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EuxapioTieg

Oa BéAape va euxapIoTAOOUPE OAN TNV EPEUVNTIKA POG OPEda TTou
emPBeRaiwae auth TNV IOTPIKA AVOKAAUWN WE TNV EQEUPETIKOTNTA KAl
NV €myovh TNG. MpwTioTwg, oPEiAOUPE VO EUXAPIOTACOUUE IBINITE-
pa 10 Apa Waheed Romi, Tov €TTIKEQAAAG TOU £pEUVNTIKOU TUFPATOG
OTOV TOUEQ TOU Kapkivou, TTou Ole€ryaye Kal €mERAETTE aQutd T
onuavtikd Treipduata yia mepIocdTEPo amo pia dekaeTia. Etiong,
euxapioToUpe 10 Apa Shrirang Netke, To Apa Vadim lvanov, 10
Apa Raxit Jariwalla, kai Tov Nusrath Roomi yia tnv mpow6naon
QUTAG TNG ETTAVACTATIKAG AVAKAAUWNG.

Etiong, 6a BéAape va euyxapiothiooupe Tnv EAévn KouTtrravou yia Tn
peETA@pacon autou Tou PIBAiou oTa eAAnVIKA kai To Apa ewpyio
Katawvn yia TNV TeAIKN €TTIBAEWN TOU KEIJEVOU.

Akopa, emOuPoUpE va EKPPACTOUNE TNV EUYVWHOOUVN Jag o€ OAa Ta
MEAN TG d1EBVOUG VOUIKAG POG OPAdAG, TTOU PPOVTIOE YIa TTEPICOO-
TEPO OTTO MIa DEKAETIO WOTE VA TTPOCTATEUTEI AUTH N avakdAuywn atrod
TIG VOUIKEG ETTIOECEIG TV AGUTTI TOU KATEGTNHEVOU.

Idiaitepeg euxapioTieg otov Werner Pilniok, otnv Baerbel Saliger kai
o€ 6Aoug Toug GAAoUGg aoBeveig TTou gixav To BApPOG va TTouv dnuod-
ola TNV 10Topia TNG WG TOUG.

Kdavoupe 1d1aitepn avagopd o€ ekeivoug Toug aoBeveig, vEoug Kal nAi-
KIWPEVOUG, TWV OTTOIWV Ol TIPOOTTABEIEG TOUG OTNV AVTIMETWITION AUTAG
NG aoBEveIag aTTETUXAV KOl TTOU UTTOPET va €ixav Jia EUKaipia, €av Ogv
éxavav 1000 Xpovo péoa aTa adiégoda TNG CUUPBATIKAG IATPIKAG.

Eipaote 1diaitepa euyvwpoveg otov August Kowalczyk, tov Jerzy
Ulatowski kal aToug AAAOUG E€TTICHOAVTEG TOU OTPATOTTEDOU OUYKEV-
Tpwaong a1o AoucBITg. Mapapévouv pia dIapKng TTNyA EUTTVEUONG yia
€NAG Kal TN douleld pag. EipaoTe evwpévol pe autoug TOug av-
BpwTroug péow NG dEoUEUDN Pag OTo KoIvo Opaya: ‘Tloté Eavad!l’. O
eIkoveg ‘H EmoTtAun wg Téxvn' ammoteholv pia cupBoAr Tou August
Kowalczyk agiepwpévn o€ auté 1o BiAio.
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[BiaiTEPES EUXOPIOTIES TTNYaivOuV aTa XIANIABES EAN TG B1EBVOUG pag
Zuppayiag MNa Tnv Yyeia mou utrooTnpiouv Tnv £pguva Pag yia Tre-
PI00OTEPO aTTd pia dekaeTia. Xwpig e0dg autd To emTiTeuyua dev Ba
ATav duvaro.

EuxapioToUpE TIG OIKOYEVEIEG MOG, YIA TNV UTTOGTAPIEN KAl TNV UTTO-
Movr] Toug.

