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The Type 1 human plasminogen activator inhibitor (hPAI-l) is a member of the serpin (Serine
£.rotease Inhibitor) family of proteins that plays a regulatory role in fibrinolysis. It is the primary inhibitor
of the tissue type plasminogen activator (tPA), which converts plasminogen to an active enzyme, plasmin
that would subsequently trigger the fibrinolytic system (Gombau et aI, 1993). The hPAI-l is a soluble
single chain glycoprotein with a molecular weight of 47 KDa. Its blood plasma concentration can range
from 6 - 80 nglmL depending on different factors such as tissue rupturing, stress, and aging (Yamamoto et
ai, 2002).

The chromaffin cells of the adrenal medulla and their dense core catecholamine storage granules
are used as a model for neuroendocrine cells with regulated secretory vesicles. The contents of these
vesicles can be secreted into the extracellular milieu by mode of exocytotic release following secretagogue
stimulation (Parmer et aI, 1998). It has recently been found that components from the plasminogenltPA
system are expressed in chromaffin cells and are released together with catecholamines after secretagogue
stimulation. Perturbation of this system may influence secretory characteristics of the cell. A comparison
between secretion levels of the normal PC12 cell line and PC12 cell lines harboring hPAI-l gene was
made. We tested the hypothesis that alteration of expression levels of PAl-I, the major inhibitor of the
plasminogenltPA system, directly influences catecholamine release from the chromaffin cell.
Methods:
Cell Culture

PC12 cells were grown at 37°C in Dulbecco's modified Eagle's medium/high glucose
supplemented with 5% fetal bovine serum, 10% horse serum, 100 units/mL penicillin, and 100 IlglmL
streptomycin. Clones A, 2, and 5 were grown in the medium containing 0.5 mg/mL Geneticin. Clone 2
and 5 are PC12 cells which have hPAI-l gene incorporated into their genome (pRc/CMV vector plasmid
from Invitrogen) by stable transfection techniques. Clone A is the PC12 cell line harboring only the
pRc/CMV vector (stable transfector control cell line).
Secretagogue-stimulated hPAI-I Release

Cells (with 50-60% confluency) were collected and suspended in 25 mL of PC12 media.
Suspension (500 ILL)was then added to poly-D-Iysine coated 12 well plates containing 500 ILLof PC12
medium without Geneticin. After two days, cells were labeled with 500llL of L-[3H]Norepinephrine at 1
IlCi/mL PC12 cell culture medium and incubated for 3 hours. Cells were washed twice with serum tree
media and twice with Cell Wash Buffer (150 mM NaCI, 2mM CaCl2,5mM KCI, 10 mM HEPES,7.0).

A secretagogue containing buffer (lmL) was added to each well: Nicotine (Wash buffer, 60 IlM
Nicotine), KCI (100 mM NaCl, 55 mM KCI, 2mM CaCl2, 10 mM HEPES,7.0), and BaCli150 mM NaCl, 2
mM BaCI2, 5mM KCI, 10 mM HEPES,7.0). After 30 minutes of incubation at room temperature, media
were collected. Cell Lysis buffer (Wash buffer, 0.1% Triton x-lOO) (ImL) was added to each well. Cells
were incubated at room temperature on a shaker for 30 minutes, and lysates were collected. All samples
were centrifuged at 10000x g for 5 minutes. Then 500 ILLof the lysates and media were added to 5 mL of
Ecoscint Scintillation Fluid, and radioactivity was measured. The overall amounts of protein released into
media after secretagogue stimulation were measured using the Protein Concentration Determination
protocol from BioRad. The amounts of hPAI-l released into media by different clones were measured by
an enzyme-linked immunosorbent assay using the IMUBIND Tissue PAI-l ELISA kit (American
diagnostica, Inc.).
Results

The percent release of 3H Norepinephrine for cell lysate and media was calculated by dividing
media scintillation counts by the total scintillation counts of media and lysate. The normalized
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hPAI-I release was calculated by dividing hPAI-I concentrations from the ELISA assay by the total
amount of protein in each sample. The scintillation counts for the PCl2 cell line using different
secretagogues were used as control and the clones' scintillation counts were plotted as folds of control.

Out of all the secretagogues, BaClz caused the greatest amount of release into the media. Clones
treated with BaClz showed 4-fold or more of 3HNorepinephrine release, about 3-fold release with KCI, and
about 2-fold release with nicotine compared to the control. The greatest release of 3HNorepinephrine came
from Clone 2. Clones with the hPAI-I overexpression gene showed more release of 3HNorepinephrine
and hPAI-I than Clone A or normal PCl2 cells.

Only Clone 5 and 2 showed measurable amounts of hPAI-I secretion. Clone 5 secreted 5.6 ng of
hPAI-l/mg of total protein when stimulated by BaClz. For Clone 2, all three secretagogues (BaClz, KCI,
and nicotine) stimulated release of hPAI-I in the amounts of 37,9, and 5 ng of hPAI-l/mg of total protein,
respectively.
Discussion

There was a positive relationship between 3H Norepinephrine and hPAI-I release. We observed
that the amounts of catecholamine secretion were affected due to overexpression of hPAI-I in several cell
lines. Cell lines with greater amounts of hPAI-I expression were observed to release greater amounts of
catecholamines in response to each secretagogue. These results suggest that PAI-I has direct influence on
the local chromaffin cell catecholamine release. Hypersecretion of the chromaffin cells may be dependant
on the level of expression of PAl-I. This gene could possibly cause an alteration in the secretory
mechanism of this chromaffin cell line.

It is possible that hypersecretion of catecholmines could be affected by PAI-I because there is no
negative feedback to stop cell secretion. PAI-I inhibits tPA so that there is no plasmin to cleave
chromogranin A into bioactive peptides that inhibit secretagogue-stimulated catecholamine release.
Therefore, PAI-I could allow catecholamine secretion to continue with greater ease. The complete
mechanism for modulation of the local plasrninogen/tPA system remains to be deciphered.
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