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(57) ABSTRACT 

The invention relates to novel compositions and to methods 
for the pulsed administration of compositions to a patient or 
to cells in vitro for the treatment of human blood disorders. 
Compositions contain chemical compounds that stimulate 
the expression of fetal hemoglobin and/or stimulate the 
proliferation of red blood cells, White blood cells and 
platelets in patients and eX vivo for reconstitution of hemato 
poiesis in vivo. These methods are useful to treat or prevent 
the symptoms associated With anemia, sickle cell disease, 
thalassemia, blood loss, and other blood disorders. The 
invention also relates to methods for the pulsed administra 
tion of compositions to patients for the treatment and 
prevention of cell proliferative disorders including de?cien 
cies such as cytopenia and malignancies and for expansion 
of cells for hematopoietic transplantation. Pulsed adminis 
tration has been shoWn to be more effective than continuous 
therapy in patients tested. 
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COMPOSITIONS AND ADMINISTRATION OF 
COMPOSITIONS FOR THE TREATMENT OF 

BLOOD DISORDERS 

RIGHTS IN THE INVENTION 

[0001] This invention Was made With support from the 
United States government under grant numbers HL37118 
and HL-15157, awarded by the National Heart, Lung and 
Blood Institute of the National Institutes of Health, and grant 
number 000831, aWarded by the United States Food and 
Drug Administration, and the United States government has 
certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to composition methods for 
the treatment and prevention of blood disorders such as 
anemia, neutropenia, thrombocytopenia, thalassemia and 
sickle cell disease using such compositions. The composi 
tions include Cl-C4 substituted and/or phenyl substituted 
carboylic acids such as dimethyl substitutions onto carboxy 
lic acids. The methods comprise the administration of com 
positions that stimulate the expression of a globin protein 
and, in particular, fetal hemoglobin, or the proliferation or 
development of hemoglobin expressing, myeloid cells or 
megakaryocytic cells. 

[0004] 2. Description of the Background 

[0005] The major function of red blood cells is to transport 
oxygen to tissues of the body. Minor functions include the 
transportation of nutrients, intercellular messages and 
cytoldnes, and the absorption of cellular metabolites. Ane 
mia, or a loss of red blood cells or red blood cell capacity, 
can be grossly de?ned as a reduction in the ability of blood 
to transport oxygen. Anemia can be measured by determin 
ing a patient’s red blood cell mass or hematocrit. Hematocrit 
values are indirect, but fairly accurate measures of the total 
hemoglobin concentration of a blood sample. Anemia, as 
measured by a reduced hematocrit, may be chronic or acute. 
Chronic anemia may be caused by extrinsic red blood cell 
abnormalities, intrinsic abnormalities or impaired produc 
tion of red blood cells. Extrinsic or extra-corpuscular abnor 
malities include antibody-mediated disorders such as trans 
fusion reactions and erythroblastosis, mechanical trauma to 
red cells such as micro-angiopathic hemolytic anemias, 
thrombotic thrombocytopenic purpura and disseminated 
intravascular coagulation. In addition, infections by para 
sites such as Plasmodium, chemical injuries from, for 
example, lead poisoning, and sequestration in the mono 
nuclear system such as by hypersplenism can result in red 
blood cell disorders and de?ciencies. 

[0006] Impaired red blood cell production can occur by 
disturbing the proliferation and differentiation of the stem 
cells or committed cells. Some of the more common diseases 
of red cell production include aplastic anemia, hypoplastic 
anemia, pure red cell aplasia and anemia associated With 
renal failure or endocrine disorders. Disturbances of the 
proliferation and differentiation of erythroblasts include 
defects in DNA synthesis such as impaired utiliZation of 
vitamin B12 or folic acid and the megaloblastic anemias, 
defects in heme or globin synthesis, and anemias of 
unknoWn origins such as sideroblastic anemia, anemia asso 
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ciated With chronic infections such as malaria, trypanoso 
miasis, HIV, hepatitis virus or other viruses, and myeloph 
thisic anemias caused by marroW de?ciencies. 

[0007] Intrinsic abnormalities include both hereditary and 
acquired disorders. Acquired disorders are those Which have 
been induced through, for example, a membrane defect such 
as paroxysmal nocturnal hemoglobinuria. Hereditary disor 
ders include disorders of membrane cytoskeleton such as 
spherocytosis and elliptocytosis, disorders of lipid synthesis 
such as an abnormally increased lecithin content of the 
cellular membrane, red cell enZyme de?ciencies such as 
de?ciencies of pyruvate kinase, hexokinase, glutathione 
synthetase and glucose-6-phosphate dehydrogenase. 
Although red blood cell disorders may be caused by certain 
drugs and immune system disorders, the majority are caused 
by genetic defects in the expression of hemoglobin. Disor 
ders of hemoglobin synthesis include de?ciencies of globin 
synthesis such as thalassemia syndromes and structural 
abnormalities of globin such as sickle cell syndromes and 
syndromes associated With unstable hemoglobins. 

[0008] Mammalian globin gene expression is highly regu 
lated during development. The basic structure of the 0t and 
[3 globin genes are similar as are the basic steps in synthesis 
of 0t and [3 globin. There are at least ?ve human 0t globin 
genes located on chromosome 16 including tWo adult 0t 

globin genes of 141 amino acids that encode identical 
polypeptides Which differ only in their 3‘-untranslated 
regions, one embryonic 0t gene, Zeta (Q), and at least tWo 
pseudo-alpha genes, psi Zeta and omega alpha (000.). 
The human [3 globin gene cluster includes one embryonic 
gene, epsilon (6), two adult beta globin genes, beta and 
delta (6), tWo fetal beta globin genes G-gamma (G-y) and 
A-gamma (A-y), Which differ by only one amino acid, and 
at least one pseudo-beta gene, psi beta All are 
expressed from a single 43 kilobase segment of human 
chromosome 11 F. Fritsch et al., Nature 279:598-603, 

1979). 
[0009] Hemoglobin A comprises four protein chains, tWo 
alpha chains and tWo beta chains (a2[32), interWoven 
together, each With its oWn molecule of iron and With a 
combined molecular Weight of about 68 kD. The hemoglo 
bin macromolecule is normally glycosylated and upon 
absorbing oxygen from the lungs transforms into oxyhemo 
globin (HbOZ). There are at least six distinct forms of 
hemoglobin, each expressed at various times during devel 
opment. Hemoglobin in the embryo is found in at least three 
forms, Hb-GoWer 1 (@262), Hb-GoWer 2 ((XZYZ), and Hb 
Portand (Q23). Hemoglobin in the fetus comprises nearly 
totally HbF ((XZYZ), Whereas hemoglobin in the adult con 
tains about 96% HbA (a2[32), about 3% HbA2 (a2 62) and 
about 1% fetal HbF (a2 Y2). The embryonic sWitch of globin 
expression from Q to 0t and from e to y begins in the yolk sac. 
HoWever, chains of embryonic Q and e have been found in 
the fetal liver and complete transition to the fetal form does 
not occur until late in fetal development. The fetal sWitch 
from y to [3 begins later in erythropoeisis With the amount of 
y globin produced increasing throughout gestation. At birth, 
[3 globin accounts for about 40% of non-0t globin chain 
synthesis and thereafter continues to rapidly increase. Nei 
ther the sWitch from embryonic to fetal or fetal to adult 
appears to be controlled through cell surface or knoWn 
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cytokine interactions. Control seems to reside in a develop 
mental clock With the switch occurring at times determined 
only by the stage of fetal development. 