TéNOG, oI euxapiaTieg Yag ammeubuvovTal oe OAOUG 600UG JIE TOV OKE-
TITIKIOPG KOl TNV EVOVTIWAT TOUG ATTOTEAEGAV YIA POG MIG QVEKTIUNTN

TNyn KIVATPOU.
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H akéAoubn emaoTtnuoviky dnuoaicuan atmd 1o 1992 atmoTéAeoe T0
€VVOIOAOYIKO BeéNIO TTAVW OTO OTT0I0 dOUABNKE N PETETTEITA £pEUVa
Mag oTov Topéa Tou Kapkivou. To GpBpo €xel ypaTtei amoé Tov
Apa Rath kai uttooTtnpixBei ammé 1o NoptreAioTa Linus Pauling.

Plasmin-Induced Proteolysis and the Role of Apoprotein(a),
Lysine, and Synthetic Lysine Analogs

M. Rath, L. Pauling
Journal of Orthomolecular Medicine 1992, 7: 17-23

NepiAnyn

O1 TepIoooTEPEG 00BEVEIEG TOU avBpwITOU, aveSapTATWG TNG 1I81aiTEPNG
YEVETIKAG N e§wyevoug mpoéAeuong Toug, TToAAatrAaciddovral pEow
TapopoIwv TTabo@uaioloyikwy pnxaviouwv. ‘Evag amé autoug Toug
k0BoAIkoUg pnxaviopoUg éxel TNV apXn Tou oTov TToAAatrAaciaopé
TWV eAeuBépwv pI{wv o§uydvou oTov opyaviopo. ESw mapouaciddoupe
évav dAAo kaBoAIKAG €@POPUOYAG TTABO@UGCIOAOYIKO HNXAVIGUO: TNV
amodounon Tou ouvdeTikoU 1I0TOU améd TV Tpwredon TAaopivn. O
MNXAVIOPOG auTOG gixXe eEPIypAPEi yia opiopéveg aoBévelieg, aAAd o
KOBOAIKOG XAPOAKTAPAG TOU Sev £XEl AKOMO ETTAPKWG KaTavonoei. Mpo-
TEiVOUME TWPA OTI N €SATTAWGON TOU KAPKIVOU, TWV KAPSIAYYEIOKWV
TaBnoswyv, kabwg etriong o1 Aeypoviwdeig Kal TToAAéG AAAeG aoBEvel-
€6 eSapTWVTAI O€ S1APOPETIKG BaBud atmd auTtd Tov TaboPuaioAoyikod
Mnxaviopé. Ta evepyotroinuéva Hakpo@dya, oAAd Kol Ta KAPKIVIKG
KUTTOPA, KABWG Kal To TPOTTOTToINUEVA aTTd 10UG KUTTApPA Kail dAAa Tra6o-
yova KUTTOpa €KKPIVOUV GNMOVTIKEG TTOGOTNTEG EVEPYOTTOINTWYV TOU
TAQCGHIVOYyOVou, TTou 0dnyoUv O€ eVEPYOTTOINGN TOU TTAACHIVOYOVOU
OTNV TTPWTEACN TTAACHIVN, TTOU EVEPYOTTOIEI TNV TTPO-KOAAQayevdon o€
KoAAayevdon. H erak6AouBn a1moikodounon Tou SWKUTTAPIOU XWPOoU
amoteAei TpoUmoBeon yia TRV €§dmAwon Kol TNV KAIVIKA €kdRAwaon
Tng omolacdnmore aoBéveiag. O1 o ToAAég oeieg Kal Xpovieg agBé-
VEIEG KAVOUV XPAOTN auThg TG TrTaboguaioloyiag.

