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Egr-I -Induced Endothelial Gene Expression: 
A Common Theme in Vascular Injury 

Levon M. Khachigian," Volkhard Lindner,T Amy J. Williams, 
Tucker Collins$ 

A number of pathophysiologically relevant genes, including platelet-derived growth factor 
B-chain (PDGF-B), are induced in the vasculature after acute mechanical injury. In rat 
aorta, the activated expression of these genes was preceded by a marked increase in the 
amount of the early-growth-response gene product Egr-1 at the endothelial wound edge. 
Egr-1 interacts with a novel element in the proximal PDGF-B promoter, as well as with 
consensus elements in the promoters of other genes induced by endothelial injury. This 
interaction is crucial for injury-induced PDGF-B promoterdependent expression. Spl ,  
whose binding site in the PDGF-B promoter overlaps that of Egr-I, occupies this element 
in unstimulated cells and is displaced by increasing amounts of Egr-1. These findings 
implicate Egr-1 in the up-regulated expression of PDGF-B and other potent mediators in 
mechanically injured arterial endothelial cells. 

Vascu la r  endothelium constitutes a no11- 
throlnhogenic surface of 11orlnall~ quiescent 
cells that line hlooii vessels and regulate 
lnolecl~lar and cellular movement across the  
vessel wall. In  response to  dell~lding injury, 
elldothelial cells a t  the  w o u ~ ~ d  edge spread 
and migrate into the  vacant area, undergo 
proliferation, and secrete factors that stim- 
ulate eniiothelial and smooth muscle cell 
growtl~. These responses provide an  impor- 
tant  homeostatic mechanisln for maintain- 
ing llorlnal vascular f~lnct ion.  PLIGF has 
been implicated in the  regenerative events 
that  follow vascular injury. T h e  i n d u c t i o ~ ~  
of PLIGF expression In vascular eniiotheli- 
11111 may have profounii cheinotactic and 
mitogenic effects o n  the underlying smooth 
muscle cells and may co l l t r ib~~ te  to the  struc- 
tural relnodellng that trplcallv occurs in ex- 

p e r l m e ~ ~ t a l  arterial repair, 111 restenosis, alld 
in the pathogenesis of atherosclerotic vascu- 
lar disease ( I ) .  LIespite a wealth of descrip- 
tive stuiiies that correlate the formation of 
vascular occlusive lesions with the inappro- 
priate expressio~l of PLIGF and other 
growth-regulatory molecules (2 ,  3) ,  a direct 
link hetween a transcription factor anii the  
induced expression of a pathopl~ysiologlcally 
relevant gene has not  yet heen demonstrat- 
ed in the  context of arterial injury. 

I11 a survey of immediate-early genes that 
co~llii he iniiuced hy acute vasc~llar injury in 
rat aorta (4,  5), we exalnl~led the expression 
of Egr-1, a serum-inducible zinc-finger nucle- 
ar phosphoprotein and ~neillher of a family of 
related transcription factors (6). 111 situ hy- 
bridization techniques that visualize the en-  
dothelium of the vessel wall e n  face revealed 
that Egr-1 expression was lnarkedly illduceii 
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sense Egr-1 riboprobe failed to hybridize with 
mRNA from normal or injured tissue (Fig. 1, 
E and F). Amounts of PDGF-B transcript 
were also low in unmanipulated vessels (Fig. 
lG),  consistent with the results of studies 
that used other techniques (3, 4, 7). Partial 
denudation did not induce PDGF-B expres- 
sion at the endothelial wound edge until 4 
hours after injury (Fig. 1H); this induction 
continued for several weeks during endothe- 
lial regeneration (4). The colocalization of 
the spatial patterns of Egr-1 and PDGF-B 
expression, and the potential kinetic associ- 
ation between these two genes in injured 
arterial endotheliurn. led us to investieate 
whether Egr-1 could' inducibly regulate;he 
expression of PDGF-B. 

