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MEDICAMENT FOR AUGMENTING FETAL HEMOGLOBIN

The present invention is directed to

inhibiting or reversing the switching in in vivo or

in vitro from production of 4 to g-globin, thus

augmenting the production of fetal hemoglobin. 1In
particular, the present invention

envisages controlling the fetal hemoglobin switch by
introducing into the bloodstream of the fetus or
child or into erythroid cultures a compound of the
formula I, described hereinbelow.

Normal adult hemoglobin comprises four globin
proteins, two of which are « proteins and two of
which are 8 proteins. Diseases known as sickle cell
syndromes are associated with disorders in the 8
chain of the hemoglobin. However, in mammals, and
particularly in humans, during fetal development, the
fetus produces a fetal hemoglobin which comprises,
instead of g-globin proteins, two y-globin proteins.
At some point during fetal development or infancy,
depending on the particular species and individual,
there is a so-called globin switch wherein the
erythrocytes in the fetus switch from making
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Nor-mal adul t henogl obi n conprises four globin proteins, two of which
are a proteins and two of which are [err] proteins. D seases known as
sickle cell 15 syndrones are associated w_ih disorders in the [err]

chain of the henogl obin. However, in manmals, and particularly in

humans, duri ngs‘;xeé‘%m| nsl?‘l_%qgﬁ g to mgﬁtdgs predigant et al henogl obin

whi ch conpri se ob|n roteins, two [err]-globin
proteins. 20 Atﬁwm ntI*éll,hqi'nde%ﬂ Abseavadop A VST /i r?fhéﬁcy,

dependi ng on t hg, Pakdd&dl PEvePs £t 'H?erdglditﬁﬂn (derilviteY &€xiok a
so-cal l ed globin swtch wherejn the Qy hr.ocytes |qcthe fetus switch
from naki ng v-globin) ameliorate the severity of, sic 'E%edon1nant|y

[grr] -gljobiss1 tmi@dxrd@r@r edpyr Kedntd Yso bee[xerdﬂse;:h&dﬂ rthatt suks)edotan

observe however ncr ease vel s of. in (derived
from [err] l?ﬁ%%’f?ﬁy%%?l P lta erpetrsj‘sfteetsnl%fﬁd%% sorders. It
has al so been dbswrgkobimasysdbpres s(HPFH)hemslr sAg¥ing drenaglahimar y '

persi stence of {lﬁ% are é‘fl 1 CQF.H) %1@%51%&'6&&1‘ ng

henogl obi n are asynptonatlc of sickle cell anem a.

Al'so, infants \ARePEA cklAleR: | infamis wWiFhdickle GRldaanemid doiqthe
synpt ons Oiothwghépffaamwp the tondelthd @ilseayy hintafl age when

R
hemoglobin levels decrease. These observations
suggest that a method for increasing the levels of
fetal hemoglobin would be beneficial to patients with

15 sickle cell syndromes.

It is thus an object of the present invention to
enable inhibiting or reversing the v to
B-globin switch in a fetus or infant to maintain
increased fetal hemoglobin levels in those

20 individuals with sickle cell syndromes.

Since inhibition of the y to g-globin gene switch has
been observed in infants of diabetic mothers (IDM),
it appears that disturbances in normal metabolites in
the bloodstream might disrupt a normally timed and

25 fixed gene-switch. Two metabolites, insulin and
butyric acid, have been observed as being elevated in
infants of diabetic mothers. Some investigators have
shown that factors in serum can effect the y to
f—-globin switching, particularly around the time the

30 switch occurs. There has been, however, heretofore
no development of a non-toxic therapeutic method or
natural agent to increase fetal hemoglobin in
subjects with sickle cell disease.



“fféfér henogl obi n woul d be beneficial to patients with 15 si ckl e cel

.syndr ones. It is thus an object of the present invention to

enabl e - inhibiting or reversing the [err] to [err]-globin
switch in a fetus or infant to mainteaBna i ncreased fetal henogl obin

| evel s in those 20 I ndi viduals with sickle cell syndrones. Si nce

i nhibition @t ﬁbethasr;nbbhperppjgbbbbﬁ teecpresent dracention been observed

in infants ghetl.c e | dlsturbances in
nor mal netagng?aQ %h aHBBQ Eﬁr #Q@%t?%gép & dlsruﬁ?qs ﬁbrnally timed
and 25 fizbdipenynthesds. (tlmsebﬂ abemtue&mq fsigh nf%&cml butyric

acid, have ﬁsseﬁ%sgavs@mszel Qgtﬁbﬁ’éa{:sﬂiéi‘%y a?a'm e diabetic

mot hers. Sone i Rvestigators haye actors In serum can
ef fect Bhe Fafe] effects, PHrPFlggoﬂlEh¥§}?éﬂghﬁ,fﬁﬁﬁQFdﬂﬂ%ﬁ?? around t he

time the 30thafWat efefotHera eﬁhgeeagaﬁtbeen however, heretofore no
devel opnent of a non-toxic tﬁerapeutlc nmet hod or natural agent to

i ncrease fetal henoglobin in subjects with sickle cell disease.
- 3- It is thus another object of the present invention to

provide an %ﬂ%nprgg n@a'ﬂL?hQHBQ 2nlbals! eyl Rl h&hhfactureCHRI N synthesis

(thereby maintafrnin
of an approprlate medicament, a method for

ameliorating g-globin disorders in mammals comprising
10 the step of periodically introducing into the

bloodstream of said mammal during its gestation

period and/or early infancy and thereafter, an amount

of a compound of the formula I: /
F?f?/
2T R
/
Ry
— Nep
wherein R is -CO3R;, -SO3R;, -SO3R;, or .*( h

