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Figure 1. The Hallmarks of Cancer

This illustration encompasses the six hallmark
capabilities originally proposed in our 2000 per-
spective. The past decade has witnessed
remarkable progress toward understanding the
mechanistic underpinnings of each hallmark.

surface, rendering such cells hyperre-
sponsive to otherwise-limiting amounts
of growth factor ligand; the same
outcome can result from structural alter-
ations in the receptor molecules that
facilitate ligand-independent firing.
Growth factor independence may also
derive from the constitutive activation of
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NF-kappaB, a mediator for lung carcinogenesis and a target for
lung cancer prevention and therapy

Wenshu Chen, Zi Li, Lang Bai, and Yong Lin
Molecular Biology and Lung Cancer Program, Lovelace Respiratory Research Institute, 2425
5. NF-kappaB IN LUNG CARCINOGENESIS

5.1. NF-kappaB activation in lung cancer

There 15 conmiderable evidence that NF-kappaB s constutively activated 1n 3 vanety of
solid tumors. mcloding prostate, breast. cervical, pancreatic and g cancer (30, 31)
Although lung tumors are histologically heterogenic, tumor samples obtaned from lung
cancer patients showed high levels of NF-kappaB activation m both small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC). and 15 significantly associated with
disease advancement m TNM stages and poor prognosts 1n fung cancer patnents (31, 32)
Inlubstasg NF-kappaB with different approaches such as stRNA_ IKK wmlubrtors and
IkappaB super suppressor mhibsted luag cancer cell's survival oy * §’ R ornes

jduosnuepy Joyny vd-HIN

6. TARGETING NF-kappaB SIGNALING FOR LUNG CANCER THERAPY

Systenmic ch herspy. alone or combined with rad is used to treat advanced and
metastanc ung cancer to improve the survival rate and quality of life of patients. The
standard regimen is plannum-based doublets (cisplaan or carboplatin plus other cytotoxic
§ agents). Unformunately, the prognosis of advanced lung cancer is dismal, partially due to the

- fact thar current chemotherapy for lung cancer has reached an efficacy plateau (58). Thus,
new approaches are urgently needed to improve the omtcome of treatmant.

5.1.1. Oncogene-mediated NF-kappaB activation—The
to hung cancer development are complex. underlymng mechans
fully understood. The findngs that NF-kappaB activation 15 as:
led to the hypothesss that activation of NF-kappaB s the resulr

G Pr ) »—Thew mclude bortezonib and other protecsome
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|
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inhubdtors such as MG132 and protecsone lithitor 1 (PS1) (64, 65) Bortezomib s the fiest
drug in this category approved by FDA for caucer therapy. Proteosome wmhibitors block the
NF-kappaB pathway thirough suppression of protecsomal degradation of kappaB .,
Prereatment of lung concer cells with proteasome inhibitors suppressed TNF, TRAIL or
irmdiation-mduced NF-kB activaton (101, 103, 151) Randomized pliave I sud phase I
mals (o advanced NSCLC show that Bor asa APy bas lumited activity in
lung cancer. Combined with cytotoxic agents or other targeted agents such as srlotuidb,
bortezomit was well tolerated, bur had modest or insufficient actvity (66-69). Therefore,
the furire of bormezonub in reatmng Iung cancer is sill uncertain It should be poiared out
that proteasomte alubitors are not NF-kB-wpecific and anti-<sucer affects othier than
inlubinon of NIV -kH can alwo be mvolved (171)