[0010] Defects or mutations in globin chain expression are 
common. Some of these genetic mutations pose no adverse 
or only minor consequences to the person, hoWever, most 
mutations prevent the formation of an intact or normal 
hemoglobin molecule through a functional or structural 
inability to effectively bind iron, an inability of the chains or 
chain pairs to effectively or properly interact, an inability of 
the molecule to absorb or release oxygen, a failure to express 
sufficient quantities of one or more globin chains or a 
combination of these malfunctions. For example, substitu 
tions of valine for glutamic acid at the sixth position of the 
[3 chain produces HbS and Was found to occur in about 30% 
of black Americans. In the HbS heteroZygote, only about 
40% of total hemoglobin is HbS With the remainder being 
the more normal HbA. 

[0011] Upon deoxygenation, HbS molecules undergo 
aggregation and polymeriZation ultimately leading to a 
morphological distortion of the red cells Which acquire a 
sickle or holly-leaf shape. Sickling has tWo major conse 
quences, a chronic hemolytic anemia and an occlusion of 
small blood vessels that results in ischemic damage to 
tissues. Further, When exposed to loW oxygen tensions, 
polymeriZation converts HbS hemoglobin from a free-?oW 
ing liquid to a viscous gel. Consequently, the degree of 
pathology associated With sickle cell anemia can be corre 
lated With the relative amount of HbS in the patient’s 
system. 

[0012] Individuals With severe sickle cell anemia develop 
no symptoms until about ?ve to six months after birth. In 
these infants it Was determined that fetal hemoglobin did not 
interact With HbS and, as long as suf?cient quantities Were 
present, could modulate the effects of HbS disease. This 
modulating effect of [3 globin is also observed With other [3 
globin disorders, such as HbC and HbD, and other mutations 
of the [3 chain. HbS polymeriZation is also signi?cantly 
affected by the hemoglobin concentration of the cell. The 
higher the HbS concentration, the greater the chances for 
contact betWeen tWo or more HbS molecules. Dehydration 
increases hemoglobin concentration and greatly facilitates 
sickling. 

[0013] To some extent, sickling is a reversible phenom 
enon. With increased oxygen tensions, sickled cells depo 
lymeriZe. This process of polymeriZation-depolymeriZation 
is very damaging to red cell membranes and eventually leads 
to irreversibly sickled cells (ISC) Which retain their abnor 
mal shape even When fully oxygenated. The average ISC 
survives for about 20 days in the body, as compared to the 
normal 120 day life span. Individuals With HbS syndromes 
have, frequent infections, chronic hemolysis With a striking 
reticulocytosis and hyperbilirubinemia. The course of the 
disease is typically punctuated With a variety of painful 
crises called vaso-occlusive crises. These crises represent 
episodes of hypoxic injury and infarction in the organs, 
abdomen, chest, extremities or joints. Leg ulcers are an 
additional manifestation of the vaso-occlusive tendency of 
this disease. Central nervous system involvement is com 
mon producing seiZures and even strokes. Aplastic crises, 
also common, represent a temporary cessation of bone 
marroW activity and may be triggered by infections, folic 
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acid de?ciency or both. Crises are episodic and reversible, 
but may be fatal. Damage from crisis episodes tends to be 
cumulative and even in those individuals With milder forms 
of sickle cell disorders, life-spans can be greatly reduced. 
Absent alternative intervention, patients typically die before 
the age of 30. 

[0014] The thalassemia syndromes are a heterogeneous 
group of disorders all characteriZed by a lack of or a 
decreased synthesis of the globin chains of HbA. De?cien 
cies of [3-globin expression are referred to as [3-thalassemias 
and de?ciencies of ot-globin, ot-thalassemias. The hemolytic 
consequences of de?cient globin chain synthesis result from 
decreased synthesis of one chain and also an excess of the 
complementary chain. Free chains tend to aggregate into 
insoluble inclusions Within erythrocytes causing premature 
destruction of maturing erythrocytes and their precursors, 
ineffective erythropoiesis, and the hemolysis of mature red 
blood cells. The underlying defects of hemoglobin synthesis 
have been elucidated over the years and largely reside in the 
nucleic acid sequences Which express or control the expres 
sion of 0t or [3 globin protein. 

[0015] Surprisingly, ot-thalassemias tend to be less severe 
than [3 thalassemias. HomoZygous pairs of [3 chains are 
believed to be more soluble than those derived from 
unpaired a chains. Consequently, the effects associated With 
free or improperly paired globin chains, Which correlate With 
at least half of the clinical pathology associated With thalas 
semia, are minimiZed. 

[0016] Hemoglobin H disease, a more severe form of a 
thalassemia, is a deletion of three of the four 0t globin genes. 
It is rarely found in those of African origin, but mostly in 
Asians. With only a single 0t gene, 0t chain expression is 
markedly depressed and there is an excess of [3 chains 
forming tetramers called HbH hemoglobin. HbH is unable to 
Withstand oxidative stress and precipitates With vessels or is 
removed by the spleen. The most severe form of a thalas 
semia is hydrops fetalis and results from a deletion of all 0t 
globin genes. In the fetus, tetramers of y globin develop (Hb 
Barts) that have an extremely high oxygen lafty and are 
unable to release oxygen to the tissues. Severe tissue anoxia 
results and leads to intrauterine fetal death. 

[0017] Fetal [3-type globin, or y globin, is expressed in the 
earliest stages of mammalian development and persists until 
about 32 to 34 Weeks of gestation. At this stage, the adult 
forms of [3 globin begin to be expressed and substitute for 
the fetal proteins. Studies correlating clinical hematological 
results With the locations of various mutations that corre 
spond to sWitching indicate that a region located upstream of 
the 5‘-end of the 3-gene may be involved in the cis suppres 
sion of y-gene expression in adults F. Fritsch et al., 
Nature 279:598-603, 1979). The reason for this sWitch from 
fetal to adult protein is unknoWn and does not appear to 
provide any signi?cant bene?t to the adult. 