15 and Ry is H, M, or alkyl 1-4 carbons and M is a
cation; 2 is -CH3, -X, or -CX3: and X is €1, F, Br,
or I; Y is H, -NHy, 'NH3: or F; and R’ is H or F;

or mixtures of these, sufficient to inhibit or

reverse fetal y to g-globin switching. The medicament
20 according to the present invention is particularly

useful for ameliorating in humans the clinical

effects of sickle cell anemia.



heﬁngldbin | evel s), without toxicity and long term 5 side effects, by

using a physiologic factor rather t han a chenot herapeutic agent.

The present invention enables, by the magufacture of of an appropriate
medi canment, a nethod for aneliorating [err]-globin disorders in
manmal s conprising 10 the step of periodically introducing into the

bl oodstream of said manmal during its gestation peri od and/ or early

i nfancy and thereafter, an anount ound of  the formul a

[err] wher ei @ thF?sasﬁfcffteﬁr?ﬁ[fé??]an%g‘[p AR 1HSiT], -Sserr]Rerr],

or err

LS e ‘ F&frél A geghodiof ndh{Yoring G "M PR Nubd ¢ o - O3 1O
-NH err], -NH emedjcameRt mamufactured oinpthe use ACEPRAiPSstofthpese,
sufficient £o iphyBLEIGR , in WEVER Sxﬁ‘e'lﬁl@é@ 1 in td g+4dTrapiabi n

swi tching. The nedlcanent 20 acg ordl resent Lnvenfion
particularly switchipg %%rm%ﬂ%??5$ é% ﬁ%ﬂs ?h%—c¥%%¥% eI
effects of sickéglegké 8péii the mammal an effective amount of a - 3a -

compound as defined above, or mixture thereof, to
determine if additional treatment is needed.
10
(2) A method for diagnosing disease in a mammal
comprising the steps of culturing a biological sample
from the mammal with an effective amount of a compound
as defined above, or mixture thereof, and determining
15 the change in g-globin synthesis of the sample as
compared to a control sample cultured in the absence
of such compound.

The present invention permits a method for

20 ameliorating the clinical effects of g-globin
disorders, particularly the disorder of sickle cell
anemia and g-thalassenias. The present invention is
advantageous in that the compounds utilized are
physiologic factors, ji.e., natural metabolites found

25
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C her éspects ‘of the invention are:- (1) A nmethod of nonitoring the

clinical use of a nmedi canent manufactured in the use according to the
5 invention , in which method [err]--gd-obin to [err]-globin swi t chi ng
s nmonitored by adding to an in vitro cell culture fromthe mammual an

effective armlmttm B3 codstesa0 WT neemmiels reatll aatm/et,htm, whenre thereof, to

deternmne if a ona treat n . od for
trri:xe tblooé'éetet%eaqn ellsl%e(eléi toc?A %Q&HI .

di agnosi ng de% % conpr|5|ng uring a

bi ol ogi cal sammtic or urﬂdesntdtﬁem temh sidefdffmdtas anount of a
conmpound as defined above, or mxture thereof, and determning 15 the
change in [err]-globin synthesis of the sanple as |, conpared to a
control sanpl¥n caceerdange with dhe mresent fvenliPnodifpound  The

p][ fesetnt igverd ¢ th&efaﬁ@l@ eihed i Bt udte RV intk-d Reh&td o cal
ertrects er r

di sor.der, rticul ar Yo t he |sorder of sickle
cel | anéﬁf%{ %‘ar?%al?? t’rf&?%glﬁnb??g%ﬁr tthe R TL i
advant ageous shoimiatotde swspeeteds off iHawviad & Qs-globnhmsﬁngen, factors,

i.e., natur alsm aQQ'éiSﬁlé Oégﬂ a%?emla or S-thalassemias. The

foregoing may be administered as their non-toxic

10 salts, such as their sodium salts, ammonium salts,
potassium salts, and the like. Preferred compounds
are L-g-amino~-n-butyric acid, L-a-amino-n-butyric
acid, DL-e-amino-n-butyric acid, sodium butyrate,
g-chloro-D-alanine, 3-chloro-proprionic acid, 5-(2-

15 chloroethyl)tetrazole, heptafluoro-butyric acid,
a—amino propane sulfonic acid, and sodium
propanesulfinate.

Methods used to introduce the compound will be any
convenient method normally used to introduce

20 pharmaceuticals into the bloodstream, such as by
injection or infusion, catheter, syringe,
transcutaneous patch, in-dwelling depot delivery
systems, and the like. Oral or parenteral
administration may also be utilized.