6.1.2. Non-steroidal anti-dnflammatory drugs (NSAID) and other approved
druge—NYAIDs are anti-iflammarory dougs act through mlsbition of COX-1 and -2
Aspinn and sodim salicylore are able to mhibit NF-kappaB activation by suppressing
IKKbeta activity (70). Sulindac, » NSAID that has preventive activity against colon caucar
15 also an DX beta akibitor that enbances TNT-induced apoptosis i lung cancer cells by
1nbibinng NF-kappaB suclear tanslocation and DNA binding(71) The welective COX-2
inhibitor Celecoxib suppresses cigarerre-smoke condensate (C SC)-lnduced NF-kappaB
activation through blocking phosphoryianon and degradarion of Ikappallalpha and
phosphoryistion and nuclear tatslocation of NF-kappaB, resutlting i abtogation of CSC up-
regulation of NF-kappall targe: geum, Cyclin D1, COX-2 and MMP-9 (72). Sulfasalazine
Runs Deen shown to mhibit TNFalphas- or 12-O-tetradec anoylpborbol-13-acetate (TPA)-
induced and IFNIT-mediated NF - kownB ncovanon (73) Suifasalazine reduces NF-koppaB
activity and cell tovasion, and »d apop i A wenes of call
lines from a NSCLC panent (74). Thalidomide inhibits TNF-induced INK phosphoryiation,
pos phosphorylation and unclear translocanon and binding to the ICAM-1 promoter,
resulnog o down-regulatoa of ICAM. 1 expression and subsequent inhibinon of cancer cell
IBVASIVensss (0 Vio and merastasis (0 vive (7%) Unformnately, Phase IT and T trials failed
to show aay survival ¥w usmng d, de & of fard cl b Y
n meaunent of stage IIT and IV luag cancer (58) Nifedipine, a calcium channel blocker
conunonly used 10 teat hypertension, inhibits NF-kappaB io luag cancer cells and
macrophages induced by IL-1beta, TNFalpha and TPA (76) Nifedipine exerts its NF»
kappall inlubinng acavity by suppressing DX -mediated Ikappalialpha degradation
wbsequently suppressing MMP-P expression and acriviry (77, 78)

6.1.3. Natural products and their syﬂ(holio thdvnhns—-[mmy componants from
fruits and vep such as polyp P b kics have
DIOAPOY . Ann-prolifs AN -ADRLEOL and anti-metasmnc faocuons Tyvpically,

Besides NF-kappaB is constimtively activated in a vanety of cancers, both

ch therapeurics and radi induce NF-k B acuvation in cancer cells, which
contributes o resi & to thase therapies (39). For ple. ¢ 1y used cytotoxic
agents such as gemcitabline, paclitaxel, vinblastine and adriamycin, are NF-kB inducers
(60). Thus, it is assumed that blockage of NF-kappaB will increase the efficacy of anticancer
therspeutics. Indeed, inhibinon of NF-kappaB s:znalmg with vanous approaches has been
shown to augment the efficacy of chemotherap and radiation in killing cancer cells in

vitro and in vivo(61, 62).

6. 1. Agents that inhibit NF- B activation in lung cells

NF-kappaB-inhibiting compounds suppress this pathway directly or indirectly. The direct
inhibition involves tarzeting various components/steps m the NF-kappaB actuvation
pathways such as activation of IKK, degradation of kappaBalpha, muclear translocation and
DNA binding of NF-kappaB (6, 62). Among these targets, IKK was thought to be the most
effective and selecave drug arget (63). Indirect NF-kappaB inhibition blocks proteins that

are not components of but can activate, NF-kappaB activation pathways.
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Mitochondrial DNA mutations and breast tumorigenesis

Neelu Yadav and Dhyan Chandra’
Department of Pharmacology and Therapeutics. Roswell Park Cancer Institute, Buffalo, New
York, 14263

Abstract E The OXPHOS system

Altbhough cancer cells e not entieedy reliant o energy productyon theough OXPHOS, they
do contas necessary components of this systems aad functional OXPHOS (albest seduced)
sumilar 10 those of non-caseeronus cells [26, 27] The OXPHOS systems w comgrsed of five
large amln-subusst complexes as follows: complex | (NADH debydrogenase or

