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Abstract.

Work from our group and others clearly suggest thekey role of altered metabolism in cancer.
The goal of this review is to summarize current kneledge on cancer metabolism, draw hy-
pothesis explaining metabolic alterations and assiated gene changes. Most importantly, we
indicate a list of possible pharmacological targetdn short, tumor metabolism displays mixed
glycolysis and neoglucogenesis features; most gllito enzymes are activate, but the pyruvate
kinase and the pyruvate deshydrogenase are inhibie This would result from an activation of
their specific kinases, or from the inactivation ofphosphatases, such as PP2A, regulated by me-
thylation. In parallel, the phosphatase failure wold enhance “tyrosine kinase receptor” signals,
as occurs with oncogenes. Such signaling pathway® aimilar to those activated by insuline, or
IGF- Growth hormone; they control mitosis, cell suwival, carbohydrate metabolism. If for
some reason, their regulation fails (oncogenes, PR2nethylation deficit, enhanced kinases...) a
typical tumor metabolism starts the carcinogenic pocess. We also describe changes in the citric
acid- urea cycles, polyamines, and show how bodyoses feed tumor metabolic pathways above
and below “bottlenecks” resulting from wrongly switched enzymes. Studying the available lit-
erature, we list a number of medications that targeenzymes that are essential for tumor cells.
Hoping to prevent, reverse or eradicate the proces&xperimental data published elsewhere by
our group, seem to confirm some of these assumptien
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Introduction Since PDH is inactive, the junction between glys@y

and the citric acid cycle-oxidative metabolism stop
Normally, lipid and muscle protein stores decreaffer However, below PK and PDH bottleneck, citrate sgath
fasting for example, when one needs to synthesite-n is particularly active [3-5], NADH probably no loeg
ments: ketone bodies and glucose by neoglucogenesighibits it. Citrate synthase will have to get 3t€loA
However, tumors utilize such stores for supportamg from fatty acidf oxidation, while lipid stores mobilize;
elevated very special glycolysis, with lactate pretébn  weight is lost, and this is frequent in patient#hvgancer.
and release, a process discovered by Warburgt[i. | The other substrate required for citrate condemisati
like if neoglucogenesis and glycolysis switches ever oxaloacetate (OAA), may come from phosphoenol pyru-
jammed in tumors. Glycolysis is on, but pyruvatease vate (PEP) accumulated above the PK bottleneckgesin
(PK) and pyruvate dehydrogenase (PDH) are bothst r PEP carboxykinase is a reversible enzyme; other OAA
like for a neoglucogenic metabolism, see ref [2]. sources involve ATP citrate lyase, MAL dehydrogenas

and aspartate transaminase. Pyruvate carboxylaseb)P
Hence, all the initial part of glycolysis operatesth its  might have provided OAA, but the enzyme is probatily
glyceraldehyde dehydrogenase step that needs NAD+,rest [6], since its activator, acetyl-CoA, decredsecause
will come from the conversion of pyruvate into et by the citrate condensation is particularly active,iokh
lactate dehydrogenase (LDH), explaining the Warburgeaves even more pyruvate to (LDH). The blockadBkof
effect. Much of the pyruvate needed results fronsefes and PDH by phosphorylation [2], results from thévac
protein proteolysis, usually increased in cancel V tion of kinases [7, 8] or the inactivation of phbafases.
alanine transamination, alanine being an amino deéid How did the blockade occur in the particular cabéue
rectly transaminated into pyruvate. mors?
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Tumor metabolism, selective drugs

We find a possible answer to the question in ealolser- from steatosis and cancer associated to steaf8sid,]
vations on the effect of insulin [9]. They shovatlafter because the extract, unlike purified insulin, corgahol-
pancreatectomie, a total pancreatic extract, ptotec ine derivatives. We know that choline is not onkpat-
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Figure 1 Tumor cell metabolism

The increase of glucose influx in tumor cells, itveh through the glucose transporter (Gluc tr) pted to hexokinase
(Hexo). This enzyme interacts with a mitochonde@hplex, and receives the necessary ATP, via tiRADP translocator
(ANT). In tumor cells, this increases glycolysist the glycolytic flux stops at the pyruvate kinédBK) “bottleneck” (the M2
dimer remains phosphorylated). Above the neckattmimulated phosphoenol pyruvate (PEP) feeds imtiiechondria,
where it is carboxylated into oxaloacetate (OAA),REP carboxy kinase (carb kin); the reaction imesd CO2- biotin and
GDP. The OAA flux feeds the citrate condensatieacting with acetyl-CoA. The latter, comes from foxidation of fatty
acids, since PDH is also at rest in its phosphatigla state, an intense lipolysis takes place. Fattids are transported in
cells, and then enter the mitochondria via the dara/ acetylcarnitine transporter (CAR tr). Thdra condensation reaction
and the formation of triglycerides via ATP citrdyase, pulls the flux; triglycerides rather thantdwe bodies form. The other
ATP citrate lyase product OAA feeds the malate defgense reaction. An analysis of the malate / gapashuttle, in rela-
tion to transaminases, completes the descriptienasiElendum and figure 8C. The decrease of NADH;hndmitivates citrate
synthase, may result from a blockadexrddetoglutarate dehydrogenase, closely related PDido¥n stream aconitase inhibi-
tion by NO or peroxynitrite would favor the effloicitrate along the ATP citrate lyase route. Unpling proteins decreasing
the NADH potential are also probably involved. d&@elthe bottleneck, pyruvate (PYR) will no longemeovia pyruvate
kinase, which stops converting PEP into PYR; otarrces become available, PYR comes essentiaily dtanine, transa-
minated by (ALAT). PYR will then give lactate, Mdatate dehydrogenase (LDH), in order to form th&[N required by
glyceraldehyde-Pdehydrogenase (Gl dehydr), forajigis to proceed. Other NADsources (not shown in the figure) come
from glutamate dehydrogenase (GDH), convertingetoglutarate(a keto) into glutamate (GLU); or Mal dehydrogenase
oriented by the OAA flux coming from PEP carboxyake and ATP citrate lyase. Muscle proteins ardqmiysed, providing
much alanine to tumors; lipolysis and proteolysisd glycolysis: “Tumors burn their host”.
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ropic factor, but also a methyl source. Moreovexesal
observations show that a phosphatase, PP2A, ishgy/lame
tion sensitive phosphatase, finding specific targetfter
methylation of its catalytic unit [12,13]. The pomethy-
lation of PP2A resulting from the choline deficiowd
then be a possible answer to our question, if thesp

causal demonstration, but identify possible cargamic
routes.

There are many other carcinogenic conditions biogsti
tyrosine kinase receptor, and the signals thegerign a
non-regulated way. This is the case of Growth hom@no

phatase failed to dephosphorylate PK and PDH, kegepi (GH), Insulin like growth factor (IGF) effects faxam-

them in their inactive form, which closes the juoit
between glycolysis and oxidative metabolism. Inapat,

ple. Normally, GH induces the synthesis and relazHse

IGF from the liver, which stimulates IGF receptors

the poorly methylated phosphatase would becomelenab(IGFR) of the “tyrosine kinase receptor” type, giig

to counteract insulin-tyrosine kinase signals, \Wwhio-
crease, eliciting the influx of glucose, mitosisdacell
survival. The brake over the signaling pathwaynighis
way turned off [14, 15]. The response to insulinnzulin
like signals is no longer coherent, the entry afcgke is
increased, but there is a bottleneck on the water/il,
most oncogenes act by increasing a given stepeicdb-
cade of similar “tyrosine kinase receptor” signatstrol-
ling mitosis and cell survival, leading to a similaon-

mitosis [17, 18]. An asymmetrical mitosis of a steatl
takes place, since a single daughter cell inhéngsmi-
totic capability, while the other sterile daughdéferenti-
ates. Since the IGF- (IGFR) complex is likely tantol
the mitotic capability, one expects that an 1GFdbig
protein (IGFBP) of strong affinity for IGF will redate
the process. It may perhaps cap the IGF- IGFR tecep
complex in one of the daughter cells, which inlsetite
mitotic capability. An excess of GH- IGF action fpebed

coherent response and cancer. The perverted tureer nby a decrease of IGFBP, would then favor a mitasis,
tabolism, which operates above and below the PK andghich both daughter cells inherit receptors andntiitetic
PDH bottlenecks, consumes body lipid and muscle prccapability, this symmetrical mitosis occurs in tusjoa
tein stores, (schematic representation figure bwéver, geometric increase of the dividing mass takes place
one would like to find what links steatosis, theolame
deficit, and the occurrence of hepatomas? Steatogies
from the accumulation of triglycerides (TG), theymthe-
sis and accumulation results from the elevatedateitr
condensation, via ATP citrate lyase, combined fmar
lipotropic effect of choline, since it is here didint. In
addition to the poor methylation of PP2A, it is pibte
that steatosis changes the phosphatase localizédima

In the present review, we shall analyze metabelitures
of tumor cells, in order to identify the regulatiothat fail
along the signaling pathways controlling metaboliime
minimal change that characterizes such a metapelic
version takes place when PK and PDH are at restfdik
neoglucogenesis, while citrate synthase remainseact
The role of a phosphatase such as PP2A activated by
ing it to the nucleus for example. Hence, tyrodiimase methylation would normally cancel the effect of &ses
signals in the cytosol become particularly activethe that block the enzymes unless it is deficient. Aisthe
nucleus, where methylations-demethylations processencrease of citrate synthase — ATP citrate lyasiwiges,
operate, the phosphatase may find new targetsatinty they are in relation to down stream inhibitionsisaicit-
cell cycle proteins as discussed later. Moreoves,lipo-  rate, or aconitase steps, of the citric acid cyahal to the
genic citrate condensation would decrease ketodéebo decrease of NADH, which normally inhibits citratgns
and butyrate, a classical histone deacetylase (HDAGChase. The stabilization of the metabolic perversibthe
inhibitor, which induces an epigenetic reprogramgnii  genetic level and the activation of a mitotic metdki, in
genes [15, 16]. Methylated promoters are sileneddle  which both daughter cells divide, is an essendéiature to
adjacent hypomethylated genes are over expressdnt, s consider. These minimal changes are associateccés-a
lizing the tumor cell features at the genetic level cade of other reactions covering the mitochondristke,
glutaminolysis, transaminations, the truncated usesde,
polyamines, the NAD+ source for glycolysis and daet
production etc... The many consequences of this meta-
bolic perversion are beneficial to the tumor angleke
body stores. On the other hand, this terrible soena-
sults from abnormal interactions between normalamet
bolic steps. One may then hope to change with adequ

Whatever is the trigger boosting the tyrosine kinaecep-
tor signals: oncogenes, hormones, metabolism, artd-m
tions, the result is the same: MAP kinases, Pladas,
transcription factors, become activate, inducingosis,
cell survival and anabolism in response to theggig The
cellular response is carcinogenic if it is not aeme; this

occurs if metabolic switches are not in the rigbsipon,
as discussed for the bottleneck characterizing tums
tabolism. Oncogenes trigger cancer in an equivaleyt
enhancing the expression or the action of prote@isng-
ing to the cascade of tyrosine kinase signalslibabme
particularly active.

The observations linking different features of rbetesm,

drugs, these interactions and reverse the situadionix-
ture of drugs to test on animal models led us possible
sequential pluritherapy, in which timing and dokase to
be determined.

epigenetic changes, and cancer, are not a medbanist
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Perverted glycolytic metabolism of tumors creasing the number of transporters incorporatethén
membrane by exocytotic vesicles). The polyol pathwa
We shall first consider some crucial steps of dlysis or  first converts glucose into sorbitol via an aldedluctase,
neoglucogenesis and indicate some alterations fannd the enzyme requires NADPH. Then sorbitol, convests
cancer, see also ref. [2]. fructose via sorbitol dehydrogenase, which gensrate
The initial observation of Warburg 1956 on tumoyog-  NADH. A decrease of NADPH may inhibit several en-
lysis with lactate production opened this field.[Iwo  zymes, NO synthase or glutathione reductase. Gifreer
fundamental findings complete the metabolic picttine  stimulated (NADH oxidase) forming reactive oxygen
discovery of the M2 pyruvate kinase typical of tumo radicals. Several consequences result from a ppbth-
[19]; and the interaction of tyrosine kinase phaspla- way activaton, in pathological conditions and cance
tions and signals, with the M2 pyruvate kinase kdmle  Sorbitol accumulates in tissues, it hardly crossesn-

[14, 20, 21]. branes, and pulls in water in cells, swelling talese. In
lens for example, this favors the onset of catafdctre-
Glucose transporter, hexokinase over, the increase of reactive oxygen species agtys

A glucose transporter, driven by the first enzyrglg-  the situation. The decrease of reduced glutathsaisio a
colysis, hexokinase, pulls the influx of glucosecélls. In cause of hemolysis. Like glucose, fructose andries
most tissues, this enzyme interacts with the midaodhia tabolites are potent glycation agents, able totreace
ATP/ADP transporter (ANT) and thus, receives effi-enzymatically with the amino groups of proteingniimg
ciently its ATP substrate [22, 23]. As long as Herase advanced glycation products. The discovery of aajiyd
occupies this mitochondria site, glycolysis is @ént. form of hemoglobin in diabetes demonstrated tha& th
However, this has another consequence, hexokinas®n-enzymatic reaction could modify proteins haviang
pushes away from the mitochondria site the perrligabi slow turnover; this is also the case of collageghting
transition pore (PTP) inhibiting the release ofocyirome glycation becomes an essential goal in the themipy
C, the apoptotic trigger [24]. The site also camdaa volt- diabetes, heart diseases, renal diseases, retiggat
age dependent anion channel (VDAC) and other pretei neurodegenerative disorders, aging, and cancer.
the repulsion of PTP reduces the pore size and- cyto
chrome C cannot be released. Thus, the apoptosom@&he fructose2-6 bis phosphate, cCAMP regulation of
caspase proteolytic structure does not assemblen glycolysis
cytoplasm. A typical feature of tumor cells is gagllysis  Further, ahead in glycolysis, phosphofructokinasesy
associated to an inhibition of apoptosis. Tumorgrov fructose 1-6 bisphosphate; glycolysis is stimulatéten
express hexokinase 2, which strongly interacts with an allosteric analogue, fructose 2-6 bisphosphatend.
mitochondrial ANT-VDAC complex pushing away the This occurs if CAMP decreases, in response to imsaf
PTP pore, which inhibits apoptosis. We know tha th example, when glucose increases in the blood. @n th
liver hexokinase or glucokinase, is different, dted not contrary, in starvation, glucagon and epinephriigit @n
stick to the mitochondria site and has a lowemndffifor  increase of cAMP, via adenylate cyclase couple@gpec
glucose. Liver glucokinase and glycolysis work whentors. The cAMP inhibits the formation of fructose6?2
glucose gets elevated in the blood, whereas braibisphosphate; consequently, glycolysis decreasede w
hexokinase of greater glucose affinity, operatekower neoglucogenesis and glycogenolysis increase, CAM® a
blood glucose concentrations. Because of thisrdiffiee, as a hunger signal. In tumor cells, the last stegyzoly-
brain receives preferentially glucose. The diffeeebe- sis (PK) is not active, as if it was switched-ofr
tween glucokinase and hexokinase amino acid seqaenmeoglucogenesis, in spite of an active glycolysige
may lead to peptides displacing hexokinase fromnthe discuss this point below, in relation with the atigle-
tochondria site; this would render apoptosis padssibb  citric acid cycle.
tumor cells.