25 The exact size of an effective dose of a compound
according to the method of the present invention will
depend on a number of factors including the
particular recipient and the severity of condition,
thus the route of administration will be ultimately

30 at the discretion of the attendant physician.

While it is possible to utilize the compounds in vivo
as a raw chemical, it is preferable to present them
as a pharmaceutical formulation. The formulation of



30 35 -4- in the

bl oodstream of mammal s and are thus, when I ntroduced into the
bl oodstream not likely to have toxi c or undesirable |ong term side
ef fects. In accordance with the p‘r%‘sent i nvention, a conpound 5 of

the formula | or, a nm xture of tvp. or nore fhereo re introduced into

f
the bl oodst reant®} RERFN;Hention GORPFises) A ﬁ?ﬁ?@&”éﬁla@f havi ng a
[err]-globin dipmvisysly desticibead tgdtileratithame@d @aromore

[err]-thal assenj T 0 ' dm i . their
non-toxi c 10 rg'sa %%,J@u%faazégjt%%ggﬂs%rl um %&@s@ﬂ;&r‘}%%ﬁ% ?ﬁﬁl}es{
pot assi um sal t stherapeutsic i ingredisnts od Bunpmarriers mussr e

L-[err] -amigo- %&Eﬁ@d&lé%ﬁﬂﬁ %HEd Q5 BUANY Idompat itd@ With _

DL- a- am no-n-butyric acid,_ sodi um butyrate, . [ eérr]-chl oro-D-al ani ne,
3- chl or o- pr opr iV dFFed.qnts of the, pEeiahigneengd, sof dilatory
hept af | Uor o- butas it atield, recipidmtts ] - am no propane sul fonic acid, and
sodi um propanesul fi nat e.

For oral administration, the formulations may be
presented as discrete units sueh as capsules, or

10 tablets each containing a predetermined amount of the
active ingredient, as a powder or granules, as a
solution or suspension in an aqueous or nonaqueous
liquid, as an o0il in water liquid emulsion or as a
water in oil liquid emulsion.

15 Formulations for parenteral administration include
agqueous or nonagueous sterile injection solutions
which may contain antioxidants, buffers,
bacteriostats and solutes which render the
formulation isotonic with the blood of the intended

20 recipient. The formulation may be presented in dose
unit or multi~dose containers such as ampules or
vials and may be stored in a freeze-dried condition
requiring only the addition of a sterile liquid
carrier, for example water, for injections.

25 Preferred unit dosage formulations are those
containing a daily dose or a unit daily subdose, or
an appropriate fraction thereof.

As further application of the compounds according to
the present method, they may be utilized in vitro to
30 cell cultures taken from patients to determine the
potential efficacy of further treatment for the
B-globin disorders, such as sickle cell anemia. The
compounds may be thus used in vitro in cell cultures




| thhods used to i ntroduce the conpound wi Il be any conveni ent et hod
normal |y used to introduce 20 phar maceuticals into the bl oodstream such

as by i njection or infusion, catheter, syringe, t ranscut aneous
patch, in-dwelling depot delivery -6systens, and the like. Oral or
par ent er al adm nistration may al so be utilized. 25 The exact size

of an ef f ect ifirom@atismts tenfatedmine whethey fyurtherhadgdtion of the

present inverys QhheMdd the dﬁﬁi&msomromau%mf inaebatinueal uding the
particul ar reC|p|ent and the severlty of condit.ion, ., thus the route of

adni ni st rat i dPRARItIRD 9% TSR 130T the GlobdinsSHteBn of the attendant

physi ci an. VM|Ie it is pOSSIb|e to utilize the conpounds in vivo

as a raw chemj,cal ot

phar maceutic he’Tofrr aeﬂcap %Fﬁd%%g é#lr ?%g‘}‘ sQ:‘i‘@tmn of° the

-5- 5 t hahovss grampawrsist mdlca}qmer@esxp@mmm@umeasompoungr &% ously

descri bed toqh Gidanidd) ARRtHer i subjeRtC I BDlretedl birchs ther ef or and,
t

optionally o her apeuti c |ngre ients. The carriers nust be 5
accept abl e i ﬁ-f’cﬁﬁ’é’tgerﬁ@ Siizeang weisRt it thie $ubjectot £BL i ngredi ents of

the fornul at icvhaRd diptofdidhal @regnant mother, and the like.
Generally, injections beginning at a dosage as low as

10 about 12 mg/kg body weight per day during gestation,
particularly prior to the thirty-second week of
gestation in humans, will delay the vy to g switching.
Typically, larger dosages in the range of 500-1000
ng/kg of estimated fetal weight will be useful.

15 Higher dosages may be utilized at the discretion of
the physician. Since apparently the switching
process is not complete in humans until
approximately four months after birth, treatment may
be preferentially initiated after birth up until

20 about the fourth month of infancy and continued as
long as necessary to maintain enhanced fetal
hemoglobin levels in the patient. However,
initiation of treatment even subsequent to the
fourth month may also be effective.

