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In vivo and z vitro studies of
anglogenin—a potent angiogenic factor

J. Badet, F. Soncin, T. N’'Guyen and D. Barritault

Angiogenin is a potent blond-vessel-feduding polypeptide with a moiccular weight of (4 000 Qi Lus a unique fribonucleolyte activity, First
isolated from the conditioned medinm of (urnuur cells, angiogenin has since been purified fraa nornal plasmy, which suggested that its propensity
to induce ncovasculatization should be striedly cuntrolled. Modulation of that accivity might involve itetacdon of angiogenin with cell-anrface
receprors and excraccllular matris of endothelial cells, tigla-binding inhibition of both its tibonuclealyiic activity and cefl binding preperty by
ribonudesse inhibitor, as well as the overall influence of divalent copper, a modulator of angiogcnesis.

Tntroduction

Angiogenesis, the growth of new vessels from the pie-
cxisting vascular network, plays a key role in various
normal and pathelogical processes. Under narmal condi-
Lions, bloud vessel proliferation accurs mainly duting
devclopment, wheteas in the adull, angiogenesis is a rarc
event limited to wound heuling, formation of the
placeata, corpus luteum and to tissues that show a cyclic
growth parrern, such as the endomeltiarm, This neo-
vasculatization process, is perfectly conrrolled and
located. However, angingencsis is also associated with Lhe
development of pathologies in which it is thoughrt ro
play a preponderant tole. Those included rheumatoid
arthritis, dizbetic retinoparhy and vascular glavucoma.
Furthermore, the growth of solid cumonrs and metastases
arc fully dependent on the proliferation of capillary bload
vessels.” In both normal and pathological conditions,
the morphological events resulting in the [otmation of
new blood vessels are similur.® Consequently, a hio-
chemical apptoach ought to he stecessful in nndetlining
the pecaliaritics of the angiogenesis imvolved in
pathology. Tumours produce a4 vatiety of diffusible
factors’ which aluact and activate endotherial cells such
as basic [ibroblast growth factor (bFGLY),? transforming
growth factor alpha,’ platelet-derived endothelial cell

growth facror® and glioma-derived vascular endorhelial
cell growth factor,” and an angiogenic polypepiide with
a ribonucleolylic activiry, angiogenin ®

Biachemical charactetistics and properties of
anglogenin

Angiogenin, a polypeptide with 2 moleenlar weight of
14 000, was first purified from conditioned medium of
humun colonic adenocarcinoma cefl line HT2Y by
monitoring irs angiogenic acivity in the chick embtyo
chofioallantoic membrane assay ® Tt is a potent blood-
vessel-inducing factor, since 0.5 ng (35 fmol) induces
angingencsis in that systern and 50 ng (3.5 pmol} in the
rabbit cotneal assay.® This single-chain protein has a
high content of basic amino acids which results in 4 high
Isoelecrtic point (> 9.3) and could accounr for its affinity
for DNA. Lhe ¢cDNA of the angingenin gene contains
a sequence coding for a peptide signal, indicating thar
angiogenin is a secreted protemn.?

Although angiogenin has 35% sequence identity and
an overall homology of 68% with pancreatic RNase, it
has been showa to be inactive in standard pancreatic
RNasc assays. However, angiogenin has an unusual



ribonucleolyiic specificity toward ribosomal and transfer
ENAs.* The linited deavage of 188 (RINA scems to be
tesponsible for the inhibition of cefl-ftee protein synthesis
by specific inactivation of the 408 ribosomal subunit."'
The physiclogicul relevance of Lhis enzymatic activity has
been demonstrated by Vallee's group.!? Thus, a
functional enzymatic active site is necessaty for is
angiogenic propetty sitice placental ibonudease inhibivor
abolishes both ribonucleolytic and angiegenic activities.
However, other ribonucleases such as bovine RINase A,
a human tumour-cell-derived RNuase and cosmophil-
derived neuroroxin are not angiogenic, which emphasizes
the peculiarity of angiogenin.

TUnlike the other angiogenic polypepudes from Lamour
cells, angiogenin has no known dirccr effect on cell
ploliferation, But like the other factors. angiogenin is
also present in nommnal tisues. It has been putified from
notmal plasmal? and milk,'* and its mMRNA rranscripis
have been detected in notmal and tumour cells,'” as
well as predomivantly in adull rat liver,™ Is presence
in normal tissues and plasma indicares that its action
should be well controlled. Turthermote, the apparent
ahsence of a relationship between these tssues and their
potential angiogenesis status sugpest that anglogenin
mighl bave an unknown biclogical function.

