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USE OF POLYMER D-LACTIC ACID (PDLA) 
OR EQUIVALENTS THEREOF TO INHIBIT 

GROWTH OF CANCER CELLS AND 
DIAGNOSE CANCERS 

This patent application claims the bene?t of the ?ling date 
ofU.S. Ser. No. 61/462,103, ?led Jan. 28, 2011, the contents 
of all of which are herein incorporated by reference in their 
entireties into the present patent application. 

Throughout this application various publications are refer 
enced. The disclosures of these publications in their entireties 
are hereby incorporated by reference into this application in 
order to more fully describe the state of the art to which this 
invention pertains. 

BACKGROUND OF THE INVENTION 

In 1931, Otto Warburg was awarded the Nobel Prize in 
medicine for his pioneering work demonstrating glycolysis as 
the primary anaerobic glucose metabolism within cancer 
cells (Warburg O W F, Negelein E., J Gen Physiol. 1927; 
81519-530). Unfortunately, to date, a universal therapy has 
not emerged from his work. Since that time, it has become 
apparent that not all cancer cells utilize glycolysis to produce 
ATP, but some utilize oxidative phosphorylation (Krebs 
cycle) to generate energy (Seyfried T N, Shelton L M, Nulr 
Melab (Land). 2010; 7:7). More speci?cally, those cells in the 
interior of a tumor where the oxygen tension is lowest and the 
milieu more acidotic tend to utilize glycolysis while those 
cells in the periphery where oxygen tension is higher tend to 
utilize oxidative phosphorylation (Vaupel P. Semin Radiat 
Oncol. July 2004; 14 (3): 198-206). Glycolysis generates 
protons that need to be transported out of the cell to avoid acid 
build up. Many of the hydrogen ions that are transported out 
of the cell are accompanied by lactate to maintain electrical 
neutrality. There are other mechanisms exclusive of lactate 
that generate anions to buffer the acid production of glycoly 
sis. These include metabolism of pyruvate to bicarbonate by 
hydration of CO2 catalyzed by various carbonic anhydrases 
and monocarboxylases (Halestrap A P. UCSD-Nalure Mol 
ecule Pages. 29 Oct. 2009: 1 -20). Decreasing the intracellular 
lactate concentration may cause cell death from unchecked 
acidosis. The intracellular pHs of the interior and exterior 
tumor cells are similar but the extracellular ?uid surrounding 
the inner cells is orders of magnitude more acidic (Gerweck L 
E, et al, Mol Cancer Ther. May 2006; 5(5):1275-1279). It has 
been shown that a lactate shuttle exists between inner and 
outer cells where lactate is converted to pyruvate in the outer 
cells and then metabolized by oxidative phosphorylation to 
produce ATP to sustain cancer cells (Brooks G A. J Physiol. 
Dec. 1, 2009; 587(Pt 23):5591-5600). 

The explanation of which tumor cells utilize glycolysis is 
more complex than oxygen availability. Rapid rates of energy 
production require the expedient but inef?cient fermentation 
of glucose if there are insuf?cient or functionally abnormal 
mitochondria to process glucose through oxidative phospho 
rylation (Seyfried T N, Shelton L M. Nulr Melab (Land). 
2010; 7:7). In addition to the metabolic effects of lactate in 
glycolysis, lactate has also been shown to contribute to tumor 
cell invasion and increased cell motility (Gatenby R A, et al. 
Cancer Res. May 15,2006; 66(10):5216-5223). 
More recent investigations have tried to separate lactate 

production from the hypoxic effects on tumor growth by 
using genetic markers. These studies suggest lactic acidosis 
may be independent of oxygen tension and may be associated 
with a more favorable clinical outcome (Chen J L, et al. PLoS 
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Genet. December 2008; 4(12):e1000293). If this concept is 
true, then inactivation or trapping of lactate could worsen 
clinical outcome. 
One major problem associated with present medications 

that target tumor metabolism is that they also target normal 
cells. The compositions of the invention solves the problem in 
the art. The compositions of the invention are tumoricidal and 
has the advantage that it is less harmful to cells having mito 
chondria with the capacity to shuttle pyruvate than the sub set 
of cancer cells that exclusively utilize glycolysis. 

SUMMARY OF THE INVENTION 

The invention provides methods for sequestering or trap 
ping L-lactate in or near a tumor cell comprising contacting 
an isolated polymer of D-lactic acid (PDLA) or an equivalent, 
derivative or analog thereof with the tumor cell so that the 
PDLA binds L-lactate in or near the cell and thereby seques 
tering or trapping L-lactate in or near the tumor cells. 
The invention also provides methods for determining intra 

cellular or extracellular L-lactate levels comprising exposing 
a PDLA or an equivalent, derivative or analog thereof to or 
near a cell so as to bind L-lactic acid in or near the cell and 

thereby forming a complex, wherein the PDLA is labeled, and 
detecting the complex. 
The invention further provides compositions comprising 

isolated PDLA or an equivalent, derivative or analog thereof 
having a molecular weight (MW) of less than 500 Daltons, 
wherein the composition is substantially free of PDLA or an 
equivalent, derivative or analog thereof having a MW greater 
than 500 Daltons. 
The invention also provides compositions comprising iso 

lated PDLA or an equivalent, derivative or analog thereof 
having fewer than 12 monomers of D-lactic acid, wherein the 
composition is substantially free of PDLA or an equivalent, 
derivative or analog thereof having more than 12 monomers 
of D-lactic acid. 
The invention also provides kits for sequestering, deplet 

ing, measuring, or detecting L-lactic acid in solution, in cell 
culture, in serum, in a cell, or in an animal comprising isolated 
PDLA or an equivalent, derivative or analog thereof either 
unmodi?ed or modi?ed. 
The invention also provides methods for treating a cancer 

comprising administering to a subject an isolated PDLA or an 
equivalent, derivative or analog thereof under suf?cient con 
ditions so as to inhibit tumor cells in the subject thereby 
treating the subject having a cancer. 
The invention further provides methods for preventing can 

cer by sequestering or trapping L-lactate comprising admin 
istering to a subject an isolated PDLA or an equivalent, 
derivative or analog thereof in an amount effective to seques 
ter or trap L-lactate so as to prevent cancer in the subject. 

BRIEF DESCRIPTION OF THE FIGURES 

The patent or application ?le contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with color drawing(s) will be provided by the 
Of?ce upon request and payment of the necessary fee. 

FIG. 1 shows l-lactate (white) binds (yellow) to an isolated 
PDLA oligomer (green), PDLA oligomer shown is an iso 
lated polymer of four D-lactic acid arising from condensation 
polymerization involving the hydroxyl group next to the car 
boxylic acid group of one D-lactic acid residue with the 
carboxyl group of an adjacent D-lactic acid residue leading to 
formation of an ester bond and loss of a water molecule. For 
the PDLA shown, there are three ester bonds and three water 
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molecules lost during condensation polymerization. The ori 
entation of the PDLA shown, where n, the number of D-lactic 
acid residues, equals 4, has the unreacted hydroxyl group at 
the left end of the polymer and the unreacted carboxylic acid 
group at the right end. Although a linear form of PDLA is 
shown in the ?gure, PDLA can exist in a circular form with no 
free hydroxyl or carboxylic acid group but with an ester bond 
between adjacent D-lactic acid residues. 

FIG. 2. Interaction of D-lactic acid or L-lactic acid with 
poly-D-lactic acid. The plots show absorption (uV; Y axis), 
and retention time (min; X axis). Frame 1, D-lactic acid alone; 
Frame 2, Poly-D-lactic acid alone; Frame 3, D-lactic acid 
plus poly-D-lactic acid; Frame 4, L-lactic acid alone; Frame 
5, poly-D-lactic acid alone; Frame 6, L-lactic acid plus poly 
D-lactic acid. Addition of poly-D-lactic acid (2) to D-lactic 
acid (1) does not modify the chromatogram of the combina 
tion (3). Addition of poly-D-lactic acid (5) to L-lactic acid (4) 
modi?es the chromatogram of the combination (6). This indi 
cates that poly-D-lactic acidbinds L-lactic acid but not D-lac 
tic acid. 

