
Relation of the Amyloid P Protein Precursor to any case their presence does not detract from 
the differences between the leukemic and 
remission samples of this patient. Miller et 
al. and Donti et al. suggest that the conclu- 
sions of our paper imply an understanding 
of the pathogenesis of APL or a direct 
association between rearranged M P O  and 
critical DNA sequences involved in the 
t(15;17); this is not the case. Although 
questioned, it should be noted that only 
"one explanation for the presence of these 
novel bands in two of the M3 (APL) pa- 
tients examined is that the breakpoint on 
chromosome 17 of the t(15;17) occurs 
within the M P O  sequences. Alternatively, 
M3-associated rearrangements of the M P O  
gene such as submicroscopic deletions or 
inversions that are unrelated to the translo- 
cation breakpoint may have occurred" (1). 

We were not aware of the publications by 
Chang et al. in Leukemia (2) or by van 
Tuinen et a / .  in Oncogene (3) at the time we 
submitted our report to Science. We regret 
any offense this may have caused. We thank 
Miller et al. and Donti et al. for their respons- 
es to this interesting story and look forward 
to future collaborations to resolve the cur- 
rent discrepancies. 

SUSAN C. WEIL 
MARTHA S. REID 
LAURA A. NILLES 

REX L. CHISHOLM 
Departments of Pathology, Medicine, 

and Cell Biology, 
Northwestevn Univevsity Medical School, 

Chicago, I1 6061 1 
GAYLE L. ROSNER 

Department of  Moleculav Hematology, 
Cleveland Clinic Foundation, 

Cleveland, O H  44195 
MAURICE S. SWANSON 

Department of Biochemistvy, Moleculav 
Biology, and Cell Biology, 

Novthwestevn Univevsity, 
Evanston, I L  60201 
JOHN J. CARRINO 
MANUEL 0 .  DMZ 

MICHELLE M. LE BEAU 
Depavtment of  Medicine, 

Univevsity o fch icago ,  
Chicago, I L  60637 

REFERENCES 

1. S. C .  Weil  et al. Science 240, 790 (1988). 
2. K.  S. Chang et d l . ,  Leukemia 1, 458 (1987). 
3. P. van Tuinen et dl., Oncogene 1, 319 (1987). 
4. K .  S. Chane. J .  M .  Truiillo. R. G. Cook. S.  A. Stass, 

Heparan Sulfate Proteogly 
David Schubert et al. (1) present evidence 

suggesting that, on the basis of studies of 
PC12 pheochromocytoma cells, the amyloid 
p precursor (ABPP) is a heparan 
sulfate proteoglycan (HSPG) core protein. 
In the course of our previous studies of 
proteoglycans and other glycoconjugates in 
this neuronal cell line (2-4), we obtained 
data that raise several questions concerning 
this conclusion. 

1) Schubert et al, state that they purified 
the secreted form of a neuronal HSPG from 
PC12 cells and that they used this purified 
HSPG to obtain tryptic peptides that were 
fractionated by high-performance liquid 
chromatography. A major peptide labeled 
with 35S04 (designated peptide 5 1) had an 
NHz-terminal amino acid sequence that was 
almost identical to the deduced sequence for 
residues 18 through 44 of human ABPP. 
The authors conclude that this peptide must 
be derived from an HSPG core protein, as 
HSPGs are the only proteoglycans produced 
by PC12 cells, and that all tryptic peptides 
labeled with 35~04 should therefore be de- 
rived from this proteoglycan. 

However, we previously reported (2) that 
chondroitin sulfate accounts for approxi- 
mately 80% of the glycosaminoglycans se- 
creted (in the form of proteoglycans) by the 
original line of PC12 cells (5), and we have 
recently found (4, 6) that chondroitin sulfate 
proteoglycans represent a smaller but still 
highly significant proportion (approximate- 
ly 35%) of the proteoglycans secreted by the 
PC12 cells studied in two other laboratories 
(1, 7). The paper (7) cited as evidence that 
only one proteoglycan has been detected in 
PC12 cells reports an investigation specifi- 
cally of HSPGs identified with monoclonal 
antibodies and does not address the ques- 
tion of whether other proteoglycans may 
also be mesent. Moreover. the reference 
cited by Schubert et al,  in support of the 
statement that HSPGs are the major class of 
proteoglycans in nervous tissue clearly dem- 
onstrates that chondroitin sulfate, and not 
heparan sulfate, is the predominant sulfated 
gl~cosaminoglycan at all ages in brain (8). 