In response to mechanical injury in 
vitro, confluent endothelial cells initiate 
movement into the open "wounded" area 
by actively responding to locally derived 
signals or autocoids from injured cells. This 
standard in vitro model of vascular injury 
(8) was used to address the possible link 
between Egr-1 and injury-induced PDGF-B 
expression. Nuclear runoff analysis revealed 
that Egr-1 gene transcription was induced 
in cultured bovine aortic endothelial cells 
(BAECs) within 1 hour of injury (9). In a 
previous study (1 O), 5' deletion analysis of 
the PDGF-B promoter in endothelial cells 
defined a region necessary for core promoter 
activity (d77) that contained a binding site 
for the ubiquitous transcription factor, Spl. 

Fig. 1. Endothelial gene expression in rat aorta after partial denudation with a balloon catheter. Photomi- 
crographs of en face preparations of rat aortic endotheliurn hybridized with 35S-UTP-labeled antisense 
riboprobes (22) are shown. (A) Endothelium of normal aorta showed no expression of Egr-1 mRNA. Egr-1 
rnRNA was detectable at the leading edge (B) 30 min, (C) 1 hour, and (D) 2 hours after wounding. Sense 
35S-UTP-labeled Egr-1 riboprobe failed to hybridize with unmanipulated endothelium (E) or endotheliurn 
1 hour after wounding (F). Endotheliurn of normal aorta showed no expression of PDGF-B mRNA (G). 
However, PDGF-B mRNA was detectable at the leading edge 4 hours after injury (H). The area to the right 
of the dashed arrow indicates the denuded zone; intact endotheliurn is to the left of the arrow. Magnifi- 
cations, x300. 

Recent in vivo footprint analysis of the 
promoter demonstrates that the Spl ele- 
ment is indeed occupied in intact cells (I I ). 
In vitro deoxyribonuclease I (DNase I) 
footprinting revealed that recombinant 
Egr-1 protected a region overlapping this 
site from partial DNase I digestion (Fig. 
2A). When nuclear extracts from endothe- 
lial cells 1 hour after injury were incubated 
with a 32P-labeled oligonucleotide spanning 
this region [32P-Oligo B (12)], a distinct 
nucleoprotein complex formed (Fig. 2B, 
band B2). The injury-induced complex was 
eliminated by antibodies to Egr-1 (Fig. 2B). 
Nuclear Spl also bound to the PDGF-B 
promoter fragment; however, its concentra- 
tion was unaltered by injury (Fig. 2B). 
Thus, injury-induced endothelial Egr-1 ex- 
pression precedes the induction of PDGF-B 
(Fig. I) ,  and Egr-1 binds to a distinct region 
in the PDGF-B promoter also bound by Spl  
(Fig. 2, A and B). 

We next investigated the functional 
importance of this interaction for PDGF-B 
promoter-dependent gene expression. 
Northern (RNA) blot and transient trans- 
fection analysis using PDGF-B promoter- 
reporter constructs revealed that this gene 
is basally expressed in vascular endothelial 
cells (1 0). Chloramphenicol acetyltrans- 
ferase (CAT) expression driven by the 
PDGF-B promoter (d77-CAT) was in- 
duced by injury within 36 hours (Fig. 2C). 
Reporter activity also increased in cells 
exposed to phorbol 12-myristate 13-acetate 
(PMA) or by cytomegalovirus-mediated 
overexpression of Egr-1 (CMV-Egr-1) (Fig. 
2C). When a mutation that abolished the 
ability of Egr-1 to bind to the PDGF-B 
promoter (Fig. 2D) was introduced into the 
d77-CAT construct, basal expression driven 
by the promoter was attenuated, and expres- 
sion inducible by injury was abolished (Fig. 
2C). The mutant construct also failed to 
mediate increased reporter activity when 
Egr-1 was overexpressed or when the cells 
were exposed to PMA (Fig. 2C). The Egr-1 
binding site in the proximal PDGF-B pro- 
moter is thus required for inducible promot- 
er-dependent expression in vascular endo- 
thelial cells. 

