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The  extracellular  domain  of  receptor  type  protein  ty- 
rosine  phosphatase P (RPTPP) exhibits  striking se- 
quence  similarity  with  a  soluble,  rat  brain  chondroitin 
sulfate  proteoglycan (3F8 PG).  Immunoprecipitation ex- 
periments  of cells  transfected  with RPTPP expression 
vector  and  metabolically  labeled  with  [S6S]sulfate  and 
[S6S]methionine  indicate  that  the  transmembrane  form 
of  RPTPP is indeed  a  chondroitin  sulfate  proteoglycan. 
The 3F8 PG is therefore  a  variant  form  composed  of  the 
entire  extracellular  domain of  RPTPP  probably gener- 
ated by alternative RNA splicing.  Previous  immunohis- 
tochemical  studies  indicated  that  both RPTPP  and the 
extracellular  matrix  protein  tenascin  are  localized  in 
similar  regions  of  the  central  nervous  system. We have 
performed  co-aggregation  assays  with  red  and  green Co- 
vaspheres  coated  with  tenascin  and 3F8 PG, respec- 
tively,  showing  that  the  extracellular  domain  of RPTPP 
(3F8 PG)  binds  specifically  to  tenascin.  The  interaction 
between  a  receptor  tyrosine  phosphatase  and  an  extra- 
cellular  matrix  protein  may  have a  role  in  development 
of  the  mammalian  central  nervous  system. 

Cellular  tyrosine phosphorylation  plays a crucial role in  the 
control of cell growth  and  differentiation of eukaryotes. Tyro- 
sine phosphorylation is regulated by the  balanced action of 
protein  tyrosine  kinases  and  protein  tyrosine  phosphatases 
(PTP).’ One  class of PTPs  encompasses  membrane  proteins 
composed of an extracellular  domain, a single  transmembrane 
domain,  and a cytoplasmic  region with one or usually two tan- 
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dem  catalytic  tyrosine  phosphatase  domains (reviewed by Fis- 
cher et al. (1991) and  Saito  and  Streuli (1991)). RPTPp (also 
known as HPTPS), together  with RPTP-y, define a subfamily of 
membrane-bound  protein  tyrosine  phosphatases  (Kaplan et al., 
1990; Krueger  and  Saito, 1992; Barnea et al., 1993; Levy et al., 
1993). This subfamily is characterized by extracellular portions 
consisting of an  amino-terminal carbonic anhydrase-like do- 
main followed  by a  fibronectin type I11 repeat  and by a cysteine- 
free  domain of variable  length  (Barnea et al., 1993). 

RPTPp is expressed  predominantly  in  the developing central 
nervous  system,  and its spatial  and  temporal  pattern of expres- 
sion suggests that it plays a role in morphogenesis and  plas- 
ticity of the  nervous  system. High  levels of RPTPp  are ex- 
pressed  in a variety of cells of neuroectodermal  origin. For 
example,  RPTPp  immunoreactivity is detected  in  the processes 
of radial  glia, which act as guides  during  neuronal  migration 
and  axonal elongation. High levels of RPTPp  immunoreactivity 
are  also  seen  in  nerve fiber tracts  throughout  the  central  and 
peripheral  nervous  system  during periods of axonal growth. In 
the  adult,  high levels of RPTPp  are  seen  in regions of the  brain 
where  there  is  continued  neurogenesis  and  neurite  outgrowth, 
such  as  the  subependymal  layer of the  lateral ventricle and  the 
olfactory nerve  layer of the olfactory bulb (Canoll et al., 1993). 