DETAILED DESCRIPTION OF THE INVENTION 

Unless de?ned otherwise, all technical and scienti?c terms 
used herein have the same meaning as is commonly under 
stood by one of ordinary skill in the art to which this invention 
belongs. All patents, applications, published applications and 
other publications referred to herein are incorporated by ref 
erence in their entirety. 
As used herein, the term “comprising” when placed before 

the recitation of steps in a method means that the method 
encompasses one or more steps that are additional to those 
expressly recited, and that the additional one or more steps 
may be performed before, between, and/or after the recited 
steps. For example, a method comprising steps a, b, and c 
encompasses a method of steps a, b, x, and c, a method of 
steps a, b, c, and x, as well as a method of steps x, a, b, and c. 
Furthermore, the term “comprising” when placed before the 
recitation of steps in a method does not (although it may) 
require sequential performance of the listed steps, unless the 
content clearly dictates otherwise. For example, a method 
comprising steps a, b, and c encompasses, for example, a 
method of performing steps in the order of steps a, c, and b, 
the order of steps e, b, and a, and the order of steps c, a, and b. 
Unless otherwise indicated, all numbers expressing quanti 
ties of ingredients, properties such as molecular weight, reac 
tion conditions, and so forth as used herein, are to be under 
stood as being modi?ed in all instances by the term 
“about.”Accordingly, unless indicated to the contrary, the 
numerical parameters herein are approximations that may 
vary depending upon the desired properties sought to be 
obtained by the present invention. At the very least, and 
without limiting the application of the doctrine of equivalents 
to the scope of the claims, each numerical parameter should at 
least be construed in light of the number of reported signi? 
cant digits and by applying ordinary rounding techniques, 
Notwithstanding that the numerical ranges and parameters 
describing the broad scope of the invention are approxima 
tions, the numerical values in the speci?c examples are 
reported as precisely as possible. Any numerical value, how 
ever, inherently contains standard deviations that necessarily 
result from the errors found in the numerical value’s testing 
measurements. 

As used herein, the terms “subject” and “patient” refer to 
any animal, such as a mammal. Mammals include but are not 

limited to, humans, murines, simians, felines, canines, 
equines, bovines, porcines, ovines, caprines, rabbits, mam 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
malian farm animals, mammalian sport animals, and mam 
malian pets. In many embodiments, the subject will be 
humans. 
As used herein, the term “isolated” or “puri?ed” in refer 

ence to PDLA does not require absolute purity. 
PDLA compositions of the invention may be produced by 

using principles of chemistry or biochemistry. 
As used herein, “inhibition” or “treatment” of a cancer 

means to provide an intervention that ameliorates the symp 
toms of the cancer, reduces the severity of the cancer, alters 
the course of disease progression, and/or ameliorates or cures 
the basic disease problem. For example, treatment of a cancer 
may be accomplished by sequestering or trapping L-lactate. 
Inhibition or treatment may be partial or total. 
The most effective mode of administration and dosage 

regimen for the compositions of the invention depends upon 
the location, extent, or type of the disease being treated, the 
severity and course of the medical disorder, the subject’s 
health and response to treatment and the judgment of the 
treating physician. Accordingly, the dosages of the composi 
tions of the invention should be titrated to the individual 
subject and/ or by the speci?c medical condition or disease. 
By way of example, the interrelationship of dosages for 

animals of various sizes and species and humans based on 
mg/m2 of surface area is well known. Adjustments in the 
dosage regimen may be made to optimize suppression or 
modulation of the cancer e.g., doses may be divided and 
administered on a daily basis or weekly or biweekly or 
monthly basis or the dose reduced proportionally depending 
upon the situation (e. g., several divided doses may be admin 
istered daily or proportionally reduced depending on the spe 
ci?c therapeutic situation). 
As is well known, the dose of the composition of the 

invention required to achieve an appropriate clinical outcome 
may be further reduced with schedule optimization. 
As used herein, polymer D-lactic acid (PDLA) is also 

known as poly((R)-2-Hydroxypropanoic acid), (R)-2-Hy 
droxypropanoic acid homopolymer, poly((R)-2-Hydrox 
ypropionic acid), poly((R)-ethylidenelactic acid), poly((R) 
l-Hydroxyethanecarboxylic acid) or D-lactic acid 
homopolymer. 

Compositions of the Invention 

The present invention provides a novel composition com 
prising isolated PDLA or an equivalent, derivative or analog 
thereof having a molecular weight (MW) of 500 Daltons or 
less, wherein the composition is substantially free of PDLA 
or an equivalent, derivative or analog thereof having a MW 
greater than 500 Daltons. PDLA or an equivalent, derivative 
or analog thereof may be in the form of a linear polymer with 
free hydroxyl group next to an ester group at one end and a 
free carboxylic acid group at the other end or may be in the 
form of a circular polymer in which one D-lactic acid residue 
is joined by an ester bond to an adjacent D-lactic acid residue 
with no free hydroxyl or carboxylic acid group. 

In one embodiment, the composition comprises isolated 
PDLA or an equivalent, derivative or analog thereof having 
fewer than 12 monomers of D-lactic acid, wherein the com 
position is substantially free of PDLA or an equivalent, 
derivative or analog thereof having more than 12 monomers 
of D-lactic acid. 

In another embodiment, the composition contains isolated 
PDLA or an equivalent, derivative or analog thereof having 7 
monomers of D-lactic acid or fewer. In yet another embodi 
ment, the composition that contains isolated PDLA or an 
equivalent, derivative or analog thereof that have 7 monomers 
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of D-lactic acid or fewer is substantially free of PDLA or an 
equivalent, derivative or analog thereof having more than 7 
monomers of D-lactic acid. 

In a further embodiment, the composition contains isolated 
PDLA or an equivalent, derivative or analo g thereof that have 
between 2 to 4 monomers of D-lactic acid. In yet another 
embodiment, the composition that contains isolated PDLA or 
an equivalent, derivative or analog thereof that have between 
2 to 4 monomers of D-lactic acid is substantially free of 
PDLA or an equivalent, derivative or analog thereof having 
fewer than 2 monomers of D-lactic acid. Additionally, in 
another embodiment, the composition that contains isolated 
PDLA or an equivalent, derivative or analo g thereof that have 
between 2 to 4 monomers of D-lactic acid is substantially free 
of PDLA or an equivalent, derivative or analog thereof having 
more than 4 monomers of D-lactic acid. Moreover, an addi 
tional embodiment provides a composition that contains iso 
lated PDLA or an equivalent, derivative or analog thereof that 
have between 2 to 4 monomers of D-lactic acid and is sub 
stantially free of PDLA or an equivalent, derivative or analog 
thereof having (1) fewer than 2 monomers of D-lactic acid 
and (2) more than 4 monomers of D-lactic acid. 

Polymers of d-lactic acid (PDLA) or an equivalent, deriva 
tive or analog thereof may form a stereocomplex (FIG. 1) 
with l-lactate in solution, in vitro, or in vivo, as in Experi 
ments #1 -3, producing lactate de?ciency in tumor cells, such 
as human chronic lymphocytic leukemia (CLL) cells in 
Experiment #3. Those cancer cells that utilize transport of 
lactate to maintain electrical neutrality may cease to multiply 
or die because of lactate trapping, and those cancer cells that 
bene?t from utilization of extracellular lactate may be 
impaired. Intracellular trapping of lactate may produce a dif 
ferent physiology than inhibition of LDH because the cell 
loses the option of shuttling pyruvate to an alternative path 
way to produce an anion. 

Conjugated with stains or ?uorescent probes, isolated 
PDLA or an equivalent, derivative or analog thereof of the 
invention may be an agent for the diagnosis of tissue lactate 
and possibly cell differentiation in biopsy specimens. Suit 
able detectable markers include, but are not limited to, a 
radioisotope, a ?uorescent compound, a bioluminescent 
compound, chemiluminescent compound, a metal chelator or 
an enzyme. 

