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EARLY DIAGNOSIS OF STROKE

Background of the Invention
Field of the Invention

This invention relates to the diagnosis of stroke by the measurement of unbound free fatty acids in

body fluids such as whole blood, plasma and serum.

Description of the Related Art
Stroke is defined as the interruption of blood flow fo brain tissue. This can be an interruption to a

particular portion of the brain or a reduction of virtually all flow when, for example pumping of the blood by the
heart fails completely. More frequently, stroke occurs when flow to a particular part of the brain is interrupted
by the blockage or rupture of a blood vessel that serves the brain. Blockage of a vessel, for example, through
an embolism or the formation of a thrombus, generally in an artery that supplies blood fo the brain is known as
an ischemic stroke. The rupture of a blood vesse! within the brain, generally through an aneurysm, Is known
as a hemorrhagic stroke. |

In the case of an ischemic stroke, the interruption of blood flow may be temporary; this is known as a
transient ischemic event (TIA). In this case, the patient often suffers no clinically or measurable deleterious
consequences but is at high risk for subsequent strokes. In contrast, patients whose blockage does not
resolve within a few hours suffer permanent damage, often resulting in death. This Is a consequence of the
death of brain cells (tissue) that were normally supplied with nutrients and oxygen by the now occluded
vessel. This death or infarct of the tissue can be detected by computer aided tomography (CT scan) or by
nuclear magnetic resonance imaging (MRI) but only many hours after the stroke (the first symptoms) started.
In the case of hemorrhage, the brain begins to fill with blood resulting in the destruction of tissue.

Stroke is the third leading cause of death in developed countries. New cases of stroke aifect
approximately 750,000 individuals every year in the United States alone. The estimated costs for treatment
and lost productivity as a result of death and morbidity from stroke are about $40 billion dollars in the U.S.
The only effective treatment available for stroke is the delivery of thrombolytic agents such as tissue
plasminogen activator (t-PA) that destroy the clot by enzymatically cleaving proteins that help form the clot.
T-PA can only be given within 3 hours of the first symptom because of deleterious effects (hemorrhage) if
used too late. Moreover, t-PA can only be used in ischemic stroke; its use in hemorrhagic stroke generally
leads to death.

Thus, thrombolytic therapy can only be used if diagnosed quickly and only if hemorrhagic stroke Is
ruled out. Current methods of diagnosis rely virtually entirely on clinical presentation, generally the opinion of

the emergency physician. If the physician suspects stroke and thinks that the patient may be a candidate for
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thrombolytic therapy, then the patient must quickly undergo a CT scan to rule out hemorrhage (which the CT
scan can detect at an early stage). Generally, because of the time required for these decisions and
procedures, very few potentially eligible patients receive thrombolytic therapy.

Consequently, there is a long felt need for availability of a simple and rapid blood test that would
determine the presence or absence of ischemic stroke in an individual and could distinguish between
ischemic and hemorrhagic stroke. The diagnostic method described here, measurement of unbound free fatty
acid in body fluids such as blood, serum or plasma, involves a simple, inexpensive, virtually instantaneous,
and readily accessible measurement that has high potential for revealing the ischemic event.

Summary of the Invention

The present inventor has found that levels of unbound free fatty acid are elevated during stroke.
This observation provides a convenient way to detect and diagnose stroke and possibly to differentiate
ischemic stroke from other conditions which may present with similar symptoms such as hemorrhagic stroke,
migraine and seizure.

In one embodiment, a method of detecting stroke in a mammal is described which includes the steps
of:

providing a body fluid sample from a mammai exhibiting symptoms consistent with ischemic
stroke;

mixing the sample with an aqueous solution and with a reagent which includes a fatty acid
binding protein labeled with a fluorescent moiety, wherein the reagent exhibits a first fluorescence in
an agueous solution and a measurably different second fluorescence in an aqueous solution when
the fatty acid binding protein is bound to a fatty acid; and

measuring the second fluorescence after the body fluid sample is mixed with the aqueous
solution and the reagent to determine a concentration of unbound free fatty acid in the body fluid
sample. In a preferred embodiment, the body fluid is from the group including whole blood, serum
and plasma.

in another embodiment, a method to monitor the course of stroke therapies In a patient using body
auid levels of unbound free fatty acids is described which includes the steps of;

measuring unbound free fatty acid levels in a body fluid sample from said patient at different times
throughout the stroke therapy;

comparing the measured level of unbound free fatty acid to a threshold level of unbound free fatty
acid, wherein the threshold level is determined from measuring unbound free fatty acid in body fluid of a
normal population that is asymptomatic for stroke; and

determining whether the unbound free faity acid level irom the patient's body fluid samples at any

given time point during the stroke therapy Is trending towards the threshold level of unbound free fatty acids

from the normal population indicating success of the stroke therapy.