[0018] Each [3 globin gene comprises three exons Which 
encode about 146 amino acids, tWo introns and a 5‘-untrans 
lated region containing the promoter sequences. Biosynthe 
sis of [3 globin begins With transcription of the entire gene 
folloWed With RNA processing of the message, removal of 
the introns by splicing, poly A addition, capping and post 
transcriptional modi?cations. The mature mRNA molecule 
is exported from the nucleus and translated into [3 globin. 
Defects in each of these functions have been found associ 
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ated With speci?c thalassemias. Identi?ed mutations include 
single-nucleotide deletions, insertions and substitutions, 
frame shift mutations, deletions of entire segments of coding 
or controlling regions, improper termination signals, aber 
rant splicing signals, and multiple mutations. [3°-thalas 
semias are characteriZed by a complete absence of any [3 
globin chains. [3+-thalassemias are characteriZed by a detect 
able presence of a reduced amount of [3 chains. 

[0019] There are three principal categories of [3-thalas 
semia, thalassemia major, thalassemia intermedia and 
thalassemia minor. Patients With thalassemia minor may be 
totally asymptomatic and are genotypically [3+/[3 or [3°/[3. 
Although red cell abnormalities can be detected, symptoms 
are mild. Thalassemia intermedia patients are most often 

genotypically [3+/[3+or [3°/[3 and present severe symptoms 
Which can be alleviated With infrequent blood transfusions. 
In contrast, thalassemia major patients are genotypically 
[3°/[3°, [3°/[3+or [3+/[3+, and require regular and frequent 
transfusions. Children suffer from severe groWth retardation 
and die at an early age from the profound effects of anemia. 
Those that survive longer suffer from morphological 
changes. The face becomes distorted due to expansion of 
marroW Within the bones of the skull, hepatosplenomegaly 
ensues, there is a delayed development of the endocrine 
organs including the sexual organs, and a progressive iron 
overload With secondary hemochromatosis. 

[0020] There are tWo direct consequences of [3-thalas 
semia. First, there is an inadequate formation of HbA and, 
therefore, an impaired ability to transport oxygen. There are 
also multiple effects attributable to an imbalance betWeen a 
and [3 chain synthesis. Surprisingly, the pathological conse 
quences of globin chain imbalance appears to be the more 
severe. Free 0t chains form unstable aggregates that precipi 
tate Within red cell precursors in the form of insoluble 
inclusions. These inclusions damage cellular membranes 
resulting in a loss of potassium. The cumulative effect of 
these inclusions on the red blood cells is an ineffective 
eropoiesis. An estimated 70% to 85% of normoblasts in the 
marroW are eventually destroyed. Those that do escape 
immediate destruction are at increased risk of elimination by 
the spleen Where macrophages remove abnormal cells. Fur 
ther, hemolysis triggers an increased expression of erythro 
poietin Which expands populations of erythroid precursors 
Within bone marroW and leads to skeletal abnormalities. 
Another severe complication of [3 thalassemia is that patients 
tend to have an increased ability to absorb dietary iron. As 
most treatments for thalassemia involve multiple transfu 
sions of red blood cells, patients often have a severe state of 
iron overload damaging all of the organs and particularly the 
liver. To reduce the amount of iron in their systems, iron 
chelators are typically administered. Although helpful, 
patients succumb at an average of betWeen about 17 to 35 
years of age to the cumulative effects of the disease and iron 
overload. 

[0021] Genotypic variation in healthy individuals have 
been identi?ed Wherein adult [3 globin is not formed, but 
severe complications are avoided. These patients constitu 
itively express fetal or y globin protein in amounts suf?cient 
to substitute for the missing [3 globin protein. This hereditary 
persistence of fetal hemoglobin (HPFH) may involve one or 
both of the fetal [3-globin genes, A-y and G-y. Apparently, 
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consistent production of either y-globin protein accom 
plishes the necessary functions, at least in the short term, of 
the abnormal or missing [3-globin protein (R. Bernards et al., 
Nuc. Acids Res. 811521-34, 1980). 

[0022] A variety of small molecules have been shoWn to 
effect hemoglobin or fetal globin expression. Early experi 
ments demonstrated that acetate (CH3COOH), propionate 
(CH3CH2COOH), butyrate (CH3CH2CH2COOH) and 
isobutyrate (CH3CH(CH3)COOH) all induced hemoglobin 
synthesis in cultured Friend leukemia cells Takahashi et 
al., Gann 661577-80, 1977). Additional studies shoWed that 
polar compounds, such as acid amides, and fatty acids could 
stimulate the expression of both fetal and adult globin genes 
in murine erythroleukemia cells (U. Nudel et al., Proc. Natl. 
Acad. Sci. USA 7411100-4, 1977). Hydroxrurea 
(HZNCONHOH), another relatively small molecule, Was 
found to stimulate globin expression (N. L. Letvin et al., N. 
Engl. J. Med. 3101869-73, 1984). Stimulation, hoWever, did 
not appear to be very speci?c to fetal globin (S. Charache et 
al., Blood 691109-16, 1987). Hydroxyurea is also a Well 
knoWn carcinogen making its Widespread and long term use 
as a pharmaceutical impractical. 

[0023] Expression from the y-globin genes has been suc 
cessfully manipulated in vivo and in vitro using agents such 
as cytosine arabinoside (AraC), a cytotoxic agent that 
induces fetal reticulocyte production (P. Constantoulakis et 
al., Blood 7411963-71, 1989), and S-aZacytidine (AZA), a 
Well-knoWn DNA methylase inhibitor (T. J. Ley et al., N. 
Engl. J. Med. 30711469-75, 1982). Continuous intravenous 
administration of AZA produced a ?ve- to seven-fold 
increase in y globin mRNA of bone marroW cells (T. J. Ley 
et al., Blood 621370-380, 1983). Additional studies have 
shoWn that there are signi?cant alterations in the population 
of stem cells in the bone marroW after AZA treatment (A. T. 
Torrealba-De Ron et al., Blood 631201-10, 1984). These 
experiments indicate that AZA’s effects may be more attrib 
utable to reprogramming and recruitment of erythroid pro 
genitor cells than to any direct effects on speci?c gene 
expression. Many of these agents including AZA, AraC and 
hydroxyurea are myelotoxdc, carcinogenic or teratogenic 
making long-term use impractical. 