The glyceraldehyde P dehydrogenase step
The polyol pathway Another important point of control of the glycolyti
A key reaction of glycolysis is the isomerisatiohglu-  pathway is glyceraldehyde P dehydrogenase thatresqu
cose-6-phosphate into fructose-6-phosphate. Theeégeo  NAD+ in the glycolytic direction. If the oxygen spiy is
sation of glucose into fructose is essential aretaed by normal, the mitochondria malate/aspartate shuftler-o
the enzyme phosphohexose isomerase. However, ithereates, forming via malate dehydrogenase the required
another route for generating fructose from glucdke: NAD+ in the cytosol and NADH in the mitochondria; i
polyol pathway, which normally operates when bloodthis process, malate enters the mitochondria apdrtade
glucose gets elevated [25]. The pathway is activeeu- gets out. In hypoxic conditions, NAD+ required fgly-
rons or red blood cells, with membranes permanentlgolysis, comes essentially from the lactate dehyelnase
equipped with glucose transporters (these cellsnoio reaction, converting pyruvate into lactate. Thigcteon is
respond to insulin like muscles or adipose tissue-
Biomedical Research 2011 Volume 22 Issue 2 135
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prominent in tumor cells, even in normoxia; ithetfirst mally elevated citrate synthase activity, which sutmes

discovery of Warburg, on cancer metabolism. acetyl-CoA [3,4,5]. Hence, the condensation of ydeet
CoA and OAA into citrate pulls the glucose flux time
The Pyruvate kinase inactivation glycolytic direction; citrate increases, ketone iesdde-

The pyruvate kinase (PK) reaction that gives oné¢hef crease, which blocks Pcarb. In tumors, the OAA aded
two ATP molecules of glycolysis, converts phosphoefor citrate synthase will presumably come from PER;
nolpyruvate (PEP) into pyruvate, which enters ia thi-  reversible PEP carboxykinase, and other OAA sources
tochondria as acetyl- CoA, starting the citric acitle  The quiescent Pcarb will not consume the pyruvata-c
and oxidative metabolism. Fructose 1-6 bisphosphateg via alanine transamination, after proteolysiprotein
activates pyruvate kinase, which can only work hie t stores, and even more pyruvate will go to lactdtgde-
glycolytic direction, from PEP to pyruvate, whiaghplies genase, giving the lactate released by the tumuod, a
that neoglucogenesis will use other enzymes fovedn NAD+ required for glycolysis, at the glyceraldehyBe
ing pyruvate into PEP. Two enzymes do the job, yat®  dehydrogenase step. In tumors, one finds a paati®K,
carboxylase (Pcarb) in the mitochondria, and phospbl  the M2 embryonic enzyme [19, 26, 27] the dimerlmg
pyruvate carboxykinase (PEP carboxykinase) in {tte-c  phorylated form is inactive, leading to a « botek »
sol and mitochondria. They start the gluconeogemite, between glycolysis and the Krebs cycle. The M2 RK h
by converting pyruvate into oxaloacetate (OAA) andto be activated by fructose 1-6 bis P its allostedtiva-
OAA into PEP until glucose, but it is here necegdar tor, whereas the M1 adult enzyme is a constitudivive
inhibit PK, if not, this would bring us back tormpyate. form. Above the bottleneck, the massive entry otgte,
In this gluconeogenic direction, the PK is phospltated accumulates PEP, we have seen that mitochondria PEP
and inactive. Well, tumors have a blocked PK theat r carboxykinase, an enzyme requiring biotine-CO2-GDP
mains phosphorylated (the M2 isoform is a fetalyemz).  converts PEP into OAA. This source of OAA is abnor-
mal, since Pcarb, another biotin-requiring enzysheuld
Wrongly switched enzymes in tumor metabolism have provided OAA, but the tumor Pcarb, seems to be
In starvation, when cells need nutriments, glyaslys inactive. Tumors may contain “morule inclusions” of
switches to neoglucogenesis while ketogenesis besombiotin-enzyme [6] suggesting an inhibition of Pgapbe-
active. Pyruvate dehydrogenase PDH and PK areaoff, sumably a consequence of the maintained citratthaya
phosphorylation of the enzymes takes place, prelsiyma activity, leading to a decrease of acetyl-CoA aetbke
via a CAMP-glucagon-adrenergic signal. A similaagti-  bodies that normally stimulate Pcarb. The PEP ababr
vation occurs in hibernating animals who consun@@rth source of OAA adds up to OAA coming from aspartate
stores during this period. In parallel, pyruvateboaylase transamination, or via malate dehydrogenase. QAR wi
becomes active. It receives its substrate, pyruestsen- then condense with acetyl-CoA, feeding the citetd-a
tially from alanine transamination, provided by mles Krebs cycle. Thus, massive amounts of acetyl-CoA wi
protein proteolysis. Pyruvate is converted by Padatb  have to feed the condensation reaction; they cassene
oxaloacetate, then processed by PEP carboxykimase i tially from lipolysis andBoxidation of fatty acids, and
PEP etc.., until glucose. In parallel, the mobti@a of  enter in the mitochondria via the carnitine tramtgro
lipid stores from adipocytes provides fatty acidBMP,  This is the major source of acetyl-CoA, since PDit t
AMP, and Growth hormone activate a lipase and nedia might have provided acetyl-CoA remains in tumoite |
this effect. Fatty acids increase, give acetyl-Caffer 3 PK, in the inactive phosphorylated form. The blatkaf
oxidation, and ketone bodies. TH&oxidation of fatty PDH [15] in tumors is reversible, as recently sha@h
acids takes place in mitochondria, and peroxisofoes The key question is to find out why NADH a natucdat
very long fatty acids. The process uses proteinl@idi rate synthase inhibitor does not switch off thed=mrsa-
stores to form respectively glucose and ketonedsodti  tion reaction, which drives the influx of metabeétin the
response to starvation. Since OAA starts the neoglu tumor cells. The NADH forms via the dehydrogenases
genic route, it is no longer feeding citrate systhathe the Krebs cycle and the malate/aspartate shuttéchw
citrate condensation stops, while acetyl-CoA inessc build up its concentration. On the other hand, NAISH
forms ketone bodies. Like glucose, ketone bodies, aconsumed by the respiratory electron transportnchie
nutriments for most tissues including brain. Ace@glA  mitochondrial complexl (NADH dehydrogenase).The
and ketone bodies stimulate the Pcarb, and the @A  overall NADH concentration is presumably low in tom
duction, the first step of neoglucogenesis. cells, since there are other probable stops inkiteds
cycle. Indeedg ketoglutarate dehydrogenase is homolo-
In spite of the active glycolysis of tumors, theidbH and gous to PDH and may respond to similar controlselh
PK enzymes are inactive, like for neoglucogend$isv-  PDH is off,a ketoglutarate dehydrogenase might also be
ever, one may reactivate them by inhibiting thespec- off (probably via the action of an intermediate dsm).
tive kinases [7,8]. Moreover, tumors display ana@bn Moreover, thea ketodehydrogenase blockade is associ-
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ated to a blockade of aconinase by NO, which irsgean
tumors. Normally, an increase of NADH inhibits ttie
rate condensation and the lipogenic formation pathw
favoring the ketogenic route associated to neogjece-
sis. Apparently, this regulation does not occutuimors,
since citrate synthase remains active. Probablynmor
cells, thea ketoglutarate not processed dketoglutarate
dehydrogenase, forms glutamate, via glutamate dehyd
genase, in this direction the reaction gives NADack-
ing the LDH source. Glutamate also comes from dineac
glutaminolysis typical of tumors [19]. This favoirs tu-
mors, the citrate accumulation, and the ATP cithgise
route leading to fatty acid synthesis and lipogentesm-
ing triglycerides, while OAA drives transaminatioi$is
pathway is essential for tumor cells (see the adigienon
polyamines).

In summary, it is like if the mechanism switchingrh
neoglucogenesis to glycolysis was jammed in tunfeks,
and PDH are at rest, like for neoglucogenesis chitgte
synthase is on. Thus, citric acid condensationspilie
glucose flux in the glycolytic direction, which rd=e
NAD+, it will come from the pyruvate to lactate c@m-
sion by lactate dehydrogenase. The citrate contlensa

blood cells do not have a mithochondria they hagtya
colytic metabolism. When they penetrate into thetida
acid gradient, they will have more and more difftigdior
releasing their lactate against an increasing eatdac-
tate concentration. This has an effect on up-strglgoo-
Iytic reaction products within the red blood cell;is
probable that lactate and pyruvate concentratiociease
as well as 3Pglycerate, in the cytosol of the astl one
expects that more 1-3 DPG will isomerize into 2-B®
while penetrating in the lactate gradient. The 2RSS is a
negative allosteric regulator for oxygen bindingh&mo-
globin, its concentration increases, which releasese
oxygen from hemoglobin. Hence, more and more oxygen
reaches the anoxic tissue because 2-3 DPG incr@ases
proportion to the external lactate. Moreover, sitiage is

an acid gradient parallel to the lactate gradipnbtons
will dissociate oxy-hemoglobin (Bohr effect) relewap
more and more oxygen from red blood cells that pene
trates in the anoxic tissue. The oxygen deliveregro-
portion to the lactic acid gradient will re-start axidative
metabolism in the anoxic tissue. Indeed, oxygernurep
electrons and in a way, pulls the protons through t
F1/FO ATPase forming water. This process generates
ATP in the mitochondria. The consummation of eleasr

consumes acetyl-CoA and ketone bodies do not fornand protons favors the conversion of NADH into NAD,

Citrate will support via ATP citrate lyase the dyesis of
fatty, triglycerides and transaminations.... The lesf
these metabolic changes is that tumors burn gluezbde
consuming muscle protein and lipid stores of thgaor
ism. In a normal physiological situation, one usesh
stores to make glucose or ketone bodies but ndidon-
ing glucose!

Anoxia and anoxic tumors

Anoxic tissues draw their energy from a fermentatio

converting glucose into lactate; last steps arestsate
phosphorylations that generate ATP at the phosghegl
ate kinase and pyruvate kinase reactions. Thisegsis
less efficient than the oxidative mechanism, wHimms
ATP at the expense of the energy potential of ttwtop
gradient, flowing through the F1/Fo ATPase fué t
mitochondria.

One expects that hypoxic tissues will need moreaga
for covering their energetic demand (Pasteur Effedte
have seen that the conversion of pyruvate int@atacby-

the mitochondria NADH concentration decreases. €inc
NADH blocks the citric acid cycle at the citratentlyase
step, the Krebs cycle will start turning supportimxjda-
tive metabolism and the electron transport chaine T
oxidative source of ATP formed at the expense ef th
NADH potential takes over, putting an end to thexan
fermentation process.

In tumors, lactate release and hypoxia are frequentin
this case, the pyruvate needed does not come vievéitg
kinase, which is blocked, but via alanine transatom.
The difference in the pyruvate sources betweenrealo
anoxic situation and tumor anoxia may have searal
sequences on the lactate gradient and the pepatratti
red blood cells in the anoxic tissue. Moreover, ife
creased transamination and amine products, attvadise
site polynuclear cells (opsonization) they reactfahe
tissue had been invaded by some bacteria, fortmng
drogen peroxide and peroxynitrite around the anaréa.
The consequence is that erythrocytes will havebietor
crossing the barrier without haemolysis. This wil&in-
tain the anoxic situation of the tumor. Studies by

lactate dehydrogenase, provides the NAD+ for théolomides on peroxida_ses and the I_ysis of bacteria
glyceraldephosphate dehydrogenase step. The anoxftp:/lucadeparis.free.fr/infosweb/solomides.htmjled

tissue releases lactate, building up an acid-lageddient
around the tissue. In order to trigger back an atkre
metabolism, anoxic tissues require the help ofbiedd
cells that will carry oxygen until the heart of thaoxic
tissue. However, to do so, erythrocytes will hav@éne-
trate deeper and deeper into the lactic acid gnadiRed

Biomedical Research 2011 Volume 22 Issue 2

him to describe chemical mixtures that display eoypie
dase activity, iodinated protein and ferric compigin
hydrolyzing hydrogen peroxide. He believed they had
anticancer properties, but could not convince. lHres
bly, ferric compoundg$-e304 [28] lactoferrin [29] and
other compounds extracted from Crucifer vegetalBgy,
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Fig. 2
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Figure 2 Oncogene targets on signaling pathways

A retrovirus can capture a gene, from a host cell &ransmit it to a new host. An upregulation & fene product, now un-
der viral control, may cause tumors. The capturetheg has become a viral oncogene (v-oncogene), wigdkies from a
normal host gene the proto-oncogene. The virusugestthe expression of a cellular gene the protoegene, by modifying
its expression, or its regulation, or by transnmitia mutated form of the proto-oncogene capturechfthe previous host.
Independently of any viral infection, a similar tomgenic mechanism takes place, if the proto-onoegis translocated in
another chromosome; and transcribed under the abmtf stronger promoters. In this case, the prot@agene becomes an
oncogene of cellular origin (c-oncogene). The thindde for converting a prot-oncogene into an onoegeccurs when a
retrovirus simply inserts its strong promotersiart of the proto-oncogene enhancing its expressitie figure aims to show
that retroviral oncogenes and cellular oncogenefutb a major signaling pathway: the MAP kinasesgegnic pathways. At
the ligand level we find tumors such Wilm'’s kidoawcer, resulting from an increased expressiomsiilin like growth fac-
tor; we have also the erbB or V-int-2 oncogenegesging respectively NGF and FGF growth factor rgoes. The receptor
for these ligands activates the tyrosine kinaseag similarly to the insulin receptor. The Roascema virus transmits a
tyrosine kinase src that exerts its tyrosine kinsig@al, leading to a chicken leukemia. Similaitymurine leukemia, a virus
captures and retransmits the tyrosine kinase abg fyrosine kinase step can also be enhanced ifytbsine kinase abl is
translocated and expressed with the bcr gene afrabsome 22, as a fusion protein (Philadelphia closome); in this case
abl is a cellular oncogene. Furthur ahead, Ras exdfing protein for GTP/GDP, and then the Raf setlmeonine kinases
proto-oncogenes are perturbed by corresponding ganes. Finally, at the level of transcription fast@ctivated by MAP
kinases, one finds cjun, cfos or cmyc; the laftefor example, activated by the insertion of arad®ucosis virus. The figure
indicates that retroviral attacks boost the MAPdsms similarly to inflammatory cytokins, or to iliswsignals coupled to
glucose transport and gycolysis.

A branch of the MAP kinase mitogenic pathway opésis the P13 kinase pathway, PTEN phosphatase ecagts this effect,
thus acting as a tumor suppressor. The schemedtatichat a DNA virus, the Epstein-Barr virus degtious mononucleose,
gives also the Burkitt ymphoma,; the effect ofwtines is to enhance PI3 kinase. Down stream, wevaind OR (the target of
rapamycine, an immunosuppressor) mTOR, inhibits APRosphatase, which is also a target for the sim®&/40 and
Polyoma viruses. Schematically, one may considar tte different steps of MAP kinase pathways argets for retrovi-
ruses, while the different steps of PI3 kinase wathare targets for DNA viruses. The viral-drivathanced function of these
pathways mimics the effects of their prolongedvativn by their usual triggers.
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act on tumors via a peroxidase effect. This allewgh-
rocytes to penetrate in the depth of the tumor auith
disruption; they might sense again the lactic gcatlient
and provide the necessary oxygen for re-estabishim
oxidative metabolism. The disruption of this “hydem
peroxide shield” may be relevant in other pathaegas
well. In Alzheimer’s disease, amyloid plaques digph
peroxidase activity that one would gain to stud¥][3n
Aids, lactoferrin seems to have antiviral effe@2][
Hypoxia is an essential issue to discuss. We stigges
other works that the transition from fetal to adgdnes
recalls a phylogenic adaptation of aquatic creattweair
and gravity. This transition concerns of coursalfédult
hemoglobin with different oxygen affinities, but ma
adult, more adapted proteins replace their feaiafiorm:

know that insulin-receptor actions, phosphorylateptor
tyrosines, and after several steps serine-threddireses
operate, supporting the MAP kinase -ERK signalg; tr
gering mitosis. Théigure 2 situates on a tyrosine kinase-
signaling pathway the different viral or cellulanoo-
genes: at the ligand level, on the receptor othendiffer-
ent steps of the MAP kinase cascade, see [15].offer
arm of this tyrosine receptor signal activates B8
kinase pathway, controlling via AKT-PKB glucose me-
tabolism, anabolism and cell survival. The pathvigy
counteracted by PETEN phosphatase operating asa tu
suppressor. Well, DNA viruses such as the Epsteim-B
virus for mononucleose or Burkitt lymphoma enhatiee
PI3 kinase route [36]. Further ahead AKT-PKB colstro
MTOR, the target of an immune suppressor, rapamycin

muscle proteins utrophine/dystrophine; enzymes @sh which promotes anabolic processes, and the expressi
the M2 PK [33] the M2 embryonic form being replacedribosomal proteins. Well, mTOR inhibits again thHeog-
by M1. Hypoxic conditions trigger back the expiess phatase PP2A. This phosphatase is also the tafget o
of the fetal gene packet. The mechanism depends ofPolyoma and SV40 viruses [37-40], PP2A reacts with

double switch since not all fetal genes are re-esged.
First, the histones have to be in an acetylatech fopen-
ing the way to transcription factors, this depeaitser of
HDAC inhibition or of HAT activation, and represerihe