AuTdg 0 TTaBo@uOIoAOYIKOG PNXAVIGUOG Eival N ETTEKTACT MIOG AgITOUp-
yiag Tmou XpnoigoTroIEiTal UTTO QUOIOAOYIKEG OUVBAKEG OO pia Trol-
KIAiO KUTTOPIKWY CUCTNUATWY Tou avBpwirivou owpartog. H €§apon
KATW o1rd TTaBoAOYIKEG KOTOOTATEIG £ival TO OTTOTEAETUA MIOG XPOVIOG
AVICOPPOTTiOG HETASU TWV EVEPYOTTOINTWYV KOl TWV OVACOTOAEWV QUTAG
Tng Si1adikaoiag. H amompwreivn (a), apo (a), Suvduel Tng avaloyiag
TNG M€ TO TAAOHIVOYOVO, TIPOTEIVETAI VO Eival éVag OVTAYWVIOTIKOG
evBoyevig avaoToAéag TNG oPeIAGuEVNG TNV TTAACGUiIVN TTPpwWTEGAUONG
KOl TNG amoodBpwaong Tou 10TouU. To amrapaitnTo apivogu L-Auagivn Ael-
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Toupyei wg évag e§wyevig avaoToAéag autng Tng diadikaciag. Ogpa-
TEUTIKA Xopnynon Tng L-Augivng kai ouvBeTikwv avaAéywv Auaivng,
Omwg 10 TpaveSauIkd ofU, Ba TTpéTrel va 0Bnynoel o€ ATTOTEAEGTUATIKO
€Aeyxo Tng TTpokaAoUpevng atrd TNV TTAAC UiV aTrod6unong Tou 1I0ToU.
H mARpng kAIvikA emiBeBaiwon autig TNG MEAETNG Ba BeATiwoEl 1B1aiTE-
pa TIG BEPATTEUTIKEG ETMIAOYEG VIO TTPOXWPNUEVEG HOPPEG KApDIayyEl-
OKWV VOOWV, KOPKIVOU, Kal QAEYHOVWOWVY Kol HOAUGUOTIKWY 008e-
velwv, cuptrepiAapBavopévou Tou AIDS.

Introduction

In recent years the international research community became fascinated by
a unique protein in the human body: apoprotein(a) [apo(a)]. In the three
decades since its discovery apo(a) has been primarily discussed in relation
to its deleterious effects on human health, in particular on cardiovascular
disease (CVD). We did not accept that apo(a) should have only disadvanta-
geous properties. According to the laws of evolution apo(a) must have bene-
ficial properties that by far outreach its disadvantages. Consequently, we
discovered that under physiological conditions apo(a) functions as an adhe-
sive protein, mediating organ differentiation and growth. Under pathophysio-
logical conditions apo(a) primarily substitutes for ascorbate deficiency and
increases tissue stability by compensating for impaired collagen metabo-
lism, and by promoting tissue repair (1). Moreover, we proposed that apo(a)
functions as an inhibitor of important pathomechanisms involved in the pro-
liferation of many diseases. These pathomechanisms are favored during
ascorbate deficiency. One of these universal pathomechanisms is the dam-
aging effect of oxygen free radicals, which is attenuated by the antioxidative
function of apo(a) as a proteinthiol (2).

Apo(a) also led us to determine the universal importance of another patho-
mechanism: the enzymatic degradation of the connective tissue by the pro-
tease plasmin. We recently proposed that apo(a), by virtue of its homology
to plasminogen, functions as a competitive inhibitor of plasmin- induced pro-
teolysis (3). In this publication we describe the universal character of this
mechanism and the role of apo(a) in more detail. Plasmin-induced proteoly-
sis had been described as a pathomechanism for some diseases, e.g. can-
cer and certain viral diseases (4,5). In cardiovascular disease, however, this
mechanism has received little, if any, attention. The insufficient understand-
ing of the universal character of this pathomechanism is further underlined
by the absence of a broad therapeutic use of L-lysine and its synthetic
analogs, which are exogenous inhibitors of this pathway. The lack of this
knowledge continues to have detrimental consequences for human health
and it prevents millions of patients from receiving optimum treatment. It is
the aim of this publication to close this gap and to provide the rationale for a
broad introduction of lysine and its synthetic analogs into clinical therapy.
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Plasmin-Induced Proteolysis Under Physiological Conditions