).
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n another embodiment. a method is described for determining the presence of stroke in a patient
nresenting with symptoms consistent with stroke including the steps of:

measuring unbound free fatty acid levels in a body fluid sample from the patient;

comparing the measured level of unbound free faity acid to a threshold level of unbound free fatty
acid. wherein the threshold level is determined from measuring unbound free faity acid in body fluid of a
normal population that does not have stroke; and

determining whether the unbound free fatty acid level from the patient's body fluid sample is elevated
elative 1o the threshold level of unbound free fatty acids from the normal population, wherein the relative
elevation indicates an increased risk for stroke. In one embodiment, the body fluid may be blood, serum, or
plasma.

In one embodiment, the measuring step may further include the steps of:

mixing the body fluid sample with an aqueous solution and with a reagent which includes a fatty acid
binding protein labeled with a fluorescent moiety, wherein the reagent exhibits a first fluorescence in an
agqueous solution and a measurably different second fluorescence in an aqueous solution when the fatty acid
binding protein is bound to a fatty acid; and

measuring the second fluorescence after the body fluid sample is mixed with the aqueous solution
and the reagent fo determine a concentration of unbound free fatty acid in the body fluid sample. In one
embodiment, the measuring step of the second fluorescence is performed at a wavelength that differs from a
wavelength at which the reagent exhibits the first fluorescence. In a preferred embodiment, the wavelength
for measuring the second fluorescence is about 420 nm to about 460 nm, and the wavelength at which the
reagent exhibits the first fluorescence is about 495 nm to about 560 nm.

In a preferred embodiment, the fatty acid binding protein is a rat intestinal fatty acid binding protein, a
human adipocyte fatty acid binding protein, or a rat heart iatty acid binding protein. The fluorescent moiety
may be selected from the group including but not limited to acrylodan, danzyl aziridine, 4-[N-[(2-
iodoacetoxy)ethyl]-N-methyIamino]-7-nitrobenz—2—oxa—1,3-diazole ester  (JANBDE), or  4-[N-[(2-
iodoacetoxy)ethyl]-N-methylamino}-7-nitrobenz-2-oxa-1 3-diazole (IANBDA).

In a preferred embodiment, the reagent in the mixing and measuring steps is a fatty acid binding
protein labeled with acrylodan, and the fatty acid binding protein is a mutant protein including, but not limited
to, a rat intestinal fatty acid binding protein having a cysteine at residue 27, 81, 82, or 84, or an alanine at
residue 72, or a rat heart fatty acid binding protein having a lysine at residue 27. In a most preferred
embodiment, the reagent in the mixing and measuring steps is a rat intestinal fatty acid binding protein
labeled with acrylodan. In an alternate preferred embodiment, the reagent is a rat intestinal fatty acid binding
orotein labeled with acrylodan and having an alanine at residue /2.

In one embodiment, the concentration of the unbound free fatty acid which is indicative of stroke is

greater than 2 standard deviation units above an average value of the concentration of the unbound free fatty
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acid determined from a non-ischemic population. [n another embodiment, the concentration of the unbound

free fatty acid indicative of stroke is greater than about twice an average value of the concentration of the

unbound free fatty acid determined from a non-ischemic population.
: In one embodiment, the method may further include the steps of;
5 measuring fotal free fatty acid and albumin in the blood sample; and

determining a ratio of the total free fatty acid and the albumin.
Other proteins that bind fatty acids may also be used. In one embodiment, the method of

determining the presence of stroke in a patient presenting with symptoms consistent with stroke may include

the steps of :
10 mixing the body fluid sample with an aqueous solution and with a reagent comprising albumin

labeled with a fluorescent moiety which may be either of 7-hydroxycoumarin or anthraniloyl, for example,

wherein the reagent exhibits a first fluorescence in an aqueous solution and a measurably different second

fluorescence in an aqueous solution when albumin is bound to a fafty acid; and
measuring the second fluorescence after the body fluid sample is mixed with the aqueous solution

15  and the reagent to determine a concentration of unbound free fatty acid in the body fluid sample.
In one embodiment, a method is described for identification of patients at high risk for hemorrhage

which includes the steps of.
measuring unbound free fatty acid levels in a body fluid sample from the patient;

comparing the measured level of unbound free fatty acid to a threshold level of unbound free fatty

20  acid, wherein the threshold level is determined from measuring unbound free fatty acid in body fluid of a

normal population that does not have ischemia; and
determining whether the unbound free faty acid level from the patient's body fluid sample is elevated

relative to the threshold level of unbound free fatty acids from the normal population, wherein the relative

elevation indicates an increased risk for hemorrhage.
25 In another embodiment, a method of identifying patients at high risk for mortality within three years

after a stroke is described which includes the steps of:
measuring unbound free fatty acid levels in a body fluid sample from the patient;

comparing the measured level of unbound free fatty acid to a threshold level of unbound free fatty

acid. wherein the threshold level is determined from measuring unbound or water-soluble free fatty acid in

30  body fluid of a normal population that does not have stroke; and
determining whether the unbound free fatty acid level from the patient's body fluid sample is elevated

relative to the threshold level of unbound free fatty acids from the normal population, wherein the relative

elevation indicates an increased risk for mortality within three years after a stroke.
In another embodiment a method is described for diagnosing ischemic stroke, which includes the

35  stepsof:
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identifying a patient presenting symptomology consistent with ischemic stroke;

obtaining a body fluid sample from the patient;

measuring a level of unbound free fatty acid in the sample; and

ascertaining whether the measured level of unbound free fatty acid is sufficiently elevated to be
ndicative of ischemic stroke. In a preferred embodiment, thrombolytic therapy is then administered to the
patient when the measured level of unbound free fatty acid is indicative of ischemic stroke.

