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Could the cancer be a chronic immune disorder? ratér than a
serious malignant disease
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ABSTRACT

Despite what is known about the cancer as a maligrdangerous disease treated classically by surgery
chemotherapy and radiotherapy which have a drasbiesequences, demaging effect on rapidly growingune
cells e.g. bone marrow which may worsen the caifurther. Cancer could be treated softly with ioma
modulating agents targeting specific key regulatém®ugh the cell cycle e.g. COX2, PI3K, uPA, HspSIOF,
MTOR, IKK-b....etc. if cancer be a syndrom of immdiserder rather than a real disease, so treatmehthe
syndrom will not cure the disorder which may expléie reason of inappropriateness of cancer cladsherapies.
The new strategy depends on considering cancer @wanic immune disorder that is started with inflaation
followed by progression of cancer as a syndromy@m@atment the cause will relapse the whole secei@md will
cease the progress of the disease. Dealing witleeraas a chronic inflammatory disease will chanige view and
decline the use of destructive classical canceredigs. Furthermore, this strategy will reduce duffer of the
cancer patient and uphold the immune system wahithei first selective barrier on further progressiof cancer.
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INTRODUCTION

1. Nonsteroidal anti-inflammatory drugs as anticaner agents

A growing body of research is showing that peoph®wake a daily dose of aspirih)((figure 1) may be lowering
their risk of a variety of seemingly unrelated aans¢ including colon, breast, esophagus and skiceza Now a
study published in the Journal of the National @arlostitute found that women who took a daily do$aspirin
cut their risk of ovarian cancer by as much as @@gnt. That study, combined with earlier reseaschrompting
patients and doctors to wonder if more people wdnddefit from taking a low dose of aspirin and [jagsother
nonsteroid anti-inflammatory drugs. Another studyeaaled that women who took aspirin every other miay be
reducing their colon cancer risk by 20 percentahother study, published in 2012 in the British roadjournal
Lancet, participants who took aspirin reduced thisk of colon, lung or prostate cancer by 36 petc&tanford
research published last year showed that womentedioaspirin had up to a 30 percent reduced ristteokloping
melanoma, the most deadly form of skin cancer. flildings are spurring research into the mechanisfrisow
aspirin and other nonsteroid anti-inflamatory drugsch as ibuprofen (Motrin)2), naproxen (Aleve)3) and
celecoxib (Celebrex)4 (figure 1) appear to blunt the proliferation @ncer cells. Researchers are also trying to
determine what the optimal dosage might be and lwhian-aspirin nonsteroid anti-inflammatory druge arost
effective in preventing cancer or possibly wardoffjthe potential of recurrence in patients who éndlve disease.
The over-the-counter pain killers are in a classneflications known as NSAIDs and are "a relativsgfe drug
compared to other interventions, and we are excitaulit this,” said Carlo Maley, director of UCSEenter for
Evolution and Cancer and an author of a study phbl in June that found potentially dramatic besidfiom
aspirin () among patients with a condition called Barretssphagus, which can turn into esophageal canter [1
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For that study, researchers analyzed tissue sampsssne 350 patients with the precancerous camdéand, over a
10-year period, found that NSAID users had a 30%@ercent reduction in developing esophageal calCancers
are evolutionary processes, and NSAIDs look likeag of lowering mutation rate and slowing down fitecess of
tissues developing into cancer," Maley said. "Maawycers are facilitated by chronic inflammation.alky, who

specializes in how cancer adapts over time to gentheorizes that this chronic inflammation maigearfrom the

fact that our immune systems are more "jacked bph tthey should be because we have far fewer iofect
diseases to contend with than our ancestors had [1]

