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B~alethine is exployed in the diffexrantiation, phenotypic
expression, and vitalisation of cells, for both in vive and in

vitra applications. Particular spplications include the use of
S-alethine in the treatment of imaune disorders and diseases,

sspecially neoplasia, and in the promotion of cell cultures.
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BETA-ALETHINE USE IN CELL CULTURE AND THERAPY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the use of B-alethine and/or its corresponding
monosulfide, B-aletheine, for the inducement of cell differentiation, adaptation
of cells to culture, and enhancement of cell phenotypic expression, vitality,
longevity, and production. In particular, the invention relates to the use of
B~alethine for inducing the differentiation of precursor cells into specialized
cells, for normalizing function of malfunctioning cells, and for eliminating
intractable cells (cells which are “resilistant to cure, relief, or control”,
Dorland’s Illustrated Medical Dictionary, 26 Edition, 1974, W.B. Saunders,
Philadelphia, PA, USA).

Cellular differentiation is a well-known phenomenon which broadly refers
to processes by which precursor cells (commonly termed “stem cells”) develop
into specialized cells. Differentiation compounds, i.e., those factors which
induce cell multiplication, 1in the 1literature (see, e.g., VGrowth,

Differentiation, and the Reversal of Malignancy”, ScientlflcAmerican, pp. 40—47,

el ————— eyl eyt e e ey S

January 1986, and the publications c¢ited therein) and the implications of each
with respect to therapeutic use in the treatment of disease or disorders ¢f the
body are of much current interest. The present application relates to the
identification of pPp-alethine as a non-cell-lineage-dependent differentiation
compound, and theuse of f—alethine toinducedifferentiationand/ornormalization
of the function of a variety of cells, particularly for therapeutic benefits.

“Phenotypic cell expression” 1s defined herein as the manifestation of
an entire range of physical, biochemical, and physiological characteristics of
an individual cell asdeterminedbothgeneticallyandenvironmentally, incontrast

to “genotypic cell expression”, which in the art solely refers Lo the expression

. m—_ —. A — A —p——

Dictionary, 26" Edition, 1974, W.B. Saunders, Philadelphial. Biological activity

of the compounds of the invention thus includes modulation of the expression
of genetic material of cells in culture as influenced by the condition and
environment of each cell, including the age of the cell, the culture or conditions
employed, and the presence of optionally added biological effectors.

The 1nvention further provides a method for treating neoplasias with
B—-alethine. In particular, the invention provides methods for treating a variety
of neoplasias which reduce tumor burden, inhibit tumor growth, and inhibit tumor
intravascularization, for example frommetastasizing tumors. pP—alethine has been

identifiedas acompoundinducingcell differentiationandmodulatingcell growth,
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phenotypic expression (including bioproduction and function), wvitality, and
~ongevity ; a correspondence between cell differentiation and reversal of
malignancy has been suggested; see, for example, “Growth, Differentiation, and

the Reversal of Malignancy”, Scientific American, pp. 40—47, January 1986, and

the publications cited therein.

The present application particularly relates to the identification of
B-alethine as a non-cell-lineage-dependent anti-tumor compound, and the use of
3—alethine to induce normalization of the function of a variety of neoplastic

cells, particularly for therapeutic benefits.

Z . Discussion of Related Art
B-alethine 1is an endogenous thiol known to be produced in vivo as a byproduct
of metabolic pathways. It is related via these pathways to pantothenic acid,

which is a vitamin having known nutritional benefits (see, e.g., J. Reprod. Fert.,

57:505-510 , 1979), and related compounds have been suggested for use in

conjunction with radiotherapy as radioprotectors (J. Med. Chem., 29:2217-2225,

1986; WO 35/00157, 17 Jan. 1985). No other relevant asserted bioclogical functions
c¢f this compound are known to be described in the prior art. The compound is
primarily well—known as a startingmaterial for the chemical synthesis of related
compounds (see, e.g., Japanese patent applications (83) 198461; (83) 46063A2)
(81) 1562506A2; (81) 104861A2; (80) 124755; (75) 62932; (80) 07222; andU.S. Patents
2,835,704 and 4,552,765; for examples of the preparation of f-alethine,
B-aletheine, pantethelne, and its derivatives or intermediates, and also for
Coenzyme A and Coenzyme A derivatives or intermediates).

It 15 well-known that endogenous thiols and disulfides are critical to
the functionofamultitudeof thiol-anddisulfide-dependent branch-point enzymes
controlling access tomajormetabolic pathways. Glutathione (GSH, gamma—glutamyl
cysteinylglycine, anacidtripeptidethiol) is themost abundant thicl inmammalian
cells, andanentire regulatory and regenerating systemensures an adequate supply
of this reducing agent (3,4,5), whichmaintains and buffers cell thiol/disulfide
raticos. Coenzyme A (CoA) and lipoilc acid are prevalent in mammalian systems and
alsoregulate dependent enzyme activity. Xenobioticthiols suchasdithiothreitol
(DTT, Cleland’s reagent) or dithiocerythritol are routinely used experimentally
to regulate activity of thiol-dependent enzymes.

In response to demand, thiols such as GSH, CoA, and lipoic acid can, for
example, activate thiol-activatable enzyme by reducing inactive oxidized
(disulfide) enzyme to the corresponding thiol with a concomitant oxidation of
the activating thiol to its corresponding disulfide (GSSG in the case of

glutathione—GSH)} according to the following scheme, wherein P is protein:
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Activity of thiol—dependent enzymes is a function of the availability of the
thiols involved as expressed by the thiol/disulfide ratios of their
thiol/disulfide redox buffers (upper arrow); interaction is complex, however,
and activity is further dependent on additional factors such as substrate, ambient
ions, and type of reducing thiol (membrane-bound enzymes, for example, are
resistant to reduction by glutathione). Similarly, activity  of
disulfide-dependent enzymes {(in parenthesis) 1s a function of the availability
of disulfides, as expressed by the thiol/disulfide ratios of their redox pairs
(Llower arrow).

By the above mechanisms, endogenous thiol/disulfide redox buffers such
as GSH/GSSG systems control the activity of many critical enzymes; thyroxine
monodeiodinase 1i1s exemplary of thiol-dependent enzymes. Regulation of the
activity of this enzyme by thiol/disulfide buffer controls the induction of a
host of important enzymes, including HMG-CoA reductase, the branch—point enzyme
for the isoprenoid pathway, which in turn regulates the production of essential
isoprenoids such as steroid hormones, dolichol, cholesterol, and ubigquinone and
the isoprenylation of proteins . Glycolysis is alsocontrolledby thiol-dependent
and disulfide—dependent enzyme systems; phospho— fructokinase, for example, 1is
inactivatedbydisulfides, whereas fructose-1, 6—bis—phosphatasewith the reverse
enzyme activity is activatedby certaindisulfides. Thiol—dependent enzymes also
directly and/or indirectly control isoprenoid and ¢ligosaccharide biosynthesis
and the synthesis and utilization of thyroid hormones.

One mechanism postulated to participate 1n the in vivo regulation of
thiol/disulfide equilibria is the oxidation of thiol to disulfide catalyzed by
microsomal flavin-containing mixed function monooxygenase (herein referred to
as “monooxygenase”). This monooxygenase catalyzes, for example, the oxidation
of cysteamine to 1ts corresponding disulfide, cystamine. A comparable oxygenase
activity thus appears to be critical to the regulation of at least some thiol-
and disulfide-dependent enzymes 1n vivo.

Certalin other thiols (glutathione or cysteine or N—acetyl—cysteine) have

been demonstrated in vivo to inhibit neoplasia (Am. J. Med., 91(3C):1225-1305,

el —

1991); to inhibit replication of HIV in cell cultures (Proc. Natl. Acad. Sci.