Detailed Description of the Preferred Embodiment

While the described embodiment represents the preferred embodiment of the present invention, it is
to be understood that modifications will occur to those skilled in the art without departing from the spirit of the
invention. The scope of the invention is therefore to be determined solely by the appended claims.

The present invention describes the diagnosis and monitoring of stroke. In one embodiment, stroke
is diagnosed or the course of a stroke treatment is monitored by measurement of a lipid component such as a
fatty acid. Total fatty acids may be determined by methods well known in the art such as taught in U.S.
Patent No. 4,071,413, U.S. Patent No. 5,512,429, U.S. Patent No. 5,449,607, and U.S. Patent No. 4,369, 250
all of which are incorporated herein by reference. Levelsfof total fatty acid obtained by these methods may be
compared with levels obtained from normal individuals in order to detect an ischemic condition in an
individual. In a preferred embodiment, a ratio of total fatty acid to albumin is determined and compared with a
normal population.

in another embodiment, unbound free fatty acid levels are measured in a bodily fluid as described
below. Preferably, the unbound free faity acids are measured in a bodily fluid such as cerebral spinal fluid,
interstitial fluid. blood, serum, plasma, urine, saliva, lymph, gastric juices, or bile. Unbound free feitty acids
(FFA,) are the portion of free fatty acids soluble in the aqueous phase. In preferred embodiments, the fluid
used for the test sample is taken from cerebral spinal fluid, blood, plasma or serum. In most body fluids free
fatty acid (FFA) is mostly bound to proteins, for example; albumin, and membranes but a significant minority IS
unbound (FFA,) and soluble in the agueous phase. FFA, are also referred to as water-soluble'free fatty
acids.

The present methods may advantageously be applied to selected patient populations. Thus, for
example, samples of a bodily fluid in which FFA, may be present may be obtained from patients presenting
with symptoms consistent with ischemic stroke, or patients with symptoms indicating neurological dysfunction.
The method of the present invention may then be used, for example, 10 distinguish between symptomology
due to ischemic stroke and symptomology due to other conditions, suich as seizure, hemorrhagic stroke,
migraine, and the like. Symptoms of stroke are well known in the medical community, and include partial or
full paralysis, speech impairment, befuddlement, numbness or weakness in a limb, particularly on one side of
the body, sudden loss or impairment of vision in one or both eyes, severe headache, loss of balance or other

motor skills, and dizziness.
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Another aspect of the present invention is the combination of the diagnostic steps discussed herein,
which indicate whether a patient has had an ischemic stroke, with stroke-related therapy. One type of such
therapy that can be used in the present invention is thrombolytic therapy (such as tPA or streptokinase).
Preferably, such therapy is administered within a short time of the ischemic stroke event, and is
advantageously administered within 3, 2, or more preferably 1 hour of the assay step that reveals levels of
FFA, that are indicative of ischemic stroke.

Any assay that provides an indication of the level of FFA, in body fluid relative to an asymptomatic
nopulation may be used in the diagnostic method described. Preferably a threshold value is determined from
a normal population that does not have stroke. In one embodiment, the threshold value is a concentration of
FFA, in a body fluid that is significantly higher than the concentration of FFA, in the body fluid of a control
population that does not have stroke. In one embodiment, the threshold value is a concentration of FFA in a
body fluid that is at least about two standard deviations greater than an average concentration of FFAy In a
body fiuid of a control population that does not have stroke. In another embodiment, the threshold
concentration of FFA, in a body fluid is at least about two-fold greater than an average concentration of FFA,
in a body fluid of a control population that does not have stroke.