From Thunet al numerous experimental, epidemiologic, and clinistadies suggest that nonsteroidal anti-
inflammatory drugs (NSAIDs), particularly the highdelective cyclooxygenase (COX)-2 inhibitors, havemise
as anticancer agents. NSAIDs restore normal ap@pioshuman adenomatous colorectal polyps and nowa
cancer cell lines that have lost adenomatous psigpmli gene function. NSAIDs also inhibit angiogsis in cell
culture and rodent models of angiogenesis. Mangezpiologic studies have found that long-term us®AIDs is
associated with a lower risk of colorectal can@tenomatous polyps, and, to some extent, otherecantwo
NSAIDs, sulindac §) and celecoxib4), have been found to inhibit the growth of adentmmsa polyps and cause
regression of existing polyps in randomized trifipatients with familial adenomatous polyposis FjAHowever,
unresolved questions about the safety, efficacyimap treatment regimen, and mechanism of actioN8AIDs
currently limit their clinical application to thergention of polyposis in FAP patients. Moreovée tlevelopment
of safe and effective drugs for chemopreventioodmplicated by the potential of even rare, seritmxgcity to
offset the benefit of treatment, particularly whée drug is administered to healthy people who Haweannual
risk of developing the disease for which treatmeitended. Thuet al suggestted research opportunities that may
help to accelerate the future clinical applicatddiNSAIDs for cancer prevention and treatment [2].

2. Natural Anti-inflammatory phytochemicals with anticancer properties

The Mediterranean diet and more specifically cartaeats, fruits, vegetables, and olive oil foundéntain parts of
the Mediterranean region have been associated avitbcreased cardiovascular and diabetes risk. kémently,
several population based studies have observedthétie lifestyle choices have reported an oveedlliced risk for
several cancers. One study in particular observetheerse relationship between consumption of Medihean
herbs such as rosemary, sage, parsley, and oregtndung cancer. In light of these findings thésea need to
explore and identify the anti-cancer propertieshelse medicinal herbs and to identify the phytodbals therein.
From Johnsoret al one agent in particular, carnosé),(has been evaluated for anti-cancer propertyrastpte,
breast, skin, leukemia, and colon cancer with psamgiresults. These studies have provided evid#ratecarnosol
(6) targets multiple deregulated pathways associattidinflammation and cancer that include nucleatér kappa
B (NFk-), apoptotic related proteins, phosphatidylinosgelinase (PJK)/Akt, androgen and estrogen receptors, as
well as molecular targets. In addition, carno$i)l dppears to be well tolerated in that it has aciiele toxicity
towards cancer cells versus non-tumorigenic celtsia well tolerated when administered to animalss review
focus on the link between anti-inflammatory andicatcer properties for carnosd) (Figure 1) which has high
efficacy, and safety/tolerability propertis as argncer agent [3]. From Raybust al, Inflammation is closely
linked to cancer, and many anti-cancer agents ks wsed to treat inflammatory diseases, such asmhtoid
arthritis. Moreover, chronic inflammation increaste risk for various cancers, indicating that d@hating
inflammation may represent a valid strategy forcemrprevention and therapy. Since monotherap\erelly
insufficient for treating cancer, the use of anfiammatory agents instead of conventional caneerapy is also a
focal point in discussion as postulated by Johretai[4].

Over the centuries, plant extracts have been usé@at various diseases. Until now, natural préglbave played
an important role in anticancer therapy as theeenaore than 500 compounds from terrestrial andrmagslants or
microorganisms, which have antioxidant, antiproéifere, or antiangiogenic properties and are tlogeehble to
reduce tumor growth. The recent discovery of netunah products has been accelerated by novel téohies
(high throughput screening of natural products Iants, animals, marine organisms, and microorgas)ism
Vincristine (7), irinotecan §), etoposideq), and paclitaxelX0) (figure 1) are examples of compounds derived from
plants that are used in cancer treatment. Simjlatyinomycin D {1), mitomycin C (2) , bleomycin 13) and
doxorubicin @4), (figure 1) are drugs derived from microorganisiifie molecular mechanisms of natural
compounds with anti-inflammatory and anticanceivéats are evidence as proposed by Orlikeval[5].