The interaction of Egr-1 and Spl with 
overlapping binding elements in the proxi- 
mal PDGF-B promoter suggests that Spl, 
resident on the promoter in unstimulated 
cells, may be displaced by increasing 
amounts of Egr-1. Running gel shifts (13) 
indicated that recombinant Egr-1 bound to 
the PDGF-B promoter in a stable and re- 
versible manner (Fig. 3A). The relative ef- 
ficiency with which Egr-1 was displaced 
from 32P-01igo B by its unlabeled counter- 
part (Fig. 3A) indicates that Egr-1 interacts 
with the PDGF-B promoter with a faster 
dissociation rate than its comparable site in 
the proximal PDGF-A promoter (13). Spl . 
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was displaced from the promoter by Egr-1 in 
a dosedependent manner (Fig. 3B). De- 
creasing amounts of Egr-1 in the presence of 
a fixed concentration of Spl allowed reoc- 
cupation of the promoter by Spl (Fig. 3B). 
The absence of a higher order complex 
when both factors were present indicates 
that Egr-1 and Spl do not bind the promot- 
er simultaneously (Fig. 3B). These findings 
with recombinant proteins indicate that an 
interplay involving Egr-1 and Spl can oc- 
cur on the PDGF-B promoter. 

The localized induction of Egr-1 at the 
endothelial wound edge precluded a direct 
determination of whether a displacement 
mechanism was involved in the induction 
of PDGF-B expression by injury. PMA is a 
model agonist of Egr-1 expression in vascu- 
lar endothelial cells (13). The marked in- 
duction of Egr-1 mRNA and protein that 
preceded the increase in the amount of 
PDGF-B in endothelial cells exposed to 
PMA (Fig. 3C) is like the temporal pattern 
with which these genes are expressed at the 
endothelial wound edge after arterial bal- 
loon injury (Fig. l). The amounts of Spl 
transcript and protein were also unaffected 
by PMA (Fig. 3C). Nuclear proteins from 
PMA-treated endothelial cells bound to the 
PDGF-B promoter with a pattern similar to 
that observed with injury-induced extracts 
(compare Figs. 2B and 3D). Immunobind- 
ing studies determined that complexes B1 
and B2 contained Spl and Egr-1, respec- 
tively (Fig. 3D). The extreme Egr-1 induc- 
tion by PMA demonstrates the ability of 
this transcription factor to displace Spl 
from the PDGF-B promoter in the context 
of nuclear extracts (Fig. 3D). Accordingly, 
the PMA-inducible endothelial expression 
of PDGF-B; like that of PDGF-A (13), 
involves an interplay between Egr-1 and 
Spl at overlapping binding sites in the 
proximal promoter. This result contrasts 
with a previous report suggesting that Egr-1 
may serve as a negative regulator of gene 
transcription by blocking the binding of 
Spl to its own recognition sequence (14). 
These findings suggest that the localized 
induction of PDGF-B expression at the en- 
dothelial wound edge may also involve dis- 
placement of promoter-bound Spl by ele- 
vated amounts of nuclear Egr-1. Egr-1 may 
be involved in interactions with other tran- 
scriptional activators and the basal complex 
to mediate increased gene expression in 
response to injury. 

Transcriptional activation mediated by 
Egr-1 may be an important common theme 
that integrates vascular injury with specific 
patterns of induced gene expression. Puta- 
tive nucleotide recognition elements for 
Egr-1 appear in the promoters of a number 
of pathophysiologically important genes, in- 
cluding human transforming growth factor 
(TGF)-f31 (15), tissue factor (TF) (1 6) ,  