Because we have found [on the basis of 
gel filtration and SDS-PAGE (polyacrylam- 
ide gel electrophoresis)] that the molecular 
size of the HSPG secreted by PC12 cells 
(110 to 135 kD) is the same as that recentlv 
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the possibility that peptide 51 was derived 
from copurified ABPP, rather than from a 
heparan sulfate proteoglycan. 

2) Additional evidence for the conclu- 
sions of Schubert et al,  is based on the 
finding that the ABPP-related protein was 
not found in the medium of mutant PC12 
cells (F3), which do not bind certain mono- 
clonal antibodies and are therefore said to 
lack a cell-surface HSPG (10). Although 
biochemical analyses of proteoglycans pro- 
duced by the F3 mutant cell line have not 
been reported, we have found (4, 6) that 
both the F3 mutant and the parent cell line 
(B2) secrete a mixture of proteoglycans hav- 
ing the same composition (approximately 
65% HSPG and 35% chondroitin sulfate 
proteoglycan). The ABPP should therefore 
have been easily detectable in the F3 cell 
media, if it was in fact derived from an 
HSPG, rather than from some other protein 
possibly lacking in these cells. 

3) Schubert et al. also report (1) that 
immunoblots of a PC12 cell HSPG fraction 
were stained only weakly by polyclonal anti- 
sera to ABPP and not at all by a monoclonal 
antibody (7) reported to recognize a PC12 
cell HSPG core protein. As both antibodies 
reacted with a 65-kD band after treatment 
with heparinase 2 (which partially degrades 
heparan sulfate chains), Schubert et al. con- 
clude either that epitopes on a 6 5 - 0  pro- 
tein core were masked by the presence of 
heparan sulfate or that the native proteogly- 
can does not transfer well to nitrocellulose. 
However, we have had no problems in the 
electrophoretic transfer of PC12 cell pro- 
teoglycans to nitrocellulose, and the mono- 
clonal antibodies reported to recognize the 
HSPG protein corehave not required prior 
removal of heparan sulfate chains for reactiv- 
ity (7). Since flavobacterial heparan sulfate- 
degrading enzymes are known to contain 
contaminating protease activity, and since 
the enzyme digestions were apparently per- 
formed in the absence of protease inhibitors 
( I l ) ,  an alternative explanation for the find- 
ings of Schubert et al. not addressed in their 
report is that the 65-kD imrnunoreactive 
band (whose sequence was not determined) 
may have been generated from a larger 
protein as a result of proteolysis. 

4) Finally, we have attempted to irnmu- 
noprecipitate an HSPG or its core protein 
from the medium of PC12 cells labeled with 
35S04 using several rabbit antisera to syn- 
thetic peptides corresponding to sequences 
in the ABPP (12). These include an antise- 
nun to residues 45 through 62 (SP 18) that 
immunostains a 100- to 110-kD component 
present in human cerebrospinal fluid (13). 
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However, no si nificant binding of proteins B labeled with SO4 (that is, <1% of the 
sample radioactivity) was obtained from ei- 
ther the proteoglycan-containing fraction 
itself (before or after heparitinase treatment) 
or from the two preceding fractions from 
the ion-exchange column. Moreover, recent 
studies indicate that the size of the ABPP is 
110 to 135 kD (9),  rather than the 65 kD 
that correspond to the HSPG core protein 
proposed by Schubert et al.  

Although the ABPP may be secreted by 
PC12 cells, we believe there is as yet insufii- 
cient experimental support for the conclu- 
sion that it is a HSPG core protein. 