USA, 87(12):4884—8, 1990); to be markedly elevated in preneoplastic/neoplastic
hepatocytes (Mol. Carcin., 2(3):144-9, 1989); to influence the proliferation

of human peripheral blood lymphocytes (HPBL) and T—cells (Am. J. Med.,

o
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G1(3C):1405-1445, 1991); to reverse inhibition of lymphocyte DNA synthesis by
glutamate incells fromHIV—infectedpatients (Int. Immunol.,1(4):367-72, 1989);

to reduce infectivity of herpes virus invitro (Acta. Virol. Praha., 11(6):559—-61,

1967); to suppress HIV expression in monocytes (Proc. Natl. Acad. Sci. USA,

88:986—990, 1991); and to be systemically deficient in HIV—infected individuals
(Biol. Chem. Hoppe Seyler, 370:101—-08, 1989 and The Lancet, 11:1294-97, 1989).

Regulation of HMG-CoA reductase activity by thiols and disulfides 1s well—known;

as noted above, thyroxine monodeiodinase is a thiol-dependent enzyme, and this

enzyme controls the induction of HMG—CoA raductase (Eur. J. Biochem., 4:273—-278,

1968) . Hypercholesteremia and atherosclerosis, leading factors in heart disease,
are now clearly linked to HMG—CoA reductase activity, and treatment of these
conditions with various regulators of HMG—CoA reductase 1s known. HMG—CoA
reductase activity 1s also linked to neoplasia, most recently by evidence of
itsroleinthetransformationofcellsbyactivationofRasproteinwhichregulates

oncogene expression (Adv. Enzymol., 38:373—412, 1973; Biochem. Soc. Trans.,

17:875—-876, 1989; Science, 245:379-385, 1989; 3-Hydroxy-3-Methylglutaryl

Coenzyme A Reductase, Sabine ed. CRC Press Inc., Boca Raton, FL, USA, pp. 245—257,
1983) .

i

SUMMARY OF THE INVENTION

The invention accordingly provides methods for 1nducing cell
differentiation and normalization at cell function, and for enhancing cell
phenotyplc expression, vitality, longevity, and production employing f-alethine
as differentiation compound. The invention has particular application in the
differentiation of mammalian cells, including human cells, both in vitro and
in vivo, most especially for normalizing cell development with respect to both
cell maturation and differentiation—dependent cell growth; however, the use of
B-alethine as differentiation compound for other cells, suchas reptilian, avian,
plant, insect, arachnid, rickettsial, bacterial, yeast, mold, protozoan, and
fungus cells is also contemplated. Exemplary applications include the following:
normalization of immnunodeficient and autoimmune cell function {(including the
therapeuticuse of f-alethine in the treatment of immunodeficiency and autoimmune
diseases and disorders, particularly inmammals, and especially in humans); delay
of cell senescence (including the therapeutic use at f-alethine in the treatment
of diseases or disorders characterized by presenescent or prematurely senescing
cells, particularlyinmammals, andespecially inhumans); enhancement of cellular
phenotyplc expression, production, and vitality, and the therapeutic benefits

derived therefrom; and adaptationof resistant cells toculture and the diagnostic

and therapeutic uses derived therefrom.
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The 1nvention in further particular provides methods far the recognition,
normallzation, andeliminationof neoplasticcellsparticularly for the treatment
of cancer. Within the scope of the present invention, f-aletheine, the reduced
form of f-alethine, 1s to be considered the biological equivalent of B-alethine
for purposes of practicing the invention, as B-alethine is readily reduced to
f-aletheine in vivo, for example by abundant intracellular thiol compounds, such
as glutathione in mammals, including humans. Both compounds have the advantage
of having ilnherent antioxidative properties; however, B-alethine is chemically
more resistant to autoxidation than R-aletheine, and the use of B-alethine in

the present invention 1s generally preferred for this reason.

BRI

]
7]
-

ESCRIPTION OP THE DRAWINGS

FIG. 1 1llustrates data from a series of experiments designed to test the

effect of B-alethine on the maximum population doubling level (PDL) of IMR-90
human fetal lung fibroblasts;

FIG. 2 1llustrates data from a series of experiments designed to study

the effect of P-alethine on non-antigen specific immunoglobulin synthesis and

secretion by human peripheral blood leukocytes (HPBLs) in vitro;

FIG. 3 1llustrates data from a series of experiments designed to study

the effect of p-alethine on murine splenocyte production of non-specific

immunoglobuling

FIG. 4 1llustrates data from a series of experiments designed to study

the effect of ff-alethine on murine splenocyte IgG production;

FIG. 5 1llustrates data from an experiment designed to study the effect

cf p-alethine on the ability to adapt cells taken from in vivo for in vitro growth;

FIGS. 6-8 1llustrate data demonstrating the effect of f-alethine at varying

dosages on mice 1noculated with NS-1 myeloma cells;
FIG. 9 1s a three—dimensional composite of the data of FIGS. 6-8;
FIG. 10 is an 85° clockwise rotation of the data of FIG. 9; and

FIG. 11 1llustrates modulation of tumor in two mice, each with differing

amounts of (f-alethine.
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DETATILED DESCRIPTION OF THE INVENTION

As indicated above, B-~alethine is a known compound
[ (H,NCH.CH, (C=0)NHCH-,CH,S), and Figure 1, following] commonly produced by
oxidation of the correspondingmonosulfide, f-aletheine [H,NCH,CH, (C=0)NHCH,CH,SH
and Figure 1II, following], which is unstable in alr and agueous solutions (The

Merck Index, 9th edition (#221), Merck & Co., Rahway, NJ, USA):

H Cl) P H

\ | | /
/N""Cﬂz"”CHz-C"NH"CHz"CHz"’S"S"CH:CHz-NH“C"CHz"CHzN ( I )

H \H

{ I

}4"’CHz“CHz"C“NH-CHz-Cﬂz-SH ( II)

H .

Both compounds are stabilized as their acid salts,'particularly their
hydrogen halide salts, and especially their hydrochloride salts. Various
technigques for the synthesis of pf-alethine based on deblocking of
(N, N" -bis—carbobenzoxy)-blocked R-alethine are described in the literature
(carbobenzoxy is often abbreviated as CBZ); however, most of the known procedures
result in an unsatisfactory yield, purity of product, or both. Accordingly, 1t
is preferred that B-alethine for use in the process of the invention be prepared
by processes which ensure purity of product and preferably also maximize yleld,
for example by the process of the invention comprising coupling N-CBZ-blocked
f-alanine to N-hydroxysuccinimide to produce the corresponding active ester,
whichisthencoupledtocystamine preparedbyoxidationofcysteaminewithhydrogen

peroxide; the product, bis-CBZ-blocked Rf-alethine, 1s then recovered and

deblocked. The process 1s described 1n detall 1n the Examples, and provides a
high-vield, high—purity product sultable for pharmaceutical use.

According to the invention, B~alethine appears to regulate a set of generic
differentiationmechanisms that arenot cell~lineage specific and that are common
to cells regardless of phenotypic specialization. Consistent with this premise,
the use of Pp-alethine according to the invention 1s not significantly
dosage—dependent with respect tocell 1ineage, phenotype, orpoint of intervention
in the cell cycle, except as noted below. Broadly, dosages starting from about
approximately 10 pg/ml culture are useful for cellular differentiation. For in
vivo applications, from about 10 pg/kg of body weight are recommended,

particularly amounts from about 10 pg/kg up to about 200 ug/kg, and more

carticularly, up to about 100 ug/kg, which may be administered by any customary
route i1in the presence of conventional carriers (such as physiological saline
for non—oral routes including parenteral, or with suitable enterocoating in oral

routes) preferably on a dally or alternate—daily regimen as described more fully
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below, until the desired results are achieved, although other regimens, such
as weekly or biweekly regimens may suffice, particularly when results are
apparent; 1.e., decreases in dosages as normalization progresses may be suitable.
Use of amounts of f-alethine substantially in excess of those required to obtain
clfferentiation, normalization of cell function, or other results noted herein
are not recommended, as excessive dosages may be counterproductive or at least
ineffective. For in vitro applications, dosages starting from about 10 pg/ml
culture are suggested, with replenishment as described below.