[0024] One of the major breakthroughs in the treatment of 
hemoglobinopathies Was made When it Was discovered that 
butyric acid (butanoic acid; CH3CH2CH2COOH) accurately 
and speci?cally stimulated transcription of the human fetal 
(y) globin gene (G. A. Partington et al., EMBO J. 312787-92, 
1984). These ?ndings Were quickly con?rmed in vivo 
Wherein it Was shoWn that pharmacological doses of butyric 
acid greatly increased expression of fetal globin in adult 
chickens rendered anemic by injections With phenylhydra 
Zine (G. D. Ginder et al., Proc. Natl. Acad. Sci. USA 
8113954-58, 1984). Selective transcriptional activation Was 
again thought to be due to hypo-methylation of the embry 
onic gene (L. J. Burns et al., Blood 7211536-42, 1988). 
Others speculated that histone acetylation, a knoWn effect of 
butric acid, may be at least partly responsible for increased 
fetal gene expression (L. J. Burns et al., EMBO J. 312787, 
1984). 
[0025] Over 50 derivatives of butyric acid have since been 
found to be effective in stimulating fetal globin production 
(S. P. Perrine et al., Biochem. Biophys. Res. Commun. 
1481694-700, 1987). Some of these include butric acid salts 
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such as sodium and arginine butyrate, ot-amino-n-butync 
acid (butyramide; CH3CH2CH2CONH2), and isobutyramide 
(CH3CH(CH3)C0NH2). Although promising in pilot clinical 
studies, treated patients Were unable to maintain adequate 
levels of fetal globin in their system. It Was later determined 
that many of these forms of butyric acid had extremely 
short-half lives. Oxidation in the serum, clearance by hepa 
tocytes and ?ltration through the kidneys rapidly eliminated 
these agents from the patient’s system. With others, patients 
rapidly developed tolerance or metabolites of compounds 
had the opposite desired effect. 

[0026] A number of aliphatic carboxylic acids have been 
tested for their ability to speci?cally increase fetal globin 
expression in K562 human erythroleukernia cells (S. Safaya 
et al., Blood 84:3929-35, 1994). Although longer chains 
Were considered toxic to cells, propionate (CH3CH2COOH) 
and valerate (pentatonic acid; CH3CH2CH2CH2COOH) 
Were found to be most effective. Butyrate 

(CH3(CH2)2COOH), caproate (CH3(CH2)4COOH), capry 
late (CH3(CH2)6COOH), nonanoate (CH3(CH2)7COOH), 
and caprate (CH3(CH2)8COOH) produced much less of an 
effect. Phenyl acetate (C6H5CH2COOH) and its precursor, 
4-phenyl butyrate (CGHSCHZCHZCHZCOOH), Were found 
to decrease fetal globin expressing reticulocyte proliferation, 
but increase relative proportions of fetal globin per cell in 
cultured erythroid progenitor cells Fibach et al., Blood 
82:2203-9, 1993). Acetate (CH3COOH), a metabolic prod 
uct of butyrate catabolism, increased both erythrocyte pre 
cursor populations and also fetal globin synthesis. HoWever, 
these studies also demonstrated that positive effects could 
only be maintained for very short periods of time (B. Pace 
et al., Blood 84:3198-204, 1994). 

[0027] Other agents shoWn to affect fetal globin expres 
sion include activin and inhibin. Inhibin, a disul?de linked 
hormone of tWo subunits, suppresses secretion of follicle 
stimulating hormone from the pituitary gland. Activin, 
sometimes referred to as erythroid differentiating factor 
(EDF) or follicle-stimulating hormone releasing protein 
(FRP), is also a hormone and both of these macromolecules 
induced hemoglobin accumulation in cultured human eryth 
rocytes (S. P. Perrine et al., Blood 74:114a, 1989). Recently, 
studies have shoWn that steel factor, a product of the mouse 
steel locus (D. M. Anderson et al., Cell 63:235-43, 1990), is 
also capable of in?uencing fetal globin synthesis in eryth 
roid progenitors (B. A. Miller et al., Blood 79:1861-68, 
1992). 
[0028] Other methods to increase fetal globin expression 
have focused on recruitment and reprogramming of eryth 
roid progenitor cells to increase total globin expression. For 
example, the hematopoietic groWth factor erythropoietin 
(EPO) Was found to be a potent, although not a fetal-speci?c, 
reticulocyte stimulator (Al-Khatti et al., Trans. Assoc. Am. 
Physicians 101:54, 1988; G. P. Rodgers et al., N. Engl. J. 
Med. 328:73-80, 1993). In one experiment, animals Were 
treated With EPO folloWing a speci?c course of therapy 
(US. Pat. No. 4,965,251). According to this experiment, a 
high dose of eiythropoietin Was administered in a ?rst time 
period folloWed by a second time period Wherein erythro 
poietin Was Withheld. FolloWing this regimen of treatment, 
typical for a cytokine, F-reticulocyte obtained from tWo 
chronically -anemic baboons increased from 6-8% and 20% 
pre-treatment to 23% and 50% post-treatment, respectively. 
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[0029] These methods Were someWhat advantageous to 
arti?cially phlebotomiZed baboons, but could be counter 
productive to patients With a hemoglobinopathy. Thalas 
semic patients express high levels of EPO, supplemental 
treatments With EPO and do not improve the globin chain 
imbalance, but result in more thalassemic cells. Sickle cell 
patients and other patients With unstimulated levels Would 
also not bene?t from supplemental EPO treatments because 
absolute amounts of both ot-globin and non ot-globin Would 
increase. Treatments With EPO can increase the frequency 
and number of sickle cell crises due to increasing the blood 
viscosity With more Hbs, both of Which are to be avoided in 
such patients. 

[0030] Other hematopoietic groWth factors, such as granu 
locyte/macrophage-colony stimulating factor (GM-CSF) 
and interleukin 3 (IL-3), Were also tested in vivo or in vitro 
for the ability to stimulate F-reticulocytes (M. Giabbianell et 
al., Blood 74:2657, 1989; A. R. Migliaccio et al., Blood 
76:1150, 1990). Both of these factors Were found to non 
speci?cally increase fetal-globin synthesis in tissue culture 
cells. 

SUMMARY OF THE INVENTION 

[0031] The invention provides novel compositions and 
methods for the treatment and prevention of blood disorders. 

[0032] We have found that certain compositions provide 
improved advantages such as prolonged induction of groWth 
related genes, e.g., C-myb and C-myc gene, unexpectedly 
better cell proliferation, enhanced stability, and have a 
sparing or abrogating effect for groWth factor requirements 
such as IL-3 or EPO. 

[0033] The compositions include C1-C4 alkyl and/or phe 
nyl substitution on carboxylic acids such as ot-methylhydro 
cinnamic acid, 3,4 dimethoxycinnamic acid, 2-methylhydro 
cinnamic acid, 2- and 3-methoxycinnamic acid, 3,4 
dimethoxyphenylacetic acid, 3-3,4 dimethoxyphenylpropi 
onic acid, 2,5 dimethoxyphenylacetic acid, 2,2 dimethylbu 
tyric acid, 2,2 dimethylpropionic acid, 2,2 dimethylphe 
noxyacetic acid, 2,2 dimethymethoxyacetic acid, and 2,2 
dimethylphenylpropionic acid. The alkyl group can be sub 
stituted or non-substituted. Substituents include hydroxy, 
halogens phenyl, thiol, mercapto, and methylthiol, Dimethyl 
substitutions onto the carboxylic acids are preferred. Phar 
maceutically acceptable salts of these compositions are also 
included herein. 

[0034] The compositions can be administered by any of a 
range of methods. Preferred methods include as oral com 
positions or by pulse administration. 

