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ABSTRACT

Tumor necrosis factor « (TNFa) is an immunomodulatory and
proinflammatory cytokine implicated in neuroinflammation and
neuronal damage in response to cerebral ischemia. Tumor
necrosis factor-a converting enzyme (TACE or ADAM17) is a
key sheddase that releases TNFa from its inactive cell-bound
precursor. Using a selective small molecule inhibitor of TACE,
DPH-067517, we tested the hypothesis that inhibition of TNF«
formation might have a salutary effect in ischemic stroke in-
duced by embolic occlusion of the middle cerebral artery
(MCAQ). DPH-067517 selectively inhibited TACE enzyme ac-
tivity in vitro (K, = 2.8 nM), and effectively suppressed isch-
emia-induced increase in soluble TNFa in brain tissue after

systemic administration. DPH-067517 (3 and 30 mg/kg, i.p.
administered 15 min before MCAO) produced 43% (n = 8, p =
0.16) and 58% (n = 8, p < 0.05) reduction in infarct size and
36% (p < 0.05) and 23% (p < 0.05) reduction in neurological
deficits, respectively. The salutary effect of DPH-067517 in
ischemic brain injury was also observed when the first dose
was administrated 60 min after the onset of ischemia. Inhibition
of TACE had no effect on apoptosis measured by levels of
active caspase-3 expression and DNA fragmentation. Our data
suggest that inhibition of TACE might be a potential therapeutic
strategy for neuroprotection after focal ischemic stroke.

Tumor necrosis factor-converting enzyme (TACE, or
ADAM17) is a member of the ADAM (A Disintegrin and
Metalloproteinase) family of proteases containing both a dis-
integrin and a metalloproteinase domain (Doedens and
Black, 2000). ADAMs form a large group of cell surface pro-
teins that combine features of both cell surface adhesion
molecules and proteases. So far, 31 ADAMs have been iden-
tified in the public database, 17 of which contain the se-
quences consistent with metalloproteinase activity. TACE is
a membrane-anchored, zinc-dependent metalloproteinase
that was originally identified for its ability to release soluble
TNF«a from transmembrane pro-TNFa (Black et al., 1997;
Reddy et al., 2000).

Focal stroke is a pathophysiological condition caused by
decreased blood supply to the brain. The deprivation of oxygen
and glucose in the ischemic brain eventually leads to cell death
(necrosis and apoptosis), inflammation, and tissue repair (del
Zoppo et al., 2000; Wang and Feuerstein, 2000). TNF« is a key

inflammatory mediator that has been demonstrated to be up-
regulated in brain ischemia (Liu et al., 1994; Wang et al., 1994)
and to play a detrimental role in neuronal survival. Adminis-
tration of TNFa during an ischemic brain insult has been
shown to augment the injury, as evidenced by increased tissue
damage and neurological deficits (Barone et al., 1997). Cor-
respondingly, experiments with neutralizing anti-TNF« anti-
bodies or STNF-R1, administered directly into the cerebroven-
tricular system, reduced ischemic damage and improved
functional outcome (Dawson et al., 1996; Barone et al., 1997;
Nawashiro et al., 1997a). However, several other studies sug-
gested a protective role of the TNFa signaling pathway in
tolerance to ischemic or traumatic brain injuries (Bruce et al.,
1996; Nawashiro et al., 1997b; Liu et al., 2000). TNF« null
mutations in mice result in exacerbation of lesions and func-
tional deficits after cerebral ischemia (Bruce et al., 1996). Stud-
ies conducted with animals exposed to TNFa before ischemic
injuries showed remarkable tolerance to the ischemic insult, as