G ladder B 32P-01igo 8 nP-Oligo B ' C lnjury 
' 

m-1 
C Injury -, 

aS a€ 
Hours 1 1 2 3 4 . 5 0  1 

Fig. 2. Injury-induced nuclear and D 32p-01igo B "P-OII~O em 
I - 

recombinant Egr-1 interact func- Egr-1 Egr-1 - - 

proximal promoter. (8) Injury-in- FRO - 
duced Egr-1 interacts with the 5 5 
proximal PDGF-B promoter. EMSA I- d77-CAT d77mEgr-CAT 
(23) was performed using in vitro 
injured (4) endothelial nuclear extracts with -?2P-Oligo B (12). Competition studies determined that bands 
B1 and B2 were specific (9). The gel shift on the right was electrophoresed further to clarify these 
complexes. An asterisk indicates the position of this band common to both gels. C, control (uninjured) 
endothelial monolayers; mS and nE, anti-Spl and anti-Egr-1, respectively. Free probe is indicated. (C) 
Effect of mechanical injury. PMA, or overexpressed Egr-1 (CMV-Egr-1) on reporter gene expression 
driven by the PDGF-B promoter (d77-CAT) or a counterpart bearing a mutation in the region bound by 
Egr-1 (d77mEgr-CAT) (24). (D) Mutation of the Egr-1 b~nding site in the proximal PDGF-B promoter 
abrogates interaction with Egr-1 . EMSA (21) was performed using recombinant Egr-1 with "'P-Oligo B or 
"P-Oligo Bm (12). 

Fig. 3. Displacement of 
Spl by Egr-1 in the prox- 
imal PDGF-B promoter. 
(A) Egr-1 binds to the 
proximal PDGF-B pro- 
moter in a stable and re- 
versible manner (25). (8) 
Displacement of Spl is 
dependent on the 
amount of Egr-1 (26). 
The Spl bar on the left 
(above the lanes) indi- 
cates oreincubation of 

A 32~-01igo B + Egr-1 (30 min) 
10OOx Oligo q 

Minutes 0 30 60 150 0 30 60 150 

the pro'be with Spl be- I 1 

fore addition of Ear-1 : C H O U ~ O  1 2 4  6 9 1 2 1 6 2 0 2 4  0 1 2 4 6  

the Spl bar on the &ht indicates simultaneous incuba- 
i_F-B 1- _----+ 

tion of the orobe with Sp1 and Eqr-1. (C) Amounts of 
PDGF-B, Egr-1 , and Spl transcript and protein in BAECs Egr-l 1 - - - I 
exposed to PMA (100 ng/ml) for the times indicated. 
Northem blot (leff panel) (13) and protein immunoblot 

SPI 
(right panel) (27) analys~s was performed as described. 
~~ce ra l deh~de -3 -~hos~ha te  dehydrogenase (GAPDH) 
was used as a control. (D) PMA-~nduced Egr-1 binds to GAPDH \-@am- 
the proximal PDGF-B promoter. EMSA (23) was per- 
formed in which PMA-induced (100 ng/ml for 1 hour) yP-01i90B , 32P-01igo B 
endothelial nuclear extracts were incubated with "'P- C PMA r . - .  C PMA ' 

1 7 ~ 7  

Oligo B before (left panel) and after (right panel) titration of aS nE USOE 

the PMA-induced extract. Competition studies deter- Fy;;eiz~i Bt-m PI 

mined that B1 and 82 were specrfic (9). C, control (un- c:P .X .l.l* B2- - D - ~ g r - i  

treated) endothelial cell monolayers; aS and rtE, anti-Spl 
and anti-Egr-1, respectively. The gel shift on the right 
panel was electrophoresed further to clarify B1 and 82. 
Free probe is indicated. Free- 
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Fig. 4. A common theme 
in injury-induced endo- 
thelial gene expression. 
(A) Comparison of the or- 
ganization of the human 
PDGF-B, PDGF-A, U-PA, 
TF, and TGF-p1 promot- 
ers, illustrating positions 
of consensus Spl (28) 
and Egr-1 (29) elements. 
The putative Egr-1 bind- 
ing site in the U-PA pro- 
moter is one base pair 
mismatch from the con- 
sensus. The position of 
the TATA element is indi- 
cated by the letter T. Re- 
gions of the promoters 
used as oligonucleotides 
in EMSA are boxed. (6) 
Interaction of Egr-1 and 
Spl with the promoters 
of several pathophysi- 
ologically relevant genes. 
EMSA (21)  was per- 
formed using 32P-labeled 
oligonucleotides from the 
PDGF-A (5'-GGGGGG- 
GGCGGGGGCGGGG- 
GCGGGGGAGGG-3'). 