[0035] One embodiment of the invention is directed to 
methods for the treatment of blood disorders and other 
maladies such as neoplasia by administering compositions to 
a patient in pulses. Pulse therapy according to the methods 
of the invention is much more effective than continuous 
therapy. The effective dose as Well as the total amount of 
composition needed by the patient to be therapeutically 
effective is decreased as compared to amounts required for 
similar effect With continuous therapy. Further, as most 
chemical compositions are non-toxic at all effective doses, 
pulsed administration can be continued for very long periods 
With no adverse effects to the patient. 
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[0036] Another embodiment of the invention is directed to 
methods for the stimulation of cell proliferation by the 
administration of erythropoietin or other cell stimulatory 
agent to a patient and the administration of a chemical 
composition of the invention in pulses. Such a treatment 
regimen prepares bone marroW cells for stimulation and 
increases overall hemoglobin expression and production in 
the body. 

[0037] These compositions can be used, either With or 
Without pulsing, for the treatment of not only blood disor 
ders, but for other disorders such as neoplasia. 

[0038] Other objects and advantages of the invention are 
set forth in part in the description Which folloWs, and in part, 
Will be obvious from this description, or may be learned 
from the practice of the invention. 

DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 shoWs primer extension analysis of globin 
mRNA demonstrates a 24-26 fold increase in y-globin 
mRNA Was induced over constitutive levels in untreated 
control K562 cells by Arg (arginine butyrate), PAA (ST 1; 
phenoxyacetic acid), ST 7 (AMHCA; ot-methylhydrocin 
namic acid), ST 20 (DMB or DMBA; 2,2 dimethylbutyric 
acid), ST 32 (2-methoxycinnamic acid), ST 33 (2 methyl 
hydrocinnamic acid), ST 34 (cis-2-methoxycinnamic acid), 
ST 37 (3,4 dimethoxy phenyl acetic acid), ST 38 (3-3,4 
dimethoxy phenyl propionic acid), ST 40 (2,5 {dimethoxy 
phenyl} acetic acid), ST 44 (3,5 dimethoxy 4-hydroxy 
cinnamic acid), ST 47 (transcinnamic acid). Butyric acid 
produced a 2-fold increase in y-globin expression compared 
to untreated control cells. Fold increase over control levels 
is shoWn. 

[0040] FIGS. 2A and 2B shoW comparisons on cell pro 
liferation. FIG. 2A shoWs comparison of the proliferation of 
32D cells in the presence of optimal IL-3 (25 U/ml), loW 
IL-3 (0.5 U/ml; 50 fold depletion) and in the absence of 
IL-3, Which results in uniform cell death by apoptosis. 

[0041] FIG. 2B shoWs comparison of proliferative rates of 
multi-lineage IL-3 dependent cells in the presence of a loW 
concentration of IL3 alone and With the addition of eryth 
ropoietin (EPO) at 3 U/ml. G-CSF (granulocyte-colony 
stimulating factor) at 100 U/ml, and 1.0 mM concentrations 
of PAA, AMHCA, DMB PMBA), butyric acid, DMHAA 
(dimethylhydroxyacetic acid). WithdraWal of IL-3 com 
pletely and addition of butyrate to the loW concentration (0.5 
U/ml) of IL-3 resulted in decreased cell proliferation and 
cell death. Addition of test compounds resulted in continued 
cell proliferation at rates similar to those induced by EPO 
and G-CSF. 

[0042] FIG. 3 shoWs induction of reticulocytes in C57 
mice treated With AMHCA (ST 7 or ST 007) for 7 days. 
Increases of 2.5 and 6 fold over baseline reticulocytes Was 
observed (shoWs a 3 and 6 fold increase in RBC production). 
The treatment period is shoWn by the horiZontal bar above 
the graph. A similar increase Was not observed in controls 
Which Were similarly handled and treated With saline and 
bled (phlebotomiZed) the same amount for 21 days. Controls 
had no signi?cant increase in redculocyte counts. 

[0043] FIG. 4 shoWs pharmacokinetics after oral admin 
istration of single doses of PAA, DMBA (in humans) and 
AMHCA (in monkeys) in primates. Plasma levels persisted 
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in the millimolar range far above concentrations Which are 
necessary for hematologic effects in vitro (shoWn by arroW) 
for greater than 6 hours folloWing oral doses of 40-500 
mg/kg body Weight. This demonstrates that these com 
pounds are useful in vivo and are resistant to rapid metabo 
lism. 

[0044] F IG. 5 shoWs the rate of increase in c-myb and 
c-myc expression in 32D cells compared to control cells 
cultured With loW IL-3 treated With G-CSF (positive con 

trol), EPO (positive control), ST 7 or 7 (AMHCA), ST 14 or 
14 (DMHCA; 2, 2 dimethylhydrocinnamic acid), ST 20 or 
20 (DMBA), PAA, ST 30 or 30 (BMHCA or [3-aminohy 
drocinnamic acid), DL-[3ABA (DL-[3 amino butyric acid), 
ST 24 or 24 (DMPA; 2,2 dimethyl propionic acid), and ST 
27 or 27 (DMMAA or 2, 2 dimethyl methoxy acetic acid). 
White bars represent fold increases at day 1 and black bars 
fold increases at day 7. Baseline (or the 0 level) represents 
0.5 U/ml IL-3. The myb gene has been shoWn to be an 
important regulator of hematopoietic cell proliferation, dif 
ferentiation and apoptosis. 

[0045] FIG. 6 shoWs the rate of increase or decrease in 
histone and actin expression (as negative control) in 32D 
cells treated With G-CSF, EPO, ST 7, 14, 20, PAA, 30, 
DL-[3ABA, 24 and 27. No signi?cant change in the expres 
sion of these genes Was observed With exposure to the test 
compounds. This demonstrates that the increase in c-myb 
and c-myc expression is speci?c. 

[0046] FIG. 7 shoWs the rate of proliferation of 32D cells 
With loW IL-3 (0.5 U/ml) after treatment With AMHCA (ST 
007) (to increase c-myc and c-myb expression) as compared 
to treatment With butyrate. Cells die and are do not prolif 
erate in the presence of butyrate Whereas proliferation 
increases 5 fold over 4 days in the presence of ST 007 (i. e. 
increased c-myc and c-myb expression translates into 
increased cellular proliferation). 

[0047] FIG. 8 shoWs hematologic effects of ST 007 in a 
Baboon (RBC proliferation translates from in vitro data to in 
vivo data). 

[0048] FIG. 9 shoWs effects of ST 7 on hemoglobin and 
platelets (i. e. ST 7 acts on multiple cell lineages). 

[0049] FIG. 10 shoWs hoW compounds act on very primi 
tive and multipotential stem cells as shoWn in this chart. 

[0050] FIG. 11 shoWs Northern Blots for the groWth 
related genes. 

