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• ~~~~~~~~~~~~~ inactivation of Subst ance P by Cultured

I Human Endothelial Cells
• • •

• • A. R. iohnson und E. G. Erdös

I ~~ ins. r,wi Airj 1..~. T1q~ L/rnuqaasr .~f,~J~’~aIth Scfrnc r C eatrr at I).sIltgx, i) aaIlai. T~ru.t 7523S •

I Vasonctive peptides that are released or tmnspoiled in blood come
immediately In contact with vascular endothe lwm In the past cndóthclwm

I was eonsldtred merely a diffitsi ofl bamer to the passage of substances
acrosi vessel walls. More r cently it wa~ recogni zed that endotheliumis a
complex tissue that is in~irnateIy involved in homeosiatic mechanisms, such
a the metabolism of vasoactive peptides (2.5). BecaUse of the developm ent

I of techfl.ques for grow ing endothehal cells in culture (61 12) it is now
to investigate the • metabolism of péptides by isolated humaá

vascülOr Cndothc!ial cells. We found previo usly that kini ns and aflgiotensins

I are cleaved by cndotheliil cells (9.10). The present investigation extends
these studies to include the metabolism of Substance P (SP) by human
endothelial cells.

I . MATERIALS AND METHODS
•Endothelial cdli were collected by perfusing human umbilical Cord

veins with sterile trypsin solUtion (9,10). The cells were grown in monolayer

I culture, in medium 199 containing 20% fetal calf serum and 10% human
senirn. A confluent monolayer was obtained within 7 to 10 days. The
cells were transferred or used for experimcnts when they reached 7Gb 80%

I 
confluency. Cultured cells were suspended from monolayers by brief
trUtmene with’ 025% trypsin. The suspended cells were collected into
mediUm coasIIii ng 10% heated serum so stop the action Of trypsin. were
eantrlAiged to a pellet, and were washed it least three times with 10 ml
of p.Wehpfree medium beforeusirig them In an experiment. For comparison.

U 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

• cainting aliquots of cell suspension in a hemocytometer. The number of
viable Cells was stablisbed b~ excluding those that stained with trypen
blue (0.5%). To avoid errors caused by clumping of celis during the MI.-

• pension and subsequent washing procedures, the number of cells was also
U determined by measuring the DNA content of each cell suspension. The

teclmlquei used for identification of endothdhal cells and the methods lbr

II • I 
~~~~~ ror ilic IvaIkm c( SP ssnd also afler Iacubatkws

wills iryp~4n (0.25%) fur IS miss sst 37 C.
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measurement ui the content of protein and DNA were givcn previously ($ft)•?
SP und~~. aclapc$ide:de~ivative, SP were at*~dusd from ç~~mercial

sources. The octapeptide 4c,iva;~cctsit~sinsd the 4to :11 C-tcrmlaid unuiao
acid sequence of tile UfldL’ca~epik1t t(fld t~sss itOilhlliatel y half as active
as SP in stimulatin g contract n of isolated strips of guinea pig Ileum.
Inactivat ion of SP arid 4 the ocIape~itiEe wttls *ie~su,~d by bioassay en
atroplni~ed ‘ guinea pig ileum (13). Concent rations of the peptides that
stImi4Me~I submanimel conflictions were used to establish a dose~re~,ense
relationship. Then the spaslf~ogenic response to peptidéS that had been
incubated with endothelial cells or cell extracts was measured. Inactiva-
ton of ihe peptides by the ceHa was determincd by followi ng the decrease
ifl the ~lfláoth muscle stirnu1st~flg activi ti~ with the tinie of incubation.

• f f l~~~~~~~~ Intact c H  monoliyen were uiid as a source of the enzyme, the
euluiles with the cells on the bottom of 250 ml flasks were washed

• Urns. wIth 10 ml of fresh. p n-frnc culture medium. Then the pepddes
• ~~~ to be teited is substrates were added directly to the culture flasks in pro.
• tein.~frei culture medium. The flasks were agitated gently on a rocker pu t-

ions that was placed inside the CO incubator at 37°C. Samples for bio-
assay were withdrawn at 0 time and at regular intervals for S to 60 rain
afld placed ln all ice bsth. Alt saflsPlei were assayed wi thi fl 5tO l5 mifl ifter
collection:

Suspeflded endàtheliat cells or ceH lysates were tested for inactivation of
SP of SP. in an incubation mixture that contained the peptide substrate
(l0 ’M), 0.2 M Tris buWb~r (PH 7.4). aid 0.2 i~t NaCL When inhibitors were
ai d, they were added to the cells In Tris buffer IS mm prior to addition of
she peplide submr. The samples were incubated at 37°C after addition
Of either inhibitors or substrates. For some experiments the ead~thcIia1
cells were lysed by either m 1  freezing and thawing, or by N5 cavlt~tles(I~~ • •

• • c~~~ USULTI
~~~~~~~~~~~~~~~ cella~in dsaue culture inactivated both SP*Id the octapeptide,’ [