25 All treatment should preferably occur prior to the
fourth month of infancy since the y to g switching
process is difficult to reverse. Although treatment
with one of the above compounds prior to the fourth
month of infancy will inhibit the 4 to g~switching

30 process, treatment subsequent to that period may also
achieve the desired clinical results, i.e., the
amelioration of the effects of the g-globin disorder.
Therefore, if the switching process is inhibited even
to the extent of 10 to 20% (that is, the subject

35 makes 10 to 20% more y-globin than would be expected
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be presented as discrete units such as capsules, or 10 tablets each
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(1985). The cultures may be formed with and without

the addition of various metabolites whose
concentrations are observed to increase in infants of
diabetic mothers (IDM). To show the effect of such
15 factors, insulin (0.1-100 ng/ml), Insulin Growth
Factor I (4-10 ng/ml), Isoleucine (4-10 mcg/ml), and
butyric acid (0.01-10 mM) were added to the cultures.
Some cultures were performed in 95% nitrogen to
simulate a hypoxic intrauterine environment, and IDM
20 plasma was used instead of fetal calf serum in some
cultures. Colonies were harvested and incubated with
3H-leucine under the same culture conditions for the
last 24 hours. Globin production was analyzed by
electrophoresis on Triton-urea gels, autoradiography,
25 and densitometry and by radioligand immunoassay of
the total and fetal hemoglobin in pg per Bfu-e-
derived cell was performed as described in
Stamatoyannopoulous et al. and Friedman et al., ibid.
In 10 Cfu-e (colony-forming unit-erythroid) cultures
30 from five normal infants and five term IDM mean
B-globin synthesis (expressed as percent of total
non-a synthesis), was 42.3% g-globin and 17.3%
respectively. This is equivalent to the g-globin
levels produced in infants’ reticulocytes. This
35 difference in percent g-globin synthesis between the
IDM and normal infant Cfu-e was (p<.001, Student’s



frompatients to deternine whether further addition of one of the

conpounds would result in continued I nhibition or reversal of the

gl obin switch. The frequency and dosages of admi nistration of the 5
above conpounds wi Il depend upon mhen t hé conpound |s I nt roduced,

whet her the subject is a _fetus or ant si ze_and wei ght of

the subject, thetest) éBﬁdPPﬂéﬁa§?5tﬁéaﬁrégﬁﬁﬁtrﬁﬁ?ﬁéYelﬁnHaFﬁe li ke.

gbgeralthtlnJ699t39§1369&6@@&@t?25aaéesasamaftéertafa19attab§Ubfﬁ2 g/ kg
ody wei ght pe ur | estati o rticular rior. to the
thirty-second ﬁ%@?xﬁfpr°g%§g§PHtFBngbﬁ ﬁﬁﬁgﬁse"ﬁ}FP ﬂé?gy thB®[err] to

[err] smﬁtchingercentigplo&lbyglbbigeSydnhagézeanbyhsfuaegebnfsﬁeo 1000

o9 on o'\ nEbElS, BhikeLtlntbly 8 HAChinatorebhdNfEaRES GRS ThY O

utilized a |on 0 si'Cl an I'nce apparently the
swi t chi ng nptodeﬁiers stetistiphrdily ifnonu#hﬂspenﬁentage papguesnuat el y

four nmonths af por +Ref Fherl-gatl "hBLeVBY, afu-eefpbﬁfQbﬁnpfaah&eanatIated
after birth up until ,20  about the fourth nonth i nfan continued as

| ong as necesséﬂ?nﬁglﬁéPﬁﬂglnghﬁgnBEHCFEFQFe ot’ H@nﬁg?ggpﬁnlgbﬁPs in the
pati ent. Howevdid the infiantat cdu-ef ahdezetdoulevebesuljpeqasdhpt to the

fourth nDEBh n@%1§|agfggr%%L%CEnﬁ§Cates that switching to increased
f-globin production occurred once the more primitive
progenitors were removed from the abnormal
intrauterine environment or that the process began in
vivo. Thus, the apparent in vitro switching by Bfu-e

15 cultures from premature infants of less than 33 weeks
gestation and from term IDM (pre-switch infants) is
an assay system for testing the effect on globin
switching of physiological parameters peculiar to the
diabetic intrauterine environment, in which the

20 globin switch is delayed. The addition of insulin,
IGF-I, isoleucine, or low oxygen conditions cause the
Bfu-e to synthesize the equivalent or more g-globin
than control cultures.

25 Sodium butyrate (at 0.1 mM concentrations), caused
Bfu-e from pre-switch infants to synthesize
significantly less g-globin than did Bfu-e in control
cultures. This affect of sodium butyrate was not
found consistently in infants in whom the switch had

30 occurred before birth, however, increased y-globin
synthesis was found consistently with e-amino-n-
butyric acid. A significant increase in accumulation
of hemoglobin F in the cord blood erythroid colonies
also occurred in nine out of eleven cultures from