Additionally, the PDLA or an equivalent, derivative or 
analog thereof of the invention may be conjugated to cyto 
toxic agents. Examples of cytotoxic agents include, but are 
not limited to ricin, ricinA-chain, doxorubicin, daunorubicin, 
taxol, ethiduim bromide, mitomycin, etoposide, tenoposide, 
vincristine, vinblastine, colchicine, dihydroxy anthracin 
dione, actinomycin D, diphtheria toxin, Pseudamonas exo 
toxin (PE) A, PE40, abrin, abrin A chain, modeccin A chain, 
alpha-sarcin, gelonin, mitogellin, retstrictocin, phenomycin, 
enomycin, curicin, crotin, calicheamicin, sapaonaria of?ci 
nalis inhibitor, maytansinoids, and glucocorticoid and other 
chemotherapeutic agents, as well as radioisotopes such as 
212131, 1311’ 131111, 90Y’ and 186Re' 

Additional cytotoxic agents include, but are not limited to 
Dichloroacetate (DCA), 2-deoxyglucose (2-DG) and 
Lonidamine. 
DCA 
DCA is a pyruvate dehydrogenase activator, inhibiting the 

activity of pyruvate dehydrogenase kinase (PDK), and thus 
promoting the conversion of pyruvate to Acetyl-CoA (Mad 
hok B M, et al. Br J Cancer. Jun. 8, 2010; lO2(l2):l746 
1752). Treatment with DCA shifts the fate of pyruvate from 
glycolysis to mitochondrial oxidative phosphorylation which 
is likely responsible for its tumoricidal activity. DCA is an 
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6 
inhibitor of all four isoenymes of PDK (Madhok B M, et al. Br 
JCancer. Jun. 8, 2010; 102(12):l746-l752). DCA has been 
used for the treatment of congenital and acquired lactic aci 
dosis with the most signi?cant long term side effect of revers 
ible peripheral neuropathy but sedation and elevation of 
hepatic transaminases have also been reported. The dose 
required to inhibit colorectal cancer cells in vivo is estimated 
to be 5-10 times that used in treatment of lactic acidosis 
(Madhok B M, et al. BrJCancer. Jun. 8, 2010; 102(12): 1746 
1752; Papandreou I, et al. IntJCancer. Oct. 18, 2010). Poten 
tial serum therapeutic doses could be between 20 and 50 
mmole/L (Madhok B M, et al. Br J Cancer. Jun. 8, 2010; 
102(12): 1746-1752). In a number of studies, DCA has been 
shown to be a tumoricidal agent and has reduced lactate levels 
in growth media in a dose-dependent manner (Michelakis E 
D, et al. Sci Transl Med, May 12, 2010; 2(31):3lra34). Some 
favorable results have been reported in ?ve patients suffering 
from glioblastoma multiforme where DCA was used in com 
bination with surgery, temozolomide and radiation (Papan 
dreou I, et al. Int J Cancer, Oct. 18, 2010). 
2-DG 
2-DG is a glucose analog that is a competitive inhibitor of 

glucose. It is actively transported into cells and phosphory 
lated into 2-DC phosphate (2-DC-P) by hexokinase (Mich 
elakis E D, et al. Sci Transl Med. May 12, 2010; 2(31): 
3lra34). Further metabolism of 2-DC-P is not possible and 
thus glycolysis is limited. 2-DC also has additional effects on 
protein glycosylation separate from its effects on glycolysis 
and it may enhance radionuclide cytotoxicity (Dwarakanath 
B S. JCancer Res Ther. September 2009; 5 Suppl 1:527-31; 
Shrivastava V, et al. J Cancer Res T her. April-June 2006; 
2(2): 57-64; Raiser M, et al. Proc NatlAcadSci USA. Nov. 18, 
2008; 105(46): 17807-1781 1). In vivo studies (in mice) have 
shown that 2-DG is synergistic with adriamycin and pacli 
taxel in transplanted human osteosarcoma and non-small cell 
lung cancer (Pelican H, et al., Oncogene. Aug. 7, 2006; 
25(34):4633-4646; Prasanna V K, et al. J Cancer Res Ther. 
September 2009; 5 Suppl l:S44-47). Combination chemo 
therapy with 2-DG has been trialed in patients with glioblas 
toma (Prasanna V K, et al. J Cancer Res T her. September 
2009; 5 Suppl 1:844-47). Because 2-DG is an analog of 
glucose it produces actions and side effects in cancer and 
non-cancer cells. 2-DG may have proconvulsant actions 
(Gasior M, et al. Epilepsia. August 2010; 51(8): 1385-1394). 
Lonidamine 

Lonidamine, a derivative of indazole-3-carboxylic acid is 
an inhibitor of oxygen consumption and suppresses glycoly 
sis in cancer cells probably through hexokinase suppression 
(Pelicano H, et al. Oncogene. Aug. 7, 2006; 25(34):4633 
4646). Its action is non-selective, but synergistic with other 
chemotherapeutic agents and it has been used in clinical trials 
for breast, ovarian, lung and glial cancers (Pelicano H, et al., 
Oncogene. Aug. 7, 2006; 25(34):4633-4646). The major com 
plication observed in more than a majority of patients was 
myalgia that required lowering the dose (Evans W K, et al. 
Oncology. 1984; 41 Suppl 1:69-77). 

Other metabolic chemotherapeutic agents that may be con 
jugated to the isolated PDLA of the compositions of the 
invention may include: 3 -bromopyruvate, an inhibitor of hex 
okinase, oxythiamine, an inhibitor oftransketolase and pyru 
vate dehydrogenase, and 6-aminonicotinamide, an inhibitor 
of the pentose phosphate pathway (Pelican H, et al. Onco 
gene. Aug. 7, 2006; 25(34):4633-4646; Gatenby RA, Gillies 
R J. IntJBiochem Cell Biol. 2007; 39(7-8): 1358-1366). 

Compositions herein may comprise one or more PDLA 
oligomers provided herein. The compositions are, in one 
embodiment, formulated into suitable pharmaceutical prepa 
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rations such as solutions, suspensions, tablets, dispersible 
tablets, pills, capsules, powders, sustained release formula 
tions or elixirs, for oral administration or in sterile solutions 
or suspensions for parenteral administration, as well as trans 
dermal patch preparation and dry powder inhalers. In one 
embodiment, the compositions described above are formu 
lated into pharmaceutical compositions using techniques and 
procedures well known in the art (see, e.g., Ansel Introduction 
to Pharmaceutical Dosage Forms, Fourth Edition 1985, 126). 

In the compositions, effective concentrations of one or 
more compounds or pharmaceutically acceptable derivatives 
thereof is (are) mixed with a suitable pharmaceutical carrier. 
The PDLA of the compositions of the invention may be 
derivatized prior to formulation, as described above. The 
concentrations of the PDLA oligomers in the compositions 
are effective for delivery of an amount, upon administration, 
that treats, prevents, or ameliorates one or more of the symp 
toms of diseases or disorders to be treated. 

In one embodiment, the compositions are formulated for 
single dosage administration. 
The composition may be included in a pharmaceutically 

acceptable carrier in an amount su?icient to exert a therapeu 
tically useful effect in the absence of undesirable side effects 
on the patient treated. The therapeutically effective concen 
tration may be determined empirically by testing the compo 
sitions in in vitro systems described herein, and then extrapo 
lated therefrom for dosages for humans. 

The concentration of active compound in the pharmaceu 
tical composition will depend on absorption, inactivation and 
excretion rates of the active compound, the physicochemical 
characteristics of the compound, the dosage schedule, and 
amount administered as well as other factors known to those 
of skill in the art. 

The pharmaceutical compositions are provided for admin 
istration to humans and animals in unit dosage forms, such as 
tablets, capsules, pills, powders, granules, sterile parenteral 
solutions or suspensions, and oral solutions or suspensions, 
and oil-water emulsions containing suitable quantities of the 
compounds or pharmaceutically acceptable derivatives 
thereof. The pharmaceutically therapeutically active compo 
sitions and derivatives thereof may be, in one embodiment, 
formulated and administered in unit-dosage forms or mul 
tiple-dosage forms. Unit-dose forms as used herein refers to 
physically discrete units suitable for human and animal sub 
jects and packaged individually as is known in the art. Each 
unit-dose contains a predetermined quantity of the therapeu 
tically active composition suf?cient to produce the desired 
therapeutic effect, in association with the required pharma 
ceutical carrier, vehicle or diluent. Examples of unit-dose 
forms include ampoules and syringes and individually pack 
aged tablets or capsules. Unit-dose forms may be adminis 
tered in fractions or multiples thereof. A multiple-dose form 
is a plurality of identical unit-dosage forms packaged in a 
single container to be administered in segregated unit-dose 
form. Examples of multiple-dose forms include vials, bottles 
of tablets or capsules or bottles of pints or gallons. Hence, 
multiple dose form is a multiple of unit-doses which are not 
segregated in packaging. 