ABBREVIATIONS: TACE, tumor necrosis factor-converting enzyme; ADAM, a disintegrin and metalloproteinase; ADAMTS, ADAM family proteins
with thrombospondin type | motifs; TNF«, tumor necrosis factor «; DPH-067517, N-{4«-[2-(hydroxylamino)-2-oxoethyl]-23,63-dimethyl-4-
piperidinyl}-4-[(2-methyl-4-quinolinyl)methoxy]benzamide; MMP, matrix metalloproteinase; ELISA, enzyme-linked immunosorbent assay; MCAO,
occlusion of the middle cerebral artery; MCA, middle cerebral artery; CBF, cerebral blood flow; TTC, 2,3,5-triphenyltetrazolium chloride; IL,
interleukin; BB-1101, 2S-allyl-N-hydroxy-3R-isobutyl-N-(1S-methylcarbamoyl-2-phenylethyl)-succinamide.
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evidenced by better functional outcome and lesion reduction
(Nawashiro et al., 1997b; Liu et al., 2000).

Although there is considerable evidence for the generation
of TNFa after cerebral ischemia, the regulatory mechanisms
of postischemic TNFa synthesis remain poorly understood. It
is likely that mRNA transcription is important in TNFa«
generation, yet for TNFa to become functionally active, cleav-
age from its membrane bound form is necessary. Thus, TACE
activity is central to TNFa production and, therefore, of po-
tential regulatory importance. To explore the role of TACE
and TNF« in ischemic injury, we have investigated the effect
of a novel, potent, and selective TACE inhibitor,
DPH-067517, on brain damage and neurobehavioral conse-
quence in a rat model of thromboembolic focal stroke.

Materials and Methods

TACE Activity Assay. DPH-067517 (Fig. 1) was synthesized by
Bristol-Myers Squibb (Princeton, NJ). The affinity of DPH-067517
for TACE was determined using partially purified porcine enzyme
and a synthetic fluorogenic substrate, (7-methoxy coumarin-4
acetyl)-PLAQAV-(3-[2,4-dinitrophenyl])-2,3-diaminopropanol-
RSSSR-NH2 (Quality Controlled Biochemicals, Hopkinton, MA).
Partially purified TACE enzyme was obtained from porcine spleen
after a previously described procedure (Moss et al., 1997). The
peptide substrate was diluted to a final concentration of 10 uM in
a buffer containing 50 mM Tricine pH 7.5, 100 mM NaCl, 10 mM
CaCl,, and 1 mM ZnCl,. The enzyme reaction contained 25 ul of 2
nM partially purified TACE plus the diluted peptide in 200-ul
final volume in the presence or absence of inhibitors. Reaction
mixtures were incubated for 1 h on an orbital shaker at 27°C.
Reactions were quenched by the addition of 20 ul of 500 uM
EDTA. Fluorescence measurements were performed in a Cyt-
oFluor Multi-Well Plate Reader series 4000. Cleavage of internal
quenched substrate liberated emission active 7-methoxy couma-
rin-4 acetyl product causing an increase in fluorescence emission
at 395 nM (excitation wavelength was 330 nM). The rate of emis-
sion change was proportional to enzyme activity. The data were
analyzed as described previously (Xue et al., 1998). The potency of
DPH-067517 for ADAM-10 (R&D System, Minneapolis, MN) was
determined by using the same assay protocol as the one used for
TACE except for changes of enzyme concentration (100 nM) and
incubation time (16 h).

MMP Activity Assay. For MMP activity assays, a fluorogenic
peptide substrate, (7-methoxy coumarin-4-yl)acetyl-Pro-Leu-Gly-Leu-
(3-[2,4-dinitrophenyl])-L-2,3-diaminopropanol-Ala-Arg-NH, (Biochem),
was used for MMP-1, -2, -3, -8, -9, -13, -14, and -15 reactions. A dif-
ferent fluorogenic peptide substrate, (7-metthoxycoumarin-4-yl)acetyl-
Arg-Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys  (2,4-dinitrophenyl)-NH,
(R&D Systems), was used for the MMP-10 reaction. MMP enzymes