Polyoma middle and small T antigens and with small
SV40, T antigen. These interactions would then ebnc
the effect of the PP2A serine-threonine phosphattasie
acts as a brake over serine-threonine kinasesintpao

main switch. Second, a more specific switch must ban amplification of the “tyrosine kinase receptsignal.

open, indicating the adult/ fetal gene couple camee or
more generally the isoform of a given gene thahige
adapted to the specific situation. When the adeheg

Moreover, it is seems that astrocytomas associtied
Tuberous Sclerosis regress after rapamycine the RnTO
inhibitor. This genetic disease, affects the pratehar-

mutates, an unbound ligand may indeed indicate, thematin and tuberin, the latter fails to inhibit ailor GTPase
particular fetal copy gene to reactivate [34]. moga, similar to RAS, which is a positive effector for @R,
lactate and pyruvate are more difficult to releagainst and rapamycin improves the situation [41]. Two efiént
the external gradient, leading to an increasedtrgasm mMTOR complexes have been identified, the mTORC1
glycolytic products, 3P glycerate or others. Thpsed- associating Raptor and the mTORC2 associating Ricto
ucts may then be the second signal controllingspeeific  and other proteins, rapamycine inhibits the mTORC1
switch for triggering the expression of fetal gereegh as complex. These complicated interactions were régent
fetal hemoglobin or the embryonic M2 PK; this takesreviewed [42] showing the importance of the Pl3akia
place if histones (main switch) are in an acetgdtem. signals counteracted by PETEN which is down regdlat
The “successful metabolism” of tumors, works at the&n cancer.
detriment of the rest of the body, how did sucteaver-
sion occur? It would be difficult not to incrimimasignal- Oncogenes affect steps on signaling mechanisms that
ing routes exemplified by the “Insulin- tyrosinense control cell mitosis, survival and the influx ofuglse;
receptor” signals, which regulate glucose entryll cetriggering at different levels the metabolic pesien
growth, anabolism and mitosis. characterizing tumor cells. However, what is thenscio,

which leads to this perverted metabolism?
Signaling pathways affected by oncogenes

The insulin tyrosine kinase receptor “poison” and he
The discovery of P. Rous (1911), the Rous sarcdma,v choline “antidote”
and the role of the src viral oncogene are a furstdah
finding in the field of cancer, recalled in ref4]3In fact,
the virus captures the viral oncogene from a preyvio
host, [35] and encodes a protein src that is pebcia
tyrosine kinase.
It is remarkable to notice that most retroviral ogenes
and cellular oncogenes, up-regulate one of thessbtép
signaling pathways exemplified by the tyrosine kma
receptor family such as the insulin receptor. Inege

A crucial observation to reconsider

In a remarkable comment, Newberne [10] highlights i
teresting observations on the carcinogenicity @tldi-
nolamine [11] showing that diethanolamine decreased
choline derivatives and methyl donors in the lividee
does a choline deficient diet. Such conditionsgeigtu-
mors in mice, particularly in the B6C3F1 strain. afg

the historical perspective recalled by Newbernem<
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ment brings us back to insulin. Indeed, after tisealery
of insulin in 1922, Banting and Best were able &gk
alive for several months depancreatized dogs cteaith
pure insulin. However, these dogs developed a fatty
and died. Unlike pure insulin, the total pancreatitract
contained a substance that prevented fatty liveli- a
potropic substance identified later as being cleoli].
Like other lipotropes, (methionine, folate, B12)otihe
supports transmethylation reactions, a one cartiditien
of methyles, to a variety of substrates, that waliddnge
their cellular fate, or action, after methylatiémthe parti

Figure 3

M2 @® Ml

Israél/ Schwartz

icular case concerned here, the removal of trigigles
from the liver, as very low-density lipoprotein peles
(VLDL), requires the synthesis of lecithin, whichgimt
decrease if choline and methyl donors such as Beagk
methionine (SAM) are missing. Hence, a cholinedefit
diet decreases the removal of triglycerides fromliver;
a fatty liver, and tumors, may eventually form.dome
species, phosphatidyl ethanolamine may particifmathe
removal of triglycerides since a fatty liver is retsys-
tematic observation for all species.

g cdc2p e mitosis

Cancer

Tau M
: spindle /’V

tangles
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Figure 3 PP2A phosphatase associations act on different phosphoproteins

The PP2AAC dimers have specific targets, they presumably dgpharylate directly cdc25, Tau proteins, cell cyple-
teins, which become activate; the spindle formsl amtosis occurs. The PP2A dimers may have lesstaffor pyruvate
dehydrogenase or pyruvate kinase that remain phagpdted and inactive, but would dephosphorylatacgiglycerol-3P,
promoting the synthesis of triglycerides.

The PP2A trimeACB forms when the catalytic subuiitgets a methyle. The trimeric phosphatase presargls from an
abnormal Tau hyperphosphorylation (a feature ofh&lmer’s disease). Another possible action of theeric phosphatase
regulates the phosphorylation of Tau, inhibitingptilin polymerization and the mitotic spindle. Ind&ebn, the trimers would
not dephosphorylate cdc25p phosphatase inhibitiegcell cycle (cdc2pp), thereby inhibiting mitosisd promoting differen-
tiation. Moreover, the PP2A trimers would dephogplaie and activate pyruvate dehydrogenase and\mteukinase M1,
which forms an active tetramer. A methylation defloes not assemble the trimeric PP2A. The M1 ygteikinase or its M2
isoform typical of tumor cells, are inactive formithe “bottleneck”.

Another partner of (not shown), is a proteigd4, the Ca4 phosphatase has antiapoptotic properties, favottmg immortal
phenotype of tumor cells.
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Figure 4 Two lecithin synthesis pathways associated to different triglyceride contents

Left pathway: a phosphatase (PP1 or Wpl or PP2A non-methyldieter) removes the Phosphate of Diacylglycerol-3P,
allowing the acylation of the third carbone and t#hmthesis of triglycerides. In parallel the syrsilseof lecithin via the cho-
line kinase, phosphocholine and CDP-choline pathtegs place. Since triglycerides form in paraltehe needs more leci-
thin for removing them as VLDLs.

Right pathway: the phosphatase is not active, the third phospladed carbone cannot be acylated, and triglyceside not
form. Nevertheless, lecithin synthesis is stillgilnle since diacylglycerol-3P (phosphatidate) gi@BP-phosphatidate then
phosphatidylserine, the latter, is decarboxylatetb iphosphatidylethanolamine, which receives methyla the choline de-
hydrogenase, S-adenosyl methionine (SAM) pathwayl€Eithin synthesized by the methylation routelbas triglyceride to
remove.

Tumors, use the choline kinase route rather thésrtiethylation pathway, they will have more triglsides to remove.

In sum, we have seen that pathways exemplifiedhby t methylates, the dimer A,C-CH3 recruits one of tiagi-v
insulin- tyrosine kinase signaling pathway, whi@dnttol  ous regulatory subunits B. The trimer ABC-CH3 then
anabolic processes, mitosis, growth and cell deathat targets specific proteins that are dephosphoryl§t&dl
each step targets for oncogenes; we now find tisalin ~ The figure 3 represents the methylation of PP2A and
may also provoke fatty liver and cancer, when c¢t®ls  possible actions on specific proteins. In Alzheiselis-
not associated to insulin. We must now find how th ease, the poor methylation of PP2A is associatednto
lipotropic methyl donor controls the signaling pa#ty. ?  increase of homocystein in the blood [12]. The Itesti
We know that after the tyrosine kinase reactiominese the PP2A methylation failure is a hyperphosphoiytat
threonine kinases take over along the signalingerdtiis  of Tau protein forming tangles in the brain. Taotpin
thus highly probable that serine-threonine phosgest controls the tubulin polymerization, involved in caval
will counteract the kinases and limit the intensifythe  flow but also the mitotic spindle formation. Ittlsus pos-
insulin or insulin like signals. One of the phosiaise sible that choline, via SAM, methylates PP2A, whish
involved is PP2A, itself the target of DNA viral @m  targeted toward the serine-threonine kinases that a
genes (Polyoma or SV40 antigens react with PP2A sulzounteracted along the insulin-signaling pathwape T
units and cause tumors). We found the link betwhen choline dependent methylation of PP2A is the bréke,
PP2A phosphatase brake and choline in works on AlZantidote”, which limits “the poison” resulting fro an
heimer’s disease [12]. Indeed, the catalytic subGnof excess of insulin signaling. Moreover, it seemg tte-
PP2A forms a dimer with a structural subunit A. Wit
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line deficiency is involved in the M1 to M2 trarisit of
PK isoenzymes [43].

Choline kinase rather than choline dehydrogenase in
tumors

In fact, things are not so simple; several tumaspldy an
increase of phosphorylcholine and choline kinasiwitic
see for example [44, 45] this does not mean thagrot
reactions involving choline methylations or lipgiro
effects are not impaired. The increase of phosptiooy
line indicates that tumors accumulate triglycericesl
use preferentially the “Kennedy” phosphorylchol@BP
pathway for synthesizing lecithin. Evidently, thethesis
of triglycerides requires the dephosphorylatiordiafcyl-
glycerol 3P into diacylglycerol in order to yéte the
third carbon of triglycerides. The phosphatase Iwvea
could be PP1 or Wpl that increase in cancer, ontime

Israél/ Schwartz

pothesis is that triglycerides presumably changectlu-
lar compartmentation or properties of PP2A

Cdllular distribution of PP2A

In fact, the negative regulation of Ras/MAP kinagmals
mediated by PP2A phosphatase seems to be complex. T
serine/threonine phosphatase does more than simply
counteracting kinases; it binds to the intermediate
protein on the signaling cascade, which is inhtbif7].
The targeting of PP2A towards proteins of the digga
pathway depends of the assembly of the differetdem
zymes. The carboxyl methylation of C-terminal lewci
309, of the catalytic C unit, permits to a dimerdmaf C
and a structural unit A, to recruit one of the maegula-
tory units B, giving a great diversity of possildiezymes
and effects. The different methylated ABC trimersud
then find specific targets. It is consequently atakto

methylated PP2A dimer. The diacylglycerol may thushave more information on methyl transferases anithyhe

form in parallel: triglycerides and lecithin. Indar to give
lecithin, diacylglycerol reacts with CDPcholine tha
comes from phosphorylcholine and CTP. This firdhpa
way for lecithine synthesis, forms in parallel lycerides,
and lecithine, and operates in tumor cells becdis®yl-
glycerol is available after the phosphatase adiimiden-
tally, recall that phorbol esters induce tumors ptiatein
kinase C, activated by diacylglycerol). There iseaond
pathway for making lecithine. In this pathway, diac
glycerol-3P remains phosphorylated and thus, wigly
erides cannot form. Nevertheless, lecithine syighes
possible, since diacylglycerol - 3P can react v@ibP,
forming diacylglycerol-CDP. The latter, then reaatith
serine or choline to give phosphatidyl serine (R®)
phosphatidyl choline (lecithin). PS can also beadeoxy-
lated into phosphatidyl ethanolamine (PE), whicknth
methylates, forming lecithin. This second pathway f
synthetising lecithine, depends of methylations] gan-
erates less triglyceride, facilitating the actidripotropic

esterases that control the assembly or disasseoibly
PP2A trimeric forms.

A specific carboxyl methyltransferase for PP2A [4&is
purified and shown to be essential for normal peegion
through mitosis [49]. Similarly a specific methylesmse
that demethylates PP2A was identified and purifjga]

it was found that the methyl esterase cancefledattion
of PP2A, on signaling kinase that are indeed erdthirc
glioma [51]. Evidently, the cellular localizationf ¢he
methyl transferase (LCMT-1) and the phosphataséyhet
esterase (PME-1) are crucial for controlling PP2éthg-
lation and targeting. Apparently, LCMT-1 mainly &¢
izes to the cytoplasm and not in the nucleus, wRMME-

1 is present; the latter, harbors a nuclear loattin sig-
nal [52]. From these observations, one may sughest
PP2A gets its methyles in the cytoplasm and regsiltite
tyrosine-signaling pathway, attenuating its effects
methylation deficit should then decrease the mation
of PP2A and boost the mitotic insulin like signatsdis-

compounds. This methylation dependent pathwayfis de cussed above for choline deficiency, steatosis laeh-

cient in tumor cells that prefere the choline kinasute
for making lecithine, which forms in parallel tryg-
erides, see the figure 4. Recall also that areas® of
phosphorylcholine derivatives such as plateletvatitig
factors (PAF), PAFacether, favor angiogenesis dred
development of tumors, while PAF antagonigesielfos-
ine, miltefosine)inhibit the tumor [46]

In addition, it is probable that membranes can bera
source of choline, phospholipids, lecithin, wheroge«-
nous choline drops, this should maintain SAM levbls
would perturb the removal of triglycerides as VLDLs
since this process requires the synthesis ratteer the
hydrolysis of phospholipids. It is thus possilehtive a

toma. At the nucleus, where PME-1 is present, it wi
remove the methyl, from PP2A, favoring the formatad
dimeric AC species that have different targetssiynea-
bly proteins involved in the cell cycle. It is inésting to

t quote here the structural mechanism associatedeo t

demethylation of PP2A. The crystal structures ofERM
alone or in complex with PP2A dimeric core was régb
[53] PME-1 binds directly to the active site of PPand
this rearranges the catalytic triad of PME-1 intoaative
conformation that should demethylate PP2A, but diss
seems to evict a manganese required for the phiasgha
activity. Hence, demethylation and inactivation Vabu
take place in parallel, blocking the phosphatasemon
mitotic proteins. However, another player is here i

properly methylated PP2A with choline coming fromvolved, the PTPA protein, which is a PP2A phosptata
membranes, rather than from the diet; but again, i&ctivator. Apparently, this activator is a new typé

triglycerides are elevated one may induce tumorsyA
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cis/trans of prolyl isomerase, acting on Prol90the
catalytic C unit isomerized in presence of Mg-AT]|
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which would then cancel thimactivation mediated by The HAT-RXR complex acetylates histones, leading to
PME-1. The demethylated phosphatase would thusn over-expression of other genes in adjacent msgio
become active again in the nucleus, on cell cyote p such as the hexokinase gene (the RXR receptors are
teins [55, 56] inducing mitosis. Unfortunately, thesimilar to the steroid or thyroxin receptors, amd t
ligand of this new prolyl isomerase is still unkmow PPARs that play an essential role in cancer and in-
Moreover, we have to consider that other enzymels suflammation). The histone acetylase recruited with
as cytochrome P450 have also demethylation propeNFkB, explains the link between the over expression
ties. some genes in cancer and inflammation. In cancer, o
finds at the level of DNA, hyper and hypo methythte
The hypothesis to consider is that triglycerideangfe  regions. It is probable that an activated demetwyla
the fate of methylated PP2A, by targeting it to the  will not only demethylate promoters, but will alde-
cleus, there a methylesterase demethylates iphbs- methylate PP2A. Thus, the demethylated phosphatase
phatase attacks new targets such as cell cycleipspt may find new targets, such as cdc2 cdc25, cyclin de
inducing mitosis. Moreover, the phosphatase woulghendent kinases, and other proteins controllingctie
render the nuclear membrane permeable to SAM theycle, or the RB protein, keeping mitosis activated
general methyl donor; promoters get methylatedéndu We have discussed above the epigenetic changes in-
ing epigenetic changes. The relative decrease tifyme duced by hypoxia, the genetic transition that opgbes
lated PP2A in the cytosol, cancels the brake oker t fetal gene cassette. Cells grow, multiply and their
signaling kinases, but also favors the inactivabbRK  apoptotic mechanism is blocked. The tumor develops,
and PDH, which remain phosphorylated, contributingourns glucose, releases lactate, and is fed byy$ijso
to the metabolic perversion of tumor cells and proteolysis taken from adipocytes and muscles.
The triglycerides that form, change the cellulestri
In order to prevent tumors, one should then faher t bution of methylated PP2A, sustaining a dysmethyla-
methylation route rather than the phosphorylatmute tion process associated to new genetic progrants tha
for choline metabolism. This would decrease triglyc favor the development of the tumor.
erides, promote the methylation of PP2A and keap it
the cytosol, reestablishing the brake over siggalinDividing stem cells and sterile differentiated ced:
kinases. Moreover, PK, and PDH would become activasymmetrical mitosis
after the phosphatase action. One would also gain t
inhibit their kinases as recently done with dichlwe- ~ Stem cells, early observations
tate for PDH kinase [8]. The nuclear or cytosolic-t André Gernez was first to explain diseases suaaaser

geting of PP2A isoforms is a bold hypothesis irespir ©F neurodegenerations through a theory of mitosd a
by several works [54-56] [52]. differentiation that challenged prevailing idea® iHdeed

considered that in a tissue, only limited populatiof
cells were able to divide. He even compares adigsuta
colony of bees, in which, only the Queen ensuresore