[0051] FIG. 12 shoWs the increase in reticulocytes vs. 
days of treatment in mice With phenylacetic acid. 

[0052] FIG. 13 shoWs White blood cell stimulation in a 
baboon by a methylhydrocinnamic acid (AMHCA). 

DESCRIPTION OF THE INVENTION 

[0053] As embodied and broadly described herein, the 
present invention is directed to compositions and methods 
for the administration of pharmaceutical compositions use 
ful for the treatment and prevention of disorders including 
cell proliferative disorders such as malignancies and cytope 
nias, and blood disorders such as an anemia, sickle cell 
syndrome and thalassemia. 
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[0054] We have found that a number of compositions 
provide excellent results in treating many of these disorders. 
The compounds include ot-methylhydrocinnamic acid (trans 
and cis); 2-methylhydrocinnamic acid (trans and cis); 2- and 
3-methoxycinnamic acid (trans and cis); 4-chlorophenoxy 
-2-propionic acid; 3,4 dimethoxycinnamic acid; 3,4 
dimethoxyphenyl acetic acid; 3-3,4 dimethoxy phenyl pro 
pionic acid; 2-(4‘-methoxyphenoxy)propionic acid; 2,5 
dimethoxyphenyl acetic acid; hydrocinnamic acid; 3-phe 
nylpropionic acid; 2,2 dihydrocinnamic acid; 2,methylbu 
tyric acid, 2,2 dimethylbutyric acid; 2,2 dimethylpropionic 
acid; 2,2 dimethylphenoxy acetic acid; 2,2 dimethylmethoxy 
acetic acid; 2,2 dimethylphenyl propionic acid; ot-methyl 
lactate methyl ether; benZoyl formic acid; D,L ot-amino 
butyric acid; D,L 0-amino butyric acid; [3-aminohydrocin 
namic acid; ot-methyl lactic acid; and dimethyl hydroxyace 
tic acid. 

[0055] A preferred group of compositions include C1-C4 
substituted and/or phenyl-substitutions on carboxylic acids. 
Preferably it is a C1-C4 alkyl substitution. The alkyl or 
phenyl moiety can be substituted or non-substituted. Pre 
ferred substituents include hydroxy, halogens, phenyl, thiol, 
mercapto and methyl thiol. 

[0056] Preferred carboxylic acids include cinnamic acids 
(such as hydrocinnamic acid), acetic acids and propionic 
acids. 

[0057] The C1-C4 alkyl is preferably methyl. Preferably, it 
is a dimethyl substitution. 

[0058] Preferred compounds include C1-C4 substituted 
phenoxyacetic acid, CJL-C4 substituted cinnamic acid, CJL-C4 
phenoxy acetic acid, C1-C4 substituted propionic acid and 
C1-C4 substituted butyric add. More preferred compounds 
include C1-C4 alkyl and/or phenyl substitution on carboxylic 
adds such as ot-methylhydrocinnamic acid, 3,4 dimethoxy 
cinnamic acid, 2-methylhydrocinnamic acid, 2- and 3-meth 
oxycinnamic acid, 3,4 dimethoxyphenylacetic acid, 3-3,4 
dimethoxyphenylpropionic acid, 2,5 dimethoxyphenylacetic 
acid, 2,2 dimethylbutyric acid, 2,2 dimethylpropionic acid, 
2,2 dimethylphenoxyacetic acid, 2,2 dimethymethoxyacetic 
acid, and 2,2 dimethylphenylpropionic acid. The alkyl group 
can be substituted or non-substituted. Substituents include 
hydroxy, halogens phenyl, thiol, mercapto, and methylthiol, 
Dimethyl substitutions onto the carboxylic acids are pre 
ferred. Pharmaceutically acceptable salts of these composi 
tions are also included herein. 

[0059] These compounds can be administered by knoWn 
techniques such as orally, intraperitoneally, etc. 

[0060] Preferably, the compounds are manufactured in 
such means that they can be administered orally. 

[0061] In another embodiment, the compounds are admin 
istered intravenously. 

[0062] 
therapy. 

[0063] It has been discovered that a variety of chemicals 
useful for the treatment of blood and other disorders are 
more effective When administered to a patient in pulses. 
Pulse therapy is not a form of discontinuous administration 
of the same amount of a composition over time, but com 
prises administration of the same dose of the composition at 
a reduced frequency or administration of reduced doses. 

In a preferred method they are delivered by pulse 
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[0064] One embodiment of the invention is directed to 
compositions With a mechanism of action involving regu 
lation of histone deacetylase by a chemical compound such 
as glycerol, acetic acid, butric acid, and an amino-n-butric 
acid (such as d- or l-amino-n-butyric acid, ot- or [3-amino 
n-butyric acid). Some butyric acid compounds, such as 
arginine butyrate or isobutamide may also be useful. See 
also, US. Pat. Nos. 4,822,821 and 5,025,029. Thus, one can 
regulate histone deacetylase to enhance globin production 
by administering an effective amount of a compound 
selected from the group consisting of glycerol, acetic acid, 
butyric acid, and amino-n-butyric acid, in a pharmaceuti 
cally acceptable carrier or diluent. Preferably, the compound 
is an amino-n-butric acid. 

[0065] According to these methods, blood and other dis 
orders can be effectively treated and Without unnecessary 
adverse side effects to the patient. Although most composi 
tions are generally safe and non-toxic at therapeutic doses, 
pulsed administration further reduces risks associated With, 
for example, toxicity, allergic reactions, the build-up of toxic 
metabolites and inconveniences associated With conven 
tional treatment. In addition, chemical compositions, being 
useful at a reduced dose and frequency, have a substantially 
reduced risk of induced tolerance. Drugs are not inactivated 
by cellular enZymes or cleared from cells and organs prior 
to having the desired effect. Further, long-term therapy, 
typically required for the amelioration of many blood dis 
orders, becomes possible. Consequently, doses necessary for 
maintaining a constant effect for the patient are steady and 
material costs and inconveniences associated With adminis 
tration are substantially reduced. 

[0066] One embodiment of the invention is directed to the 
pulsed administration of pharmaceutical compositions for 
the treatment or prevention of a blood disorder. Pulsed 
administration is surprisingly more effective than continu 
ous treatment as pulsed doses are often loWer than Would be 
expected from continuous administration of the same com 
position. Each pulse dose can be reduced and the total 
amount of drug administered over the course of treatment to 
the patient is minimiZed. 