Fig. 1. Chemical structure of DPH-067517.
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were purchased from Chemicon International (Temecula, CA), In-
Vitek, (Berlin, Germany), or R&D Systems Inc. (Minneapolis, MN).
The appropriate peptide substrate was diluted to a final concentra-
tion of 10 uM in a buffer containing 50 mM Tricine, pH 7.5, 100 mM
NaCl, 10 mM CaCl,, and 1 mM ZnCl,, and an appropriate amount of
MMP (between 0.2 and 10 nM depending on the enzyme) plus the di-
luted peptide in 200-ul final volume in the presence or absence of the
inhibitors. This was incubated for 1 h on orbital shaker at 27°C. Re-
actions were quenched by adding 20 ul of EDTA (500 mM), and activ-
ity was determined by measuring the fluorescence at 330 nm excita-
tion and 395 nm emission in a CytoFluor 96-Well plate reader. The
data were analyzed as described previously (Xue et al., 1998).

ADAM-TS Activity Assay. ADAMTS enzymes are ADAM family
proteins with thrombospondin type I motifs. ADAMTSs are active
metalloproteinases associated with the extracellular matrix. The
inhibition of selected ADAMTS family members was determined by
using an enzyme-linked immunosorbent assay (ELISA)-like assay
format. A biotinylated 41-amino acid peptide substrate was immobi-
lized onto streptavidin-coated 96-well microtiter plates. Proteolysis
of this substrate at the correct amide bond was then detected using
an antibody specific for the neoepitope generated upon hydrolysis
(Miller et al., 2003).

Focal Brain Ischemia. Rats were housed and cared for in accor-
dance with the National Insititutes of Health’s Guide for the Care
and Use of Laboratory Animals. Procedures using lab animals were
approved by our Institutional Animal Care and Use Committee.

Male Sprague-Dawley rats at 20 weeks of age weighing 340 to
450 g were used for these experiments. Rats were anesthetized with
gas inhalation composed of a 30% oxygen (0.3 liter/min) and 70%
nitrous oxide (0.7 liter/min) mixture. The gas was passed through an
isoflurane vaporizer set to deliver 3 to 4% isoflurane during initial
induction and 1.5 to 2% during surgery. Details for animal care and
monitoring during operation have been described previously (Wang
et al., 2003b).

To induce thromboembolism in the cerebral circulation, an embo-
lus was prepared using a procedure described previously (Zhang et
al., 1997; Wang et al., 2003b). Briefly, a femoral artery was dissected
from a donor rat under anesthesia and a small volume of blood (1-2
ml) was withdrawn into PE-50 tubing. The blood clot was retained
for maturation in the tube for 2 h at room temperature and then
stored at 4°C overnight. A single clot (25-35 mm long within the
tubing) was washed in saline and filled into a modified PE-50 cath-
eter with a 0.3-mm outer diameter attached to a 100-ul Hamilton
syringe filled with saline. The PE tubing was inserted into the
external common carotid artery of the recipient rat and the clot was
gently injected into the internal common carotid artery about 1 to 2
mm distance from the middle cerebral artery. No clot was injected in
sham-operated animals.

Drug Administration. To ensure the effect of TACE inhibitor in
ischemic injury, our initial study started with a higher dose, i.e., 30
mg/kg DPH-067517, or vehicle (saline), administered to rats i.p., 15
min before and 6 h after MCAO. The same dose regimen was used to
assess the therapeutic window by administering the first dose at 60
min or 180 min after MCAO and the second dose at 6 h (n >8). A
concentration-dependent study was then performed by dosing DPH-
067517 (0.3, 3 or 30 mg/kg) or vehicle (saline) at 15 min before and
6 h after MCAO (n >8). Because similar effects were observed on
infarct volume and neurological deficits between the 3 and 30 mg/kg
DPH-067517 groups administered 15 min before MCAO, the lower
dose was also confirmed by administering at 60 min after MCAO. A
dose of 3 mg/kg DPH-067517 was used to study physiological param-
eters, drug effects on cytokine and caspase-3 expression as well as
apoptosis.