SPa.. I~~~t. undissurbid suohayees of cells cleaved the pepsidesat a slower
rats than did slte.suØiulila4er lysed cells (Table I). The ale of inactivation
Of SP ~~~ apptox~~~~ly lbs same ,ngardless of the method used fordt
sasNag the cells. -Thus. mithiriesalmeutwith uypiin or scraping of the cells
yielded ~~~~i$loas that cleaved abont 44 to 30 amole SP per hr.

As with lbs anglotiusust I cenvaillits ~uyms ( lO). • the SP kisc l~sting
eszy ia ~~t~ily on she a~~~ of she cells. Ths was in*v-4 by the

~~s s~~ sham was an b aas in enaymatic activit y when the Cells were
dIIJUPIS~ bY *SSulN RId ~~~1ng,erby N,avItMlOa(Table I). However

Ia ss*r ta gsg~~p~ ~~~ika. SrrPdu u sed ** ~~~ Nj5 mite va~~ be bouId by err
.~ itsU ed~ mat enite c~~~keik * th* ms~~Mk a~ Ms1su~ we - ~ei IS, ups’s. at

~,,.4., tb. cd~ wern dutidud kern t~~~ witS 0.25% sayp.i ~~uiW J
IS’~pIi1MI. Ta,y’ we~~ s... LJ is so .easasisluie m..-dk.rn aid then ar tease tSrns item Is
usmrn*s msO. i ap S..ukeJ . The sosum* .4 rndtp,cIl~My is the ~~~~~~~~~~~ mud IMP CII pski
Um iIIi z.JA is a ~~r ,IO.d.d Autir~

F

— — —~~ ~~ 
.~~I~~~~~~~~IluIIi1IIl1iIiL _III._dIIS_. - a_s._S_sSiirlllIIIl J



T ~~~~~~~~~~~~~~~~-
- 

h

uhh

!
I 

• • 
~~~ 

~~~

I ~~~~~ 5t ~9~~ ’~ ! ~~ 2 ~
~: :~ ~~ ~~~ .~~

~~~~ b,i~~ 2~~ •. 2.

I ~~~~~~~~~~~~~~~ ~~~~~ r • 
-

.

II . • :;j .-

I . 1
P. 000

I •

I. I+ t+ I4 I+ I+ I4I - •

:~ 
•

I •

1 •

I
I - - • • • — • • - • - • • - ~ .‘• ‘•— ~-•~ • • - - • • •-- ••- - • • • •~ •~-•~•‘~~ - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ •



2S6 INACTIVATION OF SI’ NY I~NflOTIIMJAI. CElLS 
• 

• • 
•: 

•

• TAStE a ~~~~~~~ at he in,pass(s) 5, endeffiWi) eiSa thai hle’tIusIp SF [I
• 

• 

IflhllbiØ~, i 
~ s . 

~~~, Ss*~~als NOL %Jsd~~~~ • •I • ~~~~~~~~~~~~~~~~
• 

_ _

..plsun.mwoIana l ~
- 10 o

Lsus$-assthlostine ajdd~. t 10’so .~~ 4 41 • •
- 

~ 10 ’M S $3
• 10- M -- 

~ 4 N

in corniest to~- the efsct on the angiçte’isin I converting enzyme (50),
1,ceziig and thawin g of the cells did not dicrease activity of the SP inactivat. • [jI~ enzyme . 

- 
.