Angiogenin cell surface receptors

Using human rccombinant angiogenin produced in
Lscherichiz calf and shown to he angiogenic #2 vive hoth
in the chick chorioallantoic membrane!” and in the
rabbit comea (Figure 1), we have demonstrated the
presence of specific binding sites on endothelial cells from
calf pulmonary atiery {CPAE), bovine aorta, corniez and
adrenal cortex capillary as well as ussoclation
endothelial extracellular marrix ' Cellular binding of
iodinated angiogenin at 4°C, was time- and
concentratton-dependent, reversible and saturable. This
interaction was shown to be speeific since a larpe excess
ol unlabelled angiogenin reduced binding by more than
40% whereas a simmilar concentration ol RNase had ne
cffect. Furchermore, iodinated RMase did nor hind o
endothelial cells. Scatchard analyses of binding data
revealed rwo apparent types of specific interactions, A
high-affinity binding site with an apparent dissnciation
constant (K1) in the nanomolar range, involved about
200 000 angiogenin molecules per cell and represented
ccll-specific interactions. The seeond  componenr,
comprising low-affinity  high-capacity binding sites with
a K2 of 0.2 pM was associated with  pericellulat
components and involved several million molearles.
The high-alfinily binding sites ate probably cell surface
chcpmrs,ls since angiogenin, added tw cultured cells,
triggets a seties of intracellular cvenrs. Tndeed,

Figure 1. Tnduction of bleod vessel growtn by human recombinant
angingenin in ihe bl coneal assay. A 2 wm?® piece of conracs lens
conmaining 206 np af angingenin was nplanted nothe cornea and
angiopenesis ohserved 7 davs e

angiogenin has heen shown o acrivate endathelial cell
phospholipases’ and to induce the secretion of
prostacyclin, an inhibitor of platelel aggregation and 2
potent vasodilator.*® In vascular smooth musele eclls,
besides activation of phospholipase C, angtogenin elicits
a rapid cholesterol esterification.?! Furhermore, a
primaty mitogenic response has been repored for
conditioned media from activated smooth muscle cells,
213 and capillary endothelial cells in cortelation with
 gedry activarion of several plasma membrane cnzymes
resulting in #e move synthesis of phesphatidylinesol
biphosphate khown to play a kev role in Uhe intracellular
signalling pathway of same mitogens.®?

Modulators of angiogenesis and angiogenin cell-
sutface receptors

Among the factors that modulale angiogenesis, divalent
copper was shown to induce a several-fold increase in
specific cell-bound angiogenin,'® Other meral 1ons such
as Cu(l), Li(ly and Cofll), Ni(II) had no ellect.
Protamine, an inhtbitor of a‘nging,rc:'m':sist,;23 avidly
affected angiogenin cell binding, wheteas hepatin
interacled a a lower extent.

Placental nbonudlease inhibiror (PRI, a right-binding
inhthitor of both ribanuicleclytic and angiogenic activites
of angiogenin'® abolished its binding to the CPAE cells
gt 2 molar angiogenin/ PRI ratio of [ However, its
inhibitory cffcer on ecll binding was no mare observed
in the presence of Cu(ll) {ligure 2A). Metal lons did not
irrevetsibly inactivate PRI since their action could be
reversed by the addition of a metal chelaror, the
diethyldithiocarbamate (ligure 213).

Although PRI is an intracellular repgulatory protein,
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Figure 2. Madulation of "7Tangiogenin cell-specific binding <o calf pulmenary acrery endothelial ccils oy placeneal
tibanuclease whibiror sed copper sulphate. (A} Augiogenin was pre-incubated with an increasing amount of the inhibiror
tor 15 min <r 4°C and then assayed for .5 binding property 'nthe absence (contzol) or presence of 100 uM Cufll),
Qunly cell-zsrociared radinaciivity is presented. () Fffect of exetal fons on the vtubilizy of angiogeain - inhibitor compiesx,
lodicared angiogenin was incubared for 30 min ar 4°C in the presence of the rbonudease inkinitor (PRI- ) oc 1n s
abscace (PRI - ). Mertal 1on with 1 mM dicthvldithiocarhamate (DNC 1 ) o1 withoue (DDC ) were chen added and
incubations continued tor 90 min befote binding cxperimenis were assayed.

immunareactive forms have been derected in plasma,
where it could be associated to angiogenin present in the
citculation.* PRI contains seven homaologous tandem
repeats with a remarkable leucine-rich module. These
tepetitive motifs are 2 common stuctural feature of
glycoproteins involved i important biological processes
such as bhlood coagulation, signal eransduction,
embryonic develapment, cell morphogenesis and
negative regulation of transtorming growth facror 2

As shown in Figure 2, copper reverses the tight PRI/
angiogenin complex and increases angiogenin binding
to its receprors. Although the mechanism is unclear,
increased capper levels have been detected in cornea in
response to angiogenic stmuli.,” These observations
suggest a possible tight regulation of anglogenin action
in the process of angingenesis where cell surface recep-
tors, pericellular components, copper melal fons and
tibonuelease inhibitor or 4 still unknown member of the
lencine-rich protein famiy would be partners.

Lecause of its specific properties, swudies on the
mechanizm of action of ungiogenin should lead the way
to a berter knowledge of the biochemiral events involved
in angiogenesis.
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