
11. S. K. Dower et al., J. Immunol. 142, 4314 (1989). 
12. B. M. Curtis et al., Proc. Natl. Acad. Sci. U . S . A .  86, 

3045 (1989). 
13. D. K. Trager et al., Transplantation 47, 587 (1989). 
14. J. W. Kupiec-Weglinski, T. Diamantstein, N. L. 

They ,  T.  B. Strom, Proc. Natl. Acad. Sci. U . S . A .  
83, 2624 (1986). 

15. R. L. Kirkman et al., J. Exp. Med. 162, 358 (1985). 
16. S. C. Grebe and J. W. Streilein, Adv. Immunol. 22, 

119 (1976). 
17. R. H.  Didlake, E. K. Kim, K. Sheehan, R. D. 

Schreiber, B. D. Kahan, Transplantation 45, 222 
(1988). 

18. W. C. Fanslow, unpublished data. 
19. R. I. Fulmer, A. T. Cramer, R. A. Liebelt, A. G. 

Liebelt, Am. J. Anat. 113, 273 (1963). 
20. C. T.  Van Buren, A. Kukarni, F. Rudolph, Trans- 

plant. Proc. 15, 2967 (1983). 
21. J.-C. Cerrottini, H. D. Engers, H.  R. MacDonald, 

K. T. Brunner, J. Exp. Med. 140, 703 (1974). 
22. V. W. Twist and R. D. Barnes, Transplantation 15, 

182 (1973). 
23. The indicated dose of sIL-1R was administered 

together with 100 ng of MSA by intraperitoneal 
injection on days -1 and 0 and by subcutaneous 
injection on days 1 and 2, relative to antigen admin- 
istration, except where otherwise noted. Control 

mice received MSA but no IL-1R. Specific atho- f' gen-free 8- to 12-week-old BALBic (H-2 ) and 
C57BLi6 (H-2b) mice were obtained from the 
Jackson Laboratory. MSA was obtained from Sigma 
and used at a concentration of 1 ~ g i m l  in pyrogen- 
free saline. Recombinant human IL- la  was generat- 
ed in Escherichia coli and purified to homogeneity as 
described [S. R. Kronheim et al., Bio/Technology 4, 
1078 (1986)l. Recombinant soluble IL-1R was 
expressed in HeLa cells and purified as outlined 
(11). IL-la  and sIL-1R were diluted in MSA to the 
appropriate concentration before injection. These 
diluted cytokine-cytokine receptor preparations al- 
ways resulted in less than 20 pg of lipopolysaccha- 
ride endotoxin being delivered per treatment as 
measured by the Limulus amoebocyte assay (M.A. 
Bioproducts). 

24. We thank K. Grabstein, D. Lynch, and D. Urdal for 
thoughtfd discussion, P. Baker for critical review of 
the manuscript, A. Kukarni for erudition on the 
cardiac allograft model, K. Clifford, J. Slack, R. 
Voice, and L. Phan for their technical assistance, L. 
Troup for manuscript preparation, and A. S. Rubin 
for aid in statistical analysis. 

21 December 1989; accepted 4 April 1990 

Phosphorylation of the Polymeric Immunoglobulin 
Receptor Required for Its Efficient Transcytosis 

The endosomal compartment of polarked epithelial cells is a major crossroads for 
membrane trafKc. Proteins entering this compartment from the cell surface are sorted 
for transport to one of several destinations: recycling to the original cell surface, 
targeting to lysosomes for degradation, or transcytosis to the opposite surface. The 
polymeric immunoglobulin receptor (pIgR), which is normally transcytosed from the 
basolateral to the apical surface, was used as a model to dissect the signals that mediate 
this sorting event. When exogenous receptor was expressed in Madin-Darby Canine 
Kidney (MDCK) cells, it was shown that phosphorylation of pIgR at the serine residue 
at position 664 is required for efficient transcytosis. Replacement of this serine with 
alanine generated a receptor that is transcytosed only slowly, and appears to be 
recycled. Conversely, substitution with aspartic acid (which mimics the negative charge 
of the phosphate group) results in rapid transcytosis. It was concluded that phospho- 
rylation is the signal that directs the pIgR from the endosome into the transcytotic 
pathway. 