Plasmin-induced proteolysis is a physiological mechanism that occurs ubig-
uitously in the human body. The main cellular defense systems, monocytes,
macrophages, and neutrophiles, use this mechanism for their migration
through the body compartments. They secrete plasminogen activators,
which then activate plasminogen to plasmin. This mechanism makes effi-
cient use of high blood and tissue concentrations of the proenzyme, plas-
minogen, which represents a huge reservoir of potential proteolytic activity.
The activated protease plasmin then converts procollagenases into collage-
nases (6), and quite possibly also activates other enzymes, leading to a
local degradation of the connective tissue. This local degradation of the con-
nective tissue paves the way for the migration of macrophages through the
body. The proteolytic effect of plasmin is also involved in increasing vascular
permeability (7). This effect facilitates the infiltration of monocytes and other
blood cells from the circulation to the tissue sites of increased requirement.
Physiological conditions in which plasmin-induced proteolysis occurs
include different forms of tissue formation and reorganization such as neuro-
genesis, vascularization, and, quite probably, growth.

Of particular importance is plasmin-induced proteolysis during the remodu-
lation of female reproductive organs. Under hormonal stimulation mammary
and uterine cells secrete plasminogen activator and thereby initiate the mor-
phologic changes of the organ during pregnancy and lactation (4). A particu-
larly striking example for the effectiveness of this mechanism is ovulation.
Luteinizing hormone (LH) and follicle cell stimulating hormone (FSH) stimu-
late the secretion of plasminogen activators from granulosa cells (8). The
subsequent degradation of the ovarian connective tissue is a precondition
for ovulation (Figure 1a). Similarly trophoblast cells use plasmin-induced
proteolysis to invade the wall of the uterus during embryo implantation in
early pregnancy. In all these conditions enzyme production is transient and
is precisely regulated by hormones and other control mechanisms.

Plasmin-Induced Proteolysis Under Physiological Conditions

Plasmin-induced tissue degradation contributes to the proliferation of most
diseases. Of particular interest is the fact that similar mechanisms are
induced by attacking pathogens as they are used by the defending host
cells, e.g. macrophages. In many pathological conditions macrophages
become 'activated’. This activation reflects a particular state of alert that is
characterized by an abundant release of secretory products. These products
include oxygen metabolites, collagenases, elastases, and a significantly
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increased secretion of plasminogen activators. It is immediately obvious that
this mechanism needs to be precisely controlled. Therefore macrophages
also secrete inhibitory products including plasmin inhibitors and a2-
macroglobulin which are able to inactivate plasmin and many other proteas-
es. Any imbalance in this control system leads to an exacerbation of this
mechanism and to continued tissue degradation. Chronic activation of
macrophages and an exertion of the control mechanisms eventually lead to
a sustained degradation of the connective tissue and to an accelerated pro-
liferation of the disease. It is, therefore, not unreasonable for us to propose
that plasmin-induced tissue degradation contributes, to a varying degree, to
the proliferation of all diseases.

This mechanism is, however, not limited to macrophages and other defense
cells of the human body. In the following sections we shall discuss this path-
omechanism for the most important diseases in more detail.

Cancer

Malignant transformation of many cells of the human body leads to an
uncontrolled secretion of plasminogen activators. In this situation the secre-
tion of plasminogen activators is not a temporary event, but is rather a char-
acteristic feature of malignant cells. The magnitude of increase in plasmino-
gen- activator production, between 10 and 100 fold, renders this

enzyme unique among the biochemical changes associated with oncogenic
transformation. Moreover, plasminogen-activator secretion occurs indepen-
dently of the induction mechanism and can be found as the result

of oncogenic viruses or chemical carcinogens. Most importantly, the amount
of plasminogen activators secreted was, in general, associated with the
degree of malignancy (4,5). Immunohistological studies showed that the
concentration of plasminogen activators in the vicinity of a tumor is highest
at the sites of its invasive growth (9).

Because of the prominent role of plasmin-induced proteolysis in female
reproductive organs under physiological conditions it is no surprise that the
exacerbation of this mechanism is particularly frequent in malignancies of
the female reproductive organs. Cancer cells of the breast, the uterus, the
ovaries, and other organs continuously secrete increased amounts of plas-
minogen activators, destroy the surrounding extracellular matrix, and there-
by pave the way for infiltrative growth. These mechanisms are also involved
in the proliferation of prostatic cancer, one of the most frequent forms of can-
cer in males.
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Plasmin-induced proteolysis is also critical for the metastatic spread of can-
cer. As discussed above, plasmin induces increased permeability of the
blood vessels and thereby facilitates the systemic dissemination of tumor
cells. This pathomechanism is, of course, not limited to reproductive organs.
Plasmin-induced tissue degradation has been reported for tumors of the
ovaries, endometrium, cervix, breast, colon, lung, skin (melanoma, and
many others (4), suggesting that most cancers make use of this mechanism
for their proliferation.