Proteoglycans are  proteins  that  contain one or more glycos- 
aminoglycan (GAG) chains (reviewed by Kjellh  and  Lindahl 
(1991)). GAGs are classified based on their  disaccharide  struc- 
tures:  heparan  sulfate  and  heparin, chondroitin sulfate  and 
dermatan  sulfate,  keratan  sulfate  and  hyaluronic acid. The 
sulfated GAGs occur in tissues  in  the form of proteoglycans, 
having a strong  negative  charge. Proteoglycans are involved in 
a variety of molecular interactions, which may be mediated by 
the GAG component or by the core protein. Proteoglycans me- 
diate cell-cell and  cell-matrix  interactions  and  bind growth fac- 
tors,  such  as  fibroblast  growth factor  (reviewed by Ruoslahti 
and Yamaguchi (1991)).  A number of proteoglycans are ex- 
pressed  in  nervous  tissue (reviewed by Margolis and Margolis 
(1993)).  Chondroitin sulfate proteoglycans have  been implicated 
in  neural  crest cell migration  (Perris  and  Johansson, 1990) and 
have been detected  in  several glial cell structures  that  appear 
to  act  as  barriers  to  axonal  growth,  such as the roof plate of the 
spinal cord and optic tectum (Snow et al., 1990). Interestingly, 
high levels of RPTPp  are  also found in  these  barrier  structures, 
consistent  with  the  hypothesis that R m P p  may be involved in 
guidance  mechanisms (Canoll et al., 1993). I t  has also  been 
shown that certain rat brain proteoglycans are  able  to  bind di- 
rectly to  neurons  and  to  inhibit  the self-aggregation of beads 
coated with  the cell adhesion molecules Ng-CAM and N-CAM, 
suggesting that Ng-CAM and N-CAM may  act as heterophilic 
ligands for these proteoglycans (Grumet et al., 1993). 

Tenascin is a large oligomeric extracellular  matrix glycopro- 
tein  that  is widely expressed  during embryonic  development 
and  is also known as cytotactin  and  hexabrachion (reviewed by 
Erickson and Bourdon  (1989) and by Chiquet et al. (1991)). In 
the  nervous  system  tenascin is associated  with  migration  path- 
ways of neural  crest cells and  with outgrowing peripheral 
nerves (reviewed by Chiquet et al. (1991)). It  is  present  in  high 
concentration  in  areas  such as the molecular layer of the cer- 
ebellum (Grumet et al . ,  1985) and  marks  boundaries between 
developing functional  units,  such  as  the walls of the  barrel 
fields of somatosensory cortex (Steindler et  al.,  1989;  Crossin et 
al., 1989).  Glial tenascin  may  modulate axon  fasciculation and 
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help  to confine neuronal  pathways  while allowing plasticity 
during  development  and  regeneration. This matrix  protein  has 
multiple  domains  that bind to cells and  mediate cell adhesion 
as well as domains  that  prevent cell spreading  and cell migra- 
tion  in model systems  (Prieto et al., 1992;  Lochter et al., 1991). 

In  this  report, we show that RF'TPp is  expressed  in  the form 
of chondroitin sulfate proteoglycan in  transfected cells. Be- 
cause of the  similar  cellular localization of RpTPp  and  tenascin 
in  radial glial  cells of the  central  nervous  system, we have 
examined  the  interaction  between  these two proteins  utilizing 
a coaggregation  assay. These  experiments  indicate  that  tenas- 
cin binds specifically to  the  extracellular  domain of RPTPP. The 
interaction  between an  extracellular  matrix  protein  and a re- 
ceptor-linked tyrosine  phosphatase  may  play a role in  the de- 
velopment of the  central  nervous  system. 

EXPERIMENTAL PROCEDURES 
Proteins-Purification and  characterization of the proteoglycans 3F8 

and  aggrecan  have  been  described  (Rauch  et al., 1991;  Faltz et al.,  1979). 
Ng-CAM (Grumet  and  Edelman,  1988)  was  purified from 14-day  em- 
bryonic  chicken  brains.  Tenascin  (Telios)  and  human  plasma BSA (ICN 
Biomedical, Lisle,  IL)  were  obtained commercially. Monoclonal antibody 
10F6  against  chicken Ng-CAM (Grumet  and  Edelman,  1984)  and  the 
3F8 monoclonal antibody  (Rauch  et al., 1991)  have  been  described.  The 
4H7 monoclonal antibody  to  the  3F8  proteoglycan  was  provided by R. K. 
Margolis.  Rabbit  antibodies  against  chicken  cytotactidtenascin  were 
prepared  (Grumet et al.,  1985).  Igs  and  Fab'  fragments  were  prepared 
as described  (Brackenbury  et al., 1977). 