In one embodiment, the present invention uses a fluorescently-labeled fatty acid binding protein
(FABP) to measure an increased amount of unbound free fatty acid (FFA,) in blood, serum or plasma
samples associated with stroke by quantitatively detecting a shift in fluorescence associated with binding of a
FFA, molecule to the fluorescently-labeled FABP. This invention utilizes the method substantially as
described in U.S. Patent No. 5,470,714, which is incorporated herein by reference. Alternatively, any other
suitable label can be used that is capable of indicating the binding of FABP to FFA,. A wide variety of assay
formats and labeling technologies are known, and in at least some aspects of the present invention, the

particular label or assay format is not critical. but rather any suitable assay format and label known in the art

can be used.
A variety of FABP and fluorescent labels can be used in detecting levels of FFA, in body fluids such

as blood, serum or plasma indicative of stroke. These include, for example, rat intestinal FABP (I-FABP),
human adipocyte FABP (A-FABP) and rat heart FABP (H-FABP). Site-specific mutant forms of these FABP,
n which one or more amino acid residues have been altered (inserted, deleted and/or substituted) are also
useful in the method and include, for example, substitutions of Cys in |-FABP at positions 27, 81, 82, 84, an

Ala substitution at residue 72 of I-FABP, and a Lys substitution at residue 27 of H-FABP.
The FABP molecules may be fluorescently-labeled using a variety of known labels including but not

limited to acrylodan, danzyl aziridine, 4-[N-[(2-iodoacetoxy)ethyl]-N-methylamino]-7-nitrobenz-2-oxa—1,3-
diazole ester (IANBDE), and 4-[N-[(2-iodoacetoxy)ethyl]-N-methylamino-7-nitrobenz-2—oxa-1,3-diazole

(IANBDA). Other proteins that bind FFA and that change their fluorescence upon FFA binding may also be
used including, but not limited to, albumin. In a preferred embodiment, albumin has a fluorescent label such

_6-
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as 7-hydroxycoumarin or anthraniloyl. Any label may be used in the practice of the invention as long as a
measurable difference may be detected upon binding of a free fatty acid. For example, a difference in
wavelength or in signal intensity may be monitored. Further examples of labels which may be used include,
but are not limited to, chromophores which produce a change in absorbance or optical activity and spin labels
which change is detectable by electron spin resonance.

In a preferred embodiment, a fluorescently-labeled FABP is acrylodan-derived recombinant rat
intestinal fatty acid binding protein (referred to as ADIFAB). Derivatization with acrylodan was performed
using known methods substantially as previously described (U.S. Patent No. 5,470,714 & Richieri, G.V, et al.,
J. Biol. Chem., (1992) 276: 23495-23501), and ADIFAB s commercially available (FFA Sciences LLC, San
Diego, CA ). Concentrations of FFAy can be determined by the binding of the FFA, to the fluorescently
labeled fatty acid binding protein (FABP). A different fluorescence is exhibited when no FFA is bound to the
fluorescently-labeled FABP. The concentration of FFA, can be determined from the fluorescence difference.
The wavelength emitted by the fluorescently-labeled FABP depends upon the label and protein used. In one
embodiment, the protein is either I-FABP or I-FABP with a substitution of Ala for Leu at position 72 where the
label is acrylodan. These species are referred to as ADIFAB and ADIFAB2, respectively. The binding
offinities of ADIFAB2 have been found to be about 10-fold greater than ADIFAB. The wavelengths at the
maximum intensities emitted by these fluorescently-labeled I-FABP's in the absence of FFA is about 420 to
440 nm. The emission wavelengths at the maximum intensities for the FFA bound to the fluorescently-labeled
-FABP is about 495 to 580 nm. It will be understood that those skilled in the art can readily substitute other
fluorescently-labeled FABP in the disclosed assay.

The assay for determination of FFA, levels in agueous samples measures the intensity of a shift in
fluorescence from a first wavelength, at which the derivatized FABP fluoresces when no FFA is bound, to a
second wavelength, at which the derivatized FABP iluoresces when a molecule of FFA is bound, and the
concentration of FFA, is then determined from the ratio ("R" value) of the two intensities of fluorescence
wavelengths as described in U.S. Patent No. 5,470,714 and Richieri, et al. (1995) J. Lipid Research, vol. 36

pages 229-240, both of which are incorporated herein by reference. Briefly, the ratio is calculated using the

following formula:

(1) = I(1)blank

M

(2) - 1(2)blank

R =

wherein, 1(1) and [(1)blank are the measured fluorescence intensities for a sample containing ADIFAB or
ADIFAB2 and a blank sample containing all reagents except ADIFAB or ADIFABZ, respectively at wavelength
"1" and 1(2) and l(2)blank are the corresponding fluorescence intensities at wavelength "2". For ADIFAB,
wavelength "1" is in preferably (but not absolutely) in the range of 495 and 515 nm and wavelength "2" is in

the range from 422 to 442 nm. Measurements of fluorescence intensities may be obtained using standard

7-
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techniques. As recognized by those skilled in the art, under appropriate conditions, the Iblank intensities in
the above equation can be neglected.

Quantitative detection of levels of blood, serum or plasma FFA, that are elevated over blood, serum
or plasma FFA, levels found in normal healthy individuals can be used to diagnose stroke. In one
embodiment, stroke is indicated by a concentration of FFA, in a blood, serum, or plasma sample that is
significantly higher than the concentration of FFA, in a blood, serum, or plasma sample of a control population
that does not have stroke. In one embodiment, stroke is detected by levels of FFA. in blood, serum or plasma
that exceed the average normal levels of FFA, in blood or serum or plasma by about 2 standard deviations.
In another embodiment, FFA, levels which are two-fold greater than an average concentration of FFA, in a
control population are indicative of stroke. Elevated levels of FFA, in blood, serum or plasma which are
considerably higher may also be detected.