Liquid pharmaceutically administrable compositions can, 
for example, be prepared by dissolving, dispersing, or other 
wise mixing an active composition as de?ned above and 
optional pharmaceutical adjuvants in a carrier, such as, for 
example, water, saline, aqueous dextrose, glycerol, glycols, 
ethanol, and the like, to thereby form a solution or suspension. 
If desired, the pharmaceutical composition to be adminis 
tered may also contain minor amounts of nontoxic auxiliary 
substances such as wetting agents, emulsifying agents, solu 
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8 
biliZing agents, pH buffering agents and the like, for example, 
acetate, sodium citrate, cyclodextrine derivatives, sorbitan 
monolaurate, triethanolamine sodium acetate, triethanola 
mine oleate, and other such agents. 

Actual methods of preparing such dosage forms are 
known, or will be apparent, to those skilled in this art; for 
example, see Remington’s Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pa., 15th Edition, 1975. 
A. Compositions for Oral Administration 

Oral pharmaceutical dosage forms are either solid, gel or 
liquid. The solid dosage forms may be tablets, capsules, gran 
ules, and bulk powders. Types of oral tablets include com 
pressed, chewable lozenges and tablets which may be enteric 
coated, sugar-coated or ?lm-coated. Capsules may be hard or 
soft gelatin capsules, while granules and powders may be 
provided in non-effervescent or effervescent form with the 
combination of other ingredients known to those skilled in the 
art. 

1. Solid Compositions for Oral Administration 
In certain embodiments, the formulations are solid dosage 

forms, in one embodiment, capsules or tablets. The tablets, 
pills, capsules, troches and the like can contain one or more of 
the following ingredients, or compounds of a similar nature: 
a binder; a lubricant; a diluent; a glidant; a disintegrating 
agent; a coloring agent; a sweetening agent; a ?avoring agent; 
a wetting agent; an emetic coating; and a ?lm coating. 
Examples of binders include microcrystalline cellulose, gum 
tragacanth, glucose solution, acacia mucilage, gelatin solu 
tion, molasses, polvinylpyrrolidine, povidone, crospovi 
dones, sucrose and starch paste. Lubricants include talc, 
starch, magnesium or calcium stearate, lycopodium and 
stearic acid. Diluents include, for example, lactose, sucrose, 
starch, kaolin, salt, mannitol and dicalcium phosphate. 
Glidants include, but are not limited to, colloidal silicon diox 
ide. Disintegrating agents include crossearmellose sodium, 
sodium starch glycolate, alginic acid, corn starch, potato 
starch, bentonite, methylcellulose, agar and carboxymethyl 
cellulose. Coloring agents include, for example, any of the 
approved certi?ed water soluble FD and C dyes, mixtures 
thereof; and water insoluble FD and C dyes suspended on 
alumina hydrate. Sweetening agents include sucrose, lactose, 
mannitol and arti?cial sweetening agents such as saccharin 
and any number of spray dried ?avors. Flavoring agents 
include natural ?avors extracted from plants such as fruits and 
synthetic blends of compounds which produce a pleasant 
sensation, such as, but not limited to peppermint and methyl 
salicylate. Wetting agents include propylene glycol 
monostearate, sorbitan monooleate, diethylene glycol mono 
laurate and polyoxyethylene laural ether. Emetic-coatings 
include fatty acids, fats, waxes, shellac, ammoniated shellac 
and cellulose acetate phthalates. Film coatings include 
hydroxyethylcellulose, sodium carboxymethylcellulose, 
polyethylene glycol 4000 and cellulose acetate phthalate. 
The composition of the invention may further include 

agents that protect it from the acidic environment of the 
stomach. For example, the composition can be formulated in 
an enteric coating that maintains its integrity in the stomach 
and releases the active compound in the intestine. The com 
position may also be formulated in combination with an ant 
acid or other such ingredient. 
When the dosage unit form is a capsule, it can contain, in 

addition to material of the above type, a liquid carrier such as 
fatty oil. In addition, dosage unit forms can contain various 
other materials which modify the physical form of the dosage 
unit, for example, coatings of sugar and other enteric agents. 
The active materials can also be mixed with other active 

materials which do not impair the desired action, or with 
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materials that supplement the desired action, such as antacids, 
H2 blockers, and diuretics. The active ingredient is a com 
pound or pharrnaceutically acceptable derivative thereof as 
described herein. Higher concentrations, up to about 98% by 
weight of the active ingredient may be included. 

In all embodiments, tablets and capsules formulations may 
be coated as known by those of skill in the art in order to 
modify or sustain dissolution of the active ingredient. Thus, 
for example, they may be coated with a conventional enteri 
cally digestible coating, such as phenylsalicylate, waxes and 
cellulose acetate phthalate. 

2. Liquid Compositions for Oral Administration 
Liquid oral dosage forms include aqueous solutions, emul 

sions, suspensions, solutions and/or suspensions reconsti 
tuted from non-effervescent granules and effervescent prepa 
rations reconstituted from effervescent granules. 

Solvents include glycerin, sorbitol, ethyl alcohol and 
syrup. Examples of preservatives include glycerin, methyl 
and propylparaben, benzoic acid, sodium benzoate and alco 
hol. Examples of non-aqueous liquids utilized in emulsions 
include mineral oil and cottonseed oil. Examples of emulsi 
fying agents include gelatin, acacia, tragacanth, bentonite, 
and surfactants such as polyoxyethylene sorbitan 
monooleate. Suspending agents include sodium carboxym 
ethylcellulose, pectin, tragacanth, Veegum and acacia. Sweet 
ening agents include sucrose, syrups, glycerin and arti?cial 
sweetening agents such as saccharin. Wetting agents include 
propylene glycol monostearate, sorbitan monooleate, dieth 
ylene glycol monolaurate and polyoxyethylene lauryl ether. 
Organic acids include citric and tartaric acid. Sources of 
carbon dioxide include sodium bicarbonate and sodium car 
bonate. Coloring agents include any of the approved certi?ed 
water soluble ED and C dyes, and mixtures thereof. Flavoring 
agents include natural ?avors extracted from plants such 
fruits, and synthetic blends of compounds which produce a 
pleasant taste sensation. 

For a solid dosage form, the solution or suspension, in for 
example propylene carbonate, vegetable oils or triglycerides, 
is in one embodiment encapsulated in a gelatin capsule. Such 
solutions, and the preparation and encapsulation thereof, are 
known. For a liquid dosage form, the solution, e.g., for 
example, in a polyethylene glycol, may be diluted with a 
suf?cient quantity of a pharrnaceutically acceptable liquid 
carrier, e.g., water, to be easily measured for administration. 

Alternatively, liquid or semi-solid oral formulations may 
be prepared by dissolving or dispersing the active compound 
or salt in vegetable oils, glycols, triglycerides, propylene 
glycol esters (e.g., propylene carbonate) and other such car 
riers, and encapsulating these solutions or suspensions in hard 
or soft gelatin capsule shells. 
B. Injectables, Solutions and Emulsions 