RNA Isolation and  Northern Blot Analysis-Total RNA was  isolated 
from adult  mouse  brain  and  samples  containing  20 pg of total RNA were 
resolved and probed by standard  procedures (Levy et al., 1993). 

fiansfection,  Labeling, and  ImmunoprecipitationSubconfluent 
10-cm diameter  dish  cultures  were  transfected by the modified calcium 
phosphate  technique  (Chen  and  Okayama,  1987).  At 48-72 h  after 
transfection,  the  cells  were  metabolically  labeled  either for 5 h  in  me- 
thionine-free  medium  containing  ["Slmethionine  (ICN) a t  100 pCi/ml 
or for 20  h  in  sulfate-free  medium  (NEX-041H  medium)  containing 
["Slsulfate  (ICN) a t  200 pCi/ml. Cell lysis  and  immunoprecipitation 
were  done as previously  described ( L e v y  et al., 1993). 

Chondroitinase ARC neatment-Immunoprecipitates were  washed 
twice  more  with  chondroitinase  buffer  (100 mM Tris, 30 mM sodium 
acetate, HCI to adjust  the pH to 8.3  at  25  "C),  and  the  beads  were 
resuspended  in 100 p1 of chondroitinase buffer. Protease-free  chon- 
droitinase ABC (Seikagaku  America, Inc.) was  added to a  final concen- 
tration of 0.5 milliunitfpl and  incubated a t  37 "C for 1 h  with  agitation. 

Couasphere  Aggregation-Proteins (50 pg)  were  covalently  coupled  to 
200 pl of 0.5-pm  Covaspheres  (Duke  Scientific  Corp.,  Palo Alto, CA), 
washed  twice  in  PBS  containing 1 mg/ml BSN10 mM NaN,, and  resus- 
pended  in  200 pl of buffer as  described  (Grumet  and  Edelman,  1988). 
Coaggregation of different colored Covaspheres  was  performed  in a 
total  volume of 50 pl of PRS,  0.1 mg/ml BSA using  mixtures of 5 pl of 
red-fluorescing  tenascin-coated  Covaspheres and 2 pl of green-fluoresc- 
ing  Covaspheres  derivatized  with 3F8 PG,  aggrecan, Ng-CAM, or BSA. 
When  antibodies  were  tested,  Fab'  fragments  were  preincubated  with 
the  Covaspheres on ice for 15 min.  The  mixtures  were  sonicated for 
10-20 s and  visualized  under  a microscope to verify that  they were  not 
aggregated.  The  samples  were  then  incubated  without  agitation a t  
room temperature (25-28 "C). After 2 h  they  were  visualized  under  a 
Nikon  fluorescence microscope, and  green-  and  red-fluorescing Cova- 
spheres  were  photographed  individually  with  filters  that  discriminate 
between  the  dyes.  Coaggregation  was  measured  using  a  fluorescence- 
activated cell sorter  (Recton Dickinson FACScan) a s  described  previ- 
ously  (Kuhn et al., 1991).  The  system  was  calibrated  using  green-  and 
red-fluorescing  Covaspheres that do  not  interact  with  themselves  or 
with  other  Covaspheres.  With  such  samples,  thresholds  were  estab- 
lished  to  reject  aggregates of Covaspheres of a  single color, and mixed 
aggregates  were  counted  only  when  they  contained at  least  three red- 
and  three  green-fluorescing  Covaspheres. 

RESULTS AND DISCUSSION 

A  PBS-soluble chondroitin  sulfate proteoglycan of rat  brain 
termed  phosphacan,  isolated  with  the 3F8 monoclonal anti- 
body, has been biochemically characterized  (Rauch et al., 1991) 
and cloned (Maurel et al., 1994). The NH,-terminal amino acid 
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FIG. I. RPTPS is expressed in three different forms. Total RNA 
isolated from adult  mouse  brain  was  separated on a formaldehyde- 
containing gel and  analyzed  (panrl A ) with  probes  corresponding to 
three  different  parts of RPTPp that were  amplified by PCR I pond  R ). 
Band A was  not  detected by prohe 111, which is derived from the cy- 
plasmic  portion of RPTPB, and  therefore  correspnds to  the  secreted 
form 3FRIsRPTPP. Rand B was  detected by all  three  prohes  and  therr- 
fore corresponds to the long form of RM'Pp. Band C was not detected by 
probe 11. which is derived from the region deleted  in the  variant c1)NA 
clone, and  therefore  corresponds  to  the  deletion  variant dvRPTPf3. 
Panel B shows  a  schematic  diagram of  the  three  forms of RPTPf3. All 
three  forms  contain  the  carbonic  anhydrase-like  domain rC'AIf J and  the 
fihronectin  type 111 repeat ( F N J .  However, only two  forms  contain the 
transmembrane  domain (7') and  the two  phosphatase  domains ( D l  and 
0 2  ). The  sequence  that  is  deleted  in  the  deletion  variant is indicated hy 
the  dotted  line.  The  positions of the  three  probes  that  were  generated hp 
PCR and used  in  Northern  analysis  are  indicated  with  Roman  numrr- 
als. The lettersA, R ,  and C correspond  to the specific hands (9.5.8.5, and 
6.4 kh)  that were  detected  in  the  Northern blot. 