PDGF-A 
-100 - 

A PDGF-B c 
-98 m.16 

_I 

a r s p t w  €g'-' - s p t  r... ' r  :. - SO* 

-38 

TGF-p1 (5'-CCTGGGGGCCGCCCCCGCTCCCGCCCCGTG-37, U-PA (5'- preparations of aortic endothelium hybridized with 35S-UTP-labeled anti- 
GGAGAGGGAGGGGCGGCGCCGGGGCGGGCC-3'), and TF (5'-GCG- sense riboprobes for PDGF-A (a and b, unmanipulated and 4 hours after 
GCGGGGGCGGGCGCCGGGGGCGGGCAG-3') promoters as well as re- injury, respectively), TGF-p1 (c and d, unmanipulated and 24 hours after 
combinant Egr-1 and Spl. In lanes marked S+E, Spl was preincubated injury, respectively), and U-PA (e and f ,  unmanipulated and 24 hours 
with the probe [indicated in (A)] for 15 min, and a molar excess of Egr-1 was after injury, respectively). Area to the right of the dashed arrow indicates the 
incubated with the binding mixture for 30 min. (C) Endothelial gene expres- denuded zone; intact endothelium is to the left of the arrow. Magnifications, 
sion in rat aorta after partial denudation (22). Photomicrographs of en face x300. 

urokinase-type plasminogen activator 
(u-PA) (17), PDGF-A (13), and PDGF-B 
(Fig. 2A), as well as in the Egr-1 promoter 
itself (1 8) (Fig. 4A). The PMA- and serum- 
response regions in several of these promot- 
ers contain elements that can interact spe- 
cifically with both recombinant Egr-1 and 
Spl (Fig. 4B). Moreover, elevated amounts 
of Egr-1 can displace prebound Spl from 
these promoters (Fig. 4B). Egr-1 is able to 
transactivate inducible expression through 
several of these binding sites (13, 19). Ar- 
terial balloon injury induced the expression 
of these growth-regulatory molecules in vas- 
cular endothelial cells specifically at the 
wound edge (Fig. 4C) or in smooth muscle 
cells (20), and injury-induced endothelial 
Egr-1 can interact with the promoters of 
these genes (9). Thus, injury-induced Egr-1 
expression is both spatially and temporally 
consistent with a possible role for this pleio- 
tropic mediator in the regulation of multi- 
ple genes involved in vascular remodeling 
(Figs. 1 and 4C). The coordinated expres- 
sion of sets of growth factors and compo- 
nents of the coagulation system mediated 
by Egr-1 may contribute to the complex 
series of cellular and thrombogenic events 
in the development of vascular occlusive 
lesions. 
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weeks. The images were photographed and digi- 
tized. The hybridization signal of the radiolabeled 
probe appears as white grains. All specimens were 
observed under dark field iulnination after nuclear 
counterstain with hematoxylin. Immunostaining for 
factor Vlll-related antigen (4) confirmed that injury 
was limited to endothelium. 

23. Bindlng was carried out in buffer containing 50 mM 
NaCl. 5 mM MgCl,, 596 glycerol, 2.5 !nM Hepes !pH 
7.9), 1 lpg of polydeoxyinos~nic-deoxycytidyllc acid, and 
20 k g  of BSAfor 30 min at 22°C. Polyclonal antlpeptide 
antibodes to Spl and Egr-1 (Santa Cruz Botechnoo- 
gy, Santa Cruz, CA) were incubated ~11th  nuclear ex- 
tracts 15 mln before the addtlon of the probe. 