E PITHELIAL CELLS HAVE TWO SEPA- 
rate plasma membrane domains, api- 
cal and basolateral, that are charac- 

terized by distinct protein compositions. In 
MDCK epithelial cells, approximately one- 
half of the cell surface is internalized per 
hour (1, 2) , and sorting of proteins from the 
endosomal compartment to their appropri- 
ate cellular destinations is critical for the 
maintenance of cell polarity. From this com- 
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partment, most membrane proteins are ei- 
ther recycled to the original cell surface (for 
example, transferrin receptor) (3) or trans- 
ported to lysosomes for degradation [for 
example, epidermal growth factor (EGF) 
receptor] (4). Certain proteins, however, are 
segregated into separate vesicles and transcy- 
tosed to the opposite cell surface, presum- 
ably because they contain sorting signals 
that direct them into this transcytotic path- 
way. The pIgR, which transports immuno- 
globulin A (IgA) and immunoglobulin M 
(IgM) across a variety of epithelia, is a useful 
model for the study of signals that deter- 
mine transcytosis (5, 6). Newly synthesized 
pIgR is delivered from the trans Golgi net- 
work (TGN) to the basolateral cell surface 
where it can bind ligand. Receptor-ligand 

complexes (or receptor alone) are rapidly 
endocytosed and enter basolateral endo- 
somes; where segregation into transcytotic 
vesicles takes place (7). These vesicles are 
then transported to the apical cell surface, 
where the extracellular do&& of the receptor 
is proteolytlcally cleaved and released into 
secretions. This released receptor fragment is 
referred to as secretory component (SC). 

The nature of the sorting signals that 
direct pIgR into the transcytotic pathway is 
not known. In rat liver, the pIgR has been 
shown to be phosphorylated on serine ( 8 ) ,  
and it is thought that this modification may 
be important in receptor function. To ad- 
dress this issue directly, we used MDCK 
cells that stably express ;DNA encoding the 
rabbit pIgR (9). The exogenously expressed 
receptor functions in these cells as in vivo, 
transporting IgA from the basolateral to the 
apical surface-(9). If receptor phosphoryl- 
ation were important in mediating sorting, 
it should occur in these cells as well. Imrnu- 
noprecipitation of pIgR from [32P]Pi (inor- 
ganic phosphate)-&beled cells revealed this 
to be the case (Fig. 1, lane 1). Phosphopep- 
tide mapping (Fig. 1, lane 2) localized most 
of the incorporated 3 2 ~  to a peptide contain- 
ing 4 of the 11 cytoplasmic serines in the 
rabbit receptor (10). We then used site- 
directed mutazenesis to define the most " 
membrane-proximal of these, Ser664, as the 
primary phosphorylation site. Mutation of 
this serine to alanine, a nonphosphorylatable 
residue, resulted in an 84% reduction in 3 2 ~  

incorporation into the mutant recep- 
tor (11) (Fig. 1, lane 3) and a total loss of 
incorporation into the major phosphopep- 
tide produced after treatment with V8 pro- 
tease (lane 4). This site is not analogous to 
those defined for any of the known serine- 
threonine kinases ( 12) 

\ ,  

To analyze the role of phosphorylation at 
this site in receptor sorting, we made an 
additional mutation, substituting aspartic 
acid for the target serine (Asp6@ receptor). 
The negatively charged aspartate has been 
shown to mimic the. effect of serine phos- 
phorylation in regulation of the e&me 
isocitrate dehydrogenase (13), suggesting 
that it is the charge of the phosphate group 
that mediates this process. To examine the 
effects of these mutations on receptor sort- 
ing, we assayed the efficiency of sorting of 
wild-type, Ma6@, and ~s~~~ receptors at 
each of three points in the receptor path- 
way: vectorial delivery from the TGN to the 
basolateral cell surface, endocytosis from the 
cell surface, and postendo&totic sorting 
from the endosome to other cellular destina- 
tions ( 14). 