35 seven infants, grown in the presence of sodium-
butyrate compared to control cultures (p<.05). This
effect on increasing hemoglobin F in culture was not
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formed with and w t hout the addition of various netabolites whose

concent raibons-rﬁéefe?‘fswﬁe EQahPregaste i Prév{ 484 sopfvway ofdi abetic nothers
(IDM. To show,the effe¢t 0Of_ suc
illustration, however, the invention is not intended

to be limited in any manner thereby.
EXAMPLE

Cultures of erythroid progenitors from blood obtained

15 during the first three years of life of Hb SS (sickle
cell syndrome) infants are tested. It is found that
DL-a, L-a or L-g butyric acid or their sodium salts,
or g-Cl-D-alanine, 3-CL-proprionic acid, 5-(2-
chloroethyl)tetrazole, heptafluoro-butyric acid,

20 a-aminopropane sulfonic acid, or sodium propane
sulfinate, increase y-globin synthesis in two-thirds
of infant cord blood erythroid colonies, SS samples
from infants, even when the infants’ reticulocytes

_ and control colonies (Bfu-e) synthesize nearly all

25 B-globin.

EXAMPLE 2

In peripheral blood erythroid cultures established
from infant sickle cell anemia patients it was found
that butyrate enhances vy globin synthesis by

30 approximately 14% compared to control cultures from
the same patients. This would achieve corresponding



15+ factors, insulin (0.1-100 ng/m), Insulin Gowh Factor | (4-10
ng/m), Isoleucine (4-10 ncg/ M), and butyric acid (0.01-10 mVM were
added to the cul tures. Sonme cul tures.ygre perfornmed in 95% nitrogen to
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and incubated with 3H | euci ne under the sane culture conditions for

t he | ast 24PREIPEESE obin production was anal yzed by

el ectrophoresis on Triton-urea gels, autoradi ography, 25 and densitonetry
and by radioligand i munoassay of tal and fetal henoglobin in pg
per Bfu-e- derived cell was perfoggggggg—gescribed I n

St amat oyannopoul ous et al. and Friedman et al., ibid. In 10 Cfu-e

(col ony-formm Ng WNpexgey! Bh%q)cec kt Héﬁﬁbﬁgshe&r?gbﬁ' ¥8r8°bTBLa! BLaR! S and
five term| DM ne I n synthesis (expressed as percent of

t ot al nén- aa§yHPﬁé§|sY1 Ra§12218@FFé1r?U§P65|Hhaﬁﬁ nother has
respectively. Thdiab&téﬁulV@h@Bt1hQahhew§sgb9€h§tally ke¥gheseaodHged in

infants' reticul gc erence.in ent [err]-globin
synt hesi s betmeeﬁ im°5t PﬁwganggﬂgFﬂaPnlﬁ}ﬁﬁ OEGﬁL§ (p<. 001,
Student's Progenltors assayed weekly for gBebln syhthesiiy fpdm

ndicates that thAse SREANEVE! KrkBheota nEbYLAEELASPLATERLLA" Inothe

commtted to a pattern g I on envi ronnent .
The per €8nt agEesLNFEr ApdgR Eﬁﬁ°§y9€hesFEéﬂ°b9‘BP§¥§1FbG¢é@ apd forning

unit-erythroid) fheimAar ERbwk8’ €hatf 8HeScohBination of these two
agents prevented switching at two weeks. Her control
cells switched from 9% A5 globin to 20%. The
treated cells still synthesize only 9% 8% globin.

15 EXAMPLE 4

Four fetal sheep were treated with continuous
infusions of butyrate in utero and the fetal to adult

(8) hemoglobin switching process was delayed in three
of the four. 1In one, the "switch" was completely

20 inhibited. This lamb had 100% fetal globin at birth,
a time when controls produce 80-100% adult globin.
When the infusion was begun in this lamb, 8 (adult)
globin was only 4%. In two of the lambs, the switch
was delayed; these two lambs already produced

25 approximately 15% adult globin when the infusion was
started; they produced half of that found in controls
at birth. 1In the fourth fetal lamb in whom adult
B-globin production was already 35% when the infusion
started, a response was not found, implying that

30 early treatment may be of primary importance in
inhibiting the process.




not differ statistically fromthe percentage produced by their Cfu-e.

However, Bfu-e from | DM produced a siygni fi cantly higher percentage of
the [err]-globin then did the infants Cfu-e and reticul ocytes (p<.05).
10 This difference indicates that svggoipbpg §0 increased [err]-globin
production occurred once the nore primtive progenitors were renoved
fromthe abnor nal intrauterine environnment or that the process began in

vi vo. Thus, ther:ﬁpmfsm culthiéd Gpidgingoly) Bfrow &Eelwléwmefrom
prenat ure i nf ant s