Physiological Measurements. Regional cerebral blood flow
(CBF) was measured with a Laser Doppler Perfusion Monitor (Moor
Instruments Inc., Wilmington, DE). Under anesthesia, a small inci-
sion was made at the midpoint between the right orbit and the
external auditory canal. The temporalis muscle was retracted and
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the underlying fascia cleared. A small area of skull about 1 mm
posterior and 5 mm lateral to the Bregma in the ipsilateral hemi-
sphere was thinned to allow placement of the laser Doppler probe.
CBF was carefully monitored 15 min before and 15 min and 6 h after
MCAO in 3 mg/kg DPH-067517- or vehicle-treated animals.

Arterial blood pressure and heart rate were measured using an
MP100 Workstation and analyzed using an AcqKnowledge software
(BIOPAC Systems, Inc., Santa Barbara, CA) according to the man-
ufacturer’s specifications. Femoral arterial blood samples were ana-
lyzed for pH, oxygen (pO,) and carbon dioxide (pCO,) by direct
collection through PE-50 tubing into an i-STAT G3+ cartridge and
processed with a portable clinical analyzer (Abbott Laboratories,
Abbott Park, IL).

Measurement of Infarct Volume. To measure the infarct vol-
ume, brains were removed under deep anesthesia as described above
24 h after MCAO and evaluated using 2,3,5-triphenyltetrazolium
chloride (TTC) staining of 2-mm thick brain slices. The stained brain
tissue was fixed in 10% formalin in phosphate-buffered saline. The
image was captured using a Microtek ScanMaker 4 DUO Scanner
(Microtek, Carson, CA) and quantitated using Image Pro Plus 4.1
software (Media Cybernetics, Silver Spring, MD).

Neurological Deficits. Neurological deficits were examined at
24 h after MCAO or sham-operation using a 5-point scale as de-
scribed previously (Wang et al., 2003b). Specifically, no neurological
deficit, 0 point; right Horner’s syndrome, 1 point; failure to extend
the left forelimb and hindlimb, each 1 point; turning to the left and
circling to the left, each 1 point. The same groups of animals were
subjected to rota-rod tests using an Accelerating Speed Treadmill for
rats (Stoelting, Wood Dale, IL). Four trials were allowed at each
session, and the mean values collected for group data analysis.

Enzyme-Linked Immunosorbent Assay. Tissue lysate from
ipsilateral and contralateral brain samples (24 h after MCAO, n = 8)
was pulverized using a porcelain mortar and pestle under liquid
nitrogen. The pulverized brain tissues were incubated in a lysis
buffer (10 mM Tris, pH 8.0, 150 mM NaCl, 1 mM EDTA, 1 mM
phenylmethylsulfonyl fluoride, and 1% Triton X-100) and 5 ul/ml of
protease inhibitor cocktail (Sigma, St. Louis, MO) for 1 h at 4 C°.
After a 10-min centrifugation at 10,000g, the supernatant of tissue
lysate was collected and aliquoted for ELISA and protein concentra-
tion measurement using a Bio-Rad detergent-compatible protein
assay kit (Hercules, CA). The levels of TNFa and IL-18 protein in the
brain tissue were measured using ELISA kits for rat TNFa and
IL-18 (R&D Systems, Inc., Minneapolis, MN) following the manu-
facturer’s specification. Tissue extracts (50 ul) were applied to each
well for the ELISA, and the final measure was read out using a plate
reader at 450 nm. The concentrations of TNFa and IL-18 protein in
each sample were determined according to the standards (recombi-
nant proteins) provided with the kits. TNFa and IL-13 levels in the
brain samples were within the linear range of the standard curves.

Each sample was normalized using its total protein concentration in
milligrams and expressed as the ratio of ipsilateral versus contralat-
eral tissues.