It is contemplated that B-alethine is useful for the differentiation of
cells of living organisms 1n general, including mammalian (especially human),
reptilian, avian, plant, insect, arachnid, rickettsial, bacterial, yeast, mold,
protozoan, and fungus cells, owing to the commonality of results obtained with
corresponding dosages observed in both experiments reported herein and unreported
experiments and the ubigqultous presence of precursors to P-alethine 1n living
systems. Further, B-alethine 1s useful for adapting to culture cells which are
generally not regarded as so adaptable (herein referred to as culture—resistant
cells), such as hepatic cells.

According to one aspect of the invention, Pf-alethine comprises a
differentiation compound which normalizes cell function (i.e., increases
insufficient function, or decreases excess function); promotes cell longevity
and/orbioproductivity; and/ordiversifiescell function (i.e, expandsphenotypic
cellular expression). P-alethine specifically functions to (1) adapt resistant
cells to culture; (2) delay senescence of cells in vitro, wherein senescence
1s broadly defined as the cell’s increasing inability to reproduce itself in
culture, typically characterized by markedly increasing cell generation times
(Tq) at specilfic population doubling levels (PDL); or the time required for one

completeroundofcelldivision (see, e.qg., HayflickR., Exp.Cell.Res., 37:614-636

(1965), for a discussion of markers of senescence including T, and PDL); and
(3) normalilize or 1mproves function, such as immunological surveillance (the
recognition and elimination of intractable cells), and/or production of cells,
especlally those of the immune system (immunocytes). Particularly for delay
of senescence 1n cell cultures, it 1s preferable to expose cells to be treated

to B-alethine prior to significant cell malfunction (in this case, onset of

senescence), as 1t has been found difficult, for example, to reverse cellular
senescence once 1t has begun; thus treatment with f-alethine according to the
invention includes prevention of cellular differentiative malfunction as
described herein, as well as therapeutic treatment of existing differentiative
mal function, such as that associated with various diseases or disorders. Markers
of abnormal cellular differentiative function denoting incipient diseases or

disorders, including markers of approaching cellular senescence, are well-known
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or developling in the art, and practitioners are referred to the literature for

methods for assessing such markers.

In order to normalize the life cycle of cells in culture, 1.e., optimize
growth and maturation of cells with respect to senescence and death, and adapt
resistant cells toculture, it is preferred that the cells be exposed to f-alethine
before the onset of senescence. Since cellular aging is a gradual procedure,
senescence may to some degree be arrested even 1f the cells are exposed to the
compound at a later stage in the 1ife of the cells, depending upon the particular
cell type, culture conditions and other factors. However, senescent cells are
less viable and productive by definition, so maintaining them at this late stage
of the lifespan is counterproductive for most aspects of the invention, unless,
for example, study of senescent cells is of concern. Consequently, for optimum
results in most instances (e.g., when optimization of cell life and function
is desired) it 1s preferable to expose cells to the compound as early in their
life-cycle as 1is convenilent.

Culture—resistant cells {(i.e., cells which have a brief lifespan underx
conventional culture conditions, for example of two weeks or less; oxr those which
do not express normal biofunctions in culture, such as those wherein normal
production of hormones, enzymes, or cther bioproducts is suppressed in vitro)
are adaptable to culture by early exposure to adaptive amounts of the compound,
preferably by combining the compound with the culture medium before introducing
the cells. Exemplary resistant cells include lymphoid, hepatic, pancreatic,
neural, thyroid, and thymus mammalian cells.

R-alethinemaybe added to any known culturemedium, optionally supplemented
with protein components such as serum, e.g., fetal or new-born calf serum, to
obtain the results of the invention; the media employed do not form a part of

this invention. Exemplary media include Eagle’s Basal Medium; Eagle’s Minlimal

Essential Medium; Dulbecco’s Modified Eagle’s Medium; Ham’'s Media, e.g. F10
Medium or F12 Medium; Puck’s N15 Medium; Puck’s N16 Medium; Waymoth’s MB 25421
Medium; McCoy’s SAMedium; RPMI Media 1603, 1534, and1640; Leibovitz’s L15 Medium;
ATCC (American Type Culture Collection) CRCM 30; MCDB Media 101, 102, 103, 104;
CMRL Media 1066, 1415; and Hank’s or Earl’s Balanced Salt Solution. The basal

medium employed, as known in the art, contains nutrilents essential for supporting
growth of the cell under culture, commeonly including essential amino acids, fatty
acids, and carbohydrates. The media typically include additional essential
ingredients such as vitamins, cofactors, trace elements, and salts inassimilable
quantities. Other factors which promote the growth and maintenance of cells,
including compounds and factors necessary for the survival, function, product 10N,
and/or proliferation of the cells, such as hormones, for example peptidyl or

steroidal hormones, growth factors, and antibiotics are also typically included.
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The media also generally 1lnclude buffers, pH adjusters, pH indicators and the
like.

Media containing themodulators of the invention are applicable toavarilety
of cells, especially eukaryotic cells. The media of the invention are sultable
for culturing animal, especially mammalian cells including human cells; plant
cells, insect cells; microorganisms such as bacteria, fungi, molds, protozoa,
and rickettsia, especially antibiotic—producing cells. B-alethine 1is broadly

useful for promoting viability of living cells in a broad spectrum of so—called

tissue culture media adapted for the culture of suchcells. Exemplary applications
include the culture of cleoned cells, such as hybridoma cell lines; of cells,
mammalian cells in particular and especially human cells, for the production
of cell products, particularly proteins and peptides such as hormones, enzymes,
and immunofactars; of virally—infected cells for the production of vaccines;
of plant cells in, for example, meristem or callus culture; of epithelial cells
to provide tissue for wound healing; of resistant cells formedical anddiagnostic
use; and inmedia adapted far the production and preservation of biological organs
and implant tissue.

Specific cell types useful for culture in the processes of the invention
accordingly include: cells derived from mammalian tissues, organs, and glands
such as the brain, heart, lung, stomach, intestines, thyroid, adrenal, thymus,
parathyroid, testes, liver, kidney, bladder, spleen, pancreas, gall bladder,
ovaries, uterus, prostate, and skin; reproductive cells (sperm and ova); lymph
nodes, bone, cartilage, andinterstitial cells; bloodcells including 1mmunocytes,
cytophages such as macrophages, lymphocytes, leukocytes, erythrocytes, and
platelets. Additional cell types include stem, leaf, pollen, and ovarian cells
of plants; microorganisms and viruses as described above; and cells derived from
insect tissues, organs, and glands.

Culture technigues useful in conjunction with the modulators of the
invention include the use of solid supports, (especially for anchorage-dependent
cells in, for example, monolayer or suspension culture) such as glass, carbon,
cellulose, hollow fiber membranes, suspendable particulate membranes, and solid
substrate forms, such as agarose gels, wherein the compound is caged wilthin the
bead, trapped with the matrix, or covalently attached, i.e. as amixed disulfide.
3~alethine is wuseful in primary cultures; serial cultures; subcultures;
preservation of cultures, such as frozen or dried cultures; and encapsulated
cells: cultures also may be transferred from conventional media to media
containing the compound by known transfer techniques.