{ estation and rm | DM
o Loh | o SqtE) an€Rla ' D21 SRESE SaniofE fad irarp el Sftedt Ton
gl obin SWi tﬁw@dayﬁlym@n@mep@fm end .’Fmin.nm arutxram

gie?gf/teidc ! %ra t| on [ n%’ﬁ@gléﬁml@ # [ s%f eucﬁ%&é%%%\?v io>s<ygen

condi tions caus%sﬁ?iée TIE (resubts are cshown thelew iy Jakie ok . noke

[err]-giobin anté@éle@omé eﬁééﬁyrﬁétu Fémoddush i drinicd e wad 0.1 mM
concentrati ons) re-switch inf anLtrto synt hesi ze

significantly I%E%af%Fr}ng?%%l?F??ﬁﬁé Yﬁ%ﬁﬁ?ia?nFQxﬁﬂ eated | tures.
This affect of catrxmldutyrate was not found consistently in infants
in whomthe switch had 30 occurred before birth, however, increased
[err]-globin synt hesis was found consistently with a-am no-n-
butyric acid. A significant increase in accunul ation of henogl obin F
in the cord blood erythroid col onies al so occurred in nine out of

el even cultures from35 seven infants, grown in the presence of sodium
butyrate conpared to control cultures (p<.05). This ef fect on

i ncreasing henmoglobin F in culture was not



- 9- due.-to toxicity since the pH of the culture nedia was not
effected, and simlar nunbers of Bfu-e and Cfu-e were found in
cultures grown in the presence or €&nce of the but yrates.

Radi oi munoassay of Bfu-e hennghﬁﬁé%é di cates conplete

henogl obi ni zati on (>15 pg/cell) i r}'presence of butyrate,
denonstrating that tiRadisaikeand ks=mscof rHemogldeiyp @rdducdd synt hesi s and
accunul ati on were not an bgr Erfyabtrodtl Pebgedatses of gl obi n producti on.
10 The foll ow ng exanples are provided by way of illustration,
however, the invention is not iTetwxddip, toHF,)imted iRexmgntmanner

t her eby. Patient pPg per ceXAVPIHE Per cell Cul t urteF of

eryt hroid progenltors from bl ood obtai ned 15 during the first three years
of life of Hb 33 (qu{ﬂ&ré’l cel:?zs?ndrorre) inflnfts are test¥3 1t is

f ound t hat DL Byate - [err3%r L-[err] butdric acid or % r sodium
salts, q al ani n CL propri ori acid, 5-(2-
chl or oet hyl )te § 2 taf | uor tyr| c aci d,3 [err] j @propane
sul fonic acid, or so Y ?opane °” sulfinate,”%i'ncrease [ert]-globin
synthesis in two-thig i4g apt cord bloqg g£rythroid cqopies, SS
sanpl es from [ a°te even g the infantsy gegeticul ocyt]ezs and
control colonies (Bfu synthesize nearly all 25 Terr]-globin.
4. Control 29.4 5.9 20.0
Butyrate 30.0 7.8 26.0
5. Control 24.6 2.7 11.0
Butyrate 28.2 7.2 25.5
6. Control 25.6 4.18 16.3
Butyrate 18.8 6.65 35.4
7. Control 25.6 7.92 30.9
Butyrate 19.7 7.35 37.3
8. Control 24.7 1.63 6.6
Butyrate 21.4 3.61 16.9
9. Control 12.9 2.27 17.6
Butyrate 18.0 4.2 23.2
10. Control 44.5 32.1 72.1
Butyrate 41.5 43.2 100.0
11. Control 12.5 5.2 41.6
Butyrate 19.7 10.9 55.3
12. Control 11.1 4.5 40.5
Butyrate 12.6 5.8 46.0



EXAMPLE 2 I n peripheral blood erythroid cultures established

frominfant sickle cell anem a patients it was found that butyrate
enhances [err] globin synthesis by 30 -adrmoximtely 14% conpared to
control cultures from the sane patients. This would achi eve _
correspondi ng EXAMPLE 6 -10- Hb F synthetic
| evel s of greater than 20% i n nost pgfieﬂtz.f 4 bl ood 1 c
EXAMPLE 3 A Dexter culture is establishe rom cor 00 rom

an infant with §F¥§E§°&§IFu§FEﬁ?§ froRet hpenérthadasseniy; patiertsThis

i nfant was prenaesel gulltageased end presehoé 6FnBsfinm bheyrhtel #5i n on

| ect rophoresis .. Progenlt ors, assaye ekly for globin synthesis from
?his in?ant's e???ﬁf%?ghpggggﬁ??g}g éu¥?€r€ﬁeiﬁy938-1098°bfﬁsgﬁ£é°§nd
absence of a-anwWatenabaayedec aThe mesults aresshownshowesbléeaz.then
combi nation of Ligs@akud thie LAGGPLEePiEYERLEILRY O&%g/gcaﬁ;%ig@a_\'\%k& Her

control cells swtched from9%|[err] globint treated

cells still synFRBEF9L Ghltyunes; cindicatbng a lowering.of excess

a-globin levels (which cause the damage by an

increase in y-globin). The lowering of the excess
10 a-globin levels ameliorates, and in some instances

may eliminate, the need for chronic transfusions.

TABLE 2
Alpha to Non-Alpha Globin Ratios
Patient Phenotype Control Butyrate
15 1. B° Thalassemia 2.5 1.6
2. B° Thalassemia 1.75 0.91
3. B* Thalassemia 1.76 1.33
4. HbE-g°* Thalassemia 4.65 4.11
5. HbE-g° Thalassemia 5.7 2.8
20 EXAMPLE 7

Three fetal sheep are treated with continuous
infusions in utero as in Example 4, using
heptafluorobutyric acid. 1In all three sheep,
decrease in g-globin is observed within three days,

25 thus evidencing a reversal of the switch. This
effect persists for 5 days off treatment.