Parenteral administration, in one embodiment character 
ized by injection, either subcutaneously, intramuscularly or 
intravenously is also contemplated herein. Injectables can be 
prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution or suspension in 
liquid prior to injection, or as emulsions. The injectables, 
solutions and emulsions also contain one or more excipients. 
Suitable excipients are, for example, water, saline, dextrose, 
glycerol or ethanol. In addition, if desired, the pharmaceutical 
compositions to be administered may also contain minor 
amounts of non-toxic auxiliary substances such as wetting or 
emulsifying agents, pH buffering agents, stabilizers, solubil 
ity enhancers, and other such agents, such as for example, 
sodium acetate, sorbitan monolaurate, triethanolamine oleate 
and cyclodextrins. 
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10 
Implantation of a slow-release or sustained-release system, 

such that a constant level of dosage is maintained is also 
contemplated herein. Brie?y, a composition provided herein 
may be dispersed e.g., in a solid inner matrix, e.g., polymeth 
ylmethacrylate, polybutylmethacrylate, plasticized or 
unplasticized polyvinylchloride, plasticized nylon, plasti 
cized polyethyleneterephthalate, natural rubber, polyiso 
prene, polyisobutylene, polybutadiene, polyethylene, ethyl 
ene-vinylacetate copolymers, silicone rubbers, 
polydimethylsiloxanes, silicone carbonate copolymers, 
hydrophilic polymers such as hydrogels of esters of acrylic 
and methacrylic acid, collagen, cross-linked polyvinyl alco 
hol and cross-linked partially hydrolyzed polyvinyl acetate, 
that is surrounded by an outer polymeric membrane, e.g., 
polyethylene, polypropylene, ethylene/propylene copoly 
mers, ethylene/ ethyl acrylate copolymers, ethylene/vinylac 
etate copolymers, silicone rubbers, polydimethyl siloxanes, 
neoprene rubber, chlorinated polyethylene, polyvinylchlo 
ride, vinyl chloride copolymers with vinyl acetate, vinylidene 
chloride, ethylene and propylene, ionomer polyethylene 
terephthalate, butyl rubber epichlorohydrin rubbers, ethyl 
ene/vinyl alcohol copolymer, ethylene/vinyl acetate/vinyl 
alcohol terpolymer, and ethylene/vinyloxyethanol copoly 
mer, that is insoluble in body ?uids. The compound diffuses 
through the outer polymeric membrane in a release rate con 
trolling step. The percentage of active compound contained in 
such parenteral compositions is highly dependent on the spe 
ci?c nature thereof, as well as the activity of the compound 
and the needs of the subject. 

Parenteral administration of the compositions includes 
intravenous, subcutaneous and intramuscular administra 
tions. Preparations for parenteral administration include ster 
ile solutions ready for injection, sterile dry soluble products, 
such as lyophilized powders, ready to be combined with a 
solvent just prior to use, including hypodermic tablets, sterile 
suspensions ready for injection, sterile dry insoluble products 
ready to be combined with a vehicle just prior to use and 
sterile emulsions. The solutions may be either aqueous or 
nonaqueous. 

If administered intravenously, suitable carriers include 
physiological saline or phosphate buffered saline (PBS), and 
solutions containing thickening and solubilizing agents, such 
as glucose, polyethylene glycol, and polypropylene glycol 
and mixtures thereof. 

Pharmaceutically acceptable carriers used in parenteral 
preparations include aqueous vehicles, nonaqueous vehicles, 
antimicrobial agents, isotonic agents, buffers, antioxidants, 
local anesthetics, suspending and dispersing agents, emulsi 
fying agents, sequestering or chelating agents and other phar 
maceutically acceptable substances. 

Examples of aqueous vehicles include Sodium Chloride 
Injection, Ringers Injection, Isotonic Dextrose Injection, 
Sterile Water Injection, Dextrose and Lactated Ringers Inj ec 
tion. Nonaqueous parenteral vehicles include ?xed oils of 
vegetable origin, cottonseed oil, corn oil, sesame oil and 
peanut oil. Antimicrobial agents in bacteriostatic or fungi 
static concentrations must be added to parenteral preparations 
packaged in multiple-dose containers which include phenols 
or cresols, mercurials, benzyl alcohol, chlorobutanol, methyl 
and propyl p-hydroxybenzoic acid esters, thimerosal, benza 
lkonium chloride and benzethonium chloride. Isotonic agents 
include sodium chloride and dextrose. Buffers include phos 
phate and citrate. Antioxidants include sodium bisulfate. 
Local anesthetics include procaine hydrochloride. Suspend 
ing and dispersing agents include sodium carboxymethylcel 
luose, hydroxypropyl methylcellulose and polyvinylpyrroli 
done. Emulsifying agents include Polysorbate 80 
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(TWEENTM 80). A sequestering or chelating agent of metal 
ions include EDTA. Pharmaceutical carriers also include 
ethyl alcohol, polyethylene glycol and propylene glycol for 
water miscible vehicles; and sodium hydroxide, hydrochloric 
acid, citric acid or lactic acid for pH adjustment. 

The concentration of the pharmaceutically active com 
pound is adjusted so that an injection provides an effective 
amount to produce the desired pharmacological effect. The 
exact dose depends on the age, weight and condition of the 
patient or animal as is known in the art. 

The unit-dose parenteral preparations are packaged in an 
ampoule, a vial or a syringe with a needle. All preparations for 
parenteral administration must be sterile, as is known and 
practiced in the art. 

Illustratively, intravenous or intra-arterial infusion of a 
sterile aqueous solution containing an active compound is an 
effective mode of administration. Another embodiment is a 
sterile aqueous or oily solution or suspension containing an 
active material injected as necessary to produce the desired 
pharmacological effect. 

The compound may be suspended in micronized or other 
suitable form or may be derivatized to produce a more soluble 
active product or to produce a prodrug. The form of the 
resulting mixture depends upon a number of factors, includ 
ing the intended mode of administration and the solubility of 
the compound in the selected carrier or vehicle. The effective 
concentration is suf?cient for ameliorating the symptoms of 
the condition and may be empirically determined. 
C. Lyophilized Powders 
Of interest herein are also lyophilized powders, which can 

be reconstituted for administration as solutions, emulsions 
and other mixtures. They may also be reconstituted and for 
mulated as solids or gels. 

The sterile, lyophilized powder is prepared by dissolving a 
compound provided herein, or a pharmaceutically acceptable 
derivative thereof, in a suitable solvent. The solvent may 
contain an excipient which improves the stability or other 
pharmacological component of the powder or reconstituted 
solution, prepared from the powder. Excipients that may be 
used include, but are not limited to, dextrose, sorbitol, fruc 
tose, corn syrup, xylitol, glycerin, glucose, sucrose or other 
suitable agent. The solvent may also contain a buffer, such as 
citrate, sodium or potassium phosphate or other such buffer 
known to those of skill in the art at, in one embodiment, about 
neutral pH. Subsequent sterile ?ltration of the solution fol 
lowed by lyophilization under standard conditions known to 
those of skill in the art provides the desired formulation. In 
one embodiment, the resulting solution will be apportioned 
into vials for lyophilization. Each vial will contain a single 
dosage or multiple dosages of the compound. The lyophilized 
powder can be stored under appropriate conditions, such as at 
about 4° C. to room temperature. 

Reconstitution of this lyophilized powder with water for 
injection provides a formulation for use in parenteral admin 
istration. For reconstitution, the lyophilized powder is added 
to sterile water or other suitable carrier. The precise amount 
depends upon the selected compound. Such amount can be 
empirically determined. 
D. Targeted Formulations 

The compounds provided herein, or pharmaceutically 
acceptable derivatives thereof, may also be formulated to be 
targeted to a particular tissue, receptor, or other area of the 
body of the subject to be treated. Many such targeting meth 
ods are well known to those of skill in the art. All such 
targeting methods are contemplated herein for use in the 
instant compositions. 
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In one embodiment, liposomal suspensions, including tis 

sue-targeted liposomes, such as tumor-targeted liposomes, 
may also be suitable as pharmaceutically acceptable carriers. 
These may be prepared according to methods known to those 
skilled in the art. 
E. Combination Therapy 

In another embodiment, the compositions may be admin 
istered in combination, or sequentially, with another thera 
peutic agent. Such other therapeutic agents include those 
known for treatment, prevention, or amelioration of one or 
more symptoms of amyloidosis and neurodegenerative dis 
eases and disorders. 

Methods of the Invention 

The invention additionally provides method for sequester 
ing or trapping L-lactate in or near a tumor cell. In one 
embodiment, the method comprises contacting an isolated 
PDLA or a variant, derivative or analog thereof or any of the 
compositions of the invention described herein with the 
tumor cell so that the PDLA binds L-lactate in or near the cell 
and thereby sequestering or trapping L-lactate in or near the 
tumor cells. 

The invention also provides methods for inhibiting tumor 
cells by sequestering or trapping L-lactate in the tumor cell by 
contacting an isolated PDLA or a variant, derivative or analog 
thereof (or any of the compositions of the invention described 
herewith) with the tumor cell so that the PDLA binds L-lac 
tate in or near the cell. Additionally, the invention provides 
methods for killing or inhibiting cancer by sequestering or 
trapping L-lactate in the tumor cell by contacting an isolated 
PDLA or a variant, derivative or analog thereof (or any com 
positions of the invention described herein) with the tumor 
cell so that the PDLA binds L-lactate in or near the cell. The 
PDLA or a variant, derivative or analog thereof (or any of the 
compositions described herein) may be modi?ed to be resis 
tant to esterases. 