sequence of 3F8 PG  contains a domain  with homology to the 
enzyme  carbonic  anhydrase. We have previously  shown that 
carbonic anhydrase-like  domains  exist  in  the  extracellular do- 
mains of two receptor  type  tyrosine  phosphatases RPTPP (or 
HPTPC) and  RPTPy (Levyet   al . ,  1993; Krueger  and  Saito, 1992; 
Barnea et al., 1993). Comparison of the  amino acid sequences of 
these  regions revealed a striking  sequence  similarity between 
RPTPP  and  the  3F8  PG, which suggests  that  the proteoglycan 
represents  the  rat homologue of RPTPP ( L e v y  et al . ,  1993; 
Maurel et al . ,  1994; Barnea et al.,  1994).  Complementary DNA 
cloning and  Northern  analysis provided  evidence for a t  least 
two forms of human  RPTPp probably generated by alternative 
splicing (Levy et al . ,  1993). Molecular analysis of the  rat  extra- 
cellular  3F8  PG  suggests  that  it  is encoded by an  additional 
mRNA splicing variant  (Maurel et al . ,  1994; Rarnea et al . ,  
1994). To characterize  the  relationship between the  three forms 
of the mRNAs in a single  species, we prepared cDNA probes 
from three  non-overlapping regions of the  full-length  sequence 
of RF'TPp and performed Northern  analysis.  The 9.5- and 
6.4-kb transcripts encode the  large  and  small  transmembrane 
forms of RPTPP, respectively, whereas  the 8.5-kb transcript 
encodes a secreted form of the  extracellular  domain of RPTPP 
(Fig. 1). Analysis of the complete sequence of 3F8 PG cDNA 
(encoding 1616 amino  acids) confirmed that  it  represents  the 
rat  homologue of RPTPP. corresponding  to its entire  extracel- 
lular domain  (Maurel et al.,  1994; Levy et al . ,  1993). 

We therefore  examined  the possibility that  human RPTF'P 
also appears in a form of a proteoglycan. Human  293 cells  were 
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FIG. 2. RF'"PP is a chondroitin sulfate proteoglycan. Human 
fibroblast  cells (293) were  transfected  with  either  full-length RPTPB in 
a cytomegalovirus  based  expression  vector or vector  alone as  a  control. 
The  cells  were  then  labeled  with  either ["Slmethionine (panel  A )  or 
["Slsulfate (panel  B), lysed,  and  immunoprecipitated  with  anti-RPTPP 
antibodies.  The  immunocomplexes  were divided into  two  samples,  one 
of which  was  treated  with  the  enzyme  chondroitinase ABC, and  were 
resolved on 5% acrylamide  gels.  Molecular  size  markers  (in  kDa)  are 
noted  on  the left, L denotes  the  position of the 440-kDa form of laminin, 
and  the  top of the gel is  indicated.  Note  the  appearance of a new band 
upon treatment of ["Slmethionine-labeled  cells  with  chondroitinase 
ABC (panel  A )  and  the  disappearance of the  band  upon  treatment of the 
["'Slsulfate-labeled  cells  with the  enzyme. 

