 domains in 100 different pro-
teins that mediate responses to signals initiated 
by phosphorylated tyrosines. Some of these pro-
teins share domains with enzymatic activity, 
whereas others link activated receptors to down-
stream targets.

Many oncogenes encode members of signal-
transduction pathways. They fall into two main 
groups: nonreceptor protein kinases and guano-
sine-triphosphate–binding proteins.37,38 The non-
receptor protein kinases are of two types: tyro-
sine kinases (e.g., ABL, LCK, and SRC) and serine 
and threonine kinases (e.g., AKT, RAF1, MOS, 
and PIM1). Proteins involved in signal transduc-
tion become oncogenic if they bear activating 
mutations. An important example is PI3K and 

some of its downstream targets, such as AKT 
and SGK, which are critical to tyrosine kinase 
signaling and can be mutated in cancer cells.

Apoptosis Regulators
The BCL2 gene, which is involved in the initiation 
of almost all follicular lymphomas and some dif-
fuse large B-cell lymphomas (see Fig. 2 in the 
Supplementary Appendix),14,15 encodes a cytoplas-
mic protein39,40 that localizes to mitochondria 
and increases cell survival by inhibiting apopto-
sis.41 BCL2 is also important in chronic lympho-
cytic leukemia and lung cancer. The BCL2 family 
members BCL-XL and BCL2 inhibit apoptosis 
and are up-regulated in many cancers.

Two main pathways lead to apoptosis: the 
stress pathway and the death-receptor pathway 
(Fig. 4). The stress pathway is triggered by pro-
teins that contain the BCL2 homology 3 domain; 
this domain inactivates BCL2 and BCL-XL (which 
normally inhibit apoptosis) and thereby activates 
the caspases that induce apoptosis (Fig. 4). 
Drugs that mimic the BCL2 homology 3 domain 
and can bind to BCL-XL or BCL2 (peptides or 
small organic molecules that bind in a groove of 
these proteins) are under development. This ap-
proach has attracted considerable attention be-
cause many tumors overexpress BCL2 or related 
proteins. The death-receptor pathway is activated 
by the binding of Fas ligand, TRAIL, and tumor 
necrosis factor α, to their corresponding (death) 
receptors on the cell surface. Activation of death 
receptors activates caspases that cause cell death 
(Fig. 4).

Oncogene Activation
Activation of oncogenes by chromosomal re-
arrangements, mutations, and gene amplification 
confers a growth advantage or increased survival 
of cells carrying such alterations. All three mech-
anisms cause either an alteration in the oncogene 
structure or an increase in or deregulation of its 
expression.42

Chromosomal Rearrangements
Chromosome inversions and translocations are 
common cytogenetic abnormalities in cancer cells. 
In hematopoietic cancers and solid tumors, the 
translocations and inversions increase or deregu-
late transcription of the oncogene. In prostate 
cancer, gene fusion occurs between a gene that 
carries a promoter that is very active in the target 
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Figure 4. The Two Main Pathways to Programmed Cell Death, or Apoptosis.

The effectors of cell death are the downstream caspases, proteolytic en-
zymes activated by caspases 8 and 9, which are capable of clearing many  
of the cellular proteins causing cell death. FADD denotes Fas-associated 
death domain.
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Molecular Origins of Cancer

n engl j med 359;13 www.nejm.org september 25, 2008 1369

Clonal Evolution

Changes in certain genes (e.g., proinflammatory 
interleukin-8 [IL8] and some DNA-repair genes) 
occur in nonmalignant lung tissue of smokers 
and patients with lung cancer, a finding consis-
tent with diffuse tissue injury.3,27-29 These chang-
es probably precede epithelial clonal evolution, an 
important element of the molecular origins of 
lung and other cancers (Fig. 1). Patches of clon-

ally related cells, or clonal patches containing 
40,000 to 360,000 cells, have been mapped in the 
lung.30 The size and number of subclones in a 
clonal patch may contribute to the cancer risk.31 
Early events in the development of non–small-
cell lung cancer include loss of heterozygosity at 
chromosomal region 3p21.3 (site of RASSF1A, a 
member of the Ras association domain family, 
and FUS1), 3p14.2 (FHIT, a fragile histidine triad 

Table 1. Genetic Abnormalities Specific in the Lung to Non–Small-Cell Lung Cancer and Small-Cell Lung Cancer.*

Abnormality Non–Small-Cell Lung Cancer Small-Cell Lung Cancer
Squamous-Cell 

Carcinoma Adenocarcinoma
Precursor

Lesion Known (dysplasia) Probable (atypical adenomatous hyperplasia) Possible (neuroendocrine field)†