*

15 EXAMPLE 4 Four fetal sheep were treated
w th continuous I nfusi ons of butyrate in utero and the fetal to adult
([err]) henogl obin switching process was-de4 ayed in three of the four.
In one, the "switch" was conpletely 20 inhibited. This lanb had 100%
fetal globin at birth, a time when controls produce 80-100% adul t
gl obi n. When the infusion was begun in this lanb, B (adult)
gl obi n was onléﬁﬁfﬁsgn two of the lanbs, the switch was del ayed; these
two | anbs al ready produced 25 approxi mately 15% adult gl obin when the
I nf usi on was started; they produced half of that found in controls
at birth. In tie fourhl fiskabfl anbohpowh@nofidthé formufiar L}- gl obin
production was al ready 35% when the 1 nfusion started, a response was
not found, inplying that 30 early treatment nmay be of prlnary | mportance
in |nb|b|t|ng t he process. “EXAMPLE-.S .

Erythroid cultures (progenitors) fromtwel ve sickle ceJ”’ nts of
vari ous ages were cultured for 14 days |n presence of ﬂ i@?&!
butyrate, and the total henpglobin a al henogl obi n *wefe as

results are shown below in Tabl e 1’,{L\+,rF3

10 N:N

- =
wherein R is -COpRj, -SO2R3, -SO3R3, or N

15
and Ry is H, M, or alkyl 1-4 carbons and M is a
cation; 2 is -CH3, -X, or -CX3; and X is Cl, F,
Br, or I; Y is H, -NH, -NH}, or F; and R' is H
or F, or a mixture thereof, in the manufacture of a

20 medicament for ameliorating g-globin disorders in a
mammal by introducing said compound into the
bloodstream of said mammal periodically during its
gestation period and/or infancy in an amount and
frequency sufficient to inhibit or reverse fetal «

25 to p-globin switching.

2. The use according to claim 1 wherein said mammal
is human and said disorder is sickle cell anemia or
B-thalassemia.

30
3. The use according to claim 1 or claim 2 wherein
said compound comprises e-amino-n-butyric acid,
sodiumr butyrate, g-chloro-D-alanine, 3-chloro-
proprionic acid, 5-(2-chloroethyl)tetrazole,

35 heptafluorobutyric acid, a~aminopropanesulfonic
acid, and/or sodium propanesulfinate.

This Sheet Has Been Replaced
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all cases the percent fetal henpgl obin produced was greater in the treated

cultures than in untreated controls. -12-
TABLE 1 Radi o- Li gand Assay of HenogR&brn Produced by
Erythroid Progenitors Total Hb, HoF,

Per cent Pat i ent pg per cell pg per cell HoF 1. Control
32.6 4.0 12.3 Butyrate 32.5 7.1
21.8 2. Control 16. 2 1.8 11.1 Butyrate
15.9 3.7 23.3 . nt rol 29. 3 1.8
6.3 Butyrdte  The 3pesof acc°r%m§.08":? any one °f2.°ial£‘.s' 158 Pol
29.4 whe¥edn said vy t3088globiBuswiatking is 30.0 7.8
26.0 5. Control., . 2 e . 1eQis inButyrate
28. 2 {fipited to’ind extent thati.lqlobin synthegis in 4.18
16.3 . But ysatid mammaljgepains at 10 g:g50% above npymel levels .

after birth. .

5. A compound of the formula I: ) )
* c L L] S *

10
/
R'R/
',r+~\*,'f?
VgV,
Ry
2 NaN
wherein R is -CO2R;, -SO2R;, =-SO3R;, or ) '4( g,
20

and R; is H, M, or alkyl 1-4 carbons and M is a
cation; Z is -CHj3, -X, or -CX3; and X is Cl, F,
Br, or I; Y is H, -NH,, -Nﬁg, or F; and R' is H
or F, or a mixture thereof, for use in the manufacture
25 of a medicament for ameliorating g-globin disorders
in a mammal by introducing said compound into the
bloodstream of said mammal periodically during its
gestation period and/or infancy in an amount and
frequency sufficient to inhibit or reverse fetal «y
30 to g-globin switching.

6. A method of monitoring the clinical use of a
medicament manufactured in the use according to any
one of claims 1 to 4, in which method y-globin to

35 B-globin switching is monitored by adding to an in
vitro cell culture from the mammal an'éffectivé amount

This Sheet Has Been Replaced
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7: Control 25. 6 7.92 30.9 But yr at e

19.7 T T7.3%s 0 .87.3 8. Control 24. 7 1.63
6.6 B 3.5%¢ - 16.9 9. Control

200 CTIRTUOMIEHY 6 &b 18,0 4.2
23.2 10. Cont%olt " 5 %4 5 32.1 72.1 Butyrate
41.5 43. 2 100.0 11. Control 12 5 5.2
1 YIS gompound hsygegined g Slatm 1, or mighurd Mgl
46. 0 thereof, to determine if additliidnal treatment is