[0067] In traditional forms of therapy, repeated adminis 
tration is designed to maintain a desired level of an active 
ingredient in the body. Very often, complications that 
develop can be attributed to dosage levels that, to be 
effective, are near toxic or otherWise harmful to normal cells. 
In contrast, With pulse therapy, in vivo levels of drug drop 
beloW that level required for effective continuous treatment. 
Therefore, pulsing is not simply the administration of a 
sufficiently large bolus such that there Will be therapeutically 
suf?cient drug available for a long period of time. Pulsed 
administration can substantially reduce the amount of the 
composition administered to the patient per dose or per total 
treatment regimen With an increased effectiveness. This 
represents a signi?cant saving in time, effort and expense 
and, more importantly, a loWer effective dose substantially 
lessens the number and severity of complications that may 
be experienced by the patients. As such, pulsing is surpris 
ingly more effective than continuous administration of the 
same composition. 

[0068] Preferably, compositions contain chemicals that 
are substantially non-toxic. Substantially non-toxic means 
that the composition, although possibly possessing some 
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degree of toxicity, is not harmful to the long-term health of 
the patient. Although the active component of the compo 
sition may not be toxic at required levels, there may also be 
problems associated With administering the necessary vol 
ume or amount of the ?nal form of the composition to the 
patient. For example, if the composition contains a salt, 
although the active ingredient may be at a concentration that 
is safe and effective, there can be a harmful build-up of 
sodium, potassium or another ion. With a reduced require 
ment for the composition or at least the active component of 
that composition, the likelihood of such problems can be 
reduced or even eliminated. Consequently, although patients 
may have minor or short term detrimental side-effects, the 
advantages of taking the composition outWeigh the negative 
consequences. 

[0069] Methods for the pulsed administration of compo 
sitions of the invention are preferably used for the treatment 
of blood disorders such as hemoglobinopathies (e.g. sickle 
cell anemia, thalassemia), neoplastic diseases including 
tumors, leukemias, lymphoproliferative disorders and 
metastases, and cell proliferative disorders such as viral 
induced malignancies (e.g. latent virus infections) and 
cytopenia including red and White blood cell anemia, leu 
kopenia, neutropenia and thrombocytopenia. Compositions 
most effective at pulsed administration are typically non 
toxic or non-cytotoxic chemicals Without any substantial 
proteinaceous active component at the therapeutically effec 
tive pulsed dose. Preferably, treatment does not stimulate 
apoptosis in the cells being directly treated or in the other 
Wise normal cells of the body Which Will also be exposed to 
the composition. 

[0070] Individual pulses can be delivered to the patient 
continuously over a period of several hours, such as about 2, 
4, 6, 8, 10, 12, 14 or 16 hours, or several days, such as 2, 3, 
4, 5, 6, or 7 days, preferably from about 1 hour to about 24 
hours and more preferably from about 3 hours to about 9 
hours. Alternatively, periodic doses can be administered in a 
single bolus or a small number of injections of the compo 
sition over a short period of time, typically less than 1 or 2 
hours. For example, arginine butyrate has been administered 
over a period of 4 days With infusions for about 8 hours per 
day or overnight, folloWed by a period of 7 days of no 
treatment. This has been shoWn to be an effective regimen 
for many thalassemic disorders. Fetal hemoglobin levels rise 
substantially and there is a signi?cant rise in the number of 
both adult and fetal hemoglobin expressing cells. Substan 
tially means that there are positive consequences that raise 
the patient’s standard of living such as, for example, 
increased activity or mobility, feWer side-effects, feWer 
hospital stays or visits to the physician, or feWer transfu 
s1ons. 

[0071] The interval betWeen pulses or the interval of no 
delivery is greater than 24 hours and preferably greater than 
48 hours, and can be for even longer such as for 3, 4, 5, 6, 
7, 8, 9 or 10 days, tWo, three or four Weeks or even longer. 
As the results achieved may be surprising, the interval 
betWeen pulses, When necessary, can be determined by one 
of ordinary skill in the art. Often, the interval betWeen pulses 
can be calculated by administering another dose of the 
composition When the composition or the active component 
of the composition is no longer detectable in the patient prior 
to delivery of the next pulse. Intervals can also be calculated 
from the in vivo half-life of the composition. Intervals may 
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be calculated as greater than the in vivo half-life, or 2, 3, 4, 
5 and even 10 times greater the composition half-life. For 
compositions With fairly rapid half lives such as arginine 
butyrate With a half-life of 15 minutes, intervals may be 25, 
50, 100, 150, 200, 250 300 and even 500 times the half life 
of the chemical composition. 

[0072] The number of pulses in a single therapeutic regi 
men may be as little as tWo, but is typically from about 5 to 
10, 10 to 20, 15 to 30 or more. In fact, patients can receive 
drugs for life according to the methods of this invention 
Without the problems and inconveniences associated With 
current therapies. Compositions can be administered by 
most any means, but are preferable delivered to the patient 
orally or as an injection (e.g. intravenous, subcutaneous, 
intraarterial, infusion or instillation, and more preferably by 
oral ingestion. Various methods and apparatus for pulsing 
compositions by infusion or other forms of delivery to the 
patient are disclosed in Us. Pat. Nos. 4,747,825; 4,723,958; 
4,948,592; 4,965,251 and 5,403,590. 

[0073] Compositions administered in pulses have the sur 
prising bene?t of reducing the overall load of drug on the 
patient as the total amount of drug administered can be 
substantially less than that amount that has been therapeu 
tically administered by conventional continuous therapy. For 
example, arginine butyrate has been shoWn to be effective at 
continuous administration at about 2000 mg/kg patient 
Weight. Doses of betWeen about 400 to 1500 mg/kg, pref 
erably from about 600 to 1000 mg/kg and more preferably 
from 700 to 800 mg/kg, When administered in pulses, are 
surprisingly more bene?cial as measured by a rise in fetal 
hemoglobin levels in thalassemic patients. Typical pulsed 
amounts of arginine butyrate are from about 2 to about 20 
g/kg/month, and preferably from about 3 to about 10 g/kg/ 
month Wherein the patient receives a total of less than about 
20 kg per month, preferably less than about 15 kg per month 
and more preferably less than about 10 kg per month. The 
amounts administered per pulse as Well as the total amount 
of the composition received by the patient over the regimen 
is substantially reduced. Preferably, the therapeutically 
effective pulsed dose is less than the continuous dose, or less 
than one half, one third, one quarter, one ?fth, one tenth or 
even one tWentieth of the therapeutic continuous dose of the 
same composition or even less. 

[0074] A treatment regimen can be considered effective if 
it stimulates globin chain expression or the proliferation of 
erythroblasts or other erythroid progenitor cells, for example 
With hemoglobinopathy patients, the proliferation of cells 
such as White blood cells or platelet forming cells, or reduces 
the number of proliferating cells in, for example, a tumor or 
other malignancy. Cell numbers are usually most easily 
determined from peripheral blood sampling or from calcu 
lations of tumor siZe. 