24, d77mEgr-CAT was constructed with tile Llse of an 
oligonucleotide bearing the Oligo Bm (12) sequence 
as the 5'  primer for the polymerase chaln reaction. 
Transfectons n BAECs were periorlned with 10 k g  of 
reporter paslnd and the calcium phosphate protocol 
170). The cells were incubated with PMA (100 nglml), 
cotransfected with CMV-Egr-l , or injured with aster- 

i e  comb (8), and then incubated for 36 hours at 37'C. 
CAT activlty was assessed by the two-phase fluor 
diffusion technique (73) and was normazed to the 
amounts of proten in the cell lysate. 

25. Recolnbinant Egr-1 was incubated with "P-OIgo B 
(72) for 30 min at 22'C and applied to a running 
nondenaturing 596 polyacrylamide gel at the times 
Indicated. Alternatively, a 1000-fold lnolar excess of 
the unlabeled cognate was added after the 30-min 
incubation and applied to the gel (21). 

26, ncreasng amounts of recombinant Egr-1 were ap- 
plied to a solution in which Sp l  was preincubated 
with 32P-01igo B (12) for 30 m n  at 22'C (Fig. 3B, left 
side). Alternatively, 32P-01igo B was incubated wlith 
a fixed concentration of Sp l  and decreasing 
alnounts of Egr-1 (Fig. 3B, right side) (27). 

27. Proteln ilnrnunoblots were analyzed wlith polyclonal 
antibodies to Egr-1 and Sp l  (1 :2500: Santa Cruz 
Biotechnology) and to PDGF-B (1 :200; Genzyme). 
Immunoreactive proteins were detected by en- 
hanced chelniluminescence (Amersham) wlith horse- 

Sperm-Egg Binding Protein or Proto-Oncogene? 

Recen t ly ,  D. J.  Burks et al. (1 )  identified 
and characterized a human sperm receptor 
protein tyrosine kinase (RPTK),  called 
Hu9, as a receptor for ZP?, a glycoprotein of 
the  egg-surrounding matrix, zona pelucida. 
T h e  findilltr is a s t e ~  forward in our under- 
standi~lg of the initiation of the acrosonle 
reaction. However, the sequence presented 
hears some features that are problematic: 

1)  T h e  RPTK Hu9 is virtually identical 
over large parts with the human putative 
proto-oncogene c-mer (2 ) ;  in these regions, 
Hu9 is more similar to human c-mer than is 
the  mouse orthologue of c-me7 (3) (Fig. I ) .  
c-mer is a member of the  growing nxl sub- 
fanlily of RPTK genes that is characterized 
by high sinlilarity and conservation of spe- 
cial features among the  tyrosine kinase do- 
mains and hy the presence of two immuno- 
globulin (Ig) and two fibronectin type 111 
(FIiIII)  dolnai~ls in its extracellular parts 
(3) (features that are missing in Hu9) .  This 
family includes c-eyk ( 4 ) ,  which has [as 
reported hy Burks et al. ( I ) ]  55% identity to 
Hu9 in the  catalytic domain. 

2 )  Although Burks et al. (1 ) did not find 
any similarity to other proteins in the ex- 
tracellular part of Hu9, the first 70 anlino 
acids are almost identical with a n  extracel- 
lular region of human c-mer and still 48% 
identical to the  corresponding region in 
c-ey/t (Fig. 1A) .  

3) T h e  proposed signal peptide of Hu9 
is unusual as it is alnlost entirely composed 
of hydrophilic rather than hydrophobic res- 
idues. This putative signal peptide is iden- 
tical with a region within the second FNIII 
donlain in the  much lareer extracellular 
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part of c-mer and si~llilar to other axl-like 
RPTKs. F N I I I  modules are plohular do- 
maills conlmon to Inany extracellular pro- 

teins (5); it is extrelnely unlikely that a part 
of a elohular Jolnain with a known B-sand- u 