Infectious and inflammatory diseases.

As for transformed cells in malignancies, virally transformed cells were also
found to secrete plasminogen activators (4,5). These cells activate plas-
minogen in their vicinity, e.g., the lung tissue, and thereby facilitate the local
spread of the infection. Simultaneously, plasmin increases the permeability
of the local blood vessels and thereby promotes the systemic spread of the
infection.

It is not unreasonable for us to propose that other pathogens may also make
use of this mechanism during the process of infection. Plasminogen activa-
tors play an important role during inflammation in general. Production of
plasminogen activators by macrophages and granulocytes is closely corre-
lated to different modulators of inflammation. Secretion of the enzyme is
stimulated by asbestos, lymphokines, and interferon and is inhibited by anti-
inflammatory agents such as glucocorticoids. Plasmin-induced proteolysis
has been described for patients with a variety of inflammatory diseases,
including chronic rheumatoid arthritis, allergic vasculitis, chronic inflamatory
bowel disease, chronic sinusitis, demyelinating disease, and many others
(4). Plasmin-induced tissue degradation is therefore likely to be an important
pathomechanism in chronic inflammatory diseases.

Cardiovascular disease.

Activated macrophages play an important role in the pathogenesis of cardio-
vascular disease. Blood monocytes enter the vascular wall, where they
become macrophages. Their activation inside the vascular wall is enhanced
by oxidatively modified lipoproteins and other challenging mechanisms
(3,10). Once they are activated a similar cascade of events occurs, as in any
other disease: increased secretion of plasminogen activators, activation of
procollagenases by the protease plasmin, and degradation of the connec-
tive tissue in the vascular wall. Simultaneously, plasmin increases the per-
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meability of the vascular wall, leading to a further increase in the infiltration
of plasma constituents. The perpetuation of these pathomechanisms leads
to the development of atherosclerotic lesions. This mechanism is particular-
ly effective when the vascular wall is already destabilized by a deficiency in
ascorbate. As described recently in detail (3), this instability is primarily
unmasked at sites of altered hemodynamic conditions, such as the branch-
ing regions of the coronary arteries. It is therefore no surprise that increased
amounts of plasminogen activators were detected in these branching
regions of human arteries. Moreover, atherosclerotic lesions in general were
found to contain significantly higher amounts of plasminogen activators than
grossly normal arterial wall (11). It is a remarkable fact that these early
observations have not been followed up systematically. This negligence
suggests that the universal character of uncontrolled plasmin-induced prote-
olysis for disease proliferation has not yet been fully understood. It is the aim
of this paper to close this gap.

Apoprotein(a) - An Inhibitor of Plasmin-Induced Proteolysis

In identifying the universal importance of plasmin-induced proteolysis for
most diseases we were once again guided by apo(a) and its increased
demand as reflected by the elevated plasma concentrations in many patho-
logical conditions. As discussed above, apo(a) exerts a multitude of func-
tions under physiological and pathophysiological conditions. Here we focus
on the role of apo(a) as an endogenous competitive inhibitor of plasmin-
induced proteolysis and tissue degradation.

Apo(a) is a glycoprotein with a unique structure. It is essentially composed
of a repetitive sequence of the kringle structures highly homologous to the
kringle IV of the plasminogen molecule. The gene for apo(a) is located in the
direct vicinity of the plasminogen gene on chromosome 6. It has been pro-
posed that the apo(a) molecule derives from the plasminogen molecule or
that the two genes share a common ancestral gene (12). As of today no
explanation has been offered as to why among all five kringles of plasmino-
gen it is almost exclusively kringle 1V that was chosen by nature to compose
the apo(a) molecule.We do not accept this selective advantage of kringle IV
as a coincidence. We propose that at least one of the reasons for the repeti-
tion of kringle IV in apo(a) is closely related to the structure/function of
kringle IV in the plasminogen molecule.