The diagnostic method of the present invention is based on the discovery that patients experiencing
stroke have elevated levels of FFA, in body fluids such as blood, serum or plasma compared to normal levels
of blood, serum or plasma FFA, in healthy individuals. While the diagnostic method may be carried out at any
time, preferably, the test is carried out within 24 hours of the ischemic event. More preferably, the test is
carried out within 10 hours of the ischemic event. Most preferably, the test is carried out within 3 hours of the
schemic event so that treatment may be initiated. Many treatments for ischemic conditions such as cardiac
schemia must be initiated quickly (within hours) in order to be effective. On the other hand, freatment without

a correct diagnosis can be most deleterious to the patient. For example, initiation of thrombolytic therapy in

"the case of a hemorrhagic stroke can lead to death.

The test may be used to distinguish between ischemic stroke and other conditions such as migraine,
seizure and hemorrhagic stroke. At the very least, this test will alert medical personnel that the patient is
suffering from stroke. Thus, a CT or MRI scan could be more quickly initiated, shortening the time to
thrombolytic therapy. This alert could happen even in the ambulance because the test can be easily
administered by EMT personnel. Moreover, having the test done in an ambulance would be especially
beneficial for patients that are distant from a facility with the necessary staff and equipment for treating stroke
hecause the ambulance would be directed to the appropriate facility based on this test where appropriate
therapy can be initiated. In the case of ischemic stroke, this therapy might include administration of
thrombolytic agents such as t-PA. The use of t-PA is contraindicated in hemorrhagic stroke as its use
generally leads to death.

Example 1: Assay of FFA, in a blood sample.

Briefly, the FFA, assay and determinations were performed as follows. Blood samples were diluted
100-fold in buffer (20 mM N-2-hydroxyethyl-piperazine-N'-2-ethane sulfonic acid (HEPES), 150 mM NaCl,
mM KCland 1 mM Na,HPOs, adjusted to pH 7.4), yielding a serum albumin concentration of about o uM. A
solution of fatty acid-free albumin plus ADIFAB or ADIFAB2 was the negative control. For each donor, two

_8-
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aliquots of serum were prepared: one "background" or "blank’ sample of 1% serum and one "experimental’
sample of 1% serum plus ADIFAB or ADIFAB2. The negative control, blank and experimental samples were
measured at 22°C or 37°C.

For each sample, multiple measurements of pairs of intensities were collected at about 432 nm and
505 nm. for ADIFAB and about 450 and 550 for ADIFAB2 and R values were determined after subtraction of
the intensities of the blank sample. At least two separate measurements were done on different days for each
serum sample and the mean values and standard deviations of FFAy concentrations were determined. To
determine the probabilities of a difference between sets of measures, differences in means were evaluated

using Student's t test, where a p value of less than 0.05 was considered significant.

Example 2: [FFA,] are elevated in patients presenting with stroke symptoms in an emergency room
setting.

Blood samples were obtained from 39 patients admitted to the emergency department of a hospital
at the time of admission and at several later ’;ime periods over the next several days. Unbound free fatty acid
(FFAy) levels were measured using a fiuorescently modified fatty acid binding protein as described in U.S.
Patent No. 5,470,714. Both FFA, levels and creatine kinase (CK-MB) levels were measured in each sample.
One patient was eventually diagnosed with stroke. FFA, values were found to be more than 2 times greater

than normal levels during this period while CK-MB values were all in the normal range.

Example 3: [FFA,] are elevated in a rat model of focal cerebral ischemia.

A rat model is used to monitor plasma FFA, levels associated with focal cerebral ischemia.
Reversible focal cerebral ischemia of the left Middle Cerebral Artery (MCA) is induced by intraluminal
occlusion as described in Jackson-Friedman, et al. (1997) Neurology vol. 147: pages 346-352. Plasma Is
sampled from the peripheral circulation. Adult rats are anesthetized. A 4-0 nylon suture (heat-blunted tip) is
inserted in the common carotid artery and advanced via the internal carotid artery so that the tip reaches the
anterior cerebral artery, thus occluding the origin of the MCA without entering its lumen. The free, proximal
end of the suture filament is exposed externally after closing the arteriotomy. At specified times, the filament
is pulled back, thereby restoring blood flow into the MCA. Approximately 0.1 ml blood is drawn at various
times before and after occlusion. The blood samples are drawn into heparanized syringes containing buffered
saline and placed immediately on ice to minimize hemolysis. The diluted blood is centrifuged and the plasma,
diluted to 1%, is used to determine FFA, using ADIFAB2 at 22°C, essentially as described for ADIFAB in
Richieri et al. (1999) Mol. Cell Biochem. vol. 192, pages 87-94.