According to the practice of this one aspect of the invention, cells are
treated with B-alethine in an amount effective to promote culture of these cells
in vitro, as measured, for example, by significant increase in cell viability

or lifespan, increase in cell biomass, or increase 1in cell bioproductivity, as
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compared to untreated cells. For in vitro applications, from about 10 pg/ml of
cell culture (based on a density of from about 10° to about 10’ cells/ml) are
suggested. The culture should be replenished with the compound as necessary,
generally on a daily basis; again, treatment on an alternate—day or biweekly
basis nay suffice, depending upon the desired results.

In immunological applications, immunocytes are exposed to B-alethine to
promote and/or diversify the function of immunocytes such as leukocytes,
lymphocytes, splenocytes, T-cells, B—cells, natural killer (NK) cells, and
cytophages such as macrophages. In particular, B-alethine 1s useful in vivo oOr
in vitro to diversify or improve splenocyte or antibody systems; to diversify
or improve immunoglobulinproduction; to generally promote normal immunofunction
of immunocytes; and to treat diseases or disorders, especially those of the immune
system, by treating the organism, mammals in particular and especlally humans,
with effective dosages of B~alethine (optionally including an agent that promotes
the growth and maintenance of cells described above) either directly, or by
removing the affected cells, treating them in vitro, and reinjecting them into
the affected organism. Human diseases contemplated to respond to these therapies
include autoimmune diseases, hypogammaglobulinemia, and AIDS (acquired lmmune
deficiency syndronme).

Tt is contemplated that B-alethine isuseful for the treatment of neoplasias
of cells of living organisms in general, including mammalian, especilally human,
reptilian, avian, and plant cells, owing to the commonality of results obtained
with corresponding dosages observed in experiments reported herein and unreported
experiments. According to the invention, B-alethine comprises an anti-tumor
compound which normalizes cell function (i.e., increases insufficient function
or decreases excess function). B-alethine specifically functions to (1) inhibit
tumor growth, especially that of malignant tumors; (2) regress tumors, especially
malignant tumors; (3) inhibit tumor metastasis; and (4) normalize growth
characteristics of neoplastic cells; and/or (5) improve recognition and/or
elimination of neoplastic cells.

In cancer applications, neoplastic cells or immunocytes, or bothneoplastic
cells and immunocytes, are exposed to f-alethine to promote differentiation of
the cells and normalize the cell cycle. Treatment of tumor cells is effectively
segregated from treatment of the immunocytes by removing immunocytes from the
afflicted mammal, including humans. The immunocytes are then treated in culture
with RB-alethine, or with a combination of B-alethine and tumor cells derived
from the afflicted mammal, until either the immunocytes are activated, or the
tumor cells are completely attenuated for health reasons, respectively. The
activated immunocytes preferably devoid of metastatic tumor cells are then
reinjected into the mammal. P-alethine is useful in vivo for reducing soft

(hematolymphoid) tumor burden, particularly in mammals, especlally in humans,

10
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and inhibiting intravascularization of tumor cells, especially cells of
metastasizing tumors. The compounds are thus useful for reducling tumor burden,
by inhibiting tumor growth or by inhibiting tumor metastasls, or both. In
particular, B-alethine is contemplated to be useful in the treatment of numerous
soft and lymphoid malignant tumors, such as lymphomas; leukemias; hepatocellular
tumors; liver tumors; and Hodgkin’ s disease; especially tumors such as myelomas.
R-alethine is contemplated inter alia as useful in the treatment of neoplasia
1) prophylactically; 2) as a primary therapy for inhibiting tumor growth,
particularly that of slowly-growing tumors; and 3) as a supplemental therapy
pursuant to surgical intervention for removal or debulkingof tumors, particularly
virulent or primary tumors. Treatment with f-alethine has been found to regress
tumors, reduce tumor mass, inhibit tumor growth, inhibit tumor metastasis, and
inhibit tumor ascites production.

It is recommended that anti-tumor therapy commence at the earliest tumor
stage possible, particularly to avoid peripheral physiological complications
caused by the presence or metastasis of large tumors. f-alethine for tumor therapy
is administered by any convenient route as noted above, for example i.v. or 1.p.,
in a suitable conventional carrier such as physiologilical saline of at least
therapeutic threshold amounts; from about 1 ng/kg body weight up to about 100
ng/kg are particularly suitable, depending upon the stage of the tumor. Dosages
toward the higher end of the therapeutic range are recommended for Stage 11 tumors
and above, whereas dosages toward the lower end of the range are suitable for
Stage I or incipient tumors. For cancer prophylaxis, dosages ranging from about
10 pg/kg body weight, preferably from about 1 ng/kg up to about 100 pg/kg body
weight are contemplated. Therapeutic regimens of alternate days for the dosages
noted above for cancer treatment are suitable, and appear to be preferable, based
on the observation that in vivo induction of biochemicals such as enzymes thought
to be responsive to B-alethine therapy appear to follow chemical stimulation
by about 48 hrs. Prophylactic regimens may be followed on a daily basis.

At least at the dosage levels indicated, p-alethine appears to be a
substantially non-toxic compound in healthy mice, with no observed adverse
side~-effect.

For in vitro applications, immunocytes and optionally tumor cells removed
by methods described in the prior art are treated by exposing the cells to an
appropriate amount of P-alethine prior to reinjection of the immunocytes into
the afflicted mammal according to methods described in the prior art. Techniques
for removing and maintaining cells in culture (immunocytes in particular),
treating these calls with immunopotentiating agents in cell culture, and
reinjecting these immunopotentiated cells intomammals are describedin the prior

art, for example, Immune Responses to Metastases (volumes I and II, 1987, CRC

Press, Boca Raton, Florida, USA), Ann. Surg. (201: 158-163, 1985), New England
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J. Med. (319:1676—-1680, 1988), Cancer Immunol. Immunother. (26:1-10, 1888),

1 and 2, Green Publishing Assoclates and Wiley-Interscience, New York, New York,

USA). Broadly suitable techniques for removing cells from the afflicted mammal
include needle or core biopsies or surgical removal of organs, tumors, or humoral
fluids. Outgrowth from needle biopsies, or treatment of core biopsies or tissues
with collagenase or sieving through appropriately sized sterilemeshes to disrupt
organization of solid tissues, comprise exemplary methods for establishing
cultures of cells, invitro. According to the present invention, simlilarly removed
cellsaretreatedwithff—-alethine for anappropriate amount of time incell culture,
and similarly reinjected into the afflicted mammal, the improvement in technique
being the treatment of the cells with P-alethine. In certain instances, it may
be desirable to remove B-alethine prior to reinjection of the immunocytes into
the afflicted mammal by washing the cells as described in the prior art. For
in vitro applications according to the invention, exposure of the cells to from
about 10 pg B-alethine included per ml of cell culture media (based on a density
of from about 10° to about 10’ cells/ml) for an appropriate amount of time, for
example from about 30 minutes to four weeks or until the desired immunopotention
is evident as described in the prior art, is suggested. In particular, in vitro
stimulation of antibody production by human peripheral blood leukocytes or murine
splenocytes is most efficacious between 10 pg and 1 uyg p-alethine/ml cell culture
after about four to six days of exposure (see, e.g., Examples V and VI). The
culture should be replenished with the compound as necessary, dgenerally on a
dailybasis; treatment onanalternate dayor biweeklybasismay suffice, depending
upon the desired results. During this period, exposure of the cells to immunogenic
substances or cells cther than extracted tumor cells, such as allogeneic serum
proteins in the cell culture media, should be minimized to preclude diversion

of the immunclogical response to non—-tumor targets.

