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Comparison of Effects between Alteplase and Pamiteplase on MMPs Regulation
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Thrombolytic therapy with tissue plasminogen activator (tPA) can improve the clinical outcome of is-
chemic stroke patients. However, its clinical application is limited by narrow therapeutic time win-
dows and elevated risks of cerebral hemorrhage and brain injury. In part, these effects of tPA has
been related to matrix metalloproteinase-9 (MMP-9) dysregulation. Here, we investigate that the ef-
fects of alteplase (tPA with short half-life) and pamiteplase (a modified tPA with long half-life) on
the MMP-9 regulation in neurovascualr unit. The total levels of MMP-2 and MMP-9 in neuronal cells
are lower than astrocytes. Alteplase (1-10 pg/ml) induced upregulation of MMP-2 and MMP-9 in rat
cortical neurons and astrocytes, respectively. Whereas pamiteplase in a wide range of dose did not
affect the MMP-2 and MMP-9 responses in both of cells. These results suggest that pamiteplase with
long half-life can be provided as a agent that overcome the side effects of alteplase.
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Introduction

Tissue plasminogen activator (tPA) is used to lyse clots
and reperfuse brain in ischemic stroke. Properly titrated
use of tPA improves clinical outcomes. Clinical trials have
shown that tPA can be effective therapy for stroke if ad-
ministrated within few hours of stroke onset [14]. However,
tPA has a short half life of about 5 min and is cleared rap-
idly from plasma [12]. The dose of tPA required for effec-
tive thrombolysis is substantially higher, and this may con-
tribute to lethal adverse effects such as intracerebral hem-
orrhage (ICH) and edema. To overcome these shortcomings,
several tPA have been developed to lengthen half-life, in-
crease resistance to plasma protease inhibitors or cause
more selective binding to fibrin [8,16]. Also, tPA incurs ele-
vated risks of reperfusion injury, which involves edema
and cerebral hemorrhage. In part, these phenomena may
be related to neurovascular proteolysis mediated by matrix
metalloproteinases (MMPs). MMPs can degrade basal lami-
na and blood brain barrier, thus leading to edema and vas-
cular rupture [1,6,7]. It has been documented that tPA am-
plified MMP-9 level after stroke and tPA plus MMP in-
hibitors reduce hemorrhage and improve outcomes in ani-
mal models of embolic stroke [4,9,13].
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Pamiteplase is a modified tPA with the deletion of the
kringle-1 domain and with a point mutation at the site of
the kringle-2 domain linkage to the light chain to prolong
the plasma half-life. It has been shown in vitro to possess
a pronounced affinity for fibrin and to retain the same spe-
cific activity as tPA [2]. In a rat model of embolic stroke,
pamiteplase induced thrombolysis rapidly within 10-30
min [3] and reduced infarction volume suppressing the in-
cidence of hemorrhage and improve neurological outcomes
[11]. Here, we examined the effects of palsminogen activa-
tors on MMP regulation in a neurovascular cells system.

Cortical neurons were prepared from 16 day old rat em-
bryonic cortex. Cell suspensions were seeded onto poly-D-
ysine-precoated plates with neurobasal medium supple-
mented with glutamic acid, glutamine, antibiotic solution
and 2% B27 supplement. Cultures were used at 10-12 days
and the medium was changed with NBM containing 0.1%
B27 for 1 day for experiments. Plasminogen activators, al-
teplase (1-10 pg/ml) and pamiteplase (0.5-25 pg/ml) were
treated for 24 hrs in NBM containing 0.1% B27 and me-
dium was collected for gelatin zymogrphy. The cleared
medium was concentrated 10 fold using microcon with a
10 kDa pore diameter cut-off, then electrophoresed on 10
% SDS-PAGE containing 1 mg/ml gelatin as the protease
substrate. The gel was placed in 2.7% Triton X-100 for 1 hr
and then incubated for 20 hrs in developing buffer.
Relative gelatinolytic activity (MMP-2 and -9) was quanti-
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Fig. 1. The effects of alteplase and pamiteplase on MMPs regulation in rat neuronal cells. (A) Zymograpy shows alteplase induced
MMP-2 and MMP-9 upregulation. (B) Quantification of changes of MMP-2 and MMP-9 after exposure to alteplase with
indicated concentrations. (C) Pamiteplase was not effective on the regulation of MMP-2 and MMP-9. M2 and M9 indicate
positive controls loaded with MMP-2 and MMP-9 standards.

fied and expressed as a ratio of the loaded positive con-
trols via measurement of optical density. The base line of
MMP-2 and MMP-9 were detected under normal condition
(Fig. 1A&C). Alteplase induced MMP-2 and MMP-9 ex-
pression in a dose dependent manner, even though 10
ug/ml of alteplase slightly increased MMP-9 level (Fig.
1A&B). Whereas pamieplase did not affect the pattern of
MMP-2 and MMP-9 expression (Fig. 1C). To test whether
similar effects were observed in other neurovascular cells,
the response of MMP-9 and MMP-2 in astrocytes was
analyzed. Cortical astrocytes were obtained from cortices
of 1 day old neonatal rat and cultured with DMEM con-
taining 10% FBS. Confluent cell were starved with Serum-
free medium for 12-18 hrs and then changed to fresh se-
rum free medium with or without recombinant human al-
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teplase or pamiteplase. Gelatin zymography showed the
total MMP-2 and MMP-9 levels in astrocytes were higher
than neurons. Qur previous study showed immunoreactive
MMP-9 signals appeared mainly to be associated with vas-
cular and astrocyte-like structure after focal ischemia
and/or tPA [15 and unpublished paper]. This finding is
consistent with previous in vivo data, suggesting as-
trocytes may be a main source for MMPs secretion. As
shown in Fig. 2A&B, exposure with alteplase for 24 hrs to
astrocytes significantly upregulated MMP-9 and MMP-2.
Especially, MMP-2 were potently increased in all of dose
[5]. However, no significant inductions of MMP-9 and
MMP-2 upregulation were achieved by pamiteplases (Fig.
2C). These results suggest pamiteplase may be a more ef-
fective agent for thrombolytic therapy by suppressing in-
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Fig. 2. Plasminogen activators-mediated MMPs regulation in rat astrocytes. (A) MMP-2 and MMP-9 levels were measured by gela-
tin zymogram. All dose of alteplase was effective in the upregulation of MMP-2 and MMP-9. (B) Quantification of changes
of MMP-2 and MMP-9 after exposure to alteplase with indicated concentrations. (C) Cells were exposured to pamiteplase
with indicated dose for 24 hr. There were no changes in secretion of MMP-2 and MMP-9.
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duction of MMP-9. Further, the long-acting characteristics
of pamiteplase may permit the dosage to be decreased,
thus ameliorating the occurrence of hemorrhagic trans-
formation, especially under conditions where pamiteplase
is administered at a delayed time point after the onset of
ischemia [10,11]. Further studies are warranted to validate
it for possible clinical applications.

In conclusion, the challenge is how to increase the time
window for tPA, decrease the risks of cerebral hemor-
rhage, and increase the efficacy of reperfusion for clinical
stroke therapy. Pamiteplase may be provided as a candi-
date of thrombolytic therapy reducing risks of intracerebral
hemorrhage and may allow us to improve its safety and
efficacy in stroke.
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