To analyze receptor delivery to the baso- 
lateral cell surface, we used a modification of 
the trypsin sensitivity assay devised by Mat- 
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lin and Simons (15). Cdls ex~ressing either 
wild-type, Alaw, or Asp pIgR were 
pulse-labeled with [35S]cysteine and then 
incubated in the absence of isotope for 45 
min without trypsin (Fig. 2, lanes 1,3, and 
5) or with aypsin (25 pglml) (lanes 2, 4, 
and 6) in the basolateral medium. All three 
receptor forms are almost completely sensi- 
tive to basolateral aypsin over this time 
period, indicative of vectorial delivery to the 
basolateral surface. In contrast, a mutant 
receptor that lacks the entire cytoplasmic 
domain and is not delivered basolaterally 
(16) is insensitive to basolateral aypsin (Fig. 
2, lane 8), demonstrating that under these 
conditions, receptors that do not reach the 
basolateral surface are not accessible to pro- 
tease. These data suggest that delivery of 
pIgR to the basolata cell surface is not 
dependent on receptor phosphorylation. 

We next assayed the rate of internalization 
of rece~tois fidm the basolateral cell surface 
by measuring the rate of a single round of 
ligand uptake. At 4°C the native ligand, 
dimeric IgA, produces unacceptably high 
levels of background bidmg to the filters 
on which the cells are cultured, therefore, 
we used a substitute ligand, '25~-labeled Fab 

kD 1 2 3 4 Fig. 1. Identification and 
mutagenesis of the major 

10o-T.m p h m p h o r y h  site of 
pIgR. MDCK cells express- 
ing wild-type pIgR were la- 
beled with [32P]P, (29), and 
pIgR was isolated by immu- 
noprecipitation as previous- 

19- r ly described (9). Immuno- 
precipitates were divided and 
one-half of each sample was 
prepared for electrophoresis 

without W e r  treatment (lane 1). The other half 
was digested to completion with staphylococcal 
V8 protease before electrophoresis (lane 2) under 
conditions where cleavage is Glu-speufic (30). 
The major phosphopeptide (apparent molecular 
mass of 19 kD) comigrated with the single 
[35S6,donine-labe1ed V8 peptide (Aspa7 to 
Glu ), which contains the only two methionine 
residues in the pIgR scquence (18) (10). This 
peptide, which includes the trammembrane do- 
main, contains cytoplasmic mines at positions 
664, 667, 673, and 675. To iden* the phos- 
phorylated mine, we used oligonudeotide-direct- 
ed mutagenesis (31) to change individual serines 
to alanine. Complementary DNAs encoding mu- 
tant receptors were then expressed in MDCK cells 
as described (9). Cells expressing amounts of 
mutam mqm similar to that of the wild- 
tvue recc~tor wac Wed with 132P1P; and immu- 
W@pi:mted as plmi*G&bne mutant 
(Ala m, exhibited a marked reduction in phoqhte 
incorporation compared to the wild-ypi m&pr 
(lane 3). In addition, the 19-kD pepnde produced 
by V8 prorrase mamen~, which contains most of 
the 32P in wild-type rcccptor (lane 2), contains no 
detectable phosphate in the mutant (lane 4). By 

mumtion of S e 7  to Ala causcs only a 
shght reduction in 32P itlcOrpOraton (18) and has 
noefktonreceptorphenotypeinanyofthe~ 
described here. 

fkgments derived h m  a polyclonal anti- 
body raised against rabbit SC (Fab). The 
validation of this Fab as a legitimate substi- 
tute ligand has been described (1 7). Endocy- 
tosis of wild-type, Ahw, and Aspw recep 
tors was unifbrmly rapid, with a half-time of 
internalization of < 1 min at 37°C (Fig. 3). 
On the basis of data from both experiments, 
we conclude that the wild-type and mutant 
receptors are all delivered efliciently to the 
basolateral surface and then endocytosed 
with identical kinetics. 

The final step in the pathway is the trans- 
cytosis of the receptor from the basolateral 
c;ldosome to the aDicd cell surface. followed 
by rapid cleavage Ad  release of Sk into the 
apical medium. To measure this process, we 
cultured MDCK cells expressing either wild- 
type, Ahw, or Aspw receptors on perme- 
able filter supports, metabolically labeled 
them with [35S]cysteine, and then incubated 
them in m & G  containing unlabeled cys- 
teine for various periods of time. As de- 
scribed previously, the rate of transport of 
all three receptor forms to the basolateral 
endosomal &mpartment is similar. There- 
fore, a r e n c e s  in the rate of cleavage to SC 
should directly reflect perturbations in the 
tramqtotic leg of the ~eceptor's pathway. 

