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Vudact‘ve pep(ides that are released or transported in blood come
umnedia(éiy in contact with vascular endothelium. In the past, endothelium
was considéred merely a diﬂ‘nsnon barrier to the passage of substances
ac‘m vessel walls. More recently it was recognized that endothelium is a

omplex tissue that is intimately involved in homeostatic mechanisms. such
as the metabolism of vasoactive peptides (2.5). Becauise of the development
of uchmques for ‘growing -endothelial cells in culture (6.7.12). it is now
pom'ble to investigate the metabolism of peptides by isolated human

ilr endothelnl cells. We found previously that kinins and anmoleusms
are cleaved by endothelial cells (9.10). The present investigation extends
these studies to include the metabolism of Substance P (SP) by human
endothelial cells.

'MATERIALS AND Mmons

thd cells were collected by perfusing human umbilical cord
veins with sterile trypsin solution (9.10). The cells were grown in monolayer
culturés in medium 199 containing 20% fetal calf serum and 10% human
serum. A confluent monolayer was obtained: within 7 to 10 days. The
cells were transferred or used for experiments when they reached 70to 80%
confluency. Cultured cells were suspended from monolayers by brief
tréatment ‘with' 0.25% trypsin. The suspended cells were collected into
medium: containing 10% heated serum to stop the action of trypsin, were
centrifuged to a pellét, and were washed at least three times with 10 mi
of protein-free medium before using them in an experiment. For comparison.
in 'some ‘experiments the cells were removed from the monolayers by
scraping with a rubber spatula and were then washed as described.! -
Initially, 'the number of cells in each experiment was determined by
counting aliquots of cell suspension in a hemocytometer. The number of
viable cells was established b excluding those that stained with trypan
blue (0.5%). To avoid errors caused by clumping of cells during the sus-
pension and subsequent washing procedures, the number of cells was also
Oenmmed by measuring the DNA content of each cell suspension. The
mlmiques niedforidenuﬁwtion of endothelial cells and the methods for

. "“m‘um«mmam«aincuyrormmmwumotsrua»mmmm
with trypsin (0.25%) for (S min ut 37°C.
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of the content of pmtcm nnd DNA wemmvcnmvmsly(lm.‘

: ing_contruction of molawduﬂmafguitmpi;ileum.
Inactivation of SPundthe’ oclapéptide’ Wik ‘mensured by bioassay on
atropinized guinca pig ileum (13). .Concentrations of the peptides that
stimulated submaximal contractions weréumwembhw a dose-response
relationship. Then'the spasmogenic response to peptides that had been
incnhued with endothelial cells or cell extracts was measured. Inactiva-
_peptides by the cells was determined b following the decrease
ﬁlui’ckbx nulatin affh%ly with thc{mleofmc
ntact cell monolaye wmu;edugmmormesuym ‘the
) on the bottom of 250 m) fiasks were washed three
tein-free culture medium. Then the peptides

0 be tested tes W mctlytothecultunﬂuksinuo-

ﬁj@ﬁym@um&hmmw&uﬁmduwmam pm-

form 1 it was | msiile : r at 37°C. Samples
tidnmda( re;ullrnntervahfori to%bmm

Mmﬁmmmwwmmmmmmmismm

S«Medm&melhl el or cell lysates were tested Tor inactivation of
SP of SP, in an incubation mixture that contained the peptide substrate
(10-°M). 0.2 M Tris buffer (pH 7.4). and 0.2 M NaCl. When inhibitors were
used. they were added to the cells in Tris buffer 15 min prior to addition of
ummmmm-mmeduwcmm
of either inhibitors or substrates. For some experiments the endothelial
*mmwmwmwmmmwwmum

Ii-(l‘l
llﬂlfl‘l

wmmmmmmsrmmw
"WMMMddsmmmaam
rate than did the suspended or lysed cells (Table 1). The rate of inactivation
of SP was approximately the same regardiess of the method used for de-
taching the celis. Thus. either treatment with trypsin or scraping of the cells
yielded preparations that cleaved about 44 to SO amole SP per hr.

_ As with the angiotensin | converting enzyme (10). the SP inactivating
enzyme is probably on the surface of the cells. This was indicated by the
fact that there was no increase in enzymatic activity when the cells were
m»mumcu u.mm ». l!m
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mzm«uma»wmmm Suspended cells (1.5 x 10")mmcub|l.d
with ‘bufter slone or with Trasylol'® or o-phenanthroline for 15 min at 37°C. (Concentra-
m mrmz.)spmmoauo "n)mdncnmywu measured by bioassay on
gu

did not block the inactivation of SP by endothelial cells DFP an mhnbltor
of serine proteases, and inhibitors of trypsin-like enzymes. such as Trasylol «
(aprotinin) and soybean trypsin inhibitor blocked the inactivation of SP.
M’ph-N—tosylutinine methyl ester (TAMe). a 'substrate of trypsin. inhibited
inactivation by 63% at a final concentration of 10-*m. The dipcptide, leucyl-
mmnﬂe mamep&emmibitorbecausenmhibﬁedataﬁml
concentration'of 10~%M. = |