EXAMPLES

I. Preparation ¢of PB-alethine

R-alethine was produced by deblocking N, N’ ~bis-carbobenzoxy (CBZ) blocked

B~-alethine produced as follows:

A. Preparation of N, N’ -bis-(CBZ)-f-alethine or
5,5-Bisis[N-carbobenzoxy~B-alanyl)-2-aminoethyl}] disulfide

A solution of dicyclohexylcarbodiimide (23.3g) was added to a solution
of N-CBZ-3~alanine (24.84g) and N—hydroxy—succinimide (12.92g) in a total volume
of about 500 ml of dry 10% acetonitrile in dichloromethane. Dicyclohexylurea

(24.51g) precipitated as a by-product upon formation of the active ester. The

12
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active ester was dried to an 0il and triturated with anhydrous ethyl ether. The
preclpltate was resuspended 1n dichloromethane and additional dicyclohexylurea
was allowed to precipitate. The resulting dichloromethane solution of active
esterwas filtered andadded to apreviouslyprepared solutionof cystamine (8.5g).
The desired product, N,N’-bis-{(CBZ)-P-alethine precipitated from this mixture.
The mother liquor, anhydrous ether, dichloromethane extracts of the product,
and the anhydrous ether extract of the active ester recovered above were dried
and recombined to augment the yield of product. The product was substantially
insoluble in water, hot (above about 70°C) ethyl acetate, and hot (above about
30°C) ether, and these can be used to further extract impurities. The product
can also be recrystallized from dimethyl sulfoxide with acetonitrile or water,
and again rinsed with ethyl acetate and ether. The later process results in a
1°C increase in product melting point, from 180 to 181°C (uncorrected). Yields
of N,N’-bis-(CBRZ)-B-alethineofuptotheoretical yields are contemplated; yields
of 85—90% of theory have been routinely obtained. When dried over P,05, 1n vacuo,
the product appears to retain one mole equivalent of water, and was analyzed
accordingly as the monohydrate.

Anal. Calcd. for C,¢H34NsOS, H,O0: C, 53.78; H, ©6.25; N, 9.65.

Found: C, 54.23; H, 6.56; N, 9.66. Sample analyzed by Ruby Ju, Department of

Chemistry, University of New Mexico, Albuquerque, New Mexico.

B. Deblocking of CBZ-blocked f-alethine obtained from I.A., above
[Preparation of B-alethine 2HC1l; or N,N’'-bis-B-alanyl)-cystamine; oOr
N,N’-bis-(B-alanyl-2-aminocethyl) disulfide]

Complete removal of the carbobenzoxy group was accomplished according to

A e e S e S el e e

with four equivalents of hydrogen bromide in glacial acetic acid per mole of
the N,N’-bis-(CBZ)-R-alethine for 15 hours, the B-alethine was purified by
precipitationwithacetonitrile, rinsingwithanhydrousethyl ether, resuspension
inwaterand filtering, andprecipitatingthemixedsalt productwithacetonitrile.
Tnitial yields were in excess of 80% of theoretical maximum yields. B-alethine
was converted to the hydrochloride salt by passing the preparation over a 30
ml X 15 cm long column of Dowex AG 1X8 (chloride form) (Dow Chemical Corp., Midland,
MI, USA) which had been previously prepared by eluting with 1M KCl and rinsing
thoroughly with DI (deionized) water. Neutralization with Ca(OH),; and
recrystallization of the B-alethine HCl from water with acetonitrile resulted
in fine needles which melted at 224-225°C (uncorrected).

Anal. Calcd. for CipH»>N,0,S, 2HCl: C, 32.69; H, 6.59; N, 15.25.

Found: C, 32.52; H, 6.69; N, 15.32. Sample analyzed by Ruby Ju, Department of

Chemistry, University of New Mexico, Albuguerque, New Mexico.
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C. Characterization of B-alethine: [*°C]1-NMR; ['H]-NMR; and IR spectra of

B—alethine

a o c a e £
S-CH, CH,-N H-N-C=0 O©0O-C-CH, CH,~N -?Q—H\
TS S A S S SRS SRR ERn T Ensme s smemnsmm==)>  + H
(3C ] ~NMR
B~-alethine 37.5% 39.04 172.79 32.9 36.71 ~--
['H]-NMR
B-alethine 2.524  3.0%4 2.694 3,367 @ —e—-
S e e e e e e S 0 BT e
bis={CBZ) ~ \b—R
-B-alethine
(DMSO) 2.740 3.309 8.085 2.254 3.192 7,24
a b c d e £
IR (cm’)
a b ! d e ¥
M e s S N RSN TS EEasESESSEeEsssssss=sses> ~N~H
ﬁ/+\H
-alethine 660w 3250W Sl 3270V
1555w-s 2970s8-w
128ém 14625
1620s 1620s
1128s
SessseaEsmmramrarssessresasassassssessssmeannsnmz==d> H=N-C=0
bis-(CBZ) - - b-»
~B~alethine ~—=-- 3345s - 3345s
1545m 1535s
1640s 1270m
! 16828
a b C d e f

(R is a benzyl moiety in this table.)

R~alethine is unusual in that changes in pH (neutralization with Ca(OH);)
cause pronounced shifts in the positions and intensities of IR bands.
Peaks (HC1 salt): 3270s, 3170s, 2970s, 2700w, 2550w, 2020w, 1657s, 1595m, 1560s,

1450s, 1409m, 1390w, 1354w, 1325m, 1300w, shoulder/1252m/shoulder, 1188m, 1129,
1097m, 1079w, 1030w, 950w, 905w, 829m.

Peaks (neutralized) 3250W, 3180w, 2940m/broad, 2375s, 2230s, 2157s, 1936w, 1620s,

1555w, 1462s, 1432 shoulder, 1400m, 1342m, 1286m, 1217m, 1188m, 1128s, 1020m,
810w, 71%9m, 660w.

Bis- (CBZ)~p-alethine displays only a few of the resonances present in

R-alethine.

Peaks: 3345s, 3310s, 1682s, 1640s, 1545m shoulder, 1535s, 1450w, 1427w, 1375w,
1332m, 1270m, 1231m, 1178w, 1120w, 1030m/broad.
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II. Delay of Cellular Senescence of Fibroblasts with pB-alethine

Figure 1 shows data from a series of experiments designed to test the effect
of B-alethine on the maximum population doubling level (PDL) of IMR—39C human
fetal lung fibroblasts. This cell line is available from the American Type Culture
Collection (ATCC, Bethesda, MD, USA) and is used as a standard for invitrocellular
senescence studies. Cellular senescence is loosely defined as those cellular
process (es) that together result in the cell’s inability to replenish 1tself
in culture. This model represents aging processes in vivo, andcell 1ines developed
from humans of different ages have PDL’s in vitro which are inversely related
+o the chronological age of the donor. The IMR-90 cells depicted in Figure 1
were grown under ideal conditions in McCoy’s 5A synthetic medium supplemented
with BEPES buffer at 10 mM; 100 units penicillin G/ml and 100 npg streptomycin/ml
at standard concentrations; new born calf serum (NBCS) at 20% (V/V); and
L-glutamine at 2 mM. The treated cell cultures were augmented with different
concentrations of B-alethine (as indicated) dissolved in phosphate-buffered
saline (PBS) - always in a standard volume of 30 microliters per culture. The
R-alethine was added to the cultures at PDL 35 which 1s considered Phase Il or
midlife of these cells in chronological terms, at the time the cells were passaged.
The culture process comprised removing the adherent cells from their substrate
by treating the cells with 0.25% trypsin/EDTA (ethylenediamine tetreacetic acid)
solution for two to fiveminutes. The cells were then washed twicewith the complete
medium and counted in a double Neubauer hemacytometer; 2 million cells were
aliquotedintoa freshtissueculture flask (T-75, polystyrenebyLUX, FlowGeneral,
McClean, MD, USA) with 20 ml of fresh complete medium. This process was repeated
every 48 to 72 hours when the cells reached approximately 80% surface confluency.
Thus the cells were maintained under conditions which facilitate logarithmic
growth, i.e., between 30 and 80% surface confluency. Under these conditions IMR-90
cells senesce at approximately PDL 45-47 (first bar on graph). Cells treated
with B—-alethine continued to grow well beyond this point and finally senesced
in a dose—dependent manner fromPDL 67 toPDL101.5. Duringthe f-alethine-dependent
growth extension the cells were observed to have phenotypes similar €O Phase
II fibroblasts. At the point of eventual senescence their phenotype was similar
to that of the PDL 47 untreated control. The augmentation of growth represented
a doubling of the life expectancy of the cells and in absolute terms represented
an increase in cell number (biomass) by a factor of 2 raised to the power 55,
or 3.6 X 10%*® fold. It was concluded that this was a differentiative phenomenon,
based in part on the observation that the treated cells have similar generation
times (the time required for one complete round of division) before and atter