As described previously (9), the wild-type 
pIgR is synthesized as a 90-kD precursor 
(Fig. 4 4  lane l),  glycosylated to yield a 
doublet of 100 to 105 kD (lanes 2, 3, and 
4), and, after uanscytosis, is proteo1yticaUy 
cleaved to SC, which is released into the 
apical (lanes 5,7, and 9) but not basolateral 
(lanes 6,8, and 10) medium. After 5 hours 
of incubation with unlabeled cysteine, 81% 
of the labeled wild-type receptor molecules 
appeared in the apical medium as SC (Fig. 
4E). The Alaw mutant appeared to be 
synthesized and glycosylated normally; 
however, release of SC into the apical medi- 
um was reduced, with only 18% of the 
labeled molecules having been cleaved by 5 
hours (Fig. 4B, lanes 5, 7, and 9, and Fig. 
4E). The half-life of the cellular form was 
correspondingly prolonged (Fig. 4D). In 
con- the release of SC from cells express- 
ing the Aspw mutant is accelerated with 
respect to wild-type pIgR (Fig. 4C, lanes 5, 
7, and 9, and Fig. 4E), reaching 82% after - - 

only 1 hour. 
It is possible that the mutant receptors 

reach the apical surface with normal kinetics, 
but that the Alaw receptor is more resistant 
to cleavage to SC by &e endogenous prote- 
ase, whereas the Aspa receptor is cleaved 
more rapidly. To test this, we performed an 
experiment analogous to the trypsin experi- 
ment described earlier, except that cells were 
exposed to apical aypsin for up to 2 hours 
after removal of isotom. No additional de- 
crease in cell-associated receptor was ob- 

Fig. 2 Deemination ofbiosynthccic targcdng to 
the basolatcral cell surface. MDCK cells express- 
ing either wild-type or mutant receptors were 
cultured on permeable blm supports (Costar 
T r d ,  0.4 pan, 6.5-mm diameter) as de- 
scribed (17), pulse-labeled with [35S]qsteine (3 
mCiml) for 10 min, and then incubated in 
MEM-0.6% BSA for 45 min in the absence of 
label and in the absence (lanes 1, 3, 5, and 7) or 
presence (lanes 2, 4, 6, and 8) of aypsin (25 
@ n l )  CrpCK, Worthington) in the baso lad  
chamber. Where aypsin was present, soybean 
aypsin inhibitor (200 pg/ml) was included in the 
medium bathing the opposite cell surface. Cells 
were harvested, immunoprecipitated, and pro- 
cessed as previously described (10). Immunopre- 
apitates were analyzed by SDS-polyacylamide 
gel electrophoresis (SDS-PAGE) (10% gel) and 
fluorography. Lanes 1 and 2, wild-type pIgR; 
lanes 3 and 4, Ala664 mutant; lanes 5 and 6, Aspm 
mutant; lanes 7 and 8, a truncated, tail-minus 
pIgR construct that is delivered directly to the 
apical surface (16). 

served under these conditions when com- 
pared to untreated controls (18). This shows 
that uncleaved Alaw receptor does not ac- 
cumulate at the apical surface, and that the 
measured rates of SC release for each mutant 
must therefore accurately reflect their rates 
of delivery to the apical plasma membrane 
from the basolateral endosome. 

To confirm these findings independently, 
we allowed cells to take up ligand (ISS1- 
labeled Fab) for 10 min h m  the basolateral 
surface and measured the subsequent ap- 
pearance of ligand in both the apical and 
basolateral medium. After a 2-hour incuba- 
tion, cells expressing wild-type receptor had 
t m m q m d  5 1% of the intemalized @nd, 
whereas 22% was returned to the basolateral 
medium (Fig. 3, B and C). In contrast, cells 
expressing the Alaa receptor transcytosed 
only 20% of the l i g a n b d  34% was recy- 
cled. Conversely, 73% of the ligand was 
tr- by cells expressing the Aspw 
receptor, with only 16% recycling. In all 
cases, only 3 to 5% of the ligand was 
converted to trichloroacetic acid (TCA)- 
soluble material, and the balance of the 
counts remained associated with the cells 
after 2 hours. 