Moreover, propolis, a waxy substance produced byhtineybee, has been adopted as a form of folkamnedsince
ancient times. It has a wide spectrum of allegqdiegtions including potential anti-infection andt@ancer effects.
Many of the therapeutic effects can be attributeds immunomodulatory functions. The compositidrpmpolis

can vary according to the geographic locations fratmere the bees obtained the ingredients. Two main
immunopotent chemicals have been identified asaficid phenethyl ester (CAPE)S and artepillin C. 16)
Propolis, CAPE 15), and artepillin C 16) have been shown to exert cumulative immunosupjp@gunction on T
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lymphocyte subsets but paradoxically activate maltage function. On the other hand, they also hatenpial
antitumor properties by different postulated medéras such as suppressing cancer cells proliferafi@rits anti-
inflammatory effects, decreasing the cancer stelipopulations, blocking specific oncogene signalppathways,
exerting antiangiogenic effects, and modulating tthaor microenvironment. The good bioavailability the oral
route and good historical safety profile makes ptispan ideal adjuvant agent for future immunomatirdy or
anticancer regimens. However, standardized quaditgrols and clinical trials are essential befdtieez propolis or
its active ingredients can be approved as a drugmsted by Chaat al[6].

3. Cyclooxygenase (COX) inhibitors as anticancer agts

As reported by Piazzet al, there is compelling evidence that nonsteroidétiafiammatory drugs (NSAIDs) and
cyclooxygenase-2 selective inhibitors have antitesije activity, but toxicity from cyclooxygenaseCQX)
inhibition and the suppression of physiologicallynpiortant prostaglandins limits their use for cancer
chemoprevention. Previous studj@$ suggest that the mechanism for their anticaqeeperties does not require
COX inhibition, but instead involves an off-targeffect. In support of this possibility, recent nmiéar modeling
studies have shown that the NSAID sulindgc(figure 1) can be chemically modified to seleetivdesign out its
COX-1 and COX-2 inhibitory activity. Unexpectedlgertain derivatives that were synthesized baseth ailico
modeling displayed increased potency to inhibitdumell growth. Other experiments have shown théihdac 6)
can inhibit phosphodiesterase to increase intraleelcyclic GMP levels and that this activity i9sély associated
with its ability to selectively induce apoptosistafmor cells. Together, these studies suggesiafet-independent
mechanisms can be targeted to develop safer anel effizacious drugs for cancer chemoprevention [7].

Futhermore, numerous studies have shown that cypimmase enzymes are overexpressed and prostaglanelis

are increased in various tumor types. These obsengasupport the commonly held view that inflamioatplays

an important role in tumorigenesis and that sumgioes of prostaglandin synthesis is responsible tfoe

chemopreventive activity of NSAIDs .However, théseopposing evidence to suggests that a COX-indigren
mechanism is either responsible for or contribtiwethe antineoplastic properties of NSAIDs. The C@¥ozyme
is inducible and expressed in inflammatory celld aancer cells and was considered to be an idegl tdrget for
inhibiting inflammation and tumorigenesis [8-12].

NSAIDs and COX-2 selective inhibitors can suppitegsgrowth of tumor cells that do not express COXvhile

supplementation with exogenous prostaglandins daesreverse the growth inhibitory activity of NSA4D.

Additionally, the rank order potency among NSAIlDsitthibit prostaglandin synthesis does not matehpbtency
to inhibit tumor cell growth . In general, apprdaiahigher dosages of NSAIDs are required to irthitbmor cell

growth compared to anti-inflammatory dosages . &@ample, a series of chemically diverse NSAIDsleamxib

(4), Sulindac %), Diclofenac (7), Indomethacini8) , Piroxicam (9), Ibuprofen 2), Flurbiprofen 20) and Aspirin

(1) are shown in table 1 and figure 1 withsdGralues for growth inhibition on various canceraedl lines.