Various Inhibitors W r e  uØ4 is an~attóupt to characterize the enzymes 
• 

•

thai cleaved SP and the octapë$Ids. The results of experiments with en- •

zyme inhibitors of thi ins ctM~1o~ Of SI’ are summarized in Table 2. Typical
ezperiu&e’iis in :wWch iacdv~ ioi of SP was measured both with and with- • • • • 

•

out inhibitors a~ showh in Figs. I and 2; Of the several enzyme inhibitors
tested. o-phea TB. a metal chelatiag agent that inhibits peptlde,e~ • 

• • 
•

:1200
1

TIME (men)

ma. I. tescIlussIdu tSP by endothilisi cells. Suspended calls (09 X 10) WI,. lAcubStid
wiSh bu~~ elens or~wIIllsayb.sn trypsin Inhibitor (SStP) or dI-Iopr~~~~wrsgiiuuphSts
(aPP) fir 15 san s7’~ Conesntmslons or entwbNors given In Tibto 2. SF am added

and lie c~~ Ny IIShaW dI*OSO 10 mEn by bioassay on gaines pig Ilium. The
amount at paptide t~~~Jni~g ittlie m ctlon mixture Is given onme ordinels and time on

5*ba hIuhJ vyp.luu . ~~~ i Said hiskusicts endiishclisl cells. appswelm~~~ 1% 4 dii isbel
to 2.~ ~~.4 Iqpuis) n’s. reussimed by the cells It was an deseemised ~ta*ar th is

is-My re~ :±~~ mdlv, aIM it n’s. usamipted wEds she cells H~~~ar is
cell. flu uco pd kern IS. iIjat~ sr aid Itses isodSled wilts lyplia wale sal mire culve
is ~~~~~ SF dimu calm .~.mp.J aid oily ~~~~~