. . duction, while most of the other bees are steribekers”.
The entry Of SAM in the nucleus stimulates methy'This theory contradicted the current anthropomarphi
lases, allowing them to methylate CpG promoter

) . L . Sview considering that cells grow, divide and dier@z
which recruit methyl-binding proteins (MBD) associ- | < the first to apply to pathology the stem cetaept

ated to HDAC (histone deacetylase). The latters cuty o \was fortunately published it in his books [
off acetylated histone tails and “winds back” thMA  This meant that a dividing stem cell had to differe
thread, silencing several genes such as PETEN phagsughters, one gave back a stem cell inheritingrtitetic
phatase, which aggravates the elevated insulirabkign capability, while the other sterile daughter, wa®-p

ing process (because PETEN hydrolyses phosphoinogjrammed to differentiate. Gernez applied to caracet
tides, and limits PI3 kinase effects associatedh®d neurodegenerations the stem cell concept. His ibortr

tyrosine kinase receptor signal). In tumors, esaent tions were recently recalled see ref [60-61]. Haosve
genes such as P53, a tumor suppressor, are $Ment. like many new ideas that came too early, Gernd®s-t
shall see later that silencing IGFBP may also lead ries did not prevail, delaying for many years aplera-
uncontrolled mitosis. It is probable that a demktby tion of mechanisms leading to cancer or neurodegene
inhibitor gene is also silenced, activating a démet tive pathologies.

lase, which demethylates adjacent genes [16] aligwi

the recruitment over demethylated promoters of RXRN the case of cancer, it is precisely an abnositaétion
receptor types, associated to histone acetylase.HA"IVhere the two daughter cells inherit the mitotipataility
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Figure 5 GrowthHormone- | GFeffects.

Top panel: it shows a dopaminergic neuron acting on hypahat neurons that release GHRH (Growth Hormone &y
Hormone). Dopamine stimulates hypothalamic D2 rémspcoupled to Gi. Agonists (bromocriptine) incseaGHRH release,
antagonists (sulpiride) decrease GHRH release.rybiting dopamine uptake, mazindole depressesitipaminergic neu-
ron, which reduces hypothalamic GHRH release. Theffaéct decreases cAMP, closes K+ channels, aesptent depolari-
zation triggers a Ca++ entry, which elicits the ealse of GHRH. At the anterior hypophysis somatbtroglls, activated by
GHRH, release Growth Hormone GH (or somatotropfBHRH acts upon a receptor coupled to Gs. Here,iticecase of
cAMP activates PKA, CREB, PIT and the transcriptidiGH, increasing the content and release of Glive Jomatotroph cell
bares also D2 receptors (not represented) thesecatmled to Gi, and their activation by bromocnyidecreases cAMP,
which attenuates the effect of GHRH; the overd#atfof bromocriptine is a decrease of GH releasespite of the fact that
bromocriptine increases GHRH release at the hypathi level. Other triggers of GH release are Ghnakleased by the
stomach, arginine, NO. Other hormones, somatostatid analogous peptides (ocreotide) inhibit GH aske, compounds
such as paraoxypropiophenone POP, are also GH itdri

Middle panel: shows the different effects of GH: first, thessligal action on chondrocytes and bone growth itdbbod. The
absence of GH gives dwarfs, an excess of GH intadeAds to Acromegalia. Second, the metabolimadt hepatocytes,
there is a change in the source of acetyl-CoA, afgel on one hand, by the activation of a triglyderlipase in adipocytes,
which provides fatty acids fgf oxidation, and on the other hand by the inhibitafrthe glycolytic source of acetyl-CoA, re-
sulting presumably from an inhibition of hexokinageNT interactions. The PTP transition pore no lengxcluded by
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hexokinase may then join the site and apoptosisaneyr in case there is a fault in mitosis. Thedip source of Acetyl-CoA
supports the production of ketone bodies and bteyog hepatocytes. The third and essential actfd@th on hepatocyte is to
trigger the synthesis of the Insulin like Growtletta (IGF) via GH receptors; they form dimmers tlzat via STAT on IGF
transcription, an effect inhibited by pegvisoman

Lower panel: it illustrates asymmetrical mitosis; the mitotibgger IGF acts on a stem cell. The dividing cetpbresses and
releases IGFBP a protein that binds IGF. This migbtmodulated by butyrate since butyrate inhibitgdme deacetylase
(HDAC) favoring the expression of genes. The hygsighis that after release, IGFBP forms patcheshenbasement mem-
brane, at a site of polar release. The IGFBP Patchvokes the capping of the IGF receptors (IGFR)rizbto IGF. Hence,
only the daughter cell adjacent to the patch intsettfie complex and IGFR, it will thus become a stethable to divide. The
other daughter cell devoid of IGFR will be sterdad differentiates. In this type of mitosis, orensicell replaces one stem
cell, explaining the constant mass of organs. i ttapping system is perturbed (no IGFBP) the twagiter cells become
stem cells, there is a geometrical increase ofrthember like in tumors. Drugs such as apigeaird othersthat increase

IGFBP would limit IGF effects.

of a dividing cell, explaining the geometric incseaf the

tumor mass. In contrast, in a normal tissue, on¢hef
daughter cells replaces the mother stem cell; wii&

other differentiates, keeping constant the orgassma

In degenerative and neurodegenerative diseasestdimre
cell concept changes the therapeutic possibiliiesa

brain altered by Alzheimer's disease, plaques andlés

impair major brain functions. If one spares stertisce
they may overcome the situation by replacing dead n
rons at least in some areas.
dopaminergic therapies tend to boost the activityesid-
ual cells with L dopa, the dopamine precursor; s
proves the situation for a while, but does not spiem
cells. Gernez considers that one should inhibit sinia-
tum, which has an increased activity resulting frtma
loss of dopaminergic neurons. This would restore
striatal control over the pallidum and the musoleet As
for stem cells, it is a capital to spare. Stemsgeilould
divide about 70 times, fixing a time limit to lif&hus,
therapies that spare stem cells are to be encalirhgthe

that the methylation of a phosphatase PP2A bringger
the tyrosine-kinase receptor pathway, and thabuinter-
acts the serine — threonine kinases signals, aictiagvay
like many new anti cancer drugs. We have suppdssd t
choline the lipotropic vitamin and methyl donor et
lated PP2A, preserving from an excess of insulymad:

ing.

Insulin and | GF

In Parkinson's diseadnsulin release responds to an elevated glycemiedSe

elicits an increase of ATP in tHcells of the pancreas,
ATP closes K+channels; the resulting cell depoédian
triggers a calcium entry and the release of insylinba-
bly associated to choline or choline derivativeswdver,
“tyrosine kinase receptor” activation is not oriye tresult

thof an insulin action; many similar receptors exastd

respond as well to other ligands or growth facttke
shall now give a special attention to the Insulkel
growth factors (IGF) initially named somatomedine o
sulfatation factor because it increases in parate in-

future, grafting new stem cells may become possiblecorporation of sulfate in cartilage. IGF, is redeth by

Indeed, differentiated cells can be convert intripbtent
cells that resemble embryonic stem cells, usingew f
transcription factors transiently expressed, dftansfec-
tion with adequate plasmids, this opens new megiosi
sibilities, but much work is still necessary [62}:65

It seems essential to understand the signals thatad
the asymmetrical mitosis of a stem cell, leadingwo
different daughters: a new stem cell and a sterike This
is a key for cancer prevention. We have seen ahowe
tyrosine kinase receptors exemplified by the imsué-

specific controls (figure 5), more than anabolisnitosis

is the finality. Mitosis is normal as long as oreughter
cell inherits the mitotic capability, while the ethsterile
daughter differentiates; it is an asymmetrical sigoWe
shall now discuss IGF controls and propose a mitoti
mechanism attributing to a protein binding IGF afr
ated (IGFBP), the control of asymmetrical mito$GF
secretion from the liver, results from growth hormao
(GH) action. While GH, is a secretion of the hypggh,
the anterior pituitary gland. In this way, GH caidrthe

ceptor, induced via RAS GTPase and serine threoningevelopment of the organism supporting the mitadis
kinases, anabolism and mitosis. The so-called MARtem cells from the embryo until the adult. We krtbrat
kinase ERK pathway and PI3 kinase routes mediageth its absence leads to dwarfs, its excess to gigantisthe

actions; in addition to PLC- DAG- IP3 effects. Migto-
sine- kinase receptors like the insulin or ephdoeptors
and others activate these pathways controllingsisitand
anabolism. Hence, all steps of such pathways aenpal
targets for viral or cellular oncogenes, and irtoits of
the tyrosine kinase signals led to interesting-eaticer
drugs. We have discussed metabolic controls ofotgrb
drate metabolism; and their implication in tumdRecall
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adult, GH secretion decreases but is still foumdsypma-
bly controlling the remaining stem cell populatiam

volved in the replacement of dead cells. Each steth
has limited number of mitosis, probably relatedttie

length of chromosomal telomeric ends. The totalutep
tion of stem cells, and their mitotic cycles, colgra
maximum lifetime. In the adult, an excess of GHlkto
a disease: Acromegalia, showing hypertrophy of bone
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Figure 6 Pharmacological, targetsin tumor cells.

The figure gives a synthetic view of metabolisgnaling and genetic changes in tumor cells; it glsoposes a mechanism
for their symmetrical mitosis. A stimulation ofdgime kinase receptors exemplified by the inswdoeptor, triggers the MAP
serine-threonine kinase signals that elicit mitpgitien they are not counteracted by a serine-thireo phosphatase (PP2A
brake) controlled by methylation. When the metlgteapathway is deficient, the choline kinase roumereases. The figure
shows the enhanced glycolysis interrupted by théo®tileneck. Above the neck, glycolysis operatesaociation to muscle
proteolysis; alanine transamination feeds lactagdyldrogenase, generating NAD+, and the lactateasde. Below the neck
Citrate, condensation operates at the expensepofyisis. Triglycerides increase, ketone bodies e@se. Epigenetic effects
turn off genes and up-regulates other genes.

In parallel GH —IGF- IGFBP pathways are supposecctmtrol the distribution of the IGF receptors imet mitotic daughter
cells a hypothesis discussed in figure 5.

In order to develop a possible correction of thés\eerted metabolism, we identify here several tar¢jfeat wenumber on the
figure; each target covers several enzymes in #ibvgay. A list of compounds acting on these nuetht&rgets is in the text.

and organs. It is highly probable that an exces§&f duced cancer risk [66]. In the same line, one khpate
stimulates, via IGF, the mitosis of stem cells luath that GH release depends of other hormones such as
accidental abnormal mitosis occurs, which is tltisig  growth hormone releasing hormone (GHRH), ohef t
point of tumors. Considering that Acromegalia fadr Ghrelin/leptine ratio, (ie the hunger /saciety aptestab-
cancer in contrast to hypopituitarism, Gernez psgpioto  lishing a link between cancer risk and obesity.
decrease cancer risk by a selective irradiatio®df re-

leasing cells of the hypophysis (Gamma Knife). dt i Growth hormone-IGF metabolic actions, the control
probably easier to inhibit with selective drugs @iease of asymmetrical mitosis

or neutralize its effects. Moreover, Gernez alsticed

that mental patients treated with chloral (this Wwagore We have discussed the link between an efficientaiyy
largactil) had less cancer. We also know that dapam  sis and the survival of cells. We have seen thatais

gic neurons trigger GH release; thus, in Parkinsa- necessary to maintain the insulin action within itém
ease, a decrease of GH release seems associateel to  preserving the anabolic effects while inhibitingasis.
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Presumably, via a choline mediated methylation2R,
targeted over the signaling tyrosine kinase pathwédg
also discussed the role of accumulated triglyceritheat
perturb the phosphatase or target it to the nucleus
The insulin action and resulting glycolysis, prasdace-
tyl-CoA for the citric acid — Krebs cycle via pyrate
dehydrogenase. If instead of insulin, IGF-GH isvatk,
the acetyl-CoA source will change, since GH stirradaa
triglyceride lipase in adipocytes, increasing thtyf acid
source of acetyl-CoA. The latter, will essentiatigme
from the 3 oxidation of acylCoA, which enters in mito-
chondria via the carnitine transporter. In paral@&H will
probably close the glycolytic source of acetyl-Cqhe-
sumably by inhibiting the hexokinase interactionimthe

binds to the extracellular matrix, forming patchek
IGFBP. The patch will attract the IGF- IGFR complax
a capping process. The daughter cell that inhéhiés
IGFR receptor patch becomes a stem cell, whilec#ile
poor in IGFR will be sterile and follow the differéation
program (Figure 5).

This does not mean that the sterile daughter aetkst in
the Go phase, cannot exit and divide again; thisldvo
require a trigger for reactivating the IGFR recegiene
in order to build up again the membrane concenomabi
IGFR.

In summary, GH elicits the production of IGF by the
liver, the latter triggers mitosis. GH also molelzfatty

mitochondrial ANT site. The hexokinase becomes mor@cids, changing the source of acetyl-CoA, whiclofav

distant from the source of ATP, which renders apsipt
possible, because the PTP transition pore now jhias
site. This is essential, because the mitogenic G~
action must be safely associated to a possibletapiep
in case a fault occurs in mitosis. On the contraing
hexokinase- ANT interaction increases after GH neatho
as suggested by the old and classical experimedbos-

the formation and release of butyrate by the li\&u-
tyrate inhibits HDAC in the dividing cell and actiees the
expression of IGFBP. A capping effect mediated by
IGFBP leads to an asymmetrical mitosis giving: agia

ter stem cell inheriting the IGFR patch and a sdcsipr-

ile daughter, poor in IGFR. In cancer, the GH- I®F
totic trigger is in excess and IGFBP reduced, the t

say. He showed that diabetes (after pancreatectomidaughter cells inherit IGFR and the mitotic potaintsee
improves after hypophysectomie. One may then suppodigure 5

that the decrease of GH, increases the influx wéage in
the cell, because the hexokinase — ANT interactien
comes stronger, which pulls in the glucose flux ded
creases glycemia.

The other effect of GH is on chondrocytes contnglithe
growth of bones (figure 5) we only mention it hefde
respective role, of insulin, and IGF, in cancelinsthe

We know that many triggers lead to GH release, amondiscussion part of ref [17]. Here we propose a iptess
them: the stomach hormone Ghrelin (acting via - NCGhypothetical mechanism, which establishes a lirtkvben

synthase- arginine), or deep sleep, or hypoglycdamia
duced by insulin. GH will mobilize the fatty acidisce
of acetyl-CoA from adipocytes supporting the forimat

asymmetrical mitosis and the IGF signals. We do not
exclude other possible mechanisms supporting asymme
rical mitosis related to centriole duplication, toiling

of ketone bodies and butyrate. Indeed, Arginine- NGhe spindle axis and distribution. Such mechanisims

enhances GH release, but also interferes withteitan-
densation, since NO inhibits aconitase, favorireykbto-
genic route but also the ATP citrate lyase pathvigay-
tyrate is a natural histone deacetylase (HDAC)hibi;
preserving histone acetylation and the transcmptid
several genes implicated in mitosis. We also tHimt
butyrate activates the expression of essential yémet
support the transcription, and release of IGFBPiclwh
binds to IGF with high affinity to control its effes [18].
In parallel, GH hormone induces in the liver, tigathesis
and release of IGF. The latter activates IGF- ips
kinase receptors (IGFR), triggering the MAP kin&$stK
mitogenic signal. The surface distribution of IQEFR
should then determine if a cell is sterile or enddwvith
a mitotic potential. It is then necessary to fiadtbrs that
regulate the distribution IGF- IGF receptors lexw the
two daughter cells. We propose that this distriyutile-
pends of IGFBP. The increased butyrate resultiognfr
the metabolic action of GH on liver cells inducée t
transcription of many genes (often expressed iernig
cells) among them, IGFBP. Well suppose that astalt-
ing mitosis secretes IGFBP at one pole, and th&BIS
Biomedical Research 2011 Volume 22 Issue 2

control the volume of post-mitotic embryonic dawght
cells, which depends of so-called PAR proteinsedéin-
tially distributed at cellular poles.