Moreover, the concentration range required to iihilmor cell growth exceeds the concentrationlood that can
be achieved in humans with standard dosages. B8AIDs show evidence of chemopreventive efficatyoing

term studies, which may be the consequence of @hemministration. As highlighted, aspirit))(may be unique
among other NSAIDs given its ability to irreversitilind COX, which may provide a sustained antignfmatory
benefit [13-16].

4. Phospho-nonsteroidal anti-inflammatory drugs, anew class of anticancer compounds

From Huanget al, despite nonsteroidal anti-inflammatory drugs (N3Aexhibit antineoplastic properties, but
conventional NSAIDs do not fully meet safety andicety criteria for use as anticancer agents. The
chemotherapeutic efficacy of 5 novel phospho-NSAJphospho-aspirin (PA, MDC-11821), Phospho-sulindac
(PS, OXT-328) 22), phospho-ibuprofen (Pl, MDC-91723), phospho-flurbiprofen (PF)24), phospho-desoxy-
sulindac (PDS, OXT-922)26) are proved, each of which includes in addition the NSAID moiety a
diethylphosphate linked through a butane moiety.5AtompoundsZ1-25) inhibited the growth of human breast,
colon, and pancreatic cancer cell lines with miaotan potency.In vivo investigations confirmed the antitumor
activity of phospho-aspirin (PA)2() and phospho-sulindac (PS)2] in inhibiting tumor growth in established
human xenograft models, in which cell proliferatias suppressed and apoptosis enhanced in thecabeén
detectable animal toxicity. Notably, all of the gpbo-NSAIDs tested induced reactive oxygen anogén species
in cultured cells, with PAZ1) and PSZ?2) inducing detectable levels of oxidative stressivo that were associated
positively with apoptosis and negatively with pfetation. Potentially explaining these effects,dlthe phospho-
NSAIDs (21-25) tested also inhibited the thioredoxin system #ra redox sensitive transcription factor NB-
Taken together, the strong anticancer efficacy amnising safety of phospho-NSAIDs in preclinicabaels of
breast, colon, and pancreatic cancer, suggestitigefuevaluation as anticancer agents [17].
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As mentioned earlier that aspirih) is chemopreventive against colon and probablgmotiancers, but this effect is
relatively weak and its chronic administration tonfans is associated with significant side effe@txause of these
limitations, extensive effort has been exertedniprove the pharmacological properties of aspitin It is found
that novel para positional isomer of phosphoaspif®®) [P-ASA, MDC-43, 4-((diethoxyphosphoryloxy)
methyl)phenyl 2-acetoxybenzoate] inhibited the gtowf 10 human cancer cell lines originating froaton, lung,
liver, pancreas and breast, at least 18- to 14diffare potently than conventional aspir). (P-ASA @6) achieved
this effect by modulating cell kinetics, compareithveontrols, P-ASAZ6) reduced cell proliferation by up to 68%,
increased apoptosis 5.5-fold and blocked cell cymlegression in the G2/M phase. P-AS26) increased
intracellular levels of reactive oxygen species @3Odepleted glutathione levels and modulated sigihaling
predominantly through the mitogen-activated proteimase (p38 and c-jun N-terminal kinase), cyclagyase
(COX) and nuclear factor-kappa B pathways. P-A2A8) ( targeted the mitochondria, increasing mitochadr
superoxide anion levels, this effect on ROS leadbbapsed mitochondrial membrane potential andyeigd the
intrinsic apoptotic pathway. The antioxidant N-gteatysteine abrogated the cell growth inhibitorydasignaling
effects of P-ASA26), underscoring the centrality of ROS in its mediamnof action. P-ASAZ6) is established as a
potent inhibitor of the growth of several human @ancell lines, suggest that it may possess brodidaamcer
properties. The novel P-ASAR§) is a promising anticancer agent, which meritshier evaluation as suggested by
Zhaoet al [18]. Moreover, Huangt al mentioned that non-steroidal anti-inflammatorygirisuch as sulinda&)(
are promising chemoprevention agents against adocer, but their weak potency and side effect# tineir use
for both chemoprevention and chemotherapy. Newdat derivative, phospho- desoxy-sulind2s) or OXT-922,
was tested on the growth of human cancer cell li@€7-922 @5) inhibited the growth of human cancer cell lines
originating from colon, pancreas and breast ~113@fold more potently than sulinda®)( This effect was
mediated by a strong cytokinetic effect. Comparétth wontrol, OXT-922 25) inhibited cell proliferation by up to
67%, induced apoptosis 4.1-fold over control armtkéd the G(1) to S cell cycle phase transitionTEBR2 @5)
suppressed the levels of cell cycle regulating gingt including cyclins D(1) and D(3) and Cyclinpgadent
kinases (CDK) 4 and 6. The levels of intracellukzictive oxygen species (ROS), especially thosaitfichondrial
0O,~, were markedly elevated (5.5-fold) in respons©¥T-922 @5). ROS collapsed the mitochondrial membrane
potential and triggered apoptosis, which was largélrogated by antioxidants. OXT-9225] suppressed nuclear
factor-kappa B activation and down-regulated ttdosen-1 expression. It also suppressed the prooluctf
prostaglandin E(2) and decreased cyclooxygenasgfiession. Similar to sulinda&); OXT-922 @5) enhanced
spermidine/spermine N(1)-acetyltransferase activiégluced the cellular polyamine content and symedgwith
difluoro-methyl-ornithine 27) to inhibit cancer cell proliferation and inducpoptosis. OXT-922235) possesses
promising anticancer properties and deserves fuetauation [19].