NADH ubsqmincne oxidoreductase ). complex I1 (succinate dehydrogenase or

succmnate ubwgmoces oxsdoredactase), complex [ (the bel complex oc

ubiguincae cytochrome ¢ oxadoreductase), complex IV (cytochrome c oxadase

cyclooxy genase or reduced cviochrome ¢ oxygpen oxadotednctase), and complex V (F F-
ATP-synthase). These complexes are localized at the moer matochondeal membeane and
made up of protess encoded by nDNA 30d nDNA. Agunt from these e subh-subuast
complexes. cytocheome ¢ and ubsquuscns (coenavme Q10) ace also required as electon
catniers 10 generate energy i e form of ATP [28-30] NADH and FADH) oxadaticn
seactions feed elecwons to respuatory chain (complexes 1-1V) that are tansferred o
molecular oxygen %o form water as a byprodnct and gemerate 2 proton (H™) gradent [28-30)
H” pumpang at complexes 1 111 aad [\ from the mstochondnal eaerox o the meer
membrane space leads to 3o mecrease m the H™ gradient across tie mmer mitochoadral
mensheane. Fually, the dissapation of the H™ gradient via cosaplex V provades energy for
combemmng the ADP and isorgams phosphate (Pa) to form ATP {18-30]. Several questzons
remaan unanswered abost the struenaal and functonal msegaty of the OXPHOS system
cances cells Do cancer cells have nonmal OXPHOS system, and if so, why are they
dependest more ot glycolyss than OXPHOS for ATP gemerstion” Do cancer cells harbor
defects = nDNA and aDNA eacodag vanous protezns that are paet of OXPHOS sysem”
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Molecular genetics of the OXPHOS system

OXPHOS system consts of 92 structueal subussts (Figuee 1) [29, 31] Most of the protetss

of OXPHOS system are encoded by the nDNA excent for the followsas 11 ?)lvnennk; that
HICSURILE ULESSt Cancel
e encoded by th s

subeznts of comapl
polypeptides. e Mitochondrial DNA mutations in breast cancer

AT Th s Although the role of aDNA mutanions i cancer development 1s well established, the
mmportance of mIDNA mustation m the disease process s only now begmnmng to receive
attention. Mutations 1a mtDNA are expected to destabilize the OXPHOS system becanse 13
protems encoded by mtDNA age essential for structural and functional mtegnty complex I,
and I~V Deficiency of OXPHOS in cancer cells was first described by Otto Warburg who
hypothesized that cancer cells rely more on glycolysss for their bioenergetic needs wstead of
OXPHOS even m the presence of abundant oxygen [34, 55] However, the Warburg
hypothests does not apply to all types of rumor cell or m all conditons. Several repons
suggest that OXPHOS accounts for approximately 40-80 %6 of the total ATP produced by
cells i ghacose-ennched medium [26, 56-60]. In addition. lack of oxygen or ntermuttent
hypoxia and'or glucose hmutation contributes 10 a shuft toward lugh glveolyss or glucose-
mdependent respuration 1 cancer cells i order to generate the required ATP [61-65]
Overall, if 15 now clear that stDNA mutation mfluences OXPHOS finchon and
consequently mught play a role tn tumor whatson and progression
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the plasma membrane and consequent activation of NF
xf and ERK cell survival sigmals. In contrast, knockdown
of ¢-FLIF has been found to redistribuse the DISC to lipid
rafts and switch DISC signaling to TRAIL induced apoptosis
[47]. NF-xf conatitutive activation has been linked to the
pathogenesis of many human cancers [48], and inhibition of
NF«xg induced transcription of ¢-FLIP has been shown to
sensitize cells to death receptor-mediated apoptosia |49, 50|
NF-xf-mediated upregulation of c-FLIP s implicated as an
important factor in the evasion of cefl death by cancer cells.

25 Carcimogenesis via Comvergence Pathway Inhibition. The
intrinsic and extrinsic pathways for caspase activation con
verge on downstream effector caspases. Mechanims for
suppressing apoptosis at this distal step have been revealed,
and their relevance to cancer s becoming progressively
chear, In this regard, the apoptosis-inhibiting proteins (LAFY)
represent o family of evolutionarily conserved apoptosis
suppressors (m < 8 in humans), many of which function
s endogenous inhibitors of caspases. All members of this
famuly, by definition, contain at least ooe copy of 4 so-called
BIR (baculovirus iap repeat) domain, a zinc binding fold,
which &s Important for their antiapoptotic activity, present in
-3 copies. Caspases-3 and -7, as well as caspase-9 (Intrinsic
pathway), are directly affected by the buman IAP family
members, XIAP, cIAPL and cIAP2. For XIAP, the second
BIR domain and the linker reglon between BIR] and BIR2

some tumor xenograft models [52}

2.6 How the Carcey Cells Overcome the Therapeutic Agents-
dwiduced Apoptimis. The success of each therapeutic strategy
deperals mainly on the ability of the therapeutic ol to
induce apoptosis either by targeting the overexpressed anti
apoptotic proteins or by stimulating the expression of the
proapoptotic molecules. However, muny of the therapeutic