Western Blot Analysis. Western blot analysis was used to eval-
uate the levels of the active form of caspase-3 in rats (n = 8) 24 h
after transient MCAO. The pulverized brain tissues were lysed and
processed as described in the previous section. The soluble compo-
nent of the tissue lysate was used for Western blot (100 pg protein/
lane) using a mouse monoclonal IgG against caspase-3 as previously
described in detail (Wang et al., 2003a). The blot was stripped and
re-probed with a goat polyclonal anti-actin antibody (Santa Cruz
Biotechnology, Inc.) for loading controls in each lane.

Apoptosis Analysis. Apoptosis was measured by quantitating
DNA fragments in the ipsilateral and contralateral hemispheric
brain tissue 24 h after MCAO in rats treated with 3 mg/kg DPH-
067517 or saline (n = 8) using a cell death detection ELISA kit
(Roche Molecular Biochemicals; Wang et al., 2003a). This sandwich-
enzyme immunoassay provides a quantitative determination of his-
tone-associated DNA fragments (mono- and oligonucleosomes) based
on a photometric reaction using monoclonal antibodies directed
against both DNA and histones. Frozen, pulverized brain tissue was
lysed using the lysing buffer provided in the kit (30 min at room
temperature) and pelleted (200g). Aliquots of the supernatant were
used in the assay according to the manufacturer’s protocol.

Statistical Analysis. All data are presented as mean = S.E., and
statistical comparisons were made by analysis of variance (analysis
of variance; Fisher’s protected least-squares difference). Differences
were considered significant when p < 0.05.

Results

DPH-067517 Selectively Inhibited TACE Activity. Ta-
ble 1 shows the selective inhibition by DPH-067517 of TACE
compared with other closely related metalloproteinases.
DPH-067517, with K, = 2.8 nM for TACE, is selective for
TACE compared with other MMPs and ADAMTSs tested,
showing more than 100-fold selectivity with the exception of
MMP-14 (i.e., 58-fold). The selective inhibition of TACE ac-
tivity by DPH-067517 in brain tissues was also observed by
measuring the selective suppression of soluble TNF« release
after brain ischemia (Fig. 2A). As a control, DPH-067517 had
no effect on the expression of soluble IL-1B after ischemic
brain injury (Fig. 2B).

Effects of DPH-067517 on Physiological Parameters.
The effects of DPH-067517 on regional cerebral blood flow,
heart rate, arterial blood pressure, pH, blood oxygen (pO,),
and blood carbon dioxide (pCO,) were evaluated in rats after

TABLE 1
Selectivity of DPH-067517 for TACE against other closely related metalloproteinases
Enzyme Name K; Selectivity
nM fold

TACE TNFa converting enzyme 2.8 1
MMP-1 Collagenase 1 (Interstitial collagenase) >5000 >1786
MMP-2 Gelatinase A >3000 >1071
MMP-3 Stromelysin-1 762 272
MMP-8 Collagenase 2 (Neutrophil collagenase) 2050 732
MMP-9 Gelatinase B >3000 >1071
MMP-10 Stromelysin-2 1650 589
MMP-13 Collagenase-3 >5000 >1786
MMP-14 Membrane-type matrix metalloproteinase-1 163 58
MMP-15 Membrane-type matrix metalloproteinase-2 1700 607
ADAM10 MADM >3000 >1071
ADAMTS-1 ADAMTS-1 7800 2786
ADAMTS-4 Aggrecanase 1 4600 1643
ADAMTS-5 Aggrecanase 2 1900 678
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Fig. 2. Effects of DPH-067517 on the expression of soluble TNFa and
IL-18 in the brain after ischemic injury. Rats (n = 8) were i.p. adminis-
tered 3 mg/kg DPH-067517 or vehicle at 15 min before and 6 h after
MCAO. Brain tissues were collected at 24 h after MCAO and processed
for “sandwich” ELISA analysis as described in detail under Materials and
Methods. The levels of soluble TNFa (A) and IL1B (B) in the brain were
determined and the data are illustrated as ratios of ipsilateral/contralat-
eral (IL/CL) with mean + S.E. after normalizing for total protein concen-
tration. *, p < 0.05 relative to the vehicle-treated group.