transfected  with  an expression vector that encodes for the full- 
length  RPTPp  (large  form) or with vector  alone. The cells  were 
then labeled with  either [35S]methionine or ["S]sulfate, lysed, 
and  immunoprecipitated  with  anti-RPTPP  antibodies.  The  im- 
munocomplexes were  divided into two samples. One sample 
was  treated  with  chondroitinase ABC, an  enzyme  that specifi- 
cally  depolymerizes  chondroitin sulfate to disaccharides. 
RPTPp  migrated on SDS-polyacrylamide  gels as a broad band 
that poorly entered  the gel, a characteristic of proteoglycans; 
this  band did not  appear in  control-transfected  cells  (Fig. 2.4) .  
Upon treatment  with  chondroitinase ABC a new band  ap- 
peared which migrated with  a  more  uniform mobility. We per- 
formed a similar  experiment  using  transfected cells  labeled 
with [35Slsulfate,  which labels  the  sulfated glycosaminoglycan 
chains (Fig. 2B) .  While RPTPp from transfected cells was la- 
beled with [35Slsulfate, no band  was  present  in immunoprecipi- 
tates from control cells transfected  with vector  alone. Treat- 
ment  with  chondroitinase ABC resulted  in  the  disappearance of 
the  sulfate-labeled RPTPp. However, the  RPTPp polypeptide 
core was  still  present, as  demonstrated by chondroitinase  treat- 
ment of immunoprecipitates from [35S]methionine-labeled cells. 
This  result  indicates  that  the ["sS]sulfate was incorporated into 
RPTPp  in  the form of chondroitin sulfate. Hence, R m P p  is 
expressed in  the form of proteoglycan. In  addition,  RPTPp  is a 
glycoprotein that  contains N-linked carbohydrates (Levy et al., 
1993). Indeed,  the  band  that  appeared upon chondroitinase 
ABC treatment  was  also found to  migrate  faster on SDS-poly- 
acrylamide  gels in  experiments  in which tunicamycin  was 
added  to  the  transfected cells (data  not shown). This observa- 
tion indicates  that  the  same core protein contains  both chon- 
droitin  sulfate  and N-linked carbohydrates. 

RPTPp  is  the first tyrosine  phosphatase shown to be a pro- 
teoglycan and  is  the first cell surface proteoglycan that con- 
tains a cytoplasmic domain with a known catalytic activity. It  is 
possible, however, that  other receptor-linked  protein tyrosine 
phosphatases  may  also be expressed  in  the form of proteogly- 
cans. Interestingly, other  PTPs  such as CD45, RPTPa,  and 
RPTPy  contain  in  their  extracellular  domains  clusters of amino 
acid sequences that  are rich in  serine  and  threonine  residues.  It 
had been suggested  that  these  proteins contain 0-linked,  as 
well as N-linked carbohydrates  (Saito  and  Streuli, 1991). 

Since the overall pattern of expression of RPTPp  in  the de- 
veloping rat  cerebellum  (Canoll et al., 1993) resembles  that of 

FIG. 3. Coaggregrction  of  tenascin-cor1tc.d  ('ovrtsphc.rcn with 
3F8 proteoglycan-coated  Covasphcrrs. I ~ ~ . t l - l l l l ~ ~ r l ~ - ~ . l n r :  Covas- 
pheres coated \v l th  tcnnscin f h f i  pc l r rds  1 were rnlxc-tl with creen-fluo- 

h ) ,  aggrecan (c ) ,  and Ng-CAM (rf ). The  experiment shown in panel h is 
rescing  Covasphcres (right panels coated  with 3FH proteaglycan la and 

identical to that  in panel   a ,  except that  it  was performed in the  presence 
of Fab'  fragments of 3F8 monoclonal antihody.  Control  antibodies  did 
not  inhibit  coaggregation as  shown, for example,  in  Table 1. Identical 
fields  were  visualized specifically for red-fluorescing  tenascin-coated 
Covaspheres  and  green-fluorescing  Covaspheres  and  were  photo- 
graphed  under  a  fluorescence microscope as described  under 'Experi- 
mental  Procedures."  Note  that  in  the  matched  pairs of micrographs,  the 
patterns of aggregates of green-  and  red-fluorescing  particles  are  nearly 
identical only in panel a .  