treatment with P-alethine, beyond the normal senescence point.
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IITI. Differentiation of a Peripheral Lymphoid Organ with P-alethine
Figure 2 illustrates data from a series of experiments designed to assess
the effect of p-alethine on non-antigen-specific immunoglobulin synthesis and
secretion in vitro by human peripheral blood leukocytes (HPBLs), generally
characterizedas aperipheral lymphoidorganprimarily populatedbymedium-sized,
mature lymphocytes. In these experiments, blood was taken from healthy male
humans: thebloodwas thendefibrinatedonglassbeads, andthe leukocytes separated
by centrifugation (buffy coat technique). Residual red blood cells were lysed
with a brief treatment with 0.85% ammonium chloride. The leukocytes were counted
and dispensed into 24 well tissue culture trays (LUX, Flow General, McClean,
MD, USA) in 1 ml of RPMI 1640 basal medium supplemented with penicillin,
streptomycin, 10% fetal calf serum, and L-glutamine. PB-alethine was added to
test cultures at various concentrations in 30 microliter doses. The cells were
harvested as indicated in FIG. 2 at various times between 72 and 144 hours of
culture and tested for antibody production using a conventional protein-A
facilitated plagque assay (A-PFC or Ig-PFC). 1In this assay, protein—A was
covalently conjugated to washed sheep red blood cells (SRBC’s) using chromiumnm
chloride insaline (6mg/100ml) andused as target in the plaque assay. Inaddition,
aliquots of cells were also tested for proliferation status Dby treating them
with 0.5 nCi of tritiated thymidine (6-9 Ci/mole) followed by assessing the level
of incorporation of radiocactivity into newly synthesized DNA. Figure 2 shows
that R~alethine stimulated the HPBLs toproduce immunoglobulin in a dose~dependent
manner at approximately 60 times the untreated control levels. The optimal
concentrationwas about 5 nanograms/ml culture. Theproliferationindex indicated
a low level of increased thymidine incorporation at 5 ng/ml doses. This 2- to
3-fold increase over background has miner significance as compared to truly
roliferative stimulants such as LPS (lipopoly-saccharide}) of PHA
(phytohemagglutinin), which under similar conditions result in the incorporatlion
of about 200,000 cpm of radiocactivity, approximately 100- to 200-fold that of
control levels. It was concluded that the level of proliferation observed in
the experiment was attributable to differentiation-dependent proliferation
rather than to independent proliferative processes stimulated by B-alethine,
or to an increase in both the survival of cells and the retentive capacity for

deoxyribonucleic acids associated with viable cells.

Iv. Differentiation of a Central Lymphoid Organ with f-alethine

Figure 3 shows data from a series of experiments designed to study the
effect of Pf-alethine on murine splenocyte production ol non-specific
immunoglobulin. The assays and culture technigues were the same as those described

above (Example III) for the HPBL model. The animals, 4 to 6 week old female BALBc/J

mice, were sacrificed by cervical dislocation, and theilr spleens aseptically
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removed and pressed through 90 mesh stalinless steel screens. After several washes
with the complete medium the cells were counted and dispensed into the 24 well
trays and test cultures were dosed with the f-alethine. These cultures were also
harvested over various culture times of from 72 to 144 hours of culture, and
tested for antibody production and proliferation, as shown in Figure 3. Figure
3 illustrates that B-alethine markedly stimulated the murine splenocytes to
produce immunoglobulin in a dose-dependent manner, with an illustrated optimum
at approximatelyl10ng/ml dosages. Inthiscasetherewasnosignificant stimulation

of proliferation, based on the thymidine assay described 1in Example III.

V. Differentiation of a Central Lymphoid Organ with pP-alethine

Figure 4 shows data from a series of experiments designed tc study the
effect of B-alethine on murine splenocyte production of specific types of
immunoglobulin. The assays and culture techniques were the same as those described
in Examples III and IV for the murine splenocyte model, with the exception that
rabbit antibodies which are specific for the gamma chain of mouse antibodies
is used to detect murine splenocytes producing IgG. The plaque assay 1s described

in detail in the prior art by N.K. Jerne et al, in Transplant. Rev., 18:130-191

A e e .

(1974). The animals, 4 to 6 week old female BALBc/J mice, were sacrificed by
cervical dislocation, and their spleens aseptically removed and pressed through
90 mesh stainless steel screens. After several washes with the complete medium
the cells were counted and dispensed into the 24 well trays (LUX, Flow General,
McClean, MD, USA) in 1 ml of RPMI 1640 basal medium supplemented with penicillin,
streptomycin, 10% fetal calf serum, and L—glutamine. P-alethine was added to
test cultures at various concentrations in 30 microliter doses. The cells were
harvested as indicated in Figure 4 at various times between 72 and 144 hours
of culture and tested for antibody production using a conventional protein-A
facilitatedplagqueassay (A-PFCor Ig-PFC). Inthisassay, protein-Awas covalently
conjugated to washed sheep red blood cells (SRBC’s) using chromium chloride in
saline (6 mg/1l00ml), and the conjugate was used as target in the plaque assay.
Figure 4 illustrates that B-alethine markedly stimulates the murine splenocytes
to produce IgG in a dose~dependent manner, with an illustrated optimum at

approximately 10 ng/ml dosages and about four days into the study.

VI. Adaptation of Culture-Resistant Cells (Hepatocytes) to Culture with
B-alethine

Figure 5 illustrates data from a single experiment designed to study the
use of PB-alethine for adapting cells to culture. The culture—-resistant cells
employed (hepatocytes) were taken from in vivo to in vitro growth. Murine
hepatocytes were chosen owing to their being especially difficult to adapt to

culture. It has been suggested that difficulty in adapting cells to culture 1s
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related to the relative degree of differentiation of the selected cells, i.e.,
the more highly the cells are differentiated, themore difficult 1t 1s to culture
them; accordingly, the hepatocyte mixed population of cell types were selected
for this experiment on the basis that these cells are highly differentiated.
In this experiment a single liver lobe from one of the BALBc/J mice was excilised,
pressed through a 90 mesh stainless steel screen, washed, and placed in T-25

tissue culture flasks (10 for LUX, Flow General, McClean, MD, USA). All cultures

were maintained in 10 ml of the same medium as described 1n Example IIT (RPMI-1640
plus fetal calf serum plus pen/strep plus L-glutamine) and the test cultures
exposed to various concentrations of f-alethine as indicated in FIG. 5. Figure
5 shows that no colonies of hepatocytes were found in the control culture, while
approximately 50 colonies were observed in cultures treated with 10 ng/ml of
R-alethine. It waspossibletoobtainsomeviablecolonies fromthecontrol cultures,
but only if 10~ to 20-fold higher initial cell concentrations were used; therefore
the B-alethine was between 500~ and 1000~-fold more efficlent in adapting murine
hepatocytes to in vitro culture than control, i.e., saline—treated medium. In
addition, the B-alethine~treated cells were stable in culture, 1n contrast to
the controlled cells which are notoriously unstable in long—term culture. The

effect is again dose-dependent, as 1lllustrated.