Summary of cancer cell features: numbering possible
therapeutic targets

The figure 6 gives a synthetic view of metabolisignal-
ing and genetic changes in tumor cells, and suggest
possible mechanism for their symmetrical mitosiee T
numbers indicate targets for a pharmacological attack of
tumors, with compounds listed in next section. Tigere
summarizes all the points discussed above in ddthd
stimulation of tyrosine kinase receptors exemplifigy
the insulin receptor triggers the MAP serine-thiren
kinase signals that elicit mitosis, when a serimednine
phosphatase (PP2A brake) does not counteract
kinases. In parallel, the tyrosine kinase receptivates
the phosphatidyl inositol —3 kinase route (P13 kia
which controls via protein kinase B (PKB) analmliand
cell survival, this pathway not represented infigare 6
147
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vated citrate condensation provides with substthte
enzyme ATP citrate lyase, forming acetyl-CoA in the
cytosol, which starts the synthesis of fatty acidkey
react with diacyl glycerol (DAG) to form triglycetés (tri
gly) that accumulate, while the OAA formed in pé&etin

is counteracted by a phosphatase (PETEN). Theitgos
kinase receptor activation also leads to a stinmrabf
proteine kinase C (PKC), via phospholipases thaesmse
diacylglycerol (DAG) and inositol 3 phosphates (I8t
represented. The latter mobilizes internal calciatores,
helping the exocytotic incorporation of the glucoss- the cytosol drives the transaminases and changesam
porter in the membrane, which increases the infifix metabolism in tumors (see addendum).

glucose. The routes that become active after tyeosi An elevated citrate condensation, which lowers keto
kinase receptors stimulation are at each stepatigets of bodies, has epigenetic consequences because busy/eat
most oncogenes. An up regulation of these signag m histone deacetylase (HDAC) inhibitor, this leads ao

transform a normal cell into a tumor cell, if brakekeep-
ing these signals within their normal limits do operate.

genetic reprogramming as indicated in the figure 6.
The accumulation of triglycerides influences theaoel-

The properties of a phosphatase PP2A are heretiedsen lular localization of CH3- PP2A and SAM that mowe t

When the catalytic subunit of this phosphatasenithe

the nucleus, inducing the epigenetic changes. SAdM m

methyl form, (CH3- PP2A) a trimeric enzyme assemble thylates CpG promoters, which recruits MBD (methyl
and targeted to specific substrates. In this pddiccase, binding proteins) and HDAC, the latter deacetyldies

it attenuates the MAP kinase route, linking thehyilet-  tones and silences genes, particularly in tumadrses
tion capability of cells and the brake, which atigtes butyrate decreases and stops inhibiting HDAC. The P
these mitogenic signals. Methylation depends véis¢ TEN gene is silenced, which strengthens PI3 kiredse
factors, vitamin B12, folate, choline, S-adenosgtiion-  fects, anabolism and cell survival, these effeotsraedi-
ine (SAM) the general methyl donor. The latter geth ated by PKB, and the activation of the antiapoptptio-
lates PP2A and thus supports its regulatory functia tein BCL 2. The figure 6 indicates that among teaas
mitosis. The supply of choline a methyl donor, hlsb a that silence, one finds PETEN, the tumor suppreB&3r
lipotropic factor, does protect the liver from dteshis and and presumably many others. An inhibitor of methyle
cancer. In tumors, choline does not follow the mieth terase is probably off as well. This induces theekhyla-
tion route starting with choline dehydrogenase feetls tion other adjacent DNA regions that will recruiXR
choline kinase, forming lecithine and in paralléglyc- receptor types in association with histone acegylas
erides. The poor methylation of PP2A has other €ons (HAT). Histone acetylation boosts the expressiontbér
guences; it fails to dephosphorylate pyruvate len@K) genes such as the hexokinase (Hex) or genes egcodin
and pyruvate dehydrogenase (PDH) that are blodked. proteins supporting the cell cycle cyclins (cydiiepend-
tumors, the M2 PK remains phosphorylated and imacti ent kinases, and phosphatases such as cdc2, cdk, an
there is a bottleneck at the junction between digi® cdc25). The hexokinase expression will pull théufof
and oxidative metabolism. The tumor cell overcotes glucose by converting it in glucose 6P, and inhthi
bottleneck, at the detriment of the organism, neugeb-  apoptotic triggers (not shown). Recall that an eguia-
teins are proteolysed providing alanine (Ala), vahis  tion of the BCL2 protein has similar effects. Thtse
transaminated by ALAT to form pyruvate, the latier tumor cell resists to apoptosis.

converted to lactate by lactatedehydrogenase (LDH)he cytochrome P450 demethylase may also be ingplve
lactate is released by the tumor (Warburg effegtlile  and probably demethylates PP2A, like its specsiemse
the NAD+ formed is provided to glyceraldehyde dehy-found in the nucleus, the phosphatase will thengeize
drogenase allowing glycolysis. Since PDH is blockednew targets such as cdc25 or cdc2 that are depbigsph
pyruvate is no longer a source of acetyl-CoA, whiéth  lated, which activates their catalytic effect anitbsis.
come from lipolysis and fatty acifisoxidation. The Ox-

alate (OAA) necessary for the citrate condensatith ~ When the insulin receptor elicits the mitotic pregebe-
acetyl-CoA, comes from phosphoenol pyruvate (PEP§ause the methylated PP2A brake does not countéract
accumulated above the PK bottleneck, via PEPcathe two daughter cells inherit these receptorshiirt
boxykinase. The citrate condensation is rathevadti ~membrane and inherit in parallel a mitotic potdniiais
tumor cells, presumably because its NADH inhibitor thus preferable to keep these receptors regulasauce
low. Moreover, the conversion of acetyl-CoA inttraie they are presumably more involved in anabolic psees.

is associated to a poor formation of ketone bodles  The figure indicates that choline is here essendieting
tyrate) they fail to stimulate pyruvate carboxylaskich  as a methylating agent, a lipotropic factor andsjibg as
might have provided OAA, leaving more pyruvate toligand for G-coupled receptors. The figure 6 intksahat
LDH. In a normal situation lipid and muscle, prowi Growth hormone (GH) elicits, via Insulin-like grdwt
mobilize for making glucose and ketone bodies teoto  factor (IGF) secreted by the liver, the activatadrsimilar
feed tissues, after starving for example, but tsmoobi-  tyrosine kinase receptors. Mitosis takes place diffar-
lize such stores for burning glucose! This is asesn ent way; only one daughter cell inherits the resepand
quence of the bottleneck described. In additior, éfe- the mitotic capability, the other cell being steriand
148 Biomedical Research 2011 Volume 22 Issue 2
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committed to differentiate. The hypothetical medban
explaining this non-symmetrical mitosis resultsnfréhe
properties of an IGF binding protein (IGFBP), whiths
a high affinity for IGF. Presumably, released IGBiBds
locally to the basal membrane or extra-cellular rimat

forming a patch with the IGF- IGF receptor complex.

The latter, gathers in a single daughter cell, tvinterits
the receptor and a mitotic capability as discussealve.
In tumors, a shortage of IGFBP may disperse thehpat
and the receptor complex in the two daughter dakd
become both mitotic cells, leading to a geometricéase
of the tumor mass.

A combination of drugs acting on tumor cell targets

The only way for counteracting the “successful rheta
lism of tumor cells” is an attack by a combinatioh
drugs. The numbers in figure 6 represent diffeparar-
macological targets that we list; each target cogeweral
enzymes in the pathwayBarget 1, we have seen that the
PK “bottleneck” renders the tumor avid for pyruvate
coming from muscle proteolysis and alanine transami
tion, this process has several steps to attenudleiny
hibitors of alanine transaminase (ALA@minooxacetic
acid or with hydroxylamine see ref [67] opralidoxime.
Compounds sucBr-alanine, D-alanine, 3- chloro-L —

erol on tumor glycolysis deserves some studiesdidi-
tion, bisulfite has demethylating actions on medlsd
DNA. Moreover, it might be useful to cancel the pyate
carboxylase inhibition of tumors and divert pyriev&om
LDH, ketone bodies(3-hydroxybutyrate), amonaps,
stimulate pyruvate carboxylase [76]. In tumors, RIaP
boxykinase is a source of oxaloacetate, condenstd w
acetyl-CoA, this step represemiésget 4; one may inhibit
PEP carboxykinase withhosphoenol-3-bromopyruvate
Br—PEP [77] or chloro phosphoenol pyruvate CI-PEP
[78] or even,B sulphopyruvate, one may try to inhibit
selectively the mitochondrial enzyme with carnityl
ester of CI-PEP or Br-PEP. Other compounds inhibit
this enzyme:3-mercaptopicolinic acid [79] or meben-
dazole, albendazole[80] or substitutedlibenzylxanthi-
nes, [81] acting on the GTP site of the enzyme, or even
hydrazine [82] the latter should be comparablectyo-
genine, or phenelzine The requirement of CO2 by PEP
carboxykinase might be perturbed, or changed with
avidin, or with an inhibitor of carbonic anhydraseeta-
zolamide) [83] or with vitamin K [84]. Target 5 is an
essential one, it concerns PK but also PDH thainaeti-
vated by phosphorylation. In tumors, the M2 embigon
PK is a typical feature, essential works of Eigealb[85]
show that the inactive enzyme forms a bottleneek, b
tween glycolysis and the entry in the citric acigtle.

alanine [68] may also inhibit this pathway. We recall thatOne may try to help the dephosphorylation of PKg vi

a group of amino acidsa(amino dicarboxylic amino
acids) referred as gliotoxins, disrupt in astrosytae
metabolism of alanine and glutathion production].[69
These compounds,L-a-aminoadipate, L-serine-O-
sulphate, D-aspartate, L-cysteateaffect like L-anti-
endomethanopyrolidine dicarboxylate the sodium-
dependent transport of amino acids and may thewract
target 1. The conversion of pyruvate to lactate rieg
effect) representirget 2, NAD+ is needed for glycoly-
sis and the tumor is particularly dependent onatact
dehydrogenase (LDH), this enzyme can be inhibitad w
Br pyruvate [70] or with compounds such g®ssypol
[71,72]. The glycolytic pathway itself figures farget 3;
several compounds may decrease glycolysamnohep-
tulose [73] or 2-deoxyglucoseBait peptides (hexokinase
minus glucokinase) that would displace hexokinasenf
the mitochondrial site, donidamine [74] deserve a try.
The polyol route should also be attenuated thexelargs
that have been developedpalrestatandraniresta [75].
Flavonoids and plant polyphenols are also intargsti
since they inhibit aldose reductase: Cinnamomursiaas
contains cinnamaldehyde which carries the effect;
guercitin is also a potent inhibitor. Many similar com-
pounds act omarget 3. One would also gain to study the
“Neuberg effect” on glycolysis and fermentationcak
that bisulfite deviate glycolysis toward the forioat of
glycerol because bisulfite forms addition compouwith
pyruvate and aldehyde. The effect of bisulfite ghgt-
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activators of PP2A phosphatase such disydroxy-
phenylethanol [86], this should also activate PDRruc-
tose 1-6 bis Palso stimulates M2 PK. Recent works [14,
20-21] establish a link between an excess of tymsi
kinase signaling and the inactivation of PK, M2.eTh
latter, binds phospho tyrosine, and this cancedsfihc-
tosel-6 bis P activation of PK. Experiments showat th
Polyethylene glycol (8000)stimulates PK [87] and re-
presses colon cancer [88]. For stimulating PDHargit

B1 may also help. Alternatively, one might inhiltite
kinases for these enzymes as done for PDH, wdith
chloroacetate [8]. A comparison of dichloroacetate and
2-chloropropionate [89] shows that the latter is an exclu-
sive PDH activator, whereas a dichloroacetate noéitab
(oxalate) inhibits also pyruvate carboxylase, whicimot

a desired effect. Other compounds acting on thigeta
include amirinone [90] or ranolazine [7] or lipoic acid
[91]; it would be interesting to study the effe¢tdimer-
caprol, British anti Lewisite (BAL). We have also seen
that o ketoglutarate dehydrogenase closely resembles
PDH, and might respond to similar controls; itd\atton
would increase the production of NADH turning dfiet
abnormal citrate condensation of tumors. OpeningaR&K
PDH means that one switches, to a metabolism campat
ble with an active citrate synthase, which is abraly

on. Target 6 represents the pathways that provide acyl —
CoA and acetyl- CoA to feed the condensation reactt

is preferable not to inhibit carnitine acetyltreersise

149



because a decrease of the acyl-CoA supply to mitech
dria, would not only inhibit the condensation réact but
also the production of acetyl CoA and ketone bothes
we want to increase for inhibiting HDAC, and stiiatel
pyruvate carboxylase. It is thus preferable to drthis
target 6 by limiting the oxaloacetate coming frofaFP
Moreover, an inhibition of carnitine transporteflation
would accumulate fatty acids at the mitochondr@brdin
the cytosol. In addition, we find in the literatyeecase of
fatal hypoglycemia with levofloxacin a carnitineety-
transferase inhibitor [92]. One may try on animaldals,
to inhibit this step withoxfenicine [93]. However, it
seems better to reactivate the PDH source of aCetjl
rather than blocking the acyl carnitine source oftg-
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more selectivelycantharidine or tautomycine see ref
[55]. The removal of triglycerides as VLDL by lipopic
factors,choline, betaine vitamin B12 is essential; com-
pounds of bacterial origin such ssspendolealso inhibit
lipid droplets and would deserve a try see [10Wgt-
formin as well [105]. An action on thigrget 9, aims to
attenuate the increased phosphorylcholine-cholinaske
activity of tumors, it leads to lecithin (Kennedgitpway)
and in parallel to triglyceride synthesis, and evauld
gain to inhibit choline kinase, with compounds sush
miltefosin or hexadecylphosphocholine[106] or 5-
aminoimidazole-4-carboxamide-1beta-d-ribofuranoside
[107]. The activation of phospholipase C by alkylgt
platinum [108]suggests that cisplatine an anticancer drug

CoA. The fatty acid supply from adipocytes could bemay activate the phospholipase and decrease phbspha

diminished usingniacine associated tstatins, favoring

dylcholine. However, it should be taken into acdainat

the increase of HDLs [94]. Other compounds developeif the exogenous choline supply is deficient, meamnler

for fighting atherosclerosis (fibrates) would nat lan
option; they certainly decrease triglycerides ia tiiood
but impair the methylation of phosphatidylethandtzen
[95]. It is perhaps more appropriate to act dovesstr
directly on citrate synthase, which represeaiget 7,

phospholipid break-down provides the necessaryirahol
this process is enhanced in tumors, one may thgrot
inhibit phospholipase D, with compounds suclicase-
sol, [109] or polyisoprenyl phosphateq110], or N-acyl
ethanolamine[111]. The aim is to inhibit choline kinase

citratesynthase is inhibited by adenine nucleotides, ATPand favor choline dehydrogenase and methylatioh-pat

suramin or fluoro acetyl-CoA or carboxymethyl-CoA,
or S- acetonyl-CoAderivatives [96] oD-serine [5]. One

ways. Tatget 10deals with the methylation of PP2A that
has to be helpedholine, betaine, vitamin B12, folate,

should increase NADH, which is an endogenous eitrattrimethylglycine, would support this necessary methyla-

synthase inhibitor; malate, isocitrate orketoglutarate
may support the formation of NADH. An inhibition of
NADH deshydrogenase (complex 1) witlpsaicin, or
rotenone or amytal, or silymarin, deserves some stud-

tion assembling the trimeric PP2Aylulose 5P [112-
113] orceramide [114], or N6 cyclo pentyl adenosine
[115] also activate the process reviewed in [15¢tHw-
lated PP2A will then counteract the signaling késand

ies, it might also be useful to manipulate the CoQactivate PK by dephosphorylating the PK dimersndty

guinone- semiquinone ratio. Slowing down aconitaik
NO donors, might decrease the demand of acetyl-f0oA
citrate condensation, but would favor the ATP t#ra
lyase route, which is a bad ideBarget 8 concerns the
accumulation of triglycerides in the tumor, an bition
of ATP citrate lyase witlluorocitrate [97] and particu-
larly with hydroxycitrate, seems very interesting to try.
Aromatic ketones or chalcones also decrease tdghes
formed via the ATP citrate lyase routeanthohumol
could be tried [98]. Other compounds dresperidine
methyl chalcone,fish oil, and polyunsaturated fatty ac-
ids, eicosapentaenoicand docosahexaenoicthat have
triglyceride lowering properties. The effects ofi-ad
ponectine [99] and the drulgonokiol [100] (extracted
from magnolia) seem to counteract alcoholic faiterl
and are particularly interesting to study in relatito

also activate PDH anal ketoglutarate dehydrogenase, by
dephosphorylating these enzymes as indicated fgetta
5. Target 11, deals with the reactivation of genes that are
turned off (PETEN, P53, a “demethylase inhibitongje
and many others), using HDAC inhibitors, to presdhe
acetylation of histone tails, and help the actidriran-
scription factors. The formation of ketone bodibsi-(
tyrate) an endogenous HDAC inhibitor should then be
favored.Butyrate or valproate estersdeserve a try, they
would release after cleavage, the HDAC inhibiton; b
tyrate or valproate, see [116]. The list of HDAQilitors

is long: one findsphenylbutyrate (amonaps); or hy-
droxamic acid derivativegr{chostatin, SAHA , vorino-
stat, scriptaid); or epoxyketone-containing tetrapeptides
(trapoxine, chlamydoxin); or cyclic tetrapeptides
(apicidin); or cyclic-hydroxamic- containing peptides,

SREBP/ PPARs and AMPdependend kinase controls ové€EHAPS); or benzamidesand benzamide analogs MS-

lipid metabolism. In the same line, it was obsertteat

275. The silencing of a hypothetical “demethylasabi-

indol-3-carbinol a compound from cabbage had similartor gene” may favor the demethylation of adjacestes

properties, inhibiting apolipoprotein B secretioh0]].