sham-operation or MCAO (15 min before, 15 min and 6 h
after MCAO). No significant difference was observed between
DPH-067517- and vehicle-treated groups in any of the respi-
ratory and cardiovascular parameters tested (Table 2).
Neuroprotective Effect of DPH-067517 on Rat Brain
after MCAO. Figs. 3 and 4 illustrate the dose-dependent
effect of DPH-067517 on ischemic lesion and neurological
deficits. Similar levels of ischemic damage were observed
comparing the vehicle group and rats treated with a low dose
of DPH-067517 (0.3 mg/kg). Both infarct volume and neuro-
logical deficits were significantly reduced after treatment
with either 3 or 30 mg/kg DPH-067517, with 43% (n = 8,p =
0.16) and 58% (n = 8, p < 0.05) reduction in ischemic lesion

TABLE 2
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(Fig. 3A) or 36% (p < 0.05) and 23% (p < 0.05) reduction in
neurological deficits, respectively, compared with controls
(Fig. 4B). The reduction in infarct size was observed in both
cortical and subcortical regions (Fig. 3; quantitative data not
shown).

Therapeutic window was studied by providing the first
dosing of 30 mg/kg DPH-067517, at 15 min before (n = 8), or
60 min (n = 10) or 180 min (n = 9) after MCAO. As shown in
Fig. 5, significant neuroprotection was observed when the
first dose (30 mg/kg) was given at 60 min (57% reduction in
infarct size and 35% reduction in neurological deficits, p <
0.05) but not at 180 min after MCAO. Similarly, 3 mg/kg
DPH-067517 administered at 60 min after MCAO (n = 7)
significantly decreased in infarct size (54%, p < 0.05) and
neurological deficits (37%, p < 0.05).

DPH-067517 Had No Effect on Expression of
Caspase-3 and DNA Fragmentation (Apoptosis) in the
Brain after MCAOQO. Because TNFa has been previously
shown to be involved in apoptosis (Gupta 2001) and apoptosis
represents one of the pathophysiological phenomena after
focal brain ischemia (Moskowitz and Lo, 2003), the effects of
DPH-067517 on caspase-3 expression and DNA fragmenta-
tion (an indicator of apoptosis) were examined. Western anal-
ysis was used to detect the expression of active caspase-3
(p20) in the brain after MCAO. As expected, the levels of p20
caspase-3 were markedly increased in the ischemic brain
tissues compared with the contralateral tissues at 24 h after
MCAO (Fig. 6), with a mean ipsilateral/contralateral ratio of
4.0 in vehicle-treated rats (Fig. 7A). A similar ratio of
caspase-3 expression (ratio = 4.6, not statistically different
from vehicle treatment) was observed in DPH-067517-
treated animals.

The effect of DPH-067517 on apoptosis after cerebral isch-
emia was evaluated by monitoring DNA fragmentation using
an ELISA method. Although apoptosis was induced in the
ischemic brain tissues after MCAO, no significant difference
was observed between groups after DPH-067517 and vehicle
treatment (Fig. 7B). Sham operation did not induce caspase-3
expression and apoptosis in the brain.