U
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- TIME (mm )

~~~~~~~~~ml~fl of SF by siu hal aii~: Suspended cells (1.5 x 10k) were incubated
witts~buWor stOne Or with Trisytot’ or O~Øheflan*hroIine for 15 mm at 37°C. (Concentra-

II lions given In Table 2J SP was added (10 ~~i) and activity was measured by biOSssay on
gubies pig IliuM. •

did not block the inactivation of SI’ by endothelia l cells . DFP. an inhibitor• II of serine proteases , and inhibitor s of tsypsin-like enzymes, such as Trasy lol ”
(aprotinin) and soybean trypsin inhibitor blocked the inactivation of SP. • 

-

Mplia.N-toeylarginine methyl ester (TAMe), a subetrate of trypsin . inhibited

fl 
inacttvation b~r63% at a fiflal concentration of l0~~i. The dipc~tide. leucyl-
methionylamide. ~as a more potent inhibitor because it inhibited at a Endi
concéntratioft of 1O~ M.

The Inhibition pattern of the inactivation of the octapept idO was more

fl Contple*. Both metal chelating agents , EDTA and o-phenanthrolcne . as
wall as the protease Inhibito rs, soybean trypsin inhibltor.i°raaytoi’. and
DFP prevented loss of spasmogenic action of SP during incubOtion with

fl the endothellal cells (table 3). The decline In activity on the guinea pig
T*8LE S. lnhP~JlSon el lis, enzyme(s) In endoffiellal cu Ss that m ac v Ie  the octap.ptide

• • • (SF,)

El MNblilw Csne~ Substrate No. 
• 

S Inhibition
U $c~ ianusrypsIn 00s ml Octa~sp*Ido (1O~~) 2 58

• I .000 ‘. 4 75

ll EDTA 5~i i0-~. 2 61
• e-pSI.nsaewolsrus 10M 5 64

- 

4 • 68

I I -  

Cdli we’s m,ipr~ded Incubated with InhibdOri for 15 mm at 37V prIor to addition of
5IdiIlI.55. Assayed on gains. peg Ilium.
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FIG. 3. Inactivation of SP, by endothellal cells. Suspended cells (1.5 x 10) wers incubated
• • with buff r ipj.e or with inhibitors (concentratIons given in Table 3) for 15 mm at 37°C.

• 
• SF., wis Idded (iO~M) Sn~ 11$ activity was rnea~urád by blo*ssay on gaines pig IliuM.

ileum durin g incubation With cells or cells and two different inhibitors is
• shown in Fig. 3. — .

DISCUSSION ~~~ f ]

• AlthoughSP is among the most active cndogenous peptides, its enzymatic
• metabolism has not been investigated in detail . Pernow (14) indicated that

• chymot,ypsin inactiv atcs SP much faster than trypsin does when inacliva- [• tion was measured by bioassay on the guinea pig ileum~ He alsø noted that
extracts from many tis sues conta ined p~’oteolytic inactivators of SI’. Re-

• cendy~ Benuck as$ Marks (3) describe d a partially purified enzyme fromrat
brain that cleaved SP at two internal bonds and inactivated the peptide with L
raspec to smooth muscle stimulatin g actiofl .

• In another stud y of enzymes in cultured human endothelial cells , we found
• that either monolayers or suspended cells could cleave vasoactive peptides

such as angioteflsin I and bradykinin . This actMty was attributed to the
angiolensin I converting enzyme , or kininase 11 (9.10) However , the en-
zyme was much more active when the cells were suspended than when they
Were in a mofiol ayer. This increase in a~tiv ity with sUspension may be due to
an increase in the surface area of the suspended cells and to an increase in
the rate of interaction between substrate and the surface-bound enzyme.

We found that cultured human endothehal cells also inactivate SP, 1*4
S 

• that ~ similar increase in activit y occurred when the cells were suspended
from munolayers into separated cells. Although endothelial cells treated

[
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1 wIth ‘~I-hibe$ed tryps in toO1~ (i~ the label, inactivation of SP cannot he due
to cqfl(amimdion with er’~~ nuw5. Irypain. First , cells in munçilsycrs ~~~a~~p inactiva&e SP and $P~,.Secoi$. the cells suspended by sceaplm~wcre~I as acs1vc~ as u~psIn.s~ pended cells in cleavage of SI’ Finally sry~~intreatment of sëmped cells did not enhance the inacti vation of SI’. This
observation supports reports of others (4.14) thid SP is resistant to degra-

I - 
dasion by trypsin.

The initial site of cleavage his not been determined . If the endothclia l
enzyme sa tryptic . enzyme similar to plasmin or thromb in. it might attac k

I the Lys~.Pr&- bondand release SP~ which, under our conditions of as~may.
had less smooth muscle-stimulat ing ac(ivit y than SP. However, the protease
might cfávi another pepilde bond that is ~iot adjacent to a basic amino
acliL This Was shown in experiments in which hydrolysis of SP was

I partially IflhIbhed by protease inhibitors Aflastas i ci al (I) observed th.n
trypiifl ciCavés aiornilously such a bond in physalaemin . a peptide that is
stivetusally similar to SP. • .c -~ • •.

Possibly, the enzyme th*t cleaves SP and SP~ is a peptidase with a heavy
II mttil cOtactor. since it is inhibited botti by o-phenanthrolme and by EDTA

This enzyme might attack SI’5 at the N-terminal end and cleave the Pro4-
Ohi’bond~ These speculations will have to be confir med by chemical assay

II ofjbe pioducts cleaved from the peptides. since only very limited informa-
U tion can be obtained from bioassay.

The importance of cleavage of SP by an enzyme bound to the sur face of
fl e~4~ heIjal• cells seems obvious. SI’ is a very potent hypotenSive agent. and
U Its-release into blood would bring it into immediate contact with the vasc ular

endothelium. Since, the vasod ilator actions of S! varies according to the

ll 
paitkuli r vascular bed and the animal spec ies tested (this t’ 4tEnu). these dif-
ferences may reflect, in part. differences in rates of inactivation 0 . the pep-
tide. Although peptide fragments of SI’ have biological activi ties (th is rul-
.fme); sOme actions may require the intact undecapeptide. For example. she

U sialogogue actio n (11,15) and the release of histamine from mast cells (8) arc
• two of these. Histamine release by SI’ presumably depends upon the pres-

ence Of bisic amino acids in the peptide scquCàce. Conversion of SP to the
octapeptide, 5PM by removal of the N-terminal tripeptide removes both the

U arginine and lysine that convey a net posit ive charge to the undecapeptide.
Thus, SP~ might have a different action on various target cells. The ocla-
peptide can be degraded by enzymes in endothe lium and other tissues , and

• its actions would probably be brief and limited to a specific environment.
such as the vascular smooth musc le of selected vascular beds.

We cannot delineate the actions ol SI’ and its metabolic products in vii’o.
However , our experiments show that human cndothc lial cells grown in

U tissue culture can inactivate both SI’ and the octa peptide derivative . SPM,
and suggest that inactivation by endoihelium contributes to the termination

II of the action of SP in yjvo.

II
II
II
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