The tripeptides (arg-gly-asp) called desintegrinaoted

from snake venom [102] or a plant polypherstuletin

[103] also decreases triglycerides. We have also st
a phosphatase was involved in the synthesis offytrig
erides; its inhibitors arekadaic acid and calyculin, or
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that would become active, which is to avoid. Insthe-
spect, the properties of cytochrome P450 are istiegeto
consider, since it has in addition to the monoxyggen
activity, a demethylase activity that one shouldnthn-
hibit. Target 12 listed compounds decrease the demethy-
lating action of cytochrome P45Retonazole orphane-
Biomedical Research 2011 Volume 22 Issue 2
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drine [117] quinidine, phenaceting coumarine, qui-  cyl glycerol (DAG) that have to be decreased, sihesy
nine or methadone or those extracted from grapefruit support the effects of tyrosine kinase signals #red
bergamottin [118] they certainly deserve a try. The de-activation of PKC. The next section deals wélgets 14,
methylation of adjacent genes and the recruitmdnt dl5,and16.

histone acetylase (HAT) could be a consequencénef t

HDAC mediated silencing of this demethylase inloibit Growth hormone physiology: other pharmacological
which explains that in tumors, hyper and hypometted targets affecting tumors

genomic regions coexist. The treatment with HDAE in

hibitors, aims to cancel the silencing of genes BRETEN  In the brain, dopamine-releasing neurons stimuigtm-
and others but the reactivation of the hypothetded thalamic neurons that release growth hormone rielgas
methylase inhibitory gene, may up-regulate the HAThormone GHRH. Dopamine activates hypothalamic D2
recruitment over demethylated promoters and thiwaact receptors coupled to Gi proteins. Thus, the deereds
tion of other genes, such as the hexokinase getigeo adenylate cyclase activity and cAMP in hypothalamic
M2 PK gene, or genes controlling cell cycle pna¢eiWe neurons closes K+ channels; a depolarization ofars
therefore suggest to reactivate silenced genesht@AC  channels, which eticits GHRH release. In order ¢ d
inhibitors, and to inhibit in parallel Cytochromel3® crease GHRH release, one may impair the re-uptéke o
demethylase activity. Then, we may after some delaydopamine withmazindole, or inhibit the D2 receptors
continue the action on target 12, using HAT inluikst A with sulpiride. On the contrary, at the hypothalamic level
host of compounds inhibits HABRnacardic acid found D2 agonists [fromocriptine) increase GHRH release,
in the cashew nut, produced by the cashew tree gknac eliciting the release of GH. The hormone GHRH acts
dium occidentale [119] or found in seeds of Ginkgoupon pituitary receptors coupled to Gs proteinqusTtan
biloba (120). We also hawgarcinol it comes from the increase of CAMP stimulates protein kinase A (PkaAll
fruit of the Mangoustan tree (Garcinia mangostaB&). enhances in pituitary cells, the synthesis andaseleof
sides the effect on HAT, garcinol down-regulates th GH. However, the pituitary cells are also equippetth
MAP kinase signals, and is a rich source of OHatitr D2 receptors coupled to Gi, proteins, which de@eas
that blocks the ATP citrate lyase, over expressetli  cAMP, counteracting the action of GHRH. The overall
mors [121] Another interesting compound is a datet effect of bromocriptine is a decrease of GH inespit the
pigmentcurcumin from Curcuma longa; it is not only a increased GHRH it elicits, explaining the utilizati of
HAT inhibitor but displays also protective effeetgainst bromocriptine for treating Acromegalia, see figdr&ve
reactive oxygen species [122-123]. We have alsmetst have studied above the different effects of GH. tHe
from Rosa rugosa Thumb, they are like the prevamus-  liver, GH activates membrane receptors that direettia
pounds HAT inhibitors but also anti-inflammatory2f].  trigger STAT kinase signals and the transcriptibhGi-.

To the list, we may addEpigallocatechin-3-gallate We have also discussed the possible induction BBI&S
(green tea) it inhibits the acetylation of P65 #éimel acti- in dividing cells by butyrate coming from the liveand
vation of NKB, it inhibits the stimulation of NéB by  proposed a mechanism for asymmetrical mitosis. Well
TNFa and increases the cytoplasmic level KB [[125].  pegvisomanis an interesting drug that blocks the induc-
To anacardic acid and garcinol, we may add a nlatur&on of IGF by GH. It may be advantageous to féadi in
acylphloroglucinol, myrtucommulone extracted from parallel the production of IGFBP withutyrate or other
myrtle Myrtus conmmunis L. [126]. Interesting dedi ~HDAC inhibitors ¢richostatin SAHA, valproate, ben-
tives ofisothiazolonesare also HAT inhibitors [127] we zamide etc...). Avoid arginine, since arginine increases
also mention here heparin like glycosaminoglycdrat t GH release. Moreover, a diet poor in arginine dffec
are more difficult to use [128] antthydroxyquinoline  particularly tumor cells (see addendum). An up -
[129]. The Insulin tyrosine kinase receptor sigrialthe  regulation of IGFBP withapigenin, a falavonoid present
next target 13 many compounds have been developedin fruits and vegetables, probably explains thécanter
glivec and others gorafenib, gefitinib) they inhibit the properties of the compound [133]. There are mahgrot
tyrosine kinase step, inhibitors of the PI3 kinalseanch ~ up-regulators  for IGFBP: bicalutamide-(casodex
are also covered by target 13, known inhibitorsveoet- ~ [134]; we find alsoomeprazole [135], traconol from
mannin, LY294002 There too, the tyrosine kinase signalgrape seed [136] argdlibinin [137]. It would be interest-
stimulates phopholipaseyCinhibitors such agupatilin  ing to study, CAMP increasing drugs (8- Br- CAMBRB8]
[130] or uncarinic acid [131] deserve a try. Interesting Nitric oxide (NO) inhibition [139] (aminoguanidinepr
anticancer drugs such agenistein and esculetin that  the effect of RRR- alpha- vitamin E [140] and vitarD
inhibit cell growth [132] relate to coumarine (W), fla- analogue EB1089 [141]. Note that hypoxia, which in-
vonoides and benzopyrone. The antimalaria dmgjs ~ duces the fetal gene cassette, might increaseratigidhe
nine andquinacrine also inhibit phospholipase A2 that is IGFBP protector. In addition, it seems that adjusan

activated in tumors, generating inositol-3P (IP8)l aia- induce IGFBP. It would be particularly interestirg
decrease GH witlsomatostatin a hormone secreted by

Biomedical Research 2011 Volume 22 Issue 2 151



neurons of the periventricular nucleus in the hiypt-
mus. Neurosecretory endings release somatostatinein

Israél/ Schwartz

Cancer prevention, immune destruction of tumor

blood vessels of the hypothalamo-portal systemchwhi cells: more drugs

inhibits the release of GH from the somatotroplscdlhe

pancreascells but also the stomach and intestine releasehe procedure proposed by Gernez for preventingezan

Somatostatin. Inhibitors of the pituitary gland drere

did not receive the required attention. The procedione

essential;octreotide is an analog of somatostatin. Oneonce a year, consists of three essential pdirst:a low

may also test niacine already mentioned, &0P
(paraoxy propiophenong this drug inhibits GH release;
it was studied in parallel to thyroxin on tadpoletamor-
phosis, leading to frog dwarfs. Remember also ity
acids retroinhibit GH release. Other compoupesilylic

calorie regime applied during a fasting period,is'tis
recommended by most religiongecondone should eat
more fruits, vegetables, less meat, consume prodiott
in magnesium, vitamins C, E, selenium (Brazil narts
rich in selenium). Thehird point is essential, but more

alcohol (lavender) or extracts from orange skin or cabdifficult to apply without adequate studies on aaim
bage may act like POP on GH release. Other drugs sumodels; it aims to kill once a year eventual turoells,

as psoralensbérgapten) used for treating psoriasis de-

crease keratinocyte cycling, and IGF receptorsy thay
then attenuate an exagerated IGF effect [142F Hlso
possible to try plasmine serine-threonine proteasabi-
tors, since this protease hydrolyses IGFBP. Totibdiex]
also, the effect of kinases and phosphatases aacthty

by giving for a few days an anti-mitotic, colchieirfor
example. Gernez mentions that chloral, ancientydder
calming mental patients, also protected them framcer,
because it has anti-mitotic properties. The ideagéo
kill the very first cancer cells that inevitablypgar, and if
missed the first year, one would catch them thd pear

of IGFBP. All these compounds cover an action on taretc... As long as the tumor cell colony remains below

getsl4, 15,and16 of figure 6.

We know that hypoxia activates HIF1-Von-Hippel fast
increasing the transcription of VEGF, glycolyticzgmes,

NO Synthase, inflammation components (the fetalegen

cassette) as discussed above. These conditions caliap
to hypoxia favoring a glycolytic fermentation, wéiln-
creasing the blood supply (dilatation an angiogsnage
place). Hypoxia plays a prominent role in cancerreiti-
nopathy, in juvenile fetal cell metabolism. Herdet

100000 cells, it is possible to eliminate it. Imggeannot
detect such a small colony, it detects masses of 1c
(ie.10cells) at a stage where reversibility is more diffi
cult.

How can we explain the possible preventive actibtiis
procedure, in relation to metabolic features of dum
cells? The first point is evident, fasting increagetone
bodies such as butyrate, which is a histone deasety
(HDAC) inhibitor, this keeps histone tails acetgidht

growth factor involved is VEGF rather than GH- IGF.|oosening the DNA thread, rendering it accessiblean-

Prolonged hypoxia leads to digital clubbing (findep-
pocratism) [143] it is often the sign of a seveisedse.

scription factors, which cancels the silencing e¥esal
genes starting the tumor process. The second péneo
procedure takes advantage of the anti- inflammatory

The mitotic action of IGF depends of IGFBP, whereasproperties of flavonoids found in fruits and vedpa.

VEGF induced mitotis escapes from such controlsmra
ing perhaps a symmetrical mitosis, in which bothgta
ter cells become stem cells. It seems then adetuaitse

Flavonoids would cancel the effects of hypoxia be t
expression of a set of genes: cyclooxygenase (COX),
VEGF, NOsynthase, glycolytic enzymes, induction of

also anti-VEGF, anti-angiogenic drugs, since hypoxi fetal genes. We have seen that fetal M2 PK exmessi

favors VEGF actions. Note that inhibitors of GHRé&t r
lease seem to decrease VEGF [144]. In conclusias, i
essential to preserve the asymmetry of mitosisitaupor-
tant to spare the capital of stem cells, avoidimgeixam-
ple GH injections, for the sake of feeling bettlis con-
sumes the stem cell capital and decreases longétatyy
works indicate that a decrease of IGF increasagelaty
via the inactivation of the klotho gene for examfilé5].

a typical feature of tumor cells. These groups ehes
adapt tissues to hypoxia, since they support vésgadi
tion, angiogenesis, inflammation, bringing moredaldo
the hypoxic tissues, while glycolytic energy comgegies
for the decreased oxygen availability and oxidative-
tabolism. In some way, the hypoxic tissue retumsat
situation prevailing in the foetus, “an aquatic tweathat
draws oxygen from his mother’s blood”. The anti-a&m

Moreover, an increase of IGFBP (presumably via theyroperties of ‘non-steroidal anti-inflammatory dstiy

action of ketone bodies) may block IGF and thusl lea
an increased longevity. This establishes a linkwtud-
ies on the effect of fasting and hypo caloric ditslon-
gevity since fasting increases ketone bodies.
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NSAIDS, results from the inhibition of the COX gene
included in the“hypoxic fetal gene cassette” theygrdase
pro-inflammatory prostanoids. Moreover, magnesium
may inhibit calcium dependent phospholipases fogmin
arachidonic acid, the prostanoid precursor. Théeptive
action comes also from the quenching of superoxies
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peroxynitrite, ensured by vitamines C, E, and saten cells appear frequently but we constantly elimirtatm.
which counteract the effects of hypoxia on a paoluc- If the physiological process that normally elimgsmsuch
tion of oxygen giving superoxides. One may streegth cells fails, one may still use an anti-mitotic fiminat-
this second line of protection with methyl donasigamin  ing them before they reach a critical mass. Almand

B12. They would attenuate, via methylated PP2A, the sigshort anti-mitotic treatment aims to kill once ayeghe
naling kinases, activated by insulin or IGF, andutate very first cells that escape the immune surveikart
the supply of glucose, anabolism and mitosis. Theelt missed the first year, one may catch them the ymaat

point of the procedure is more difficult to applydedese- etc... This aims to block the formation of a tumaatth
rves additional experiments. The hypothesis istilmabr

INNATE IMMUNE PROTECTION

5HT uptake
Exiguamine, Pr bitars,
1-methyl tophane i
ylteyprop St John Wort
Indoleamine,2,3- Echinacea
dioxveenase melatonin
NSAIDS
PGIEZ’ 5 HT
cycloxygenase uptake
HAT inhibitors : SHT Degrasulation
garcinol, curcumin,
myrtucommulone, :
anacardic ac. (/ b
release

Perforine P antagonist ( aprepitan)

Platelet

LTB4,

lipoxygenase

MHC-I self recognition =
decrease o ‘ Tumor cell or virus J

Asie

[ o |

A

1GF, Insulin

NK Natural Killer cell

\ Echinacea

Figure 7 Innate | mmunity.

Tumor cells or virus-invaded cells would displaywéy MHC-1 levels, the major histocompatibility cdexy which is a self-
recognition device. The consequence of the MHCetedse is to trigger the “Natural killer” (NK) immme protection, be-
cause MHC-1 stops to neutralizing KIR receptordNthicells, which elicits the release of perforingsNK cells, that destroy
cells poor in MHC-1.