EXAMPLE 6 nee &ﬂhroid cultures fromfive [err]-thal assem a patients
were cultured’in € presence of sodiumbutyrate as described in

Exanple 6 and the a/non-a globin ratios 5 were assayed. The results are
Shown in kabley 2. Iy method Ifd‘zaiﬁ%gtmlbig mc'ste%dé)vm{eﬂ:ﬁmanat i o conpared

el (ot oS s Sl e BhURIRD O (RN oy ]9 0Pl
| owering of thircxddss mammal with an effectlve amount of a compound
as defined in claim 1, or mixture thereof, and
determining the change in g-globin synthesis of the
10 sample as compared to a control sample cultured in the
absence of such compound.

on Replaced

: "
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25
30

35



10 a-globin levels aneliorates, and in some instances may el im nate,

the need for chronic transfusions.: TABLE 2
Al pha to Non- Al pha d obin Ratios Pat il8nt- Phenot ype Cont r ol
Butyrate 15 1. [err] Thal assem a 2.5 1.6 2.
[err] Thal assem a 1.75 0.91 3. B+ Thal assem a
1.76 1.33 4, HoE-[err] Thal assem a 4. 65 4. 11
5. HbE-[err] Thal assemn a 5. &BsTrRAacT 2.8 20
EXAMPLE 7 Three fetal sheep are treated with conti nuous
infusions in utero as in Exanple 4, using hept af | uorobutyric acid. In
all three sheep, MEDTC2ENT iFOR @IUGMENTAIG) FETATD SIMost oBIINi N t hree
days, 25 t hus evidencing a reversal of the switch. This ef f ect
persists for 5 days off treatnent. -14-

5 A medicament is provided for inhibiting the v

to S-globin switching in subjects afflicted with
B—-globin disorders. The medicament is
particularly adapted for ameliorating the clinical
symptoms of sickle cell anemia by periodically

10 introducing butyrate, or certain isomers, homologs,
analogs or chemical variations thereor, into the
bloodstream of the subject prior to natural completion
of the switching process.

15
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CLAI VB: 1. The use-of the conpound sodium butyrate four the

[err]- thalass by i ntroducing
bl oodstream o M‘ odically durin
infancy in an unt + f Feqlency and duration

or reverse fetal y to [err]-globin SMAféﬁlng

preparation of -a medi cament @ anel i orating

sickle cell a
sai d conpound
g its gestatipn

of life suffigi
D

t he conpound [err]-am no-n- butyric acid for the preparatipn
a or [err]-thhlassemia in a
manmal by i L%ﬁggcing said conpound into the bl oodstream of said manmal

5 or infancy in an anount,
inhibit or reverse fetal [err]

to [err]-globin switghingepe use of the %ompghgaLﬁgéﬁmn@Qﬁfgggpound
n

| orating sickle
9F | T oFEEAGYsai d conpound

into the blobostey eiﬁl]lofan&&h.d ﬁﬁnﬁmdhmslseﬂmaaihyadnmng blys destation
peri od and/ g, L ALANGY, 118N ARBUN t%meﬁgcm&g (At a0 gl gl fe
10 © 5F eta to °obi"R™

medi cament for aneliorating sickle cell anem

peri odi cal | ng its gestation period and/
frequency and duration of life sufficient to

|sobutyran1de for the preparati of a nedica

cel | aneni af¥T T ProPRIPALSR? qr?%?ﬁﬁ&ﬁﬁﬁ

sufficient rever [erT

ACEMENT SHEET

period and/ or

bnR G UL MDD t
The use of

ol a

smntchlng

4. The usenady dargocdcanyyomerigis dita gss aBlOQWRﬁﬁ%QQ gaddoramual is a

hunman. infancy in an amount, Ffrequency and duration of life
sufficient to inhibit or reverse fetal vy to B~globin
switching.
"
2. The use of the ecompound oa-amino-—-n-

butyric acid for the preparation of a medicament for
ameliorating sickle cell anemia or P~thalassemia in a
mammal by introducing said compound into the
bloodstream of said mammal periodically during its
gestation period and/or infancy in an amount, frequency
and duration of life sufficient to inhibit or reverse
fetal v to B-globin switching,

3, The use of the compound iscbutyramide
for the preparation of a medicament for ameliorating
sickle cell anemia or B-thalassemia in a mammal by
introducing said compound into the bloodstream of szid
mammal periodically during its gestation period and/or
infancy in an amocunt, frequency and duration of 1life
sufficient to inhibit or reverse fetal vy to B-globin
switching.

4. The use according to any one of claims
1-3, wherein said mamma) is a human.

5. The use according to any one of claims
1-3, wherein said mammal is a human and said vy~ to B~



5.7 Tﬁe use according to any one of claims 1-3, wherein ST%dmnanﬁaL—+s—a—~w
human and said [err]- to [err] REPLACEBENToSHBER
switching is inhibited to the extent that [err]- gl obin synghesis—tmsard
human remains at 10 to 20% above the normal |evels after hi rttkg JUL 1999
-15 -

globin switching is inhibited to the extent that y=

globin synthesis in said human remains at 10 to 20%

IO

above the normal levels after birth.

\-_/