VII. Inoculation of Mice with NS-1 Myeloma Cells

NS-1myelomacells (ATCCTIB18, P3/NS1/1-Ag4-1) wereemployedas inoculant;
these cells have proven to be about 90% effective in establishing myelomas 1in
mice according to the exemplified procedure, and the untreated myelomas are
substantially fatal within about two weeks.

The cells were grown for several passages (preferably one week) ina sterile
environment consisting of RPMI 1640 (Whittaker M.A. Bioproducts, Walkersville,
MD, USA) containing 10% fetal calf serum (Hyclone Laboratories, Logan, UT, USA),
2mM L-glutamine, 5,000 units of penicillin, and 5 mg streptomycin in 75 cm®

polystyrene tissue—culture flasks (Corning Glassworks, Corning, NY, USA) in a

humidified chamber at 37°C and under 6% CO,. To assure NS-1 propagation in vivo
it is essential to remove DMSO (the cryostatic agent dimethyl sulfoxide) through
several medium changes and dilutions; this alsc serves to maintain the cells
in log-phases growth. Female BALBc/J mice were injected 1.p. with 10 cells in
0.1 ml of standard phosphate-buffered saline as soon as possible after weaning,
transport, and indexing, as it has been found that the NS-1 cell line employed
does not generally perform optimally in animals which are mature or which have
equilibrated with their environment. The mice were maintained with Wayne Rodent

Blox (Wayne Research Animal Diets, Chicago, IL, USA) ad 1ib and tap water.
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VIII. Treatment of Inoculated Mice (Example VII) with f-alethine (Early

Intervantion)

pa—

A. Concentrations of B-~alethine as obtained above (Example I) of 1 ng/kg,
1 pg/kg, 10 ug/kg and 100 ug/kg (based on the body weight of the inoculated mice)
were injected i.p. in 0.1 ml physiological saline starting the second day after
tumor inoculation (day 2), and continuing every Monday, Wednesday and Friday
throughday 47. This regimen was predicatedon the observationthat enzymes thought
responsive to these compounds and which may play a role in the reported results
are induced 48 hours after chemical stimulation. The inoculatedmice were compared
to a) untreated controls and b) carrier—injected (saline—injected) controls.

B. Conclusions

B-alethineiseffective forpreventingtheonset 0o£NS-1 myelomain, BALBc/J
mice over the concentration range from 10 pg B-alethine/kg mouse to 100 pg/kg
mouse. Without treatment, 75% of the mice in the experiment either had to be
euthanized or died as the result of tumor development. At doses of PB-alethine
below the effective threshold (i.e., below about 10 pg/kg, or at about 10 pg/kg
or 1 ng/kg (data not illustrated for the latter) one-third to two-thirds of the
animalsultimately contracted tumor. At dosages approaching themaximal effective
dose (i.e., above about 10 ug/kg, or at about 10 ug/kg or 100 ug/kg), only one
mouse developed a palpable tumor, which persisted for 20 days but eventually
regressed. Figures 6-8 illustrate early and late tumor development (based on
weight of mouse not attributable to normal weight gain) in mice treated with
decreasing concentrations of B-alethine (100ug, 10ug, and 10 pg per kg mouse,
respectively). In FIG. 8, the biphasic curve in the center 1illustrates early
and late tumor development in these mice and corresponds to two deaths at this
dosage (10 pg/kg mouse) of B-alethine which is the therapeuticminimal threshold
for this compound in this model (Figure 6). Normal weight gain of the mice 1s
slightly inhibited at 100 pg/kg (FIG. 6), but not significantly at 10 ug/kg (FIG.
7). At 10 pg/kg (FIG. 7) one mouse developed a palpable tumor which persisted
for 20 days but eventually regressed. At effective dosages of the antineoplastic
compound B-alethine (from about 10 pg/kg body weight to about 10 upg/kg body
weight), thereis astrikingdifferencebetween the weights of thenice (reflecting
tumor burden) in theuntreatedcontrol group (the vehicle-injectedcontrol group),
compared with the mice in the treatment group.

The effectiveness of B~alethine in the treatment of NS-1 myeloma 1s further
illustratedinFIG. 9, comprisingathree-dimensional representationof the study;
and in FIG. 10, comprising a 85° clockwise rotation of the illustration of FIG.
9, with higher doses of the drug in the front to no doses of the drug in the
back. The controls inoculatedwith tumor (farleft, FIG. 9) gain tumor and therefore
weight (Z-axis) at anacceleratedratewithrespect tothedayofthestudy (Y-axis).

Mice receiving high doses of B-alethine (far right) develop at a near-normal
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rateandshownosigns of chronictumor. Ridges or increases inelevationillustrate
tumor development at the lower concentrations (farther left on the X-axis) which
are coded for the morphology of the developing tumor (Ta = ascites and Ts = solid
tumors) and for deaths resulting from either ascites or solid tumors (Da or Ds
respectively). Complete regression 1is indicated by R at the point at which the
tumor 1s no longer palpable. When normalized to the initial weights of the mice
in the control group and plotted (analyzed as in FIGS. 6-10), control mice
(physiological saline injections only) displayed normal growth and development
approximating the growth and development of the mice receiving tumor and 10ug
B-alethine/kg mouse (FIGS. 7 and 9). This is further illustrated in FIG. 10 in
a mouse in which a tumor 1s modulated with different concentrations of B-alethine
(below). The only departure from the normal growth curve coincides with the
appearance and disappearance of a palpable tumor.

A tumor appeared and regressed without any signs of malaise in a mouse
undergoingatherapyof 10ug/kgf-alethine (FIG. 7). Tumorsdevelopinginuntreated
controls with some exceptions typically promoted ascites development, while
tumors developing in mice undergoing therapy with B-alethine were with few
exceptions solid masses; since 1t thus appears that p-alethine promotes
consolidationof tumorintodiscretemasses, f—-alethineisprojectedtobevaluable

in the design of treatment reglmens involving surgical debulking.

IX. Treatment of Inoculated Mice (Example VII) with B-alethine

A single mouse developing a tumor late in the experiment (at 4 on the X-axis,
FIG. 9, approximately 40 days after the 10 pg P~alethine/kg mouse treatment was
discontinued) was treated with 100 ug B-alethine/kg mouse to determine the effect

of late therapeutic interventionon the treatment of themyeloma (FIG. 11). Massive

log—-phase growth of tumor persistedalong the right side of themouse from shoulder
to hip and in the abdomen for 10 to 14 days after treatment with the higher dose
was begun, indicating pronounced infiltration of the tumor into extraperitoneal
tissues, and a considerable lag phase before the treatment became effective.
The growth then ceased, and was followed by rapid reduction of both the tumor
mass and the tumor-dependent weight of the mouse. There was a brief period in
which the malalise subsided and the mouse’s rough coat improved. This coilincided
with a temporary stabilization (approximately 1 week) of the mouse’s weight
suggesting that the tumor also stabilized during this time. This was followed
by another precipitous drop in the mouse’s weight and obvious decrease in the
tumor masses. The mouse was euthanized when the weight returned to normal even
thoughapalpablemass remained in the abdomen. At the time themousewas euthanized,

phlebitis was evident in the extremities, possibly resulting from the processing

of the tumor equivalent of roughly 10% of the body weight per day. After correcting

for necrosis evident histologically, it was estimated that between 85 and 90%
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of the original tumor was either necrotic or resorbed at the time of euthanasia.
Considering the rate of resorption, there would have been complete regression
of the tumor 1f the therapy had been maintained for the full month.