the  matrix protein tenascin  (Prietoet al., 19901, we investigated 
whether  these two proteins  are  able to interact with  each  other. 
We used a coaggregation assay in which red-fluorescing tena- 
scin-coated Covaspheres  were incubated with  green-fluorescing 
Covaspheres  coated  with 3F8 PG,  aggrecan (a chondroitin sul- 
fate proteoglycan isolated from rat  cartilage), or Ng-CAM. After 
2 h of incubation a t  room temperature  without  agitation, coag- 
gregation  was visualized under  the fluorescence microscope and 
measured  using a  fluorescence-activated cell sorter. Tenascin- 
coated  Covaspheres  coaggregated  with 3F8 PG-coated Covas- 
pheres, forming large  aggregates (Fig. 3a ). The coaggregation 
was  disrupted by a monoclonal antibody against  3F8 PG fFig. 
36). Tenascin-coated Covaspheres did not form aggregates with 
Covaspheres  coated  with the proteoglycan aggrecsn I Fig. 3 c )  or 
with Ng-CAM (Fig. 3d),  which binds  in a homophilic manner 
and forms  self-aggregates (Grumet  and  Edelman, 1988). 

To quantitate  the coaggregation  (Table I ) ,  mixed aggregates 
were  counted using fluorescence-activated cell sorter analysis 
only  when they contained a t  least  three fluorescing Covaspheres 
of each color. The aggregation of tenascin-coated  Covaspheres 
with 3F8 PG-coated ones  was  resistant to chondroitinase treat- 
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TABLE I 

Quantitative analysis of coaggregation of tenascin-coated 
Covaspheres  with  Covaspheres  coated  with 3F8 PG 

Covaspheres were  mixed on ice, dissociated by sonication, and incu- 
bated for 2 h.  at room temperature. Aliquots (10 pl) were diluted into 1 
ml  of PBS and subjected to analysis by FACS as described  under  "Ex- 
perimental Procedures." Fab' fragments of antibodies and other pro- 
teins  in solution were used at 40 pg/ml  except  for  polyclonal  rabbit 
antibodies (non-immune and anti-tenascin), which  were used at 400 
pg/ml; several antibodies that do not recognize either tenascin or 3F8 
PG did not inhibit coaggregation of these proteins on Covaspheres. 
mAb,  monoclonal  antibody. 

Protein on Protein on Protein No. of 
red Covaspheres green Covaspheres in solutoin mixed aggregates 

Tenascin 3F8 PG 5,169 f 1,318 
Tenascin 3F8 PG + 6,339 f 851 

Tenascin 3F8 PG 
Tenascin 3F8 PG 

Anti-tenascin 152 -c 149 
mAb 4H7 

Tenascin 3F8 PG 
68 f 5 

mAb 10F6 4,990 f 1,294 
Tenascin 3F8 PG 3F8 PG 129 f 63 
Tenascin 3F8 PG Aggrecan 4,936 f 1,548 
Tenascin  Ng-CAM 
Tenascin BSA 

115 f 83 
189 f 141 

Tenascin  Aggrecan 208 f 115 

chondroitinase 

ment,  suggesting  that  the chondroitin sulfate  was  not necessary 
for binding. The specificity of this  interaction  was confirmed by 
the observations that  the aggregation was  disrupted by anti- 
bodies against  either  tenascin  or 3F8 PG (monoclonal antibody 
4H7) and  was  resistant  to monoclonal antibodies  (10F6) and 
polyclonal antibodies (data  not shown) that do not bind to  either 
tenascin or 3F8 PG. Tenascin-coated Covaspheres  did not  in- 
teract  with  other  proteins on Covaspheres. Addition of 3F8  PG 
to  the  mixture  inhibited  the coaggregation, probably by com- 
petition, whereas  addition of aggrecan  had no effect. 