It is not unreasonable for us to propose that apo(a), by virtue of its multiple

kringle IV structures, is a competitive inhibitor of plasmin-induced proteoly-
sis. Apo(a) could be involved in the control of this pathway without interfering

187



Nikn katd Tou Kapkivou! Mépog 1°: Kavovtag 1o AdUvaTo Auvatd

with critical functions of plasminogen mediated by other kringles of the plas-
minogen molecule. Consequently, the more kringle 1V repeats one apo(a)
molecule contains, the more effective this apo(a) isoform would be as an
inhibitor. This concept could not only explain the selective advantage of
kringle IV versus the other kringle structures, but it could also explain the
great variation in genetically determined plasma Lp(a) concentrations, which
largely reflect the inverse relation between the number of intramolecular
kringle IV repeats and the synthesis rate of apo(a) molecules.

Supportive evidence for a role of apo(a) in the control of plasmin- induced
proteolysis is also provided by a number of observations. Apo(a) has been
shown to attenuate tissue-plasminogen-activator-induced fibrinolysis and
competitively interfere with plasminogen- and plasmin- induced pathways
(review in 14). Moreover, immunohistological studies in various diseases
showed a preferential deposition of apo(a) at the site of increased demand
for a control of plasmininduced proteolysis. In several hundred vascular
specimens representing various degrees of cardiovascular disease apo(a)
was found primarily to be located in the subendothelium, quite possibly
counteracting the increased endothelial permeability. In advanced athero-
sclerotic lesions apo(a) was preferentially found around the lesion core, par-
ticularly at the edges of the lesion (15), the main sites of chronic repair
processes. In a comprehensive morphological study in different forms of
cancer apo(a) was found to be deposited in the vicinity of the cancer
process (Dr. A. Niendorf, personal communication). Both studies were con-
ducted with the same monoclonal antibodies not cross-reacting with plas-
minogen. A preliminary report is also available for the deposition of apo(a) in
the microvasculature of inflammatory processes (16). We predict that apo(a)
will also be found to play an important role in the containment of infectious
diseases, including AIDS. The role of apo(a) as a competitive inhibitor of
plasmininduced proteolysis is not limited to pathological conditions. An
increased demand of apo(a) was also observed during the period of uterus
transformation in early pregnancy (17).

In summary, apo(a) is suggested to be an important element in the endoge-
nous control system of plasmin-induced proteolysis. Apo(a) may back-up
antiplasmin and other endogenous inhibitors of this pathway particularly
during chronic activation of this mechanism. Beside endogenous inhibitors
of plasmin-induced tissue degradation there are also exogenous inhibitors.
The universal importance of the pathomechanism described here immedi-
ately suggests the great value of these exogenous inhibitors in the therapy
of many diseases.
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The Therapeutic Use of Lysine and Synthetic Lysine Analogs

Lysine, an essential amino acid, is the most important naturally- occurring
inhibitor of this pathway. As opposed to the competitive inhibition by apo(a),
lysine inhibits plasmin-induced proteolysis in a direct way. Lysine attenuates
an overshooting activation of plasmin, at least in part, by occupying the
lysine binding sites in the plasminogen molecule. Since lysine is an essen-
tial amino acid, its availability is not regulated endogenously. Insufficient
dietary lysine intake invariably leads to a deficiency of this amino acid and
thereby weakens the natural defense against this pathomechanism. More-
over, chronic activation of plasminogen by cancer cells, virally transformed
cells, or macrophages leads to an additional relative lysine deficiency and
thereby to an acceleration of the underlying disease. The therapeutic value
of lysine has been documented for a variety of diseases, including viral dis-
eases (18), and recently in combination with ascorbate for cardiovascular
disease (19).