Wasting of the tumor and not the mouse proper was confirmed by weighing
the debulked carcass. In this mouse, unlike untreated controls, there was no
gross evidence of infiltration ¢of organs by the tumor, and the remaining tumor
appearednecrotic (yellowish—green and granular like anold sponge} . Histological
examination of the tissues indicated remaining tumor celis in the skeletal muscle
adjacent to the abdominal wall, the subcutaneous tissue, and a mammary gland.
Hepatic, Urogenital, and gastrointestinal tumors, as well as a variety of other
tumors, have been consistently observed in untreatedmice, indicating the highly
invasive and metastatic nature of the NS-1 cell line; however, 1n the treated
mouse, noneof theremainingorgans contained tumor cells. Anapparent pathologicadl
bone fracture was observed in this mouse, but no tumor cells were evident 1n
the marrow of this bone. It was thus tentatively determined that the bone
demineralizeddue to rapid growth of the tumor resulting in the fracture, a process
which requires calcium and phosphate, and which would also explain the subsequent
rapid extraskeletal deposition of calcium phosphate as the tumor was resorbed.

Based on this and other studies, 1t i1s recommended that in some i1nstances
(particularly when treating large inoperable tumors) f-alethine initial dosages
of about 100 pg/kg used in late intervention therapy be gradually reduced to
slow the resorptive process and permit the organism to adjust to the therapy.
Gradual decreases of dosages (on an alternating 48 hour regimen) from about 100

ug/kg down to about 1 ng/kg are suggested as the tumor responds to the therapy.
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What 1s claimed 1is:

1. Use of f-~alethine, or physioclogically compatible salt thereof, for
preparation of a medicament, said medicament being constituted 1in saline
suitable for injection, for treating any one or combination of the following:

cancer and infectious diseases.

2 . Use of f-alethine, or physiologically compatible salt thereof, for

preparation of a medicament for treatment of a neoplasia in a mammal.

3. Use of B-alethine, or physiologically compatible salt thereof, for

treatment of a neoplasia 1in a mammal.

4 The use according to claim 2 or 3 wherein said mammal i1s a human.

o, The use according to any one of claims 2 to 4 wherein said treatment results
in at least one of; a reduction of tumor burden, an induction of regression ot
the tumor, an inhibition of tumor growth or metastasis, and a debulking of the

tumor.

0. The use according to any one of claims 2 to 5 whereln said neoplasia 1s
selected from the group consisting of lymphoma, leukemia, hepatocelluliar tumors,
liver tumors, gastrointestinal tumors, urogenital tumors, Hodgkin’s disease,

myelomas and hematolymphoid.

7. The use according to claim 6 wherein said neoplasia is hematolymphoid.
8. The use according to any one of claims 2 to 7 wherein said -alethine,
or physiologically compatible salt thereof, is in a dose of from about 10

pg/kg to about 200 ug/kg body weight of said mammal.

9. Use of f-alethine, or a physicloglcally compatible salt thereof for
preparation of a medicament for treatment of an immune disease or disorder in

a mammal .

10. Use of PB-alethine, or a physiologically compatible salt thereof for

treatment of an immune disease or disorder in a mammal.

11. The use according to any one of claims 9 to 10 wherein said mammal 1s a
human.
12. The use according to any one of claims 9 to 11 wherein said treatment results
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in lmprovement of immunological function in the mammal.

13. The use according to any one of claims 9 to 12, wherein said immune disease
or disorder is selected from the group consisting of at least one of; an autoimmune
disease or disorder, an immunodeficiency disease or disorder, AIDS and

hypogammaglobulinemia.

14, The use according to any one of claims 9 to 13 whereln said f-alethine,
or physioclogically compatible salt thereof, is in a dose of from about 10 pg/kg
to about 200 ung/kg body weight of said mammal.

15. Use of PB-alethine, or a physiologically compatible salt therecf, for

preparation of a medicament for improving function of an immunocyte.

16. Use of B-alethine, or a physiologically compatible salt thereof, for

improving function of an immunocyte.

17. The use according to claim 14 or 15 wherein sald 1mmunocyte 1s selected
from the group consisting of; leukocytes, lymphocytes, splenocytes, B cells,

T cells, NK cells and macrophages.

18. The use according to any one of claims 15 to 17 wherein sald immunocyte
is capable of being extracted from a mammal and exposed, in vitro, to an effective
amount of f-alethine sufficient to stimulate immune function and whereln

stimulated immunocyte is capable of being reintroduced to the mammal.

19. The use accordingtoclaim 18 wherein themammal isafflictedwithneoplasia,
and the immunocyte is capable of being further stimulated by exposure to a

neoplastic cell in conjunction with the use of B-alethine.

20. The use according to claim 18 or 19 whereln salid effective amount of 10

pg B-alethine is from at least about 10 pg p-alethine/ml extracted immunocytes.

21. Use of R-alethine, or a physiologically compatible salt thereof, for

delaving the onset of senescence 1n a presenescent cell.

22 . Use of PB-alethine, or a physiologically compatible salt thereof, for
preparation of a medicament for delaying the onset of senescence in a presenescent

cell.

23. A method for delaving senescence, treating cancer, increasing antibody
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production by splenocytes or culturing hepatocytes, comprising exposing a cell,
in vitro, to an effective amount of B-alethine, or physiologically compatible

salt thereof.

24 . The method of claim 23, wherein said cell 1s a mammalian cell.
25. The method of claim 23 or 24 wherein said mammalian cell is a human cell.
26. The method of any one of claims 23 to 25, wherein said cell is infected

with a pathogen.

27 . The method of claim 26 wherein said pathogen is a virus.

28. The method of any one of claims 23 to 27, wherein said cell is an immunocyte.
29. The method of any one of clalms 23 to 27, wherein said cell is a neoplastic
cell.

30. Themethodof claim28, wherein salidcell is an immunocyte and said effective

amount of f-alethine is sufficient to improve immunological surveillance.

31. The method of any one of claims 23 to 30 wherein said cell is exposed,

in vitro, to from at least about 10 pg RP-alethine/ml cell culture.

32. The method of any one of claims 23 to 31, wherein said cell is additionally

exposed to at least one facteor which promotes either the maintenance or growth

of the cell.

33. Amethod fordelayingonset of senescence comprisingexposing apresenescent

cell, invitro, toaneffectiveamount of f-alethinesufficient todelaysenescence.

34. Amethod for adaptingaculture-resistant hepatocyte toculture, comprising
exposing sald hepatocyte, in vitro, to an effective amount of B-alethine to adapt

sald hepatocyte to culture.

35. Amethod for regulating hepatocyte growth comprising exposing a hepatocyte,

in vitro, to an effective amount of B-alethine, or physiologically compatible

salt thereof.

36. A method for regulating cell senescence comprising exposing a cell, in

vitro, to an effective amount of B-alethine, or physiologically compatible salt
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thereof.

37. A method for regulating splenocyte differentiation comprising exposing

a splenocyte, in vitro, to an effective amount of B-alethine, or physiologically

compatible salt thereof.

38. A method for enhancing cell longevity comprising exposingacell, invitro,

to an effectiveamount of f-alethine, orphysiologicallycompatible salt thereof.

39. Themethodof anyoneofclaims 33, 360r 38, whereinsaidcell isanimmunocyte.
40 . The method of any one of claims 33 to 39, wherein said cell 1s a mammalian
cell.

41 . The method of claim 40 wherein said mammalian cell 1s a human cell.

42 . The method of any one of claims 34 to 41, wherein saild cell a neoplastic
cell.

43. The method of any one of claims 33 to 42 wherein said cell 1is exposed,

in vitro, to from at least about 10 pg P-alethine/ml cell culture.
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