The NK protection is activated by leucotriene LT84ned by lipoxygenase, and inhibited by the fevestaglandin PGE2
formed by cycloxygenase. Hence, inhibitors of PG cycloxygenase trigger the NK protection; tkighie effect of non-
steroid anti-inflammatory drugs (NSAIDS) aspirinyprofen or of some histone acetylase (HAT) inbibi{curcumin, garci-
nol etc...). It is also particularly interesting bocrease serotonin (5HT) that neutralizes theliition of NK cells by PGE2.
Echinacea extracts, 5HT uptake inhibitors (prozaejatonine) boost the release of 5HT from platekatsl particularly if
platelets are full of 5SHT before reaching the s{esubstance P antagonist, aprepitan, avoids themature degranulation).
Finally 5HT can be preserved from its enzymaticvension into quinolinic acid by inhibiting indoleame,2,3-dioxygenase
with exiguamine or 1-methytryptophane. Echinacealatonin; 5HT uptake inhibitors;, substance P amaigts; and HAT
inhibitors, boost the immune surveillance.
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would be difficult to eliminate. This third pointf dhe
procedure is certainly an interesting possibillatt may
back-up the immune surveillace when it fails. Iselwes
a try on animal models.

It is here useful to discuss the immune surveikatitat
should eliminate tumor cells and understand wispihe-
times fails (see figure 7). It is probably frequahat cells
overcome the regulations described, adopting aepiedy
metabolism typical of tumors. Normally,
system recognizes such cells by their surface tagb
eliminates them. What is the mechanism that faissich
cells survive? In the tumorigenic mechanism desdib
we have given to insulin signals attenuated by gpiatad
PP2A, and to Growth hormone-IGF signals controbigd
IGFBP capping, a prominent role. Well, insulin d@F
down regulate in parallel to their metabolic actidime
expression of MHC-1, the major histocompatibilityne-
plex classl, our self-recognition device [146]isltike if
an excess IGF, or insulin signals, which startsttimsor
cell deviation, also tells that such cells are orgker our
self. In this case, the innate immunity protectsmould
operate, and the so-called Natural Killer cells {[$Kould
destroy such cells with low MHC-1 [147], but fornse
reason, they do not do their job, when cancer takes,
(see http:/lwikipedia.org/wiki/Natural_killer_cell). We
know that NK cells are stimulated by leukotrieneB4T

Israél/ Schwartz

tumor cells. Indeed, when MHC-1 decreases, recgjpior
NK cells, named KIR receptors, are no longer irthithi

allowing the release of perforine, this triggers tpop-
tose of cells poor in MHC-1. The innate immune pcet
tion by NK cells operates also for virus-infectedls and

limits the propagation of viruses by triggering pfusis

in infected cells, including T lymphocytes invadegthe

HIV virus.

the immuneyye have given to the NK innate mechanism, a promtine

role for eliminating tumor cells; it would be ingsting to
find drugs that boost this mechanism? We did marttie
protection by NSAIDS they inhibit the cycloxygenase
(COX) and thus preserve the NK function, becausg th
cancel the inhibition of PGE2 over NK cells. Howeve
NSAIDS, aspirin, ibuprofen, are not easy to use because
of side effects. Serotonin uptake inhibitopazac), St
John’s Wort tea containingpypericine, adhyperforin,
hyperforin are antidepressors that increase extracellular
serotonin, [150]. They also support the productdiNK
cells, by inhibiting their PGE2 inhibitor [151Yelatonin
(found in walnuts) [152,153] and perhaps anothdplin
indol 3 carbinol (found in cabbage) may similarly help
the formation of NK cells, probably via an inhibiti of
serotonin uptake. A substance P antagomiptepitan)
also increases NK function. This is unexpected esinc
substance P antagonists normally decrease seratenin

generated by lipoxygenase [148] but are inhibitgd bjgase from platelets. The explanation is that itseessary
PGE2 the fever prostaglandin formed by cycloxygenas;, bring on the site, platelets that have not béegranu-

[149]. It is thus probable that the failure of NKlls  |5ied and depleted by substace P. The antagonitsf
comes from their inhibition by PGEZ2. Inflammation

seems to control the process switching from inrate
specific immunity via the LTB4/ PGE2 ratio. As loiag

stance P keeps them full, allowing platelets teasé
locally, greater serotonin amounts in presence epb-s
tonin uptake inhibitors. A local and sustained éase of

LTB4 is above PGE2, (lipoxygenase greater thamyira cellular serotonin inhibits PGE2 and actisalé

cycloxygenase) NK cells and innate immunity doménat
However, if PGE2 increases, it switches off theaien
mechanism, opening the way to specific immunityolav
ing cytotoxic and helper T cells, B cells, polyreai
leucocytes, myeloperoxidase.

The consequence of a decreased NK activity isetharn-
tual tumor cells, may escape apoptosis triggeredNKy
cells. The first line of protection is defeated.ushwhen
metabolic signals (IGF or insulin for example) amet

cells. In this respect, a substace P antagonidt sisc
aprepitant could be associated to a serotonin apitak
hibitor, fluoxetine (prozac) paroxetine and similar
compounds. Other inhibitors of PGE2 are anti-fever
compounds such asryogening an alkaloid of Hemia
Salicifolia, known as Sinicuichi of Aztecs, and NEan
shamans. Auguste Lumiére developed the drug; he did
many interesting pharmacological contributionsparal-

lel to the invention of cinematography with his ther
Louis. A particularly interesting procedure for anbing

regulated, they become oncogenic, starting the tumdhe innate NK protection is a miracle heHghinacea.lt

mechanism; fortunately, these signals decreagmarailel

decreases PGE2, hy its alkamides, enhancing NK cell

MHC-1, which induces the NK protective mechanism,function. It also contains arabinogalactane, whstimu-
except when inflammation triggers via an excess ofates the formation of NK cells, via a cocktail lgm-

PGEZ2, an inhibition of NK cells, allowing tumor ksto
develop. It is then crucial to inhibit the increadd®?GE2,
in order to keep active the NK protection, whichmgl

phokines (Interferod y, TNFa, IL1), [149]. In associa-
tion with melatonin, or cryogening the effect of Echina-
cea on NK cell mediated protection might be usdfuik

nates the tumor cells that are poor in MHC-1. ThH€ N remarkable that the HAT inhibitors that we listdabee:

cells attack the tumor cells by secreting granemsm
perforine, proteases that elicit the apoptotic mecm in

154

anacardic casew extracgarcinol [154-156] from the
Mangoustan tree, display similar anti-inflammatprep-
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erties. The compounds might inhibit the expressiod  of this “fetal genes cassette”, activated by hyppénd
synthesis of PGE2, the fever prostaglandin formid v indeed, their epigenetic reprogramming depends AT H
cycloxygenase. The protective action afrcumin in  mediated histone acetylation, explaning why HATilbith
prostate cancer is in this respect particularlerieéting tors antagonize inflammation by turning off thelanf-
[155] since it should enhance the NK mediated destr mation genes. Another compountizofelone 2-[6-(4-
tion of tumor cells or viral infected cell&cylphloroglu- chlorophenyl)-2, 2-dimethyl-7phenyl-2, 3-dihydro-1H
cinol (myrtucommulone) extracted from myrtle Myrtus pyrrolizin-5yl] acetic acid suppresses PGE2 syrithes
conmmunis L. has similar actions [154-156]. Gengs s [157].

porting the expression of inflammatory proteins peet

Figure 8

A Oxidative glycolysis B Neoglucogenesis, ketogenesis
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Figure 8 Glycolysis- Neoglucogenesis-Tumor metabolism

A: Oxidative glycolysis and malate-aspartate shuttle function. Glycolysis requires NADat the glyceraldehyde dehydro-
genase (Gl dehydrogenase) step; the malate/aspastatttle drives the formation of cytosolic NADtbStrates go through
the shuttle via two mitochondrial membrane antipost one exchanges malate (MAL) anketoglutarate & keto), the other
exchanges glutamate (GLU) and aspartate (ASP). tdadehydrogenase works in opposite directions @sidd outside the
mitochondria. Outside, it converts oxaloacetat® intalate, forming NADIn the cytosol; inside it converts MAL into (OAA)
and NADH. In the cytosol, NAD+ pushes glyceraldehgdhydrogenase in the glycolytic direction. Whigaalysis operates,
pyruvate kinase (PK) the last enzyme of glycolgsiayerts irreversibly phosphoenolpyruvate intoywate. The latter, will
feed the Krebs- Henseleit cycle with acetyl-CoApyieuvate dehydrogenase (PDH). Acetyl- CoA alsoaefrom fatty acids
[ oxidation. The condensation of acetyl- CoA and Q#d\ citrate starts the cycle. There are severallOsdurces; OAA may
result from the transamination of aspartate am#ietoglutarate. Other OAA sources being Pyruvatecaylase (it operates
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essentially in neoglucogenesis) or PEP carboxykind$e shuttle was “invented” because the mitochianare not perme-
able to NAD or NADH co-factors, or to oxaloacetate.

B: Neoglucogenesis -Transaminases fluxes.The process mobilizes body stores for making metnis, glucose and ketone
bodies. For making glucose from pyruvate, a barteeovercome is pyruvate kinase, which is not reitsg, and cannot con-
vert pyruvate into phosphoenolpyruvate. Two othreaymes do the work. First pyruvate carboxylasegi)conly found in
mitochondria, it receives pyruvate, derived fronaraihe, via proteolysis (in starvation) second phmasmolpyruvate car-
boxykinase (carb kin, often abbreviated PEPCK),clvhig both cytosolic and mitochondrial. Pyruvatebmxylase drives the
flux, converting pyruvate into oxaloacetate (witle help of biotin) then phosphoenolpyruvate carkimase follows, convert-
ing oxaloacetate to phosphoenolpyruvate (this eezgeeds GTP). The phosphoenolpyruvate leaves tioghondria and
gives after several steps glucose. As for malatgyits the mitochondria and forms oxaloacetatahie cytosol (via malate
dehydrogenase) and NADH required by gl.dehydrogeimaghe neoglucogenic direction. On the gluconeageoute, two
other barriers will have to be overcome by phospbkas, at the fructose 1, 6 bis phosphate and gtupbssphate steps (not
shown). The pathway would not operate if pyruvaitade were not at rest, since phosphoenolpyruvatddwive back pyru-
vate. The pyruvate kinase blockade is preciselytwhas cAMP when it signals, in the liver, thasihecessary to synthesize
glucose, after starvation for example. The pyruvateering the mitochondria gives OAA via pyruvadeboxylase. Pyruvate
dehydrogenase (PDH) is at rest in a phosphoryldtedh. Citrate condensation is off. Hence, acetyAGaill form ketone
bodies that are like glucose, nutriments for mesisc

The transaminases, ALA tansaminase and GLU/OA/Aam@mmase operate in a direction consuming the Goxiéd by MAL
dehydrogenase, which feeds ASP in the urea cybkeutea cycle is indeed functional in neoglucogsnd$e argininosyn-
thase step follows, and then argininosuccinatetspgjiving a fumarate input to the Krebs- Hensetsitle, while arginase
splits arginine into urea and ornthine. In the nehondria, the carbamoylation of ornithine into ciline closes the urea
cycle.

C: Tumor cell metabolism Figure 1 represents the PK bottleneck; we compileéemetabolic picture by indicating that in
tumors the malate-aspartate shuttle operates witlal@errant transaminase orientation depleting bethyes.

Glycolysis requires NAD+, it comes from Pyruvateldotate conversion (Warburg effect) and from maldehydrogenase
working in the cytosol from the OAA to MAL direatidhen MAL moves in the mitochondria through tgttte giving back
OAA. In tumors, there is an active citrate condéiosabetween OAA and acetyl-CoA provided by fatigsaand lipolysis.
Other OAA sources are via PEP carboxy kinase ottlveamalic enyme. Citrate quits the mitochondria &rms in the cyto-
sol, via ATP citrate lyase; acetyl-CoA and OAA tr8 of figure 6). The acetyl- CoA will make fattyds and triglycerides.
Above all, the other product of ATP citrate lyasAAseems to have an essential role, since the QAgsygre pushes the
transaminase chain in a direction usually assodaate gluconeogenesis! This consumes protein badgsstproteolysis gives
ALA it is essential for tumors, like glutamine. Theput of the transaminase chain is ASP the fiinsjwith ASP coming from
the shuttle and feeds the demand of ASP transcailbas) starting the synthesis of pyrimidine basesumors, ASP in not
used by argininosuccinate synthetase, which iskaldcinterrupting the urea cycle. Arginine givesithine via arginase.
Ornithine is decarboxylated into putrescine by drimie decarboxylase, polyamines spermine spermiiirme, via SAM de-
carboxylase. Arginine deprivation would affect thigep. The other product of the polyamine pathw&y5 i methyl-
thioadenosine, it feeds adenine in the purine pdbe consummation of bases by tumors for DNA andl &Mthesis is ele-
vated. The destruction of SAM via the polyaminéay impairs methylation processes as discussedealmarticularly for
PP2A, which removes the brake over signaling kipase

The figure 8C indicates possible therapeutic tasgaetmbered7, 18, 19, 20, following the numbers of targets of figure 6.

In several neurological diseases (depression, @SAI wiki/Arctiin. Other interesting herbal medicatiomelude
dementia) the activity of an enzyme: indoleamine32 Latrix occidentalis, Crinum asiaticum; they are thme
dioxygenase, increases. This enzyme converts pipio  traditional medicine, see [161]. A flavene derivienn

to N-formylkinurenine. The latter, then gives pio@t or  genisteine ghenoxodio) [162] also enhances the NK
quinolinic acid, which gets elevated in body fluidshe function and displays anti-cancer properties. Cmaulksl
resulting decrease of serotonine attenuates therdtec-  study as well the anti-inflammatory properties ar&ye
tion mechanism against viral infections or tumdliscdt  and fish oil. It may be interesting to evaluate MHC
would then be useful to try inhibitors of this enmy for antigen presentation and expression, [163] to coenpa
boosting the NK protectionexiguamine A extracted saturated palmitate to oleate [164]. A decreasheftell
from the marine sponge Neopetrosia exigua, [XB38]-  surface concentration of MHC1 in tumor cells would
methyl tryptophane [159] may be added to the list. It is boost the NK protection; it may be interesting itwfthe
possible thaindol 3 carbinol found in cabbage inhibits effects of tunicamycine, brefeldin and drugs cdiitrg
this enzyme. It is worth testing some other pratect the protein traffic. An anti-thyroide (methimazokgems
asteraces as well, among them, the Greater burdock to decrease MHC1.

Centaurea imperialis [160] they contain an intémgst http://www.patentstorm.us/patents/5556754.html,
polyphenolic lignan drctiin), http:// en. wikipedia.org/
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In sum, the innate immunity mediated by NK cells
kills tumor cells that might form more frequentlyah
thought. If a weakening of the NK protection folliony

\When ATP synthesis takes place, the inward floyerof
tons through the F1/Fo ATPase generates ATP wittgn
mitochondria, while electrons reach oxygen via she-

an inflammation takes place, tumor cells escape arfission of complexes belonging to the electronsfrart

develop.