Synthetic lysine analogs such as epsilon-aminocaproic acid, paraamino-
methylbenzoic acid and trans-aminocyclohexanoic acid (tranexamic acid)
are potent inhibitors of plasmin-induced proteolysis. These substances, in
particular tranexamic acid, have been successfully used in the treatment of
a variety of pathological conditions, such as angiohematoma, colitis
ulcerosa, and others. Most remarkable results were reported from the treat-
ment of patients with late-stage cancer of the breast (20) and the ovaries
(21) and also for cancer of other origins (22). We have recently suggested
the therapeutic use of synthetic lysine analogs for the reduction of athero-
sclerotic plaques (3).

On the basis of the work presented here, comprehensive clinical studies
should be initiated to establish the critical role of lysine in the prevention and
treatment of various diseases without delay. A daily intake of 5 grams of
lysine and more (19,23) has been described to be without side effects. On
the basis of the encouraging therapeutic results with tranexamic acid, partic-
ularly in inhibiting and reducing late-stage cancer, these substances should
now be extensively tested for a broad introduction into clinical therapy, par-
ticularly for advanced forms of cancer, CVD, and AIDS. A possible explana-
tion of why this has not happened long ago may be the argument that these
substances may induce coagulative complications. They are, however, pro-
tease inhibitors and inhibit not only fibrinolysis but also coagulation (24).
Moreover, tranexamic acid has been given for more than 10 years without
clinical complications (25). We have proposed that the risk of any hemostat-
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ic complication will be further reduced by a combination of these compounds
with ascorbate and other vitamins with anticoagulative properties (3). This
medical consideration is, however, not the only factor why these compounds
are not used much more frequently and why thousands of patients are still
deprived of optimum therapy. There is also an economic factor. Patent pro-
tection is a guiding principle of any pharmaceutical company in developing
or marketing a drug. Lysine, like many other nutrients, is not patentable and
the patents for the clinically approved synthetic lysine analogs, including
tranexamic acid, have expired. The negligence of these substances may be
explainable from the economic point of view; from the perspective of human
health there is no justification for this delay.

Conclusion

Here we have described plasmin-induced proteolysis as a universal patho-
mechanism propagating cancer, and cardiovascular, inflammatory, and
many other diseases. Plasmin-induced tissue degradation under pathologi-
cal conditions is an exacerbation of a physiological mechanism. Apo(a) is
suggested to function as a competitive endogenous inhibitor of this pathway.
On the basis of the selective advantage of apo(a) in the evolution of man it
comes as no surprise that apo(a) should lead us on the way to recognize the
universal importance of this pathomechanisms. Further clinical confirmation
of the therapeutic value of lysine and its synthetic analogs may provide new
options for an effective therapy for millions of people. We predict that the
use of lysine and synthetic lysine analogs, particularly in combination with
ascorbate, will lead to a breakthrough in the control of many forms of cancer
and infectious diseases, including AIDS, as well as many other diseases.
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21NV Tropeia avayvwaong autou Tou BIBAiou pTropei va €xeTe £pBel o€
ETTOQNA PE opiouéva BEuarTa, yia Ta otroia Ba BEAaTe va YdBeTe TrepIo-
o6Tepa. Karaypdg@oupe edw Pia €TTIAOY TwV SIKTUAKWY TOTTWVY, Yid
N dnuIoupyia Twv OTToiwV £XoUhE GUNBAAEL. MTTopouue va oag dia-
BeBaiwooupe yia TNV ave{apTnaia Tou TTEPIEXOPEVOU TOUG.

www.drrathresearch.org
Emionun 1otocgAida Tou EpeuvnTikoU pag IvoTitoUuTou
otnv Kahigdpvia twv HIMA

www.wha-www.org
EAeubepn kai dwpedv ekmraideuon yia Bépata uyeiag
yla ToV KaBéva

www.wha-www.org/en/library/index.html
HAexTpovikn (Online) BIBAIOBAKN QUOIKAG uyeiag yia
eTTayyeAQTIEG UYEIaG Kal 00BEevVEig

www.hpcm.org (Health Professionals for Cellular Medicine)

Emionun 10To0€Aida yia Toug mtayyeAparie uyeiag mou dpa-
OTNPIOTTOIOUVTAl OTOV TOUED TNG PUOIKAG UYEiag
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