5. Potential of resveratrol and curcumin in anticarter and anti-inflammatory therapy

Resveratrol Z8) is a stilbene-type aromatic phytoalexin predomtlyafound in grapes, peanuts, berries, turmeric,
and other food products. Resveratrd8)(has been reported by Udenigeeal, to exhibit several physiological
activities including anticancer and anti-inflammgtactivitiesin vitro and in experimental animal models, as well
as in humans. Anticancer activity of this compoisichainly due to induction of apoptosis via seveahways, as
well as alteration of gene expressions, all leadim@ decrease in tumor initiation, promotion, gmdgression.
Resveratrol Z8) exhibits anti-inflammatory activity through modtibn of enzymes and pathways that produce
mediators of inflammation and also induction ofgnaimmed cell death in activated immune cells. Redra (28)
has been shown to produce no adverse effects,vélven consumed at high concentrations. Hence, rasoe(28)
possesses good potential to be used as an adpirmtiglternative therapy for cancer and inflammattiseases
[20].

Curcumin (diferuloylmethane)2@) is a polyphenol derived from the Curcuma longanpl commonly known as
turmeric. CurcuminZ9) has been used extensively in ayurvedic mediadnednturies, as it is nontoxic and has a
variety of therapeutic properties including antigant, analgesic, anti-inflammatory and antiseptitivity. More
recently curcuminZ9) has been found to possess anti-cancer actiwigests effect on a variety of biological
pathways involved in mutagenesis, oncogene expmessiell cycle regulation, apoptosis, tumor genesis
metastasis. From Wilkeat al curcumin 29) has shown anti-proliferative effect in multiplancers, and is an
inhibitor of the transcription factor NF-kB and destream gene products (including c-myc, Bcl-2, CAXNOS,
Cyclin D1, TNF-alpha, interleukins and MMP-9). Iddition, curcumin affects a variety of growth facteceptors
and cell adhesion molecules involved in tumor ghgveingiogenesis and metastasis. Head and neck sgeasell
carcinoma (HNSCC) is the sixth most common cancerldwide and treatment protocols include disfiggrin
surgery, platinum-based chemotherapy and radiagibiof which may result in tremendous patient niditlp. As a
result, there is significant interest in developadjuvant chemotherapies to augment currently albksltreatment
protocols, which may allow decreased side effectd oxicity without compromising therapeutic effiga
Curcumin R9) is a potential candidate, and can be an adjwlaotherapeutic agent [21].
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6. The role of vitamin D in cancer prevention andreatment