Genetic change p53 mutation KRAS mutation (atypical adenomatous hyperplasia 
in smokers), EGFR kinase domain mutation  
(in nonsmokers)

Overexpression of c-MET

Cancer

KRAS mutation Very rare 10 to 30%‡ Very rare

BRAF mutation 3% 2% Very rare

EGFR

Kinase domain mutation Very rare 10 to 40%‡ Very rare

Amplification§ 30% 15% Very rare

Variant III mutation 5%¶ Very rare Very rare

HER2

Kinase domain mutation Very rare 4% Very rare

Amplification 2% 6% Not known

ALK fusion∥ Very rare 7% Not known

MET

Mutation 12% 14% 13%

Amplification 21% 20% Not known

TITF-1 amplification 15% 15% Very rare

p53 mutation 60 to 70% 50 to 70%‡ 75%

LKB1 mutation 19% 34% Very rare

PIK3CA

Mutation 2% 2% Very rare

Amplification 33% 6% 4%

* Non–small-cell lung cancer includes squamous-cell carcinoma and adenocarcinoma.
† Neuroendocrine fields have been detected only in tissue surrounding tumors and have been characterized by extremely high rates of allelic 

loss and by c-MET overexpression (Salgia R: personal communication).
‡ Variations are based in part on smoking profiles.
§ The percentages include increased gene copy numbers from amplification or polysomy and represent percentages from resected cancers. 

The percentages are higher in primary tumors from patients with metastatic disease. Increased copy numbers have been reported in 
squamous dysplastic lesions but not in adenocarcinoma precursors.

¶ Genomic EGFR variant III mutations have been detected only in lung squamous-cell carcinoma, and these tumors are sensitive preclinically 
to irreversible EGFR tyrosine kinase inhibitors. The incidence of 5% is substantially lower than that of 30 to 40% for the detection in 
squamous-cell carcinoma or adenocarcinoma by immunohistochemical analysis or other techniques.

∥ The anaplastic lymphoma kinase (ALK) fusion gene (involving chromosome 2p), consisting of parts of EML4 and ALK, is transforming in 
 fibroblasts and occurs in adenocarcinoma but not in other types of non–small-cell lung cancer or other nonlung cancers.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
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Figure 1. Molecular Evolution of Lung Cancer.
Environmental factors, such as tobacco smoke, and genetic susceptibility interact to influence carcinogenesis. Factors that are unrelated 
to smoking — including genetic, hormonal, and viral (e.g., human papillomavirus) factors — have been suggested.2 Tissue injury (e.g., 
from tobacco smoke, reflected in the discolored smoking-related lungs) initially occurs in the form of genetic and epigenetic changes (e.g., 
mutations, loss of heterozygosity, and promoter methylation) and global transcriptome changes (e.g., inflammation and apoptosis path-
ways). These changes can persist long term3,4 and eventually lead to aberrant pathway activation and cellular function (e.g., dysregulated 
proliferation and apoptosis) to produce premalignant changes, including dysplasia and clonal patches. Additional changes can result in 
angiogenesis, invasion and early-stage cancer, and advanced cancer and metastasis.5 Many molecular changes in earliest-stage cancer 
also occur in advanced disease.6,7 Premalignant patches contain clones and subclones (inset), which can involve loss of heterozygosity, 
microsatellite instability, and mutations (e.g., in p53 and epidermal growth factor receptor [EGFR]). Lung cancers unrelated and related to 
smoking have strikingly different molecular profiles, including those of mutations in p53, KRAS, EGFR, and HER2. Smoking-related patches 
and primary cancers (usually squamous-cell carcinoma and small-cell lung cancer) most often develop in the central airway.4,8 Most tumors 
that are not related to smoking are adenocarcinomas and develop in the peripheral airways. Molecular markers can signify risk (in people with-
out cancer), prognosis (outcome independent of treatment), and sensitivity to treatment through predictive markers. Such stage-specific mark-
ers can span the course of disease from its early stages through its late stages. They also can help define mechanisms of resistance to therapy.
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• C F T R :  C y s t i c f i b r o s i s 
t r a n s m e m b r a n e c o n d u c t a n c e 
regulator : Klor sekresyonu kontrolü
•  1/2500
• Karaciğer, akciğer, barsaklar ve 
pankreası etkiliyor.
• 900 den fazla mutasyon saptanmış. 
• en sık mutasyon: F508 de fenilalanin
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