“The inhibition' pattern of the inactivation of the octapeptide was more
complex. Both ‘metal chelating agents, EDTA and o-phenanthrolene. as
well as the protease inhibitors. soybean trypsin inhibitor. Trasylol . and
DFP prevented loss of spasmogenic action of SP, during incubation with
the ‘endothelial cells (Table 3). The decline in activity on the- guinea pig

rﬂsammummm»m%mmmm:mmumommm
(

nhbitoe . Conc. . . Substrate _No: .. % Inhibition
Soybean t ml Octapeptide (10-*M Cetanlas
R
d o - ) S§x10W™ %3 % 2 S ) |
SN, o M i 0 i B 64
LAl A ’ 4 .
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-M“mmm:mnm ismun'cmtouwuonol
subsirate. Assayed on guinea pig ileum.
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FIG. 3. Inactivation of SP. by endothelial éells Suspended cells (1.5 x 10*) were incubated
vmh butter alone or with inhibitors.(concentrations given in Table 3) for 15 min at-37°C.
SP, m added (10"‘") andits activity was muauroq by bioassay on qmmploilwm,

ileum during incubation with cells or cells and two different inhibitors is
shown in Fig. 3

DISCUSSION

Althouch SP is amons the most actwe endosenous pcpudes. lts enzyum«:
metabolism h;p ‘not been investigated in detail. Pernow (14) indicated that
chymotrypsin inactivates SP much faster than trypsm does when inactiva-
tion was measured by bioassay on the guinea pig ileum. He also noted that
extracts from many tissues contained proteolytic inactivators of SP. Re-
cently. Benuck and Marks (3) described a partially purified enzyme from rat
brain that cleaved SP at two internal bonds and maetwated the peptide with
respect 10 smooth muscle stnmula.tmx action,

. In.another study of enzymes in culturcd human endothcllal cells. we fonnd
thnl either monolayers or suspended cells could cleave vasoactive peptides
such as angiotensin | and bradykinin. This activity was attributed to the
angiotensin | converling enzyme, or kininase 11 (9.10). However, the en-
zyme was much more active when the cells were m‘ipended than when they
‘were in a monolayer. This increase in activity with suspension may beduetc
an increase in the surface area of the suspended cells and to an increase in
the mte of interaction between substrute and the surface-bound enzyme.

We found that cultured human endothelial cells also inactivate SP, and
that a similar increase in activity occurred when the cells were suspended
from monolayers into separated cells. Although endothelial cells treated

vl .. i 1 R
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with *I-labeled trypsin took up the label. inactivation of SP cannot be due
0.  with exogenous trypsin, First. cells in monplayers were

observation supports reports of others (4,14) that SP is resistunt to Jegra-
dation by trypsin.

The initial site of cleavage has not been determined. If the endothelial
enzyme is a tryptic enzyme similar to plasmin or thrombin. it might attack
the:Lys'-Pro* bond-and release SP, which, under our conditions of assay.
had less smooth muscle-stimulating acnvity than SP. However. the protease
might cleave another peptide bond that is not adjacent to a basic amino
acid. This ‘was shown  in experiments in which ‘hydrolysis of SP, was
partially jnhibited by protease inhibitors. Anastasi et al (1) observed that
trypsin cleaves anomalously such a bond in physalaemm. apeptide that is
structurally similar to SP." i

Possibly, the enzyme that cleaves SP and SP,. is a peptidase with a heavy
metal cofactor, since it is inhibited both by o-phenanthroline and by EDTA.
This enzyme might attack SP, at the N-terminal end and cleave the Pro*-
Giw*bond. These speculations will have to be confirmed by chemical assay
of the products cleaved from the peptides. since only very limited informa-
tion can be obtained from bioassay.

‘The importance of cleavage of SP by an emyme bound to the surface of
,__,u\l cells seems obvious. SPisa very potent hypotensive agent. and
Jease into blood would bring it into immediate contact with the vascular
endothelium. Since the vasodilator actions of SP varies according to the
patticular vascular bed and the animal species tested (this volume), these dif-
ferences may reflect. in part. differences in rates of inactivation of the pep-
tide. Althongh pepnde fragmems of SP have biological activities (this vol-
ume), some actions may require the intact undecapeptide. For example, the
sialogogue action (11,15) and the release of histamine from mast cells (8) are
two of these. Hlstamlne release by SP presumably depends upon the pres-
ence of basic amino acids in the peptide sequence. Conversion of SP to the
octapeptide, SP, by removal of the N-terminal tripeptide removes both the
arginine and lysine that convey a net positive charge to the undecapeptide.
Thus, SP, might have a different action on various target cells. The octa-
peptide can be degraded by enzymes in endothelium and other tissues, and
its actions would probably be brief and limited to a specific environment.
such as the vascular smooth muscle of selected vascular beds.

We cannot delineate the actions of SP and its metabolic products in vivo.
However, our cxperiments show that human endothclial cells grown in
tissue culture can inactivate both SP and the octapcptide derivative, SP,,
and suggest that inactivation by endothelium contributes to the termination
of the action of SP in vivo.

ble 19 vmeﬁvm SP and SP,, Second. the cells suspended by scruping were |
a8 -suspended cells in cleavage of SP. Finully, trypsin
tmtmeﬂt of scraped cells did not enhance the inactivation of SP, This:
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