Discussion

TNFa is one of the key immunomodulatory and pro-inflam-
matory cytokines up-regulated after focal stroke. However,
the precise function of TNFa in ischemic brain has been the
subject of much speculation, with data supporting both det-

Physiological conditions in the presence or absence of DPH-067517 after MCA occlusion

DPH-067517 (3 mg/kg, i.p.) or saline was administrated 15 min before and 6 h after MCAO as described under Materials and Methods. Physiological data were measured
before (15 min before MCAO), 15 min after, and 6 h after MCAO. No statistical difference was observed for these physiological parameters between DPH-067517 and saline

treatment.
CBF HR MABP CO 0} _
Treatment =8 =8 (n=8) (r}; = é) (np:29) pH (1 =9)
% min~! mm Hg mm Hg mm Hg

Saline
Before 100 309 = 12 92 +5 43 £3 131 £9 7.28
15 min after 28+6 317 = 15 857 475 133 £ 10 7.23
6 h after 85+8 314 + 24 97+ 9 45+ 4 134 = 12 7.31

DPH-067517
Before 100 311 =10 91 +3 43 £ 2 132 = 10 7.30
15 min after 29+4 298 + 12 84 +6 46 £ 4 126 £ 11 7.22
6 h after 88+6 308 = 19 95+ 6 44 +5 135 £ 13 7.27

CBF, cerebral blood flow (shown as a percentage of the CBF level before MCAO); HR, heart rate; MABP, mean arterial blood pressure.
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Fig. 3. Representative images of TTC-stained brain slices for rats treated
with various concentration of DPH-067517. Rats were i.p. administered
0.3, 3, and 30 mg/kg DPH-067517 or vehicle at 15 min before and 6 h after
MCAO. Brain tissues were collected and processed for TTC staining at
24 h after MCAO. The images were captured using a Microtek scanner.

rimental (Dawson et al., 1996; Barone et al., 1997; Na-
washiro et al., 1997a) and protective (Bruce et al., 1996;
Nawashiro et al., 1997b; Liu et al., 2000) roles depending on
the time and dose of TNF« exposure. It is known that TACE,
which is constitutively expressed in the brain (Karkkainen et
al., 2000), plays an essential role in shedding/releasing the
active form of soluble TNFa from its membrane-anchored
precursor (Black et al., 1997). The reported cellular sources of
TACE expression are mainly neurons, astrocytes, and endo-
thelial cells (Goddard et al., 2001; Skovronsky et al., 2001).
TACE expression was induced in cultured forebrain slices
after oxygen-glucose deprivation, which might also account
for the increase in soluble TNF« in response to the stimula-
tion (Hurtado et al., 2001). However, as with TNFa, the
precise role of TACE in the brain, particularly under isch-
emic conditions, is unknown. In the present study, we have
demonstrated for the first time that inhibition of TACE was
neuroprotective in the rat model of thromboembolic stroke by
means of systemic administration of the novel, selective
TACE inhibitor DPH-067517. Both infarct size and neurolog-
ical deficits were significantly reduced in DPH-067517—
treated animals after focal stroke. As expected, marked re-
duction in soluble TNFa expression was observed in ischemic
brain tissue pretreated with DPH-067517, suggesting that
inhibition of TACE, possibly by reducing the release of solu-
ble TNF«a, may be responsible for the neuroprotective out-
come after ischemic injury.
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Fig. 4. Concentration-dependent effects of DPH-067517 on infarct size
and neurological deficits after focal ischemic brain injury. Rats were
administered 0.3 (n = 11), 3 (n = 12), and 30 (n = 8) mg/kg DPH-067517
or vehicle (n = 11) at 15 min before and 6 h after MCAO. After TTC
staining as shown in Fig. 3, infarct size was measured using an Image Pro
Plus 4.1 software (A). Neurological deficits were evaluated in the same
groups of animals before the TTC staining procedure using the criteria
described in detail under Materials and Methods (B). *, p < 0.05, com-
pared with the vehicle-treated group.

It should be pointed out, however, that TACE has also been
shown to be involved in the release of L-selectin, transform-
ing growth factor-«, the p75 TNF receptor, type II interleu-
kin-1 receptor, and amyloid precursor protein (Buxbaum et
al., 1998; Peschon et al., 1998; Lammich et al., 1999), all of
which are known to be associated with the pathology of
various neurological disorders, including focal stroke and
Alzheimer’s disease (Fassbender et al., 1995; Bruce et al.,
1996; Wang et al., 1997; Ruocco et al., 1999; Citron, 2002).
Therefore, although DPH-067517 is selective for inhibition of
TACE relative to other MMPs and ADAMs, additional mech-
anisms associated TACE function cannot be excluded for the
neuroprotective effect of DPH-067517 treatment in ischemic
brain injury.