It  has been reported  that mice with a disrupted  tenascin 
gene do not exhibit any  apparent phenotype (Saga et al., 1992). 
This  may be due  to functional  redundancy,  since there  are  other 
known members of the  tenascin family such as restrictin 
(Norenberg et al., 1992). I t  is  thought  that  tenascin plays a role 
in morphogenesis and plasticity of the nervous  system. The 
interaction between tenascin  and RPTPP may be important for 
these biological functions.  Based on the  structure of tenascin 
and RPTPP and  their  patterns of expression, there  are  several 
possible mechanisms by which the  interaction between these 
two proteins may modulate  their function. The  binding of te- 
nascin to RPTPP may  activate,  inactivate, or change the  sub- 
cellular distribution of RPTPP. The  interaction of tenascin with 
RPTPP  may  also relocalize a constitutively  active  RPTPP ei- 
ther away from or toward its biological substrate,  and  thereby 
modulate  the phosphorylation state of the  substrate  in local 
regions of contact with  tenascin. Yet another possible role for 
the  interaction between  RPTPP and  tenascin is to  target 
RPTPP to  another  protein  that may modulate  the activity of 
RPTPP. Tenascin has been  shown to  inhibit  the proliferation of 
fibroblasts in response to growth  factors or  the  tumor promoter 
phorbol 12-myristate  13-acetate (Crossin, 1991). However, the 
molecular  mechanisms underlying  this inhibition are  not  un- 
derstood. It  has been demonstrated  that  the adhesion mol- 
ecules N-CAM and Ng-CAM also bind to 3F8 PG  (Grumet et al., 
1993; Milev et al., 1993). RPTPp  is, therefore, able  to  interact 
not only with a cell matrix  protein  but also  with cell adhesion 
molecules. In  this  regard,  it  is  interesting  that  recent  studies 
demonstrated  that members of another subfamily of receptor 
type tyrosine phosphatases,  termed  RPTPp  and  RPTPK,  un- 
dergo homophilic interactions  leading to  cell aggregation. So 

far, it  has been impossible to detect any change in tyrosine 
phosphorylation following cell aggregation  mediated by these 
two receptor-linked phosphatases (Gebbink et al., 1993; Brady- 
Kalnay et al., 1993; Sap et al., 1993). 

In  order  to  elucidate  the biological role of the  interaction 
between tenascin  and RPTPP, it will be necessary to  establish 
stable cell lines  that overexpress the full-length phosphatase 
and  to identify the specific in vivo substrates of RPTPP. More- 
over, since the changes in activity  may be local, individual cell 
recording assays  may be required. The identification of RPTPP 
as a proteoglycan that binds in a heterophilic manner  to  tena- 
scin and  other cell surface proteins may provide some of the 
tools to  address  the  issue of modulation of tyrosine phosphatase 
activity by extracellular  and cell surface  proteins. 

Acknowledgments-We thank Dr.  Richard U. Margolis for initiating 
the tenascin binding studies and  for helpful advice and Dr. R. K. Mar- 
golis for providing anti-3F8 antibodies, 3F8 PG, and aggrecan. 

REFERENCES 

Barnea, G., Silvennoinen, O., Shaanan, B.,  Honegger, A. M., Canoll, P. D., 
DEustachio, P., Morse,  B., Levy, J. B., LaForgia, S., Huebner, K, Musacchio, J. 
M., Sap, J., and Schlessinger, J. (1993) Mol.  Cell. Biol. 13, 1497-1506 

Barnea, G., Grumet, M., Sap, J., Margolis, R. U., and Schlessinger, J. (1994) Cell 
76,205 

Brackenbury, R., Thiery, J.-P., Rutishauser, U., and Edelman, G. M. (1977) J.  Bid. 
Chem. 262,6835-6840 

Brady-Kalnay, S. M., Flint, A. J., and Tonks, N.  K. (1993) J.  Cell Biol. 122,961-972 
Canoll, P. D., Barnea, G., Levy, J. B., Sap, J., Ehrlich, M., Silvennoinen, O., 

Chen, C., and Okayama, H. (1987) Mol. Cell. Biol. 7, 2745-2752 
Schlessinger, J., and Musacchio, J. M. (1993) Deu. Brain Res. 76, 293-298 

Chiquet, M., Wehrle-Haller, B., and Koch,  M. (1991) Semin. Neurosci. 3, 341-350 

Crossin, K. L., Hoffman, S., Tan, S.-S., and Edelman, G. M. (1989) Deu. Biol. 136, 
Crossin, K. L. (1991) Proc. Natl. Acad. Sci. U. S. A. 88, 11403-11407 

Erickson, H. P., and Bourdon, M. A. (1989) Annu.  Rev. Cell Biol. 6, 71-92 
Faltz, L. L., Reddi, A. H., Hascall, G. K., Martin, D., Pita, J. C., and Hascall, V. C. 