A possible complication of this experi- 
ment is that, as previously reported, Fab (as 
wd.  as dimeric IgA) dissociates h m  cell 
surface receptors quite rapidly at 37°C (17). 
If sigdicant dissociation occurs intracellu- 
lady as well, the fate of receptor might be 
uncoupled fiom that of ligand. Evidence 
h m  several sources argue against this possi- 
bility. First, unlike other ligands that disso- 
ciate in cndosomes (for example, low-densi- 
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ty lipoprotein) (19), very little of the Fab is to be identical at both pH 7.4 and 5.3 (20). 
degraded in lysosomes. Second, the fates of Thus, these data independently support the 
the mutant receptors correlate well with the conclusion that the Maw receptor is defec- 
fate of ligand bound to these receptors. The tive in aanscytosis, whereas Aspw receptor 
observed differences in ligand fate are not is transcytosed more efficiently than the wild 
due to different rates of dissociation from type. In addition, the data suggest that a 
the various receptors, which we have found subset of internalized receptor (in particular 

lime (rnin) Time (rnin) nme (rnin) 

Flg. 3. Internalization and postendocytotic sorting of ligand. (A) Determination of endocytic rate. Fab 
fragments derived from a polydonal guinea pig antibody to rabbit SC were generated and labeled with 
"'I as described (17). '"I-labeled Fab (4 pg!ml, 4 x lo6 cpmlpg, in MEM-BSA) were bound to the 
basolateral surface of filter-grown MDCK cells expressing either wild-type or mutant pIgR fbr 2 hours 
at 4"C, after which the cells were extensively washed with MEM-BSA. The temperature of the filters 
was brought to 37°C with warmed media for 0 to 10 min, and then they were rapidly cooled to 4°C. 
The basolateral surface was next exposed to aypsin (50 pdrnl) in MEM-BSA for 60 min at 4°C. After 
washing, the amount of radioactivity still associated with the cells (intracellular) was determined by 
removing the filters from their chambers and wunting the bound radioactivity directly in a Padcard 
gamma counter. Values are expressed as a percentage of the total amount of radioactivity (cpm) initially 
bound to the cells befbre warming. Each point represents the mean of triplicate determinations, which 
varied by less than 5%. Internalization of Fab by MDCK cells not expressing pIgR was less than 3% 
that of any of the clones examined. Protease treatment released only 80% of the bound ligand at time 
xro. (9 and C) Postendocytotic sorting assay. Filter-grown MDCK cells expressing either wild-type or 
mutant receptors were allowed to bind and internalize '"I-labeled Fab (40 pg/mI, 4 x lo6 cpmfpg) 
from the basolateral surface at 37°C for 10 min. They were then washed quickly four times with warm 
MEM-BSA and placed into culture wells containing fresh MEM-BSA at 37°C. Apical and basolateral 
media were removed at various times and replaced with fresh media. Media samples were precipitated 
with TCA (15% TCA for 1 hour at O°C) to distinguish Fabs that had been released into the media intact 
from those that had been degraded intracellularly before release. Filters were cut out and the bound 
radioactivity was determined directly at the end of the experiment. MDCK cells that do not express 
pIgR were analyzed in parallel to control for nonspecific uptake of ligand, and the values obtained at 
each time for these cells (never more than 3.5%) were subtracted as background. Each point represents 
the average of simultaneous duplicate determinations. Duplicates agreed within 5% and were 
representative of three separate experiments. Squares, wild-type; mangles, Alaw mutant; and circles, 
Aspw mutant receptors. 