In accordance with the practice of the invention, the PDLA 
or a variant, derivative or analog thereof (including in any of 
the compositions of the invention described herein) may be 
conjugated to a soluble molecule. Examples of soluble mol 
ecules include but are not limited to a dextran, polyethylene 
glycol, and dendrimer. Additionally, the PDLA or a variant, 
derivative or analog thereof (including in any of the compo 
sitions of the invention described herein) may be conjugated 
with a therapeutic, detectable, or imaging agent. 

Further, the invention provides methods for determining 
intracellular or extracellular L-lactate levels. In one embodi 
ment, the method comprises exposing PDLA or a variant, 
derivative or analog thereof (or any compositions of the 
invention described herein) to or near a cell so as to bind 
L-lactic acid in or near the cell and thereby forming a com 
plex. The PDLA or a variant, derivative or analog thereof (or 
any of the compositions of the invention described herein) 
may be labeled; and so that the complex is detected. 

In accordance with the practice of the invention, the PDLA 
or a variant, derivative or analog thereof (including in any of 
the compositions of the invention described herein) may be 
labeled with a radioactive isotope, a ?uorescent dye or a 
calorimetric agent. 

In an embodiment of the invention, the method of detection 
may be effected by ?uorescence resonance energy transfer 
(FRET). In this example, the ?uorescent dye may be chemical 
compounds, such as ?uorescein and rhodamine or Cy3TM and 
CySTM, or a ?uorescent protein such as the green ?uorescent 
protein (GFP) and mutants or derivatives thereof, such as 
ECFP or EYFP. 
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In an embodiment of the invention, the method of detection 
may be effected by detection of a pronounced ?uorescence 
upon binding of L-lactic acid by PDLA or a variant, derivative 
or analog thereof (including in any of the compositions of the 
invention described herein) labeled with a ?uorescent dye 
(e.g., Oregon GreenTM 488-X, 6-FAMTM, TETTM, Cy3TM, 
Rhodamine Red®-X, TAMRATM, ROXTM, Bodipy 630/ 
650TM-X, Bodipy 650/665TM-X, and CySTM) and a ?uores 
cent dye quencher (e.g., Dabcyl, BHQTM-l, BHQTM-2, and 
Iowa BlackTM FQ/RQ) or a pair of ?uorescent dyes that can 
interact in ?uorescence resonance energy transfer. For 
example, presence of one ?uorescent dye on one end of 
PDLA or a variant, derivative or analog thereof (including in 
any of the compositions of the invention described herein) 
and a quencher or its FRET pair on the other end produces a 
notable difference in the emission ?uorescence spectrum (ei 
ther wavelength or amplitude) in the absence or presence of 
L-lactic acid. A change in the emission ?uorescence spectrum 
is produced upon binding to L-lactic acid as the distance and 
orientation of the two labeled dyes are changed. 

The invention further provides methods for treating a can 
cer comprising administering to a subject an isolated PDLA 
or a variant, derivative or analog thereof (or any of the com 
positions of the invention described herein) under su?icient 
conditions so as to inhibit tumor cells. 

Examples of cancers include but are not limited to colorec 
tal cancer, osteosarcoma, non-small cell lung cancer, breast 
cancer, ovarian cancer, glial cancer, solid tumors, metastatic 
tumor, acute lymphoblastic leukemia, acute myelogenous 
leukemia, adrenocortical carcinoma, Kaposi sarcoma, lym 
phoma, anal cancer, astrocytomas, basal cell carcinoma, bile 
duct cancer, bladder cancer, bone cancer, brain tumor, breast 
cancer, bronchial tumor, cervical cancer, chronic lympho 
cytic leukemia, chronic myelogenous leukemia, chronic 
myeloproliferative disorders, colon cancer, colorectal can 
cers, ductal carcinoma in situ, endometrial cancer, esoph 
ageal cancer, eye cancer, intraocular, retinoblastoma, meta 
static melanoma, gallbladder cancer, gastric cancer, 
gastrointestinal carcinoid tumor, gastrointestinal stromal 
tumors, glioblastoma, glioma, hairy cell leukemia, head and 
neck cancer, hepatocellular carcinoma, hepatoma, Hodgkin 
lymphoma, hypopharyngeal cancer, Langerhans cell histio 
cytosis, laryngeal cancer, lip and oral cavity cancer, liver 
cancer, lobular carcinoma in situ, lung cancer, non-small cell 
lung cancer, small cell lung cancer, lymphoma, AIDS-related 
lymphoma, Burkitt lymphoma, non-Hodgkin lymphoma, 
cutaneous T-cell lymphoma, melanoma, squamous neck can 
cer, mouth cancer, multiple myeloma, myelodysplastic syn 
dromes, myelodysplastic/myeloproliferative neoplasms, 
nasal cavity and paranasal sinus cancer, nasopharyngeal can 
cer, neuroblastoma, oral cavity cancer, oropharyngeal cancer, 
osteosarcoma, ovarian cancer, pancreatic carcinoma, papil 
lary carcinomas, parathyroid cancer, penile cancer, pharyn 
geal cancer, pheochromocytoma, pineal parenchymal 
tumors, pineoblastoma, pituitary tumor, pleuropulmonary 
blastoma, primary central nervous system lymphoma, pros 
tate cancer, rectal cancer, renal cell cancer, salivary gland 
cancer, sarcoma, Ewing sarcoma, soft tissue sarcoma, squa 
mous cell carcinoma, Sezary syndrome, skin cancer, Merkel 
cell carcinoma, testicular cancer, throat cancer, thymoma, 
thymic carcinoma, thyroid cancer, urethral cancer, endome 
trial cancer, uterine cancer, uterine sarcoma, vaginal cancer, 
vulvar cancer, Waldenstrom macroglobulinemia, and Wilms 
tumor. 

The invention also provides for methods for preventing 
cancer by sequestering or trapping L-lactate in an effective 
amount comprising administering to a subject an isolated 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
PDLA or a variant, derivative or analog thereof (or any of the 
compositions of the invention described herein) under su?i 
cient conditions so as to prevent the cancer. 
Kits 

According to another aspect of the invention, kits are pro 
vided. For example, the invention provides kits for sequester 
ing, depleting, measuring, or detecting L-lactic acid in solu 
tion, in cell culture, in serum, in a cell, or in an animal 
comprising isolated PDLA or a variant, derivative or analog 
thereof (or any of the compositions of the invention described 
herein) of the invention either unmodi?ed or modi?ed. For 
example, isolated PDLA may be used free in solution or 
conjugated to a solid support to deplete lactic acid produced 
during fermentation, such as in beer and wine manufacturing 
process. Kits according to the invention include package(s) 
comprising compounds or compositions of the invention. 
The phrase “package” means any vessel containing com 

pounds or compositions presented herein. In preferred 
embodiments, the package can be a box or wrapping. Pack 
aging materials for use in packaging pharmaceutical products 
are well known to those of skill in the art. Examples of 
pharmaceutical packaging materials include, but are not lim 
ited to, blister packs, bottles, tubes, inhalers, pumps, bags, 
vials, containers, syringes, bottles, and any packaging mate 
rial suitable for a selected formulation and intended mode of 
administration and treatment. 
The kit can also contain items that are not contained within 

the package but may be attached to the outside of the package, 
for example, pipettes. 

Kits may optionally contain instructions for administering 
the compositions of the invention to a subject having a con 
dition in need of treatment. Kits may also comprise instruc 
tions for approved uses of compounds herein by regulatory 
agencies, such as the United States Food and Drug Adminis 
tration. Kits may optionally contain labeling or product 
inserts for the present compositions. The package(s) and/or 
any product insert(s) may themselves be approved by regu 
latory agencies. The kits can include compositions in the solid 
phase or in a liquid phase (such as buffers provided) in a 
package. The kits also can include buffers for preparing solu 
tions for conducting the methods, and pipettes for transferring 
liquids from one container to another. 
The kit may optionally also contain one or more other 

compounds for use in combination therapies as described 
herein. In certain embodiments, the package(s) is a container 
for intravenous administration. In still other embodiments, 
compositions are provided in a polymeric matrix or in the 
form of a liposome. 
The following examples are provided to further illustrate 

aspects of the invention. These examples are non-limiting and 
should not be construed as limiting any aspect of the inven 
tion. 