Briefly, ADIFAB2 was obtained as follows. First, a restriction fragment, carrying the Ala’2 mutation
and appropriate complementary ends, was substituted for the wild-type restriction fragment spanning the Sall
site at position 211 in the I-FABP cDNA sequence (Alpers, et al. (1984) Proc. Natl. Acad. Sci U.S.A. 81: 313-
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317) and a Pmel site at position 291, which was introduced by site-specific mutagenesis. The mutated
restriction fragment was constructed by annealing partially complementary synthetic oligonucleotides carrying
the desired sequence, "filling in" single-stranded regions with the DNA polymerase Klenow fragment, and
digesting with Sall and Pmel to give the appropriate termini. The Ala™ substituted -FABP cDNA was inserted
into the pET11 vector and was expressed in the BL21(DE3) strain. The mutant -FABP was purified
essentially by the method of Lowe, et al. (Lowe, et al. (1987) J. Biol. Chem. 262: pages 5931-5937) and
vielded about 100 mg of purified protein per liter of Escherichia coli culiure. Acrylodan derivatization was
done essentially as described previously for ADIFAB (see U.S. Patent No. 5,470,714, incorporated herein by
reference). Lipidex-5000 chromatography was used to remove free acrylodan.

The fluorescence properties of the acrylodan-derivatized Leu72 -—--> Ala I-FABP (ADIFAB2) are
significantly different than ADIFAB's. The positions of the emission maxima occur at longer wavelengths,
about 440 nm for apo-ADIFAB2 and about 550 nm for holo-ADIFAB2, compared to about 432 and about 505
nm for ADIFAB, and the optimal excitation wavelength is at about 375 nm for ADIFAB2 compared to about
386 nm for ADIFAB. Furthermore, the parameters that define the equilibrium binding properties Ro, Rmax, and
Q (see U.S. Patent No. 5,470,714), are also significantly different for ADIFAB2 and, in contrast to ADIFAB, the
values of these parameters are fatty acid and temperature dependent. Thus for 440 nm and 550 nm and
oleate, Rmax and Q range between 1.6 and 2.5, and between 7.5 and 12, respectively, for terhperatures
hetween 10 and 37 °C and these values are all approximately 10% higher for palmitate and stearate.

Measurements are done using animals exposed fo reversible MCA occlusions for times between
about 15 minutes and 2 hours. Blood samples are drawn just before surgery, at the close of the wound and
then at various times after surgery (eg. 1, 2, 3, 4 and 24 h). The time courses of the [FFA] for the different
occlusions are averaged. [FFAJ] levels increase and peak at about 1-2 hours and then decrease gradually
over the next 24 hours when they return to baseline. Levels of FFA, elevate quickly after occlusion and
remain elevated for more than 4 hours. This behavior is important because the only treatment for an ischemic
stroke is the administration of thrombolytic drugs such as tissue plasminogen activator (t-PA), which must be
given within 3 hours of the initial symptoms. Moreover, the earlier t-PA can be administered the greater the
therapeutic value. Rapid elevation of FFA, levels following the ischemic event provides an ideal diagnostic
window.

Example 4: Levels of FFAu do not remain elevated in a rat model of hemorrhagic stroke.

A major problem in diagnosing ischemic stroke is that patients suffering from non-cerebral ischemic
syndromes often present with symptoms that mimic stroke. Chief among these “stroke mimics” are
hemorrhagic stroke and seizure. A mistaken diagnosis in the case of a hemorrhagic event is particularly
serious because t-PA might be fatal for such a patient.

A possible model for hemorrhagic stroke is obtained by injecting 100-200 ml of rat blood into the

caudate nucleus. The hemorrhage (hematoma) model reveals a very rapid spike in [FFA,] at the time of
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injection (0) followed by a return to baseline in 1-2 hours. The [FFA,] ime course decreases from time zero
and by 2 hours is within 30% of baseline. Example 5: Levels of FFAu are not elevated during seizure.
A rat model for seizure is obtained by infusion of bicuculline into the caudate nucleus which induces

seizures The time course of [FFA,] in the seizure model reveals virtually no change from base line over 24

hours.

Example 6: The stroke-mediated increase in plasma FFA results from adipose tissue lipolysis.

It has long been known that cerebral ischemia, induced in animals, results in the accumulation of
FEA within cerebral tissue. Such determinations require harvesting of brain tissue and organic extraction to
isolate the lipid components of the tissue. The FFA content of the ischemic brain has been found to increase
within minutes of the induction of ischemia and eventually may increase by as much as 8 fold (in complete
ischemia) relative to control tissue. It might therefore seem that an increase in plasma FFA would follow as
an obvious consequence of the increase in FFA content of the ischemic brain. However the absolute amount
of FFA generated even in complete ischemia (decapitation) is too small, in comparison with plasma levels of
FFA to increase [FFA.] significantly. For example, in complete ischemia about 0.8 umoles of FFA accumulate
in the rat brain. The quantity of FFA in plasma following, much less profound, reversible cerebral ischemia is

about 100 times greater.
The only tissue with sufficient capacity to generate the large quantities of FFA observed in cerebral

ischemia is adipose tissue. Our studies indicate that within minutes of cerebral ischemia the brain releases
one or more activators of adipose lipolysis. At least 2 such activators are released upon cerebral ischemia,
norephinephrine and TNF,. [FFA] and TNF, in the same blood specimens are drawn in a reversible 2 hour

occlusion in the rat stroke model (Example 2). Both quantities are elevated and follow the same time course.