In addition to inflammation, apoptosis represents one of
the pathophysiological events after ischemic brain injury
(Moskowitz and Lo, 2003). Because TNFa has been shown
previously to be involved in apoptosis (Gupta 2001), our
present study explored the potential effect of DPH-067517 on
apoptosis by examining the levels of caspase-3 expression
and DNA fragmentation. Our data suggest that inhibition of
apoptosis might not be the neuroprotective mechanism for
DPH-067517 in ischemic brain injury. In addition, because
the degree of apoptosis does not correlate with infarct volume
after DPH-067517 treatment, these data suggest that the
reduction in infarct volume might be more closely related to
necrosis than to apoptosis. It also remains to be explored
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Fig. 5. Time-dependent effects of DPH-067517 on infarct size and neu-
rological deficits after focal ischemic brain injury. 30 mg/kg DPH-067517
or vehicle (saline treatment before MCAO, n = 11) was administered 15
min before (n = 8) or 1 h (n = 10) or 3 h (n = 9) after MCAO. The ischemic
lesion (A) and neurological deficits (B) were evaluated as described the
legend to Fig. 4. *, p < 0.05, compared with the vehicle-treated group.
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Fig. 6. Representative Western blot to show the expression of active
caspase-3 (p20) in the brain after ischemic injury. Rats were i.p. admin-
istered 3 mg/kg DPH-067517 or vehicle at 15 min before and 6 h after
MCAQO. Brain tissues were collected at 24 h after MCAO and processed
for Western blot using antibodies against active caspase-3 (p20) or actin
(as a loading control). Brain tissues after sham-operation (24 h) in vehi-
cle-treated animal were also illustrated.

whether the levels of soluble TNF« expression and apoptosis
might be affected when the TACE inhibitor is given after
ischemic insult.

In contrast to our present result, one previous study con-
cluded that TACE activity was neuroprotective because in-
hibition of TACE by a “selective” inhibitor, BB-1101, abol-
ished the protective effect of ischemic preconditioning in rats
(Cardenas et al., 2002). The evidence from this previous
report and our present study suggests that TACE, like TNFq,
might play either a detrimental or protective role in ischemic
brain injury depending on the particular condition. On the
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Fig. 7. Effects of DPH-067517 on active caspase-3 (p20) expression and
DNA fragmentation (apoptosis) in the ischemic brain tissues. Rats were
administered 3 mg/kg DPH-067517 or vehicle at 15 min before and 6 h
after MCAO. Brain tissues were collected at 24 h after MCAO and
processed for Western blot or ELISA analysis as described in detail under
Materials and Methods. A, quantitative data show the expression of p20
caspase-3 in the DPH-067517- and vehicle-treated brain tissues. B, quan-
titative data show the levels of DNA fragmentation representing apopto-
sis as measured by an ELISA method. Data are illustrated as the ratio of
ipsilateral/contralateral brain tissues with mean *= S.E. after normaliz-
ing for total protein concentration. No statistical difference was found
between DPH-067517- and vehicle-treated groups.

other hand, these differences might reflect the use of differ-
ent models (ischemic preconditioning versus ischemic injury)
and different TACE inhibitors, so the key underlying differ-
ences remain to be investigated.

In summary, our present study demonstrates that the in-
hibition of TACE by a selective inhibitor is neuroprotective in
ischemic brain injury, and this protection is probably associ-
ated with reduced expression of soluble TNF« in the brain.
These data suggest that pharmacological manipulation of
TACE/TNFa activity might be of therapeutic value for the
treatment of ischemic stroke.
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