EXAMPLES 

PDLA Interferes with l-lactate Measurement 

(Methods and Results) 

Experiment #1 

Forty mg of d-lactic acid (Sigma-Aldrich, St. Louis, Mo.; 
catalog no. L0625) was polymerized in a microwave oven 
according to the method of Pandey and Aswath (J Biomaler 
Sci Polym Ed. 2009; 20(1):33-48). Brie?y, d-lactic acid was 
transferred to 2 ml Reacti-Vials (Pierce Chemical Co., Rock 
ford, Ill.) and the polymerization was carried out vented in a 
GE Spacemaker Model JVM 1650WH05 (Serial #900524B; 
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manufactured April 2006) with an RF output frequency of 
2450 MHZ in the absence of any added solvent or catalyst. 
Polymerization was carried out starting at Power 1 setting on 
the microwave and weighing at 30 second intervals. Power 
setting was increased stepwise until about Power 4 which 
resulted in a sample weight of 20 mg corresponding to 50% 
weight loss. Weight loss was from water during polymer 
esteri?cation and dehydration. During the course of the 
microwave process, d-lactic acid crystals undergo a state 
change from a solid to a liquid and then to a gel at the end of 
the process. Similar procedure was used to produce PLLA 
with l-lactic acid. 

The polymerization process may be monitored by taking 
samples during the course of the microwave treatment and 
analyzed by Fourier transform infrared (FT-IR) spectroscopy, 
proton nuclear magnetic resonance (1 H-NMR) spectroscopy 
and/ or gel-permeation chromatograph (GPC). The ?nal syn 
thesized PDLA or PLLA may be further puri?ed or isolated to 
obtain the desired molecular weight or number of lactic acid 
residues in the oligomer by gel-permeation chromatography, 
as described in Pandey andAswath (J Biomaler Sci Polym Ed. 
2009; 20(1):33-48). 

In normal saline, at a temperature of 37 degrees centi grade, 
a control solution of 1 ml of 1-lactic acid (50 mg/L) (Sigma) 
and separately 1 ml of an experimental solution of 1 ml of 50 
mg/L of l-lactic acid with 20 mg of PDLA were incubated for 
2 hours. Measurement of l-lactate with L-Lactate Accuvin 
Test strips (Accuvin LLC, Napa, Ca), using stereospeci?c 
lactate dehydrogenase and a tetrazolium color indicator, mea 
sured less l-lactate (interference) in the experimental sample 
as evidenced by colorimetric determination. Experimental 
sample vs, control measured 10 mg/ L vs, 50 mg/L of l-lactate. 
Other relevant tests using similar methodology and D-Lactate 
Accuvin Test strips are as follows: 
1. Interference when Polymer L-Lactate (PLLA) (100 mg) 
was added to a 1 ml solution of 800 mg/L d-lactic acid. 
2. No interference when 50 mg/L l-lactic acid solution was 
added to a 60 mg/L d-lactic acid solution. (Table 1.) 

TABLE 1 

Interference reactions of PDLA and l—lactate & PLLA and d—lactate in 
saline 

l—lactate d—lactate 
test strip test strip 

l—lactic acid (0.05 mg) 50 mg/L 
l—lactic acid (0.05 mg) + PDLA (20 mg) 10 mg/L 
d—lactic acid (0.8 mg) 800 mgL 
d—lactic (0.8 mg) acid + PLLA (100 mg) not detected 
d—lactic acid (0.05 mg) + l—lactic acid (0.06 mg) 50 mg/L 

Conclusion of experiment #1 : PDLA in normal saline solu 
tion decreases the measurement of l-lactate in normal saline 
solution and PLLA in normal saline solution decreases the 
measurement of d-lactate in normal saline solution. 

Experiment #2 

After approval from the director of the clinical laboratory 
and the chairman of the human studies committee of the 
Durham Veterans Affairs Medical Center and after vigorous 
exercise, 18 ml of blood was drawn from a human subject. 
The blood was collected in three vials each containing sodium 
?uoride/potassium oxalate. Tubes 1 and 3 were centrifuged at 
3400 rpm for 15 minutes and the serum was frozen. To tube 2 
was added and mixed 0.5 ml of a 1 ml normal saline solution 
containing a mixture of PDLA d-lactate oligomers with an 
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initial weight of 100 mg of d-lactic acid that had been micro 
wave polymerized with loss of 30 mg of water. Tube 2 was 
then centrifuged at 3400 rpm and the serum was frozen. Tubes 
1-3 containing serum were frozen at —5 degrees centigrade for 
12 hours and then defrosted in an incubator at 37 degrees 
centigrade for 3 hours prior to assay. The tubes were then 
placed on ice and processed in the laboratory. 

Serum was processed using the Siemens Dimension Vista 
System Flex reagent cartridge at the Durham Veterans Affairs 
Medical Center. Reference values of l-lactate are in the range 
of 0.4-2.0 mmol/L (Table 2.) 

TABLE 2 

PDLA decreases measurement of l—lactate in blood 

l—lactate 
Tube l—lactate conc. PDLA cone. with dilution 

1 9.1 mmol/L 0 9.1 mmol/L 
2 7.0 mmol/L 0.5 ml 7.58 mmol/L 
3 8.6 mmol/L 0 8.6 mmol/L 

Conclusion of experiment #2: PDLA of unknown molecu 
lar weight oligomers reduces the measurement of l-lactate in 
blood samples without addition of catalyst or heat. 
Proposed Reaction 

Z—lactate+PDLAIPDLA~Z—lactate complex+PDLA+Z— 
lactate 

Experiment #3 

To determine the ability of PDLA and PLLA to mediate 
cytotoxicity for malignant cells, freshly isolated human 
chronic lymphocytic leukemia (CLL) cells were cultured 
with the agents for 72 hours at 37° C. in 5% carbon dioxide/ 
95% air using SFMTM tissue culture medium (Invitrogen, 
Carlsbad, Calif.). The cells were cultured in triplicate with 
eight 2-fold dilutions of the agents (from 2.000 to 0.016 
mg/mL). Cytotoxicity was determined with an assay using 
the tetrazolium-based compound MTS (Promega, Madison, 
Wis.) (Levesque M C, et al. Leukemia. February 2003; 17(2): 
442-450). 

Conclusion of experiment #3: The studies demonstrated 
cytotoxicity for the CLL cells, with the mean effective dose 
for 50% cytotoxic effect of 1.30 mg/mL for PDLA (1.93 and 
0.66 mg/mL in patients A and B), and 2.14 mg/mL for PLLA 
(2.65 and 1.63 mg/mL in patients A and B). Thus, the PDLA 
was effective at a lower concentration than PLLA. 
Stereocomplex Model of PDLA and l-Lactate 
The beta helix strand formed by PDLA oligomers could 

template for l-lactate because the lactate anion is attracted to 
the carbonyl of the ester which carries a partial positive 
charge because of the inductive effects of the adjacent oxygen 
molecules. Hydrogen bonding could exist between the OH 
group of l-lactate and the ester oxygen of oligomers of PDLA. 
With these attractions, the methyl groups of PLDA and lactate 
are favorably oriented with minimal steric effects. This com 
plex which has been more speci?cally named a homo-stereo 
complex is probably distinct from the stereo PLDA~PLLA 
complex. The minimum size oligomer of PDLA that wouldbe 
needed to complex intracellular l-lactate may be less than 500 
Daltons. (FIG. 1) 
Discussion of Experimental Section 
The experimental section supports that PDLA oligomers 

form a stereocomplex with l-lactate. The reaction occurs 
spontaneously in both normal saline and plasma (delta G 
negative and Keqm-Zibn-Mm greater than 1). Separation of the 
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polymer to oligomers less than 500 Daltons (231, 308, 385 or 
462 corresponding to 3x, 4x, 5x, or 6>< d-lactate monomers 
respectively) may be the ideal weights for biologic applica 
tion assuming that rapid plasma hydrolysis does not occur in 
vivo and multiple binding sites exist for l-lactate to complex 
with PDLA oligomers. (Table 3.) 