Fischer, E. H., Charbonneau, H., and lbnks, N. K. (1991) Science 263,401-406 
abbink,  M.  F. B. G.,  Zondag,  G.  C.  M.,  Wubbolts, R. W., Beijersbergen, R.  L., van 

Etten, I., and Moolenaar, W. H. (1993) J. Biol. Chem. 268, 16101-16104 
Grumet, M., and Edelman, G. M. (1984) J. Cell B i d .  98,1746-1756 
Grumet, M., and Edelman, G.  M. (1988) J.  Cell B i d .  106,487-503 
Grumet, M.,  Hoffman, S., Crossin, K. L., Edelman, G.  M. (1985) Proc. Natl. Acad. 

Grumet, M., Flaccus, A,, and Margolis, R. U. (1993) J. Cell Bid. 120,  815-824 
Kaplan, R., Morse, B., Huebner, K., Croce, C., Howk, R., Ravera, M.,  Ricca, G., 

Jaye, M., and Schlessinger, J. (1990) Proc. Natl. Acad. Sci. U. S. A. 87, 7000- 
7004 

381-392 

(1979) J. Biol. Chem. 264,1375-1380 

Sci. U. S. A. 82, 8075-8079 

Kjellen, L., and Lindahl, U. (1991)Annu. Reu.  Biochem. 60,443-475 
Krueger, N. X., and Saito, H. (1992) Proc. Natl. Acad. Sci. U. S. A. 89, 7417-7421 
Kuhn, T. B., Stoeckli, E. T., Condrau, M. A,, Rathjen, R. G., and Sonderegger, P. 

(1991) J. Cell Bid. 116, 1113-1126 
Levy, J. B., Canoll, P. D., Silvennoinen, O., Barnea, G.,  Morse, B., Honegger, A. M., 

Haung, J.-T., Cannizzaro, L. A., Park, S.-H., Druck, T., Huebner, K., Sap, J., 
Ehrlich, M.,  Musacchio J. M., and Schlessinger, J. (1993) J. Bid. Chem. 268, 
10573-10581 

Lochter, A., Vaughan, L., Kaplony, A,, Prochiantz, A., Schachner, M., and Faissner, 
A. (1991) J.  Cell Bid. 113,1159-1171 

Margolis, R.  K., and Margolis, R. U. (1993) Experientiu (Basel) 49, 429446 
Maurel, P., Rauch, U., Flad, M., Margolis, R. K., and Margolis, R. U. (1994) Proc. 

Milev,  P., Friedlander, D., Grumet, M., Margolis, R. K, and Margolis, R. U. (1993) 

Norenberg, U., Wille, H., Wolff,  M. J., Frank, R., and Rathjen, F.  G. (1992) Neuron 

Perris, R., and Johansson, S. (1990) Deu. Biol. 137, 1-12 
Prieto, A. L., Jones, F. S., Cunningham, B. A., Crossin, K. L., and Edelman, G.  M. 

Rauch, U., Gao, P., Janetzko, A,, Flaccus, A,, Hilgenberg, L., Tekotte, H., Margolis, 

Ruoslahti, E., and Yamaguchi, Y. (1991) Cell 64, 867-869 
Saga, Y.,  Yagi, T., Ikawa, Y., Sakakura, T., and Aizawa, S. (1992) Genes & Deu. 6, 

Saito, H., and  Streuli, M. (1991) Cell Growth Diff: 2, 5 9 4 5  
Sap, J., Jiang, Y.-P., Friedlander, D., Grumet, M., and Schlessinger, J. (1994) Mol. 

Snow,  D.  M., Steindler, D. A,, and Silver, J. (1990) Deu. Biol. 138, 359-376 
Steindler, D. A,, Cooper, N. G.  F., Faissner, A,, and Schachner, M. (1989) Deu. Biol. 

Natl. Acad. Sci. U. S. A. 91,2512-2516 

J. Neurochem. 61, Suppl., SllO 

8,849463 

(1990) J. Cell Biol. 111, 685498 

R. K., and Margolis, R. U. (1991) J.  Biol. Chem. 266, 14785-14801 

1821-1831 

Cell. Biol. 14, 1-9 

131,243-260 