Addendum: the malate/aspartate shuttle and poly-
amines in cancer

Several aspects of tumor cell metabolism, transaiioin
and the malate/aspartate shuttle need an additibsal
scription indicating other potential therapeutigtts. We
first need to recall the shuttle function in noheells, in
the course of oxidative glycolysis. Then, we shalitch

to a neoglucogenic and ketogenic metabolism adsacia
to an up-regulation of the urea cycle. The portiohsuch
pathways that are functional, or at rest, in turoells
show the link between the mitochondria citrate ueffl
glutaminolysis, polyamines and the Warburg eff@dte
mitochondria internal membrane is not permeable t
NADH or NAD" co-factors, they will have to be oxidized
or reduced, in situ on both sides of the mitochendr
membrane, by specific substrates that go througlt-s
tles”, across the mitochondria membrane. The entigma
oxido-reduction of the transported substrates regees
oneach side of the membrane, the co-factors. The wfor
the malate-aspartate mitochondria shuttle is et in
figure 8 A, NAD" appears in the cytosol, allowing glyco-
lysis to proceed (at the glyceraldehyde dehydroggena
step) while NADH, builds up in the mitochondriarrifo
ing a potential energy source. The NADNADH ratio
regulates glycolysis and its continuation by oxigat
metabolism. Two mitochondria membrane antiporter
support the shuttle function, one exchanges mala
(MAL) for a ketoglutarated keto), the other exchanges

k

glutamate (GLU) for aspartate (ASP). Malate dehydro

genase present on both sides of the mitochondigah-m
brane drives the flux through antiporters. Thisyane,
converts oxaloacetate into malate, it forms NAD+hg

cytosol, and does the reverse inside the mitochandr

forming NADH. The other enzyme pulling the flux of
substrates through the antiporters is a transamivilken
glycolysis operates, it transaminates aspartate a
o ketoglutarate, to form glutamate and oxaloacetatbe
cytosol, and does the reverse in the mitochonéténce,

if glycolysis is on, NAD forms in the cytosol, if glycoly-
sis switches to gluconeogenesis; NADH is presearat
utilized in the cytosol. These two co-factors cohthe
direction of glyceraldehyde 3-phosphate dehydrogena
(Gl dehydrogenase), which converts glyceraldehyede

phosphate (Gly 3P) into 1-3 diphosphoglycerate (1

3DPG) in the glycolytic direction, using NADand does
the opposite, utilizing NADH, for gluconeogenesithe
intra- mitochondria NADH potential controls theraie
condensation and entry in the Krebs — HenseleitleCyc
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chain. The energy of the NADH potential is in figeov-
ered as ATP, and water (figure 8A). In Hypoxia, NAD
probably builds up, closing the citrate condensatibthe
Krebs cycle, and oxidative metabolism. Lactate ferta-
tion starts, generating the required NAD+. The glytic
source of ATP takes over, substrate phosphorylgtion
occuring at Phosphoglycerate kinase and Pyruvateski
steps of the glycolytic, lactate fermentation pesce
Switching from glycolysis to neoglucogenesis is ptim
cated since pyruvate kinase is not a reversible/reaz
(figure 8B). How will the cell overcome this firebstacle
to go from pyruvate to phosphoenolpyruvate? Rebal
this is achieved by two enzymes, one is pyruvatlewa/-
lase (P carb) an enzyme requiring ATP, biotin-C@2d a
only present in the mitochondria, where it forms- ox
loacetate, the other is the phosphoenolpyruvate ca
oxykinase, which is present both in the mitoch@ndnd
in the cytosol; it converts the oxaloacetate intogphoe-
nolpyruvate and requires GTP. Hence, in glucoséhsyn
sis, pyruvate enters the mitochondria, where itmtor
oxaloacetate, via pyruvate carboxylase. The oxaloée
then gives phosphoenolpyruvate via phosphoenolpyeuv
carboxykinase and quits the mitochondria, to folldwe
glucose synthesis pathway. Alternatively, oxaloaeet
may give malate via malate dehydrogenase, andtluiit
mitochondria, to reform OAA in the cytosol, thenFREo
join the gluconeogenic route. This system copeh ttie
fact that mitochondria are not permeable to oxadtste.
Sluconeogenesis would be inefficient if pyruvatedde
geconverted the phosphoenolpyruvate formed inta-pyr
vate, it is then necessary to block the enzymes T#i
precisely what does cAMP when it activates gluceneo
genesis in the liver. NADH and ATP, may also inhibi
liver pyruvate kinase. During starvation, protedysf
muscle proteins stores give amino acids, alanine is
transaminated into pyruvate feeding the pyruvate ca
boxylase reaction. Alanine transamination drives fthix
through the transaminases as indicated in the di@.
The efflux of ASP feeds in the urea cycle that ésyv
activate in gluconeogenesis. The figure indicates t
citrulline aspartate reaction forming argininosnete, in
the cytosol, and its hydrolysis into arginine anchérate.
The latter enters in the mitochondria and the Krebs
Henseleit cycle, forming Malate and OAA. As for iarg
ine, it gives via arginase, ornithine and urea.itbme is
arbamylated into citrulline in the mitochondriabgihg
he urea cycle. Because gluconeogenesis consumas OA
the citrate condensation starting the Krebs cyeleomes
slow, acetyl-CoA coming from the mobilization opili
stores an@ oxidation offatty acid accumulates, forming
ketone bodies, essentially in the liver, they seasenu-
triments for most cells.
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We recall this here because tumors utilize in @igpavay  ments affecting these new targets, that are nurdbase
parts of the pathways described in figures 8A, . hdve targets 17, 18, 19, 20n figure 8 C. First: the polyamine
seen how tumors overcome the PK and PDH bottleneckmthway renders tumor cells depend of argininetioime,
and evidently, the increased glucose influx, favthre this is not the case of normal cells, anginine depriva-
supply of substrates to the pentose shunt, as gehtre tion diet, acts ortarget 17 of figure 8 C, this may selec-
indeed necessary for supporting the synthesis udlen- tively affect tumor cells, and seems particularijerest-
tides DNA and RNA in tumors. The figure 8 C schemaing, see for example [165-167]. A more efficiergiame
tizes what we draw from several observations. Fiesiall ~ deprivation is possible, using arginine depletingyenes
that citrate condensation in increased in tumangl; that as pegylated argininedeiminase (polyethyleneglycol-
citrate quits the mitochondria to give via ATP a&ig associated preparations) that are presently eeal j268-
lyase, acetyl-CoA and OAA; we have described abové&70]. Second: it should be useful to inhibit thedarction
these observations. We have seen that acetyl-C@A suof ornithine. In tumors, ornithine comes essentialia
ported the synthesis of fatty acids and the foromatif arginase rarther than from transamidinase [171JsTh
triglycerides. However, the other product of the PAT arginase inhibitors such asorvaline [172] or nor-
citrate lyase reaction: OAA, increases as wellidg the  NOHA (N-omega-hydroxy-nor-l-arginine) droroargin-
transaminase cascade (ALAT and GOT transaminases) ine deserve a try. [173]. This action is also parealdlin
a direction that consumes GLU and glutamine and cortarget 17 of figure 8 C. Third: the polyamine pagyw
verts in fine ALA into pyruvate and lactate plus A  (target 18) is sensitive to ornithinedecarboxylase inhibi-
see figure 8 C. Another source of NAD+ comes from M tors, such aDFMO (2-difluoromethylornithine) that are
dehydrogenase, which converts part of OAA into meala under evaluation, in association with other agentsbi-
the latter, enters the mitochondria via the shusihel tors of SAM decarboxylase are useful to try sinoeyt
gives back OAA to feed the citrate condensatiomay would stop the destruction of SAM, they aMGBG
be interesting to inhibit cytosolic malate dehydmgse methylglyoxalbis (guanylhydrazone) and 4-amidinaind
with D malate, humic acid, thyroxine derivatives and lone-2’-amidinhydrazone [172]. Histidine decarbasd
others to test, this may in fine, strengthen theemssary inhibitors @lfa-fluoromethylhistidine) act on the same
inhibition of ATP citrate lyase. Glutamine will algpro- step (175). The protective anti-cancer action ekgrtea
vide amino groups for the de novo synthesis ofqauri resveratol or geraniol, might result from the decrease of
bases particularly active in tumors. The figure i8@i-  ornithine [176]. Fourth: the starters of the precete-
cates that ASP shuttled out of the mitochondr@hg the pends as indicated figure 8 C of the OAA suppligd b
ASP formed by cytosolic transaminases, to feedstme  ATP citrate lyase that has to by inhibited Wi cit-
thesis of pyrimidine bases via ASP transcarbamylase rate for example. It is crucial to block the transansiea
process also enhanced in tumor cells. This is &dsodcin  chain at the alanine transaminase sth aminooxace-
tumors, to a silencing of the argininosuccinatettsgtase tic acid and other compounds, as discussed above. How-
step of the urea cycle [165-167]. This blockade &feits  ever, it is also clear that the glutamine inpututidbe
the supply of fumarate to the Krebs cycle. Theefatt limited (target 19 figure 8 C) using glutaminase inhibi-
utilizes thea ketoglutarate provided by the transaminasdors, such asDON: 6-diazo-5-oxo-l-norleucine, which
reaction, since the source mfketoglutarate via aconitase decreases proliferation and induces a senescenpteel
is probably at rest. Indeed, NO and peroxynitriteréase notype [177]. Antiglutamate drugsiluzole and nafta-
in tumors and probably block aconitase. An esskentizonewould also act on this step. Five: an up-regulatibn
reaction is the cleavage of arginine into urea and argininosuccinate synthetase wittoglitazone was ob-
nithine. In tumors, the ornithine production inwes, served [178] this would attenuate the polyamineterduut
following the polyamine pathway. Ornithine is decar other less hepatotoxic derivatives should be t(tacet
boxylated into putrescine by ornithinedecarboxylasen  20figure 8 C).
it captures the backbone of SAM to form polyaminegn fact, the pathways found in fig 8 represent atesy
spermine then spermidine, the enzyme controlling thable to generate energy (when the Krebs cycle fwns
process is SAM decarboxylase. The other reactiod-pr nutriments (depletion of body stores and interrdpti-
uct, 5-methylthioadenosine is then decomposedrimte  rate condensation). The system may also regensiates
thylthioribose, and adenine providing purine basethe and form new substance, in this case, citrate awat®n
tumor. Remember here that we have given to SAM &kes place, but isocitrate formation and aconitase
major role in the methylation of PP2A, the desinrcof  blocked; citrate quits the mitochondria feeding AdiR
SAM (allowing the recovery of adenine) may thenragg rate lyase and the lipogenic route etc... NADH, ATP
vate the situation, removing the PP2A brake ovepmi AMP ratio and NO control the switches that orieiné t
genic MAP kinases, favoring like polyamines, théotic ~ System toward the production of energy, nutriments;
carcinogenic process. The pathways representacefigy — alternatively, body stores and substance. In cancer
C indicate that tumors will be sensitive to sevedraat- Switches are set in a position that consumes btufes
for making the tumor substance.
158 Biomedical Research 2011 Volume 22 Issue 2
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Conclusions aminooxacetic acid hydroxylamine, pralidoxime (2
PAM). We have also dealt with glutaminase and arginase
A. Multifactorial therapy and explained that it is essential to inhibit ATi®ate

As a complement to radiotherapies or chemotherapies lyase, which provides OAA to the transaminase asca
propose to try, after validating it on animal madgl79] Tumors absorb also fatty acids converted into Acety
a sequential metabolic therapy aiming to reestabéis COA; an intense lipolysis should be cancelle@gine,
normal cell metabolism and then eliminate thosks ¢kt~ statins).
do not recover.

Third part: epigenetic correction
First part: metabolic correction A HDAC inhibitor should cancel the silencing of gsn
One would give compounds counteracting the consesuch as PETEN, P53 and others, one maybusgrate
quences of the glycolytic bottleneck, one mustvatéi (ammonapsg or vorinostat the list of possible com-
Pyruvate kinase and Pyruvate dehydrogenase puilyr  pounds is long. One may then try to control theo€yt
ethylene glycoland lipoic acid respectively or with the chrome P450 demethylase, which might be involved in
compounds listed in the text, the best combinagioould  the demethylation of adjacent DNA regions, whictrué
be tested and found. Glycolysis should be atteduateHAT and open other genes such as hexokinase. tatsbi
(manoheptulose,lodinamine and may others). The de- of cytochrome P450 such agiinine or bergamottin
crease of NAD+ by LDH inhibitorsgpssypo) is a possi- deserve a try. After some delay, one adds HAT itdi&
bility. One should attenuate withydroxycitrate the  for closing other up-regulated genes (such as heask)
excess of citrate-ATP citrate lyase activity, whigleds among these inhibitors one findsacardic acid garci-
the formation of triglycerides, NADH the inhibitasf  nol, curcumin and others.
citrate synthase should increase, when one inhibitis-
chondrial complex 1, usgapsaicinfor example. An inhi- Fourth part: regulate signaling pathways
bition of cytosolic Malate dehydrogenase widhmalate ~ One should help with methyl donors the methylatdn
would decrease this other OAA source. It is alssfuldo  PP2A B12 cholineor betaine)in order to target it toward
inhibit Phosphoenol pyruvate carboxykinase, veittoro  the signaling kinases activated by insulin signAls.for
phosphoenol pyruvate or cryogenin. The latter may the IGF signals elicited by Growth hormone (Gdtyeo-
inhibit like hydrazine the GTP site of the enzymgéth  tide the somatostatin analog, pegvisomanacting on
less toxicity. It is crucial to inhibit transamiress(ami-  IGF formation, will cancel the action of IGF. AtelGH
nooxacetic acid B chloroalanine) for ALA transamina- secretion levelsulpiride could be interesting. As for the
tion. DON would inhibit glutaminase. Following the IGFBP regulator of IGFapigenin andcasodex seem to
polyamine pathway, ornithine decarboxylase inhiiti increase IGFBP, while NO decreases IGFBmino-
with DMFO deserves a try. Arginase ihibition witlor- ~ guanidine and other NO synthase inhibitors L- nitro ar-
valine is easy to test; an activation of argininosuccinatginine methyl esterliNAME ), L-monomethyl arginine
synthetase withroglitiazone deserves a try. Aow ar-  (L-NMMA ), agmatine might block this undesired NO
ginine diet is essential. One should favor the methylationaction, and reestablish an IGFBP control over rigtos
of PP2A phosphatase with methyl dono@&h¢line, Vi-
tamineB12, perhapgrimethyl glycine) methylated PP2A  Fifth part: the innate immune NK protection against
would dephosphorylate and activate Pyruvate kirzagk tumor cells
Pyruvate dehydrogenase. It is essential to attertiie@  Resistant cells should be eliminated by boostireg NiK
choline kinase route witmiltefosine, and the accumula- protection, this is achieved by PGE2 inhibitorsgtsas
tion of triglyceridesmetformin might be useful (care not Echinacea extracts associated tanelatonine or sero-
interfere with cryogenin) there are other possititegs tonine uptake inhibitorspfozac), or St John Wort tea,
for controlling triglycerides. Substance P antagonistap(epitan), inhibitors of in-

doleamine 2,3-dioxygenaséfmethyltryptophane) also
Second part: physiological mechanism that lead to  boost the system. Moreover, HAT inhibition enhanttes
weight loss process dnacardic cashew extractgarcinol, curcumin
We have seen that tumors burn their host; one ditbeh  etc)
block muscle proteolysis that is a rich source mwin®
acids, particularly alanine, which is vital to themor Evidently, the duration of each phase should berdet
because it is the only amino acid transaminatepyta-  mined; the different possible combinations of drtexed
vate, needed by the tumor because of the Pyruvadiséc on animal models. With the hope that a non-toxig-mi
bottleneck. Muscle proteolysis is the source of Imucture; will bring back to normality cells that hase easily
ALA, we have already dealt with Alanine transamaas taken the wrong pathway, at the detriment of tle of
inhibition, and many compounds might be comparedhe body.
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Oncogenes up regulate proteins transmitting “Tyro-
sine kinase receptor” signals. The receptor family
includes those for insulin or IGF, a growth factor4-
controlled by Growth Hormone. Other oncogenes
alter PP2A phosphatase and remove the brake over
the signaling kinases.

Experiments on pancreatectomized animals; treatedt
with either pure insulin or total pacreatic extsct
showed that choline in the extract, preserved them
from steatosis and hepatomas.

Since choline, is a methyle donor and since methyg
lation regulates PP2A, it is probable that PP2A me-
thylation protected from hepatomas, by attenuating
signaling kinases; while the choline deficit lead t
cancer.

Demethylated PP2A would not deposphorylate Pyz.
ruvate kinase and Pyruvate dehydrogenases that
remain inactivate. A"bottleneck” between glycoly-
sis and oxidative-citrate cycle, interrupts thecgly
Iytic pyruvate supply, now provided by alanine 8.
transamination and proteolysis. This pyruvate
forms lactate (Warburg effect) and NAD+ needed
for glycolysis. Lypolysis and fatty acids provide
Acetyl-CoA; the citrate condensation increases;
several oxaloacetate sources contribute. ATP eitrat®-
lyase follows, supporting aberrant transaminations
with glutaminolysis and lipogenesis. Truncated

urea cycles, an increased polyamine synthesis, coﬂi—o :

sume the methyle donor SAM, strengthening car-
cinogenesis.

11.
Epigenic changes triggered by a decreased butyrate,

activates Histone deacetylase (PETEN, P53, IGFBP
decrease; Hexokinase, fetal-genes-M2, increase)

Normally, IGFBP binds IGF and controls mitosis, 12
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