TABLE 3 

PDLA oligomer weights and hydrogen bond acceptors and donors 

# of d—lactate Hydrogen Hydrogen 
monomers Molecular weight bond acceptors bond donors 

2 154 5 0-2 
3 231 7 0-2 
4 308 9 0-2 
5 385 11 0-2 
6 462 13 0-2 

Estimation of Three Compartment (Blood, Extracellular 
Tumor, Intracellular Tumor) PDLA Concentrations 

The size, charge and lipophilic properties of the PDLA 
oligomers will mostly determine the likelihood that it will be 
available in the extracellular space to complex l-lactate. 
Using control values of pHe:6.77 (extracellular pH) and 
pHp:7.4 (plasma pH), assuming no active transport, the ion 
distribution of PDLA with a pKa 3.86 would be approxi 
mately (Gerweck L E, et al. Mol Cancer T her. May 2006; 
5(5):1275-1279): 

pHp = 3.86 + log [PDLAP’]/[PDLAP] {capillary} 

3.54 = log [PDLAPq/[PDLAP] {capillary} 2.91 = log [PDLAE’]/[PDLAE] 
Antilog of equations 
3470 = [PDLAPq/[PDLAP] {capillary} 2042 = [PDLA?/[PDLAE] 
[PDLAP]~[PDLAE] (Assuming equilibrium across the capillary) 
[PDLqu/[PDLAg] = 3470/2042 = 1.70 

Thus the approximate plasma concentration of the anion 
oligomer would be 1.70>< that of the extracellular concentra 
tion. 

The size, charge and lipophilic properties of the oligomer 
will mostly determine the likelihood that it will be available in 
the cytosol to complex l-lactate. However, the acid milieu of 
the extracellular compartment surrounding the tumor will aid 
in intracellular ion trapping of PDLA. Using control values of 
pHe:6.77 (extracellular pH) and pH i:7. 17 (intracellular 
pH), assuming no active transport, the effects of intracellular 
ion trapping of PDLA with a pKa 3.86 would be approxi 
mately (Gerweck L E, et al, Mol Cancer T her. May 2006; 
5(5): 1275-1279): 

pHE = 3.86 + log [PDLAE’]/[PDLAE] {cell wall} le- = 3.86 + log 
[PDLAZT]/[PDLAl-] 
2.91 = log [PDLAE’]/[PDLAE] {cell wall} 3.31 = log [PDLAf]/[PDLA,-] 
Antilog of equations 
2042 = [PDLAE’]/[PDLAE] {cell wall} 813 = [PDLAf]/[PDLA,-] 
[PDLAE]~[PDLAl-] (Assuming equilibrium across the cell wall) 
[PDLA;]/[PDLA;] = 2041/813 = 2.51 

Thus the approximate intracellular concentration of the 
anion oligomer would be 2.51>< that of the extracellular con 
centration. The [PDLAP_]/[PDLAl-_]:0.68 (plasma concen 
tration to intracellular concentration). Lactate concentration 
in some aggressive cancers may range between 10-12.9 
micromoles/ gm (Walenta S, et al. Cancer Res. Feb. 15, 2000; 
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60(4):916-921; Brizel D M, et al. Int JRadial Oncol Biol 
Phys. Oct. 1, 2001; 51(2):349-353), 
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What is claimed is: 
1. A method for sequestering or trapping L-lactate in or 

near a tumor cell comprising contacting an isolated polymer 
of D-lactic acid (PDLA) or an equivalent, derivative or analog 
thereof with the tumor cell, 

wherein the isolated PDLA equivalent, derivative or analog 
comprises fewer than 12 monomers of D-lactic acid 
forming a beta helix strand comprising a carbonyl ester 
with a partial positive charge attracted to lactate anion, 
an ester oxygen formed hydrogen bond with OH group 
of L-lactate, and methyl groups oriented favorable rela 
tive to a methyl group of L-lactate, so that the isolated 
PDLA or an equivalent, derivative or analog binds L-lac 
tate in or near the cell, thereby sequestering or trapping 
L-lactate in or near the tumor cells. 

2. A method for inhibiting tumor cells by sequestering or 
trapping L-lactate in the tumor cell by the method of claim 1. 

3. The method of claim 1, wherein the PDLA or an equiva 
lent, derivative or analog thereof is conjugated to a molecule 
that is soluble in bodily ?uids or aqueous solutions. 
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4. The method of claim 3, wherein the soluble molecule is 
a dextran, polyethylene glycol, or dendrimer. 

5. A method for inhibiting cancer cells in a subject by 
sequestering or trapping L-lactate in the tumor cell by the 
method of claim 1. 

6. The method of claim 1, wherein the PDLA or an equiva 
lent, derivative or analog thereof is modi?ed to be resistant to 
esterases. 

7. The method of claim 1, wherein the PDLA or an equiva 
lent, derivative or analog thereof is conjugated with a thera 
peutic, detectable, or imaging agent. 

8. A method for treating a cancer associated with increased 
dependence on glycolysis for ATP production or increased 
dependence on cellular uptake of L-lactate as an energy 
source comprising administering to a subject an isolated 
PDLA or an equivalent, derivative or analog thereof under 
suf?cient conditions to sequester or trap L-lactate in or near 
tumor cells so as to inhibit tumor cells in the subject, wherein 
the isolated PDLA equivalent, derivative or analog comprises 
fewer than 12 monomers of D-lactic acid forming a beta helix 
strand comprising a carbonyl ester with a partial positive 
charge attracted to lactate anion, an ester oxygen formed 
hydrogen bond with OH group of L-lactate, and methyl 
groups oriented favorable relative to a methyl group of L-lac 
tate, thereby treating the subject having a cancer. 

9. The method of claim 8, wherein the cancer associated 
with increased dependence on glycolysis for ATP production 
or increased dependence on cellular uptake of L-lactate as an 
energy source is selected from the group consisting of col 
orectal cancer, osteosarcoma, non-small cell lung cancer, 
breast cancer, ovarian cancer and glial cancer. 

10. A method for sequestering or trapping L-lactate in or 
near a tumor cell comprising contacting a composition com 
prising isolated PDLA or an equivalent, derivative or analog 
thereof having fewer than 12 monomers of D-lactic acid, 
wherein the isolated PDLA or an equivalent, derivative or 
analog comprises a beta helix strand comprising a carbonyl 
ester with a partial positive charge attracted to lactate anion, 
an ester oxygen formed hydrogen bond with OH group of 
L-lactate, and methyl groups oriented favorable relative to a 
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methyl group of L-lactate with the tumor cell so that the 
PDLA or an equivalent, derivative or analog thereof of the 
composition binds L-lactate in or near the cell, thereby 
sequestering or trapping L-lactate in or near the tumor cells. 

11. A method for inhibiting tumor cells associated with 
increased dependence on glycolysis for ATP production or 
increased dependence on cellular uptake of L-lactate as an 
energy source by sequestering or trapping L-lactate in or near 
the tumor cell by the method of claim 10. 

12. The method of claim 10, wherein the PDLA or an 
equivalent, derivative or analog thereof is conjugated to a 
molecule that is soluble in bodily ?uids or aqueous solutions. 

13. A method for inhibiting cancer cells associated with 
increased dependence on glycolysis for ATP production or 
increased dependence on cellular uptake of L-lactate as an 
energy source in a subject by sequestering or trapping L-lac 
tate in or near the tumor cell by the method of claim 10. 

14. The method of claim 10, wherein the PDLA or an 
equivalent, derivative or analog thereof of the composition is 
modi?ed to be resistant to esterases. 

15. The method of claim 10, wherein the PDLA or an 
equivalent, derivative or analog thereof is conjugated with a 
therapeutic, detectable, or imaging agent. 

16. A method for treating a cancer associated with 
increased dependence on glycolysis for ATP production or 
increased dependence on cellular uptake of L-lactate as an 
energy source comprising administering to a subject a com 
position comprising isolated PDLA or an equivalent, deriva 
tive or analog thereof having fewer than 12 monomers of 
D-lactic acid, wherein the isolated PDLA equivalent, deriva 
tive or analog comprises a beta helix strand comprising a 
carbonyl ester with a partial positive charge attracted to lac 
tate anion, an ester oxygen formed hydrogen bond with OH 
group of L-lactate, and methyl groups oriented favorable 
relative to a methyl group of L-lactate under suf?cient con 
ditions to sequester or trap L-lactate in or near tumor cells so 
as to inhibit tumor cells in a subject thereby treating a subject 
having a cancer. 