ape
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A5 NF«B as a Target for Apoptosts Imduction. NF-xB s a
tramscription factor that was discovered in the nuclows of B
cells and binds to the enbancer of the kappa light chain of
immunoglobulin. i is expressed wadely in the cytoplasm of all
types of celbs. NF-xB & an importast mobecolar fink between
chronic inflammation, cell cycle, cancer devedopment, and
cell death [6, 244-247). The transactive NF-xB suppresses
woptosts by Inducing the expression of some apoplosis-
inhibitory genes, inclading JAPs, cFLIP, TNF receptor asso
clated factor | (TRAFI) and TRAF2 [248] Two typlcal
prosurvival NF-xB targets are Bol-xL andd XIAP, which can
block apoptosis st multiple steps [249, 250f. Importantly,
Chuang et al. demonstrated that a wide range of cylotoxic
drugs (5-FU, daxorubicin, paclitaxel, und cisplatin activased
NExB in a panel of cancer cell lines [251], This suggests that
NixHB & ation is a general feature of cancer cell responie
1o chemotheragy, For Instance, Increased NF-wB activiry
in patients with oesophageal cancer has been corrclated
with reduced resposse 10 ¢ Jjuvu chemotherapy and
rdiotherapy [252], Now it i believed that NF-xB appears
tis be a critical determinant of drug ressstance; its activation
reduces apoptosis by chemotherapy {247, A sumber of in
vifre stadies demotwtrated that inhibition of NF-aB sensitizes
cancer cells to chemotherapy-induced apoptosis [253-235],
Furthermore, NF-xll is believed to be a major target for
proteasonse inhibitors, as proteasome Inhibition prevents
gradation of Ikls, blocking NF.x# nuclear trandocation
6], Chinscal trmals with proteasome inhibitors sach as
boetezomib are underway o inhibit NF-kB signalling and
enhance drug-induced apopiosis in cancers.

36 Targeting Muftiple Pathways Regulators, Like antiapop-
totle Bcl-2 proteins overespression, IAPs overexpression
is associated with poor prognosis and chemoresistance in

of cancer cell types showed their potential as therapeutic
agents ko induce apoptosis | 1R . Nevertheless, the widespread
usc of sach drategy in chinical settings depends on the
safety delivery of stRNA [261]. Thus, many research efforts
have been devoted to improve ENA imerferonce (RNAG)
therapeutics, which lead to important advances in the field
(362, 163, In May 2008, the first Phase | chinical trial for
the treatment of solid tumoes involving systemic delivery
of wiRNA via targeted nanopartices was initiated {(Clani-
calTrials.gov identifier: NCTOO689065) [262]. Importantly,
data from this trial demanstrated, for the first time, that
systenically defivered sRNA can reduce protein leveds of a

f ne throogh an RNAI mechanism in bamans {264]
This fisding opens the gate for futare application of SRNA
as a gene-specihic tool for cancer treatment, dinically. These
Jl“'lll ations tac Ill[]ll‘ 'All:l".ll"g'h(‘ .‘nlll“l!“ﬂl‘ll [Ll'lm Pllll’v
wcts to kill cancer cell either aloos or in combination with
classic therapwes. Recently, o FLIP and other antiapoptotic
proteins are promising targets for the development of RNAY
therupeutics [101]. As well as RNA-medisted dovnregulation
of c-FLII. RNAs-based reduction of Bel- 2, Bl xl, XIAF, and
survivin has abo been shown 10 sensitize cancers cells to s
range of cancer therapies, including chemotherapeutic drugs
and TRAIL [265)

3.7 Targeting Heat Shock Chaperons

570 HSPY0. Heat shock proteins 90 (Hsp90s) are abun
dantly and ubiquatoasly expressed proteins required for the
energy-driven stabilisation, conformation, and function of
a large mumber of cellular protens, named dinets {266,
267 Several key Hsp0 proteins are Involved in the pro-
cesses characteristic to the malignant phenotype, sach as
tnvasion, angsogenesis metastasls, and treatment resistance
[268-270), They also contribute 10 leading mechanisan of
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