[0075] Another embodiment of the invention is directed to 
methods for the pulsed administration of compositions to a 
patient along With the pulsed or non-pulsed administration 
of other compositions or therapies for the treatment or 
amelioration of a disorder. Pulsing of either or both of the 
compositions can, in part, synchroniZe cell development, as 
there is an increased proliferation of erythrocytes and an 
increased expression of hemoglobin, speci?cally, fetal 
hemoglobin. Compositions and therapies Which can be 
pulsed include most of the knoWn or conventional or already 
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Well-known treatment regimens. One preferable treatment 
involves the pulsed or continuous administration of eryth 
ropoietin, or another bone marroW cell stimulant, followed 
by the pulsed administration of a chemical composition of 
the invention. This regimen has the bene?cial effect of 
stimulating the process of E/Mega cell to erythrocyte devel 
opment and proliferation Which can be folloWed by stimu 
lation of fetal globin gene expression from the neWly 
proliferated cells. FolloWing such treatments, fetal globin 
levels in the body rise substantially and much higher than 
Would have been expected from conventional continuous 
therapy. 
[0076] A blood disorder is any disease or malady Which 
could be characteriZed as a direct or indirect consequence of 
a defect or disease of hemoglobin producing cells or the 
production of hemoglobin. The blood disorder may be 
associated With an anemia such as sickle cell anemia, 
hemolytic anemia, infectious anemia, aplastic anemias, 
hypoproliferative or hypoplastic anemias, sideroblastic ane 
mias, myelophthisic anemias, antibody-mediated anemias, 
anemias due to enZyme-de?ciencies or chronic diseases, 
anemias due to blood loss, radiation therapy or chemo 
therapy, thalassemias including ot-like and [3-like thalas 
semias. Treatable blood disorders also include syndromes 
such as hemoglobin C, D and E disease, hemoglobin lepore 
disease, and HbH and HbS diseases. Treatment ameliorates 
one or more symptoms associated With the disorder. Symp 
toms typically associated With blood disorders include, for 
example, anemia, tissue hypoxia, organ dysfunction, abnor 
mal hematocrit values, ineffective erythropoiesis, abnormal 
reticulocyte (erythrocyte) count, abnormal iron load, the 
presence of ring sideroblasts, splenomegaly, hepatomegaly, 
impaired peripheral blood ?oW, dyspnea, increased hemoly 
sis, jaundice, anemic crises and pain such as angina pectoris. 

[0077] Compositions to be administered according to the 
methods of the invention are preferably physiologically 
stable and safe, and contain one or more chemical com 
pounds that increase the extent or magnitude of hemato 
poiesis, increase the proliferation of hemoglobin expressing 
and other cells, increase or balance the expression of globin 
proteins or increase or stimulate the speci?c expression of 
functional globin protein such as y-globin. Stimulation of 
speci?c gene expression involves activation of transcription 
or translation promoters or enhancers, or alteration of the 
methylation pattern or histone distribution along the gene to 
promote expression. Expression may also be stimulated by 
inhibition of speci?c transcription or translation repressors, 
activation of speci?c transcription or translation activation 
factors, or activation of receptors on the surface of particular 
populations of cells. Stimulation may recruit additional cells 
to marroW, reprogram differentiated cells to express hemo 
globin or sWitch to the expression of an embryonic, fetal or 
other globin-like peptide. Stimulation may also activate a 
previously dormant or relatively inactive genes Which sub 
stitutes for the defective or damaged gene products such as, 
for example, the post-natally suppressed genes Which 
encode e, 6 or y globin, Which can substitute for adult [3 
globin, or Q globin Which can substitute for a defective or 
de?cient 0t globin. 

[0078] Alternatively, compositions may be used to turn 
doWn the expression of those genes Whose products are 
being over expressed and thereby disrupting the balanced 
production of normal globin proteins. Genes Whose expres 
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sion or Whose balanced expression can be effected by the 
compositions include the globin genes such as the various 
forms of the <Q-type genes, the e-type genes, the ot-type 
genes, the [3-type genes, the o-type genes, the y-type genes 
and at least partially functional pseudo-globin genes. 

[0079] The mechanism of action of many of the chemical 
compounds or active ingredients of compositions for the 
treatment of blood disorders involves effecting one or more 

of the processes of cell proliferation, cell recruitment, spe 
ci?c hemoglobin expression, heme synthesis or globin chain 
synthesis. Cell proliferation may be increased, for example, 
by stimulating stem cells, CFUs, BFUs, megakaryocytes, 
myeloid cells, platelets, White blood cells or pro-erythrocyte 
colony groWth, or decreased, for example, by effecting a 
cell’s period in or ability to transverse a stage (S, G0, G1, M) 
of the cell cycle. Cell recruitment may be promoted through 
the expression of speci?c cytokines such as cell surface 
receptors or secreted factors. Hemoglobin expression can be 
increased or decreased by affecting heme expression, globin 
peptide expression, heme/globin peptide assembly, globin 
peptide glycosylation or globin transport through the golgi 
apparatus. Globin expression can be increased or decreased 
by altering chromatin and/or nucleosome structure to render 
0t genetic element more or less susceptible to transcription, 
by altering DNA structure, for example, by methylation of G 
residues, by affecting the activity of cell-speci?c transcrip 
tion or translation factors such as activators or repressors, or 
by increasing the rate of transcription or translation. For 
example, useful chemical compounds include Cl-C4 alkyl 
substituted or phenyl substituted carboxylic acid compounds 
such as phenoxyacetic acid, methoxyacetic acid, substituted 
cinnamic acid such as dimethyl hydrocinnamic acid, ot-me 
thyl cinnamic acid and ot-methylhydrocinnamic acid 
(AMHCA) stimulate alterations in binding or removal of 
transcription factors from the proximal promoter region of 
certain genes of the y- and [3-globin gene clusters and 
thereby increase post-natally suppressed gene expression. 

[0080] Chemical compounds preferably increase the 
expression of hemoglobin, increase the expression of one or 
more embryonic or fetal globin genes or increase the number 
of hemoglobin expressing or fetal globin expressing reticu 
locytes. Preferably, compositions increase embryonic or 
fetal globin gene expression or embryonic or fetal reticulo 
cyte counts greater than about 2%, more preferably greater 
than about 5%, and even more preferably greater than about 
9%. For comparative purposes, a 4% increase in fetal globin 
gene expression equates to about 20% to 25% rise or 
increase in fetal globin in peripheral blood samples. Con 
sequently, an increase of greater than about 1% fetal globin 
expression, preferably greater than about 3%, or about 1% 
fetal globin expressing cells, preferably greater than about 
3%, can alleviate symptoms associated With beta globin 
disorders. 

[0081] Hemoglobin expression, globin expression and cell 
proliferation can be assayed by measuring fold increases in 
expressed amounts of speci?c protein or numbers of speci?c 
cells in treated samples as compared to untreated controls. 
Using this criteria, compositions preferably increase the 
amount of hemoglobin expression, the amount of globin 
expression, the number of hemoglobin expressing cells or 
the number of globin expressing cells by greater than or 
equal to about tWo-fold, preferably about four-fold and more 
preferably about eight-fold. 






