As reported by Vanoirbeedt al, various epidemiological studies have shown amiagical link between vitamin D
deficiency and cancer incidence. The active meibof vitamin D, 1, 25-dihydroxyvitamin D3(), has potent
anti-cancer activities botim vitro andin vivo. These anti-cancer effects are attained by reiggldhe transcription
of numerous genes that are involved in differenthways to reduce tumor genesis and are dependahearancer
cell type. Besides reducing cell growth and indgcapoptosis, 1,25-(OkD; (30) also inhibits angiogenesis and
metastasis. Moreover, its potency to inhibit inflaation also contributes to its anti-tumoral acyivit,25-(OH)D3
(30) interferes with the malignant processes thataatevated in cancer cells [22]. Calcitrid®0), the hormonally
active form of vitamin D, is being evaluated inngtial trials as an anti-cancer agent. Calcitrf) (exerts multiple
anti-proliferative, pro-apoptotic, and pro-diffetieting actions on various malignant cells andndgaumor growth
in animal models of cancer. Calcitri@Q) also exhibits several anti-inflammatory effectsliuding suppression of
prostaglandin (PG) action, inhibition of p38 strdssase signaling, and the subsequent productiorprof
inflammatory cytokines and inhibition of NEB signaling. Calcitriol 80) also decreases the expression of
aromatase, the enzyme that catalyzes estrogenesymin breast cancer, both by a direct transongti repression
and indirectly by reducing PGs, which are majomstators of aromatase transcription. Other impdre&ffects
include the suppression of tumor angiogenesis,siovg and metastasis. The calcitriBD) action provides a basis
for its potential use in cancer therapy and cheengmtion as concluded by Krishnenal[23, 24].

From the previous studies, as shown in table 1figutde 1, miscellaneous anti-inflammatory agerit3@) have a
potential anti-cancer effect; growth inhibition WilCsy values ranged from nanomolar to micromolar onedéht
cell lines indicates the strong relationship betwiedlammation and carcinogenesis [3,13,17,18,2b-38

Table 1 Growth inhibition of anti-inflammatory compounds using different cell lines

Hits Name (ICsc) uM Growth Inhibition*  Reference
1 Aspirin 5000 13
Ibuprofen 975 13
3 Naproxen 2800 25
4 Celecoxib 50 13
5 Sulindac 60 13
6 Carnesol 82 3
7 Vincristine 0.042 26
8 Irinotecan 1.0 27
9 Etoposide 0.6 28
10 Paclitaxel 0.018 29
11 Actinomycin D 0.0004 30
12 Mitomycin C 2.34 31
13 Bleomycin 11.85 31
14  Doxorubicin 0.1 32
15 Caffeic acid phenethyl ester 130 33
16  Artepillin C 150 34
17  Diclofenac 160 13
18 Indomethacin 180 13
19 Piroxicam 900 13
20  Flurbiprofen 1800 13
21 PA,MDC-118 32 17
22  Phospho-sulindac 62 17
23 Phospho-ibuprofen 79 17
24 Phospho-flurbiprofen 65 17
25  Phospho-desoxy-sulindac 38 17
26 Phosphoaspirin, MDC-43 42.6 18
27  Difluoromethylornithine 600 35
28  Resveratrol 131-187 36
29  Curcumin 10.2-13.3 37
30 Calcitriol(Vitamin D3) 5.0 38

*Different cell lines are tested, the figures aed to indicat the potential of anticancer activity
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Figure 1: Chemical strucure of miscillanous anti-iflammatory , immunomodulators that exert variable anticancer effect
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CONCLUSION

Despite the miscellaneous diverse chemistry argetsy it is clear from the previous studies thebéwveen anti-
inflammatory and anticancer properties; howeverdisal with cancer as a chronic inflammatory diseatieer than
a serious malignant disease will change the wholigips in treatment of cancer and will be a retiolu in cancer
therapy.
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