wich fold is ahle to f ~ ~ n c t i o n  as a memhrane- 
spanning helical segment. T h e  k~resence of a 
signal sequence upstream fro111 the stated 
(1 )  NH,-terminus is also supporteJ by 73 
bases of the  /lug complementary D N A  
(cDNA)  (GenBank database accessioll no. 
L08961) upstream of the  predicted protein 
that are identical to human c-mer. 
4) Two reeions of Hu9 seen1 to he 

c7 

frameshifted as co~llpared with c-mer and 
the  other nxl-like RPTKs: one is located 
proxinlal to the  transmenlbrane region and 
the other within the kinase domain (Fig. 
1 A ) .  In  hot11 cases, the cDNA is 100'X 
identical to human c-mer, hut the reported 
(1 )  amino acid sequence of Hu9 is totally 
different. 

5 )  Hu9 contai~ls  two i~lserts conlpared 
to the axl-like RPTKs. T h e  insert in the  
extracellular part contai~ls  a segnlent of 22 
residues that is identical (except for two 
small gaps) to a part of a n  Ig-like do~l la in  in 
rat PDGF receptor P (Fig. 1B). T h e  t\vo 
fl-amesllifteil repions are located a t  the end 
of these inserts. In the  case of alternative 
splicing this could he explained hy difficul- 
ties in finding the exact termination of the 
introns. 

How can one  make sense out of these 
ohservations? I offer two extreme inter- 
nretations: 

1 )  Hu9 could contain an  extremely 
high secluencing error rate and could be 
iilentical to with human c-mer: ( i )  the 
c D N A  is far fro111 being complete; it can be 
extended in both directions, hy ahout 400 
anlino acids upstream fl-om the  NH2-termi- 
nus as well as by 30 amino acids or so 
dow~lstrealll from the  COOH-terminus. (i i)  
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As the  Hi19 R N A  was apparently extracted 
from a testis library that includes cell nu- 
cleii (1 ), the  /1~19 c D N A  could correspond 
with a nuclear pre-mRNA tra~lscript or a 
defectively spliced transcript, implying that 
the  two inserts would he spliced out of the  
mature R N A .  (iii) T h e  putative (double) 
frameshifted regiolls could be corrected hy 
insertion or deletion of four hases in the  
appropriate positions (Fig. 1 )  leading to 
100% c-mer iilentitv. i iv) Numerous snlall , . 
errors such as multiple omission of hases 
could be corrected. Finally, a protein with 
a n  estinlated mass of about 95 kL3 could 
result, very sinlilar in size to a ZP3 receptor 
characterised earlier in mouse and human 
hy the salue group (6) .  T h e  interaction of 
the  Ig do~na ins  with ZP3 would make sense, 
as ZP3 also contains a module (ZP) that is 
colllmon to other zona pelucida proteins (7). 
Thus, a fine-tuned network of Ig-ZP inter- 
actions could initiate the signaling processes 
required for the conlplex acrosonle reaction. 

2) Although unlikely, one could argue 
that the  sequence presented shows very re- 
cent evolution at work. ( i )  Hu9 would then 
be one of the first traceable cases where 
evolution incorporates frameshifts to create 
varietv in nroteins. iii) T h e  inserts in Hu9 , L ~, 

compared to c-Mer and other nsl-like 
RPTKs could he natural and ~17ould he ex- 
plained by alternative splicing or exon shuf- 
fling. T h e  high sinlilarity to a part of a 
glohular Ig-like domain in PDGF receptor P 
supports the  latter; reports of an  alternative 
splicing site in human c-mer proximal of the 
~llenlbrane (2 )  point to the former. (iii) 
Alternative splicing might also lead to a 
truncated c-mer-like receptor that misses a 
large fractic~n (,f the NH,-terminus and does 
not  contain a signal secluence ( that  is, a 
nearly full-length c D N A  has heen present- 
ed) .  ( iv) As Hu9 is closer to human c-mer in 
the  regions of similarity than the putative 
mouse c-mer ortholog, one conclusion 
\vould he that divergence of Hi19 occurreil 
after the  descent of humans a n ~ l  roilents. 
Thls would, however, exclude a mouse or- 
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