Note added in  pvooj Schubert et al. have 
recently published a paper (14) in which 
they have significantly revised several of 
their original conclusions and confirmed a 
number of the points made above. These 
include the following. (i) Two tyrosine- 
sulfated proteins which bind to heparin and 
are detected by an antiserum to residues 175 
to 186 of the predicted ABPP sequence 
(which they name the GID antigen) have 
the same molecular size range (115 to 140 
kD) as the PC12 cell HSPGs (110 to 135 
kD) and are found to copurifj with HSPG 
when examined by SDS-PAGE. (ii) The 
protein sequenced in their purified HSPG 
preparation may be the GID antigen. Al- 
though these two components have now 
been separated by ion exchange chromatog- 
raphy on DEAE-cellulose (14), as evidence 
of homogeneity it was previously stated that 
"all of the sulfate-labeled material migrates 
as a single peak with heparan sulfate on a 
DEAE column" (1). (iii) The GID antigen 
is not secreted by the F3 mutant line of 
PC12 cells, which lacks a cell-surface HSPG 
(lo), but secretes the same HSPGs as the 
parent cell line (4). 
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Response: Although we were aware of the 
work of Gowda et al. on PC12, I do not 
believe that the properties of the PC12 clone 
that we were dealing with were the same as 
the properties of the clone they have used. 
Different PC12 clones have different proper- 
ties. Since we were interested in sequencing 
a neuronal heparan sulfate proteoglycan 
(HSPG), our intention was to find a clone 
among our many nerve cell lines that secret- 
ed only one type of proteoglycan. The impli- 
cation of the first part of the comment by 
Gowda et al. is that we did not distinguish 
heparan sulfate from chondroitin sulfate 
proteoglycan; the second part concerns 
some unpublished experiments that Gowda 
et al. believe are contradictory to our results. 
They conclude that it is possible that the 
precursor protein is a protein that copurified 
with the HSPG. This possibility was stated 
explicitly on page 225 of our report. How- 
ever, all of the available data are consistent 
with the identity of the PC12 HSPG core 
protein, defined by us and by Matthew el al. 

(Gowda et al.'s reference 7), with the amy- 
loid P-protein precursor (ABPP). 

The following are my answers to specific 
comments. 

1) We outlined in the text and in refer- 
ence 14 of our original manuscript the re- 
sults showing that only HSPG is secreted. 
The data were deleted from the text of the 
manuscript at the request of Science to con- 
serve space. Most of these data have recently 
been published (1). 

2) We have looked at the proteoglycans 
of the F3 variant in great detail. Although 
the F3 cells clearly secrete sulfated proteo- 
glycans, some of which migrate in the posi- 
tion of HSPG on a DEAE column, the 
proteoglycan with the core protein of Mat- 
thew et al ,  was not present or was greatly 
reduced in amount [as initially shown by 
Inestrosa et al. (reference 10 in Gowda et 
al . )] .  The sulfated proteoglycan that mi- 
grates in the position of HSPG on DEAE 
columns has very different characteristics 
from those of a typical HSPG. It  is relatively 
insensitive to heparitinase and nitrous acid 
degradation and has a different size from 
that of the PC12 proteoglycan. The F3 
variant does not secrete the antigen defined 
by the anti-ABPP antiserum used in our 
experiment, nor does it secrete a different 
but related form of the ABPP that is detect- 
ed by a different antiserum that unambig- 
uously (by means of comparison of cells 
transfected with ABPP gene and parent) 
reacts with the precursor molecule (1). We 
agree with Matthew et al. (reference 7 of 
Gowda et a l . )  that the PC12 HSPG is about 
200,000 daltons. We obtained this value on 
both sizing columns in guanidine and as 
heparitinase-sensitive material on SDS gels. 
The 110- to 135-kD PC12 protein that 
Gowda et al ,  say is an HSPG on SDS gels 
appears in fact to be a tyrosine-sulfated form 
of ABPP which lacks sugar sulfate. This 
form of ABPP does not coelute on DEAE or 
sizing columns with PC12 HSPG. Data for 
these points are presented in (I). 

3) The transfer systems for Western blots 
vary from laboratory to laboratory. That was 
undoubtedly why Matthew et al. (Gowda et 
al.'s reference 7) stained whole gels rather 
than transferred material. In the original 
version of our text, we stated that silver- 
stained patterns of secreted protein did not 
change with heparitinase digestion, suggest- 
ing, but not totally ruling out, that proteases 
were not present. We certainly considered 
this possibility. Furthermore, proteases 
alone could not have explained the experi- 
mental results, and heparitinase did not de- 
grade the core of the 115- and 140-kD 
forms of ABPP (1). 

4) It is implied by Gowda et al. that the 
PC12 cell lines tested were obtained from us 
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