Example 7: [FFA,] are elevated early in human patients presenting with cerebral ischemia.

Measurement of [FFA,] in stroke patients would allow a rapid and sensitive indicator of ischemic
stroke and would allow such patients to be distinguished from stroke mimic.

Results of measurements of [FFA,] in the population of nominally healthy human subjects (normals)
were reported previously in Richieri et al. (1995) J. Lipid Res. vol. 36: pages 229-240. These measurements
were done at 37°C using the first fluorescent probe of FFA,, ADIFAB. The results of these measurements
revealed an average and standard deviation of 7.5 nM and 2.5 nM, respectively. Measurements of [FFAy] at
22°C using the ADIFAB2 probe (Richieri et al. (1996) J. Biol. Chem. vol. 271: pages 11291-11300) provided
an average and standard deviation of 2.8 nM and 0.7 nM. The difference In values obtained for the 2 probes
is due in part to the decrease in [FFAJ] with decreasing temperature and to the greater sensitivity of the
ADIFAB probe to factors in plasma, such as hemoglobin, that preferentially absorb the shorter wavelength

fluorescence of the ADIFAB as compared to the ADIFAB2 probe.
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Measurements of [FFA,] in patients with a wide range of diseases reveal that, with the exception of
patients with cerebral or cardiac ischemia and possibly sepsis, the distribution of [FFA,] for this disease
population is quite similar to the distribution of normal asymptomatic individuals. In contrast to these results,
patients with cerebral ischemia reveal significantly elevated [FFA.].

Blood samples are obtained from patients presenting at several different hospitals with possible
stroke. The blood specimens are drawn for each patient at one or more times during their hospitalization.
Results of [FFA,] measurements on samples taken at presentation (between 2 and 5 hours after first
symptoms) reveal a distribution that is shifted to significantly higher levels as compared to asymptomatic
individuals. These results indicate that measurements of [FFA,] provide an early and accurate diagnosis of

ischemic stroke in humans.
It will be understood by those of skill in the art that numerous and various modifications can be made

without departing from the spirit of the present invention. Therefore, it should be clearly understood that the

forms of the present invention are illustrative only and are not intended to limit the scope of the present

invention.
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WHAT IS CLAIMED IS:
1. A method of detecting stroke in a mammal comprising the steps of:
providing a body fluid sample from a mammal exhibiting symptoms consistent with ischemic
stroke;

S mixing the sample with an aqueous solution and with a reagent comprising a fafty acid
binding protein labeled with a fluorescent moiety, wherein said reagent exhibits a first fluorescence in
an aqueous solution and a measurably different second fluorescence in an aqueous solution when
said fatty acid binding protein is bound to a fatty acid; and '

measuring said second fluorescence after said body fluid sample is mixed with said
10 aqueous solution and said reagent to determine a concentration of unbound free fatty acid in said

body fluid sample.
2. The method of claim 1, wherein the body fluid is selected from the group consisting of whole

blood, serum and plasma.
3. A method of using body fluid levels of unbound free fatty acids to monitor the course of

15  stroke therapies in a patient comprising the steps of:
measuring unbound free fatty acid levels in a body fluid sample from said patient at difterent
times throughout the stroke therapy;
comparing the measured level of unbound free fatty acid to a threshold level of unbound
free fatty acid, wherein said threshold level is determined from measuring unbound free faity acid in
20 body fluid of a normal population that is asymptomatic for stroke; and
determining whether the unbound free fatty acid level from the patient's body fluid samples
at any given time point during the stroke therapy is trending towards the threshold level of unbound
free fatty acids from the normal population indicating success of the stroke therapy.
4, A method of determining the presence of stroke in a patient presenting with symptoms
25  consistent with stroke comprising:
measuring unbound free fatty acid levels in a body fluid sample from said patient;
comparing the measured level of unbound free faity acid to a threshold level of unbound
free fatty acid, wherein said threshold level is determined from measuring unbound free fatty acid in
body fluid of a normal population that does not have stroke; and
30 determining whether the unbound free fatty acid level from the patient's body fluid sample is
elevated relative to the threshold level of unbound free fatty acids from the normal population,
wherein said relative elevation indicates an increased risk for stroke.
. The method of claim 4, wherein said body fluid is selected from the group consisting of

blood, serum, and plasma.
35 6. The method of claim 4, wherein said measuring step further comprises the steps of:
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mixing said body fluid sample with an aqueous solution and with a reagent comprising a
fatty acid binding protein labeled with a fluorescent moiety, wherein said reagent exhibits a first
fluorescence in an aqueous solution and a measurably different second fluorescence in an agueous
solution when said fatty acid binding protein is bound to a fatty acid; and

measuring said second fluorescence after said body fluid sample is mixed with said
aqueous solution and said reagent to determine a concentration of unbound free fatty acid in said
body fluid sample.

/. The method of claim 4, wherein said measuring step of said second fluorescence is
performed at a wavelength that differs from a wavelength at which said reagent exhibits said first
fluorescence.

8. The method of claim 7, wherein said wavelength for measuring said second fluorescence is
about 420 nm to about 460 nm, and wherein said wavelength at which said reagent exhibits said first
fluorescence is about 495 nm to about 560 nm.

9. The method of claim 6, further comprising the steps of:

measuring total free fatty acid and albumin in said blood sample; and

determining a ratio of said total free fatty acid and said albumin.

10. The method of claim 6, wherein said fatty acid binding protein is a rat intestinal fatty acid
binding protein, a human adipocyte fatty acid binding protein, or a rat heart fatty acid binding protein, and
wherein said fluorescent moiety is acrylodan, danzyl aziridine, 4-[N-[(2-iodoacetoxy)ethyl]-N-methylamino]-7-
nitrobenz-2-oxa-1,3-diazole ester (IANBDE), or 4-[N-[(2-iodoacetoky)ethyl]—N-methylamino]-7-nitrobenz-2-oxa—
1,3-diazole (IANBDA).

11. The method of claim 6, wherein said reagent in said mixing and measuring steps is a fatty
acid binding protein labeled with acrylodan, wherein said fatty acid binding protein is a mutant protein
comprising a rat intestinal fatty acid binding protein having a cysteine at residue 27, 81, 82, or 84, or an
alanine at residue 72, or a rat heart fatty acid binding protein having a lysine at residue 27.

12. The method of claim 6, wherein said reagent in said mixing and measuring steps is a rat
intestinal fatty acid binding protein labeled with acrylodan.

13. The method of claim 12, wherein said reagent is a rat intestinal fatty acid binding protein
labeled with acrylodan and having an alanine at residue 72.

14, The method of claim 6, wherein the concentration of the unbound free faity acid greater
than 2 standard deviation units above an average value of the concentration of the unbound free faty acid
determined from a non-ischemic population is indicative of stroke.

15. The method of claim 6, wherein the concentration of the unbound free fatty acid greater
than about twice an average value of the concentration of the unbound free fatty acid determined from a non-

ischemic population is indicative of stroke.
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16. The method of claim 4, wherein said measuring step further comprises the steps of:
mixing said body fluid sample with an aqueous solution and with a reagent comprising

albumin labeled with a fluorescent moiety selected from the group consisting of 7-hydroxycoumarin

and anthraniloyl, wherein said reagent exhibits a first fluorescence in an aqueous solution and a

measurably different second fluorescence in an aqueous solution when said albumin is bound to a

fatty acid; and
measuring said second fluorescence after said body fluid sample is mixed with said

aqueous solution and said reagent to determine a concentration of unbound free fatty acid in said
body fluid sample.

17. A method of identifying patients at high risk for hemorrhage comprising the steps of:
measuring unbound free fatty acid levels in a body fluid sample from said patient;
comparing the measured level of unbound free fatty acid to a threshold level of unbound

free fatty acid, wherein said threshold level is determined from measuring unbound free fatty acid in

body fluid of @ normal population that does not have ischemia; and

determining whether the unbound free fatty acid level from the patient's body fluid sample is
elevated relative to the threshold level of unbound free fatty acids from the normal population,
wherein said relative elevation indicates an increased risk for hemorrhage.

18. A method of identifying patients at high risk for mortality within three years after a stroke

comprising the steps of;

measuring unbound free fatty acid levels in a body fluid sample from said patient;

comparing the measured level of unbound free fatty acid to a threshold level of unbound
free fatty acid, wherein said threshold level is determined from measuring unbound or water-soluble
free fatty acid in body fluid of a normal population that does not have stroke; and

determining whether the unbound free fatty acid level from the patient's body fluid sample Is
elevated relative to the threshold level of unbound free fatty acids from the normal population,
wherein said relative elevation indicates an increased risk for mortality within three years after a
stroke.
19. A method for diagnosing ischemic stroke, comprising:

identifying a patient presenting symptomology consistent with ischemic stroke;

obtaining a body fluid sample from the patient;

measuring a level of unbound free fatty acid in the sample; and

ascertaining whether the measured level of unbound free fatty acid is sufficiently elevated to
be indicative of ischemic stroke.

20. The method of Claim 19, further comprising:
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administering thrombolytic therapy to the patient when the measured level of unbound free

fatty acid is indicative of ischemic stroke.
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