Wild type B  la^ C ~ s p ~  Fig. 4. pulse-chase analysis 
2 3 4 5 6 7 8 9 1 0  f 2 3 4 5 6 7 8 9 1 0  1 2 3 4 5 6 7 8 9 1 0  O f a ~ i c a l d e l i v ~ o f ~  

tor. Filter-grown cells were 
pulse-labeled as above for 
15 min and then incubated 
in medium without isotooe 
containing 5% FBS for ;i- 

Chase(h) 0 1 3 5 1  3 5 0 1 3 5 1  3  5  0 1 3 5 1  3  5 the r1 ,3*0r5hours (h) .  I&i&'&l wl, and media from the 
apical and basolateral cham- 

D E &rs were harvested and im- - munoprecipitated with anti- 
$- roo body to SC. Quantitation of 

autoradiogram was with an 
LKB laser densitometer, 

60 with multiple exposures in 
u the linear range. For (A) to 

(C): lanes 1 to 4, immuno- 
U 

precipitates from cell lysates S 20 
? at 0, 1, 3, and 5 hours of 

a: 
incubation, respectively; 

E 0 0 1 2 3 4 5  0  7 2 3  4  5  lanes 5, 7, and 9 are fian 
Time (hours) 

the apical media and lanes 6, 
Time (hours) 8, and 10 are from basolat- 

eral media. SC appears as a doublet of about 68 kD in the media. (A) Wild-type, (B) Alaw, and (C) 
Aspw receptors. (D) Quantitation of cell-associated receptor aszrcentage of total and (E) grcentage 
of receptor present as SC. Squares, wild-type; mangles, Ala mutant; and cirdes, Asp mutant 
receptors. 

of recycles to the basolateral surface. 
Finally, we measured the steady-state dis- 

mbution of the three receptor forms at both 
apical and basolateral surfaces, by domain- 
selective biotinylation as described by Li- 
santi et al. (21). The ratios of apical to 
basolateral receptor determined by this 
method were 0.88 for wild type, 0.10 for 
Maw, and 0.97 for Aspw (18). These data 
fhher support the notion that the Maw 
mutant is defective in mmcytosis. 

In rat liver, the pIgR exists in two post- 
Golgi forms of 120 kD (phosphorylated) 
and 116 kD (unphosphorylated) (8). Both 
forms are present at the basolateral (sinusoi- 
dal) surface in roughly equal amounts, 
whereas the 120-kD species appears to be 
the form that is present in transcytotic vesi- 
cles (22). Together with the data reported 
here, these findings suggest that phospho- 
rylation of the pIgR at Serw acts as a signal 
for dcient  entry into the mnscytotic path- 
way. The addition of the phosphate could 
alter the interaction of the receptor's cyto- 
plasmic domain with some component of 
the sorting machinery or could cause a 
transmembrane conformational change (or 
oligomerization) that alters interaction with 
a lurnenal *sorting receptor." The fact that 
aspartic acid can effectively substitute for 
phosphoserine suggests that it may be the 
negative charge of the phosphate group that 
mediates this effect (13). It is unlikely that 
the point mutations described here produce 
grossly abnormal structures, as their trans- 
port to the basolateral surface, ligand bind- 
ing, and endocytosis are indistinguishable 
from that of the wild-type receptor. Rather, 
we suggest that the Maw receptor cldsely 
resembles the unphosphorylated form of the 
wild-type receptor, and the Aspw receptor 
resembles the phosphorylated forrp. 

As a model, we propose that phosphoryl- 
ated pIgR molecules are rapidly segregated 
from the endosoma1 compamnent. into 
transcytotic vesida Unphosphorylated 
molecules would enter the transcytotic path- 
way only slowly. These receptors may in- 
stead be recycled, but are clearly not shunted 
into lysosomes. The use of phosphorylation 
as a molecular switch may allow the cell to 
regulate transcytosis in response to external 
stimuh. An example of this might be the 
methacholine-induced increase in IgA trans- 
port that has been observed in the nasal 
mucssa (23). However, the inclusion of 
saturating concentrations (50 ~g/rnl) of di- 
meric IgA in the basolateral medium does 
not affect either the extent of receptor phos- 
phorylation or the rate of SC release into the 
apical medium (It?), indicating that ligand 
binding alone is not the stimulus. 

Many membrane proteins are known to 
be phosphoproteins, and for some of these 



the role of phosphorylation has been exten- 
sively studied (for example, the EGF and 
insulin receptors). EGF is transcytosed from 
the basolateral to the apical surface in 
MDCK cells (24) and it is tempting to 
speculate that phosphorylation of its recep- 
tor may have a role in this process. Of 
course, phosphorylation alone is not suffi- 
cient to cause all proteins to be transcytosed. 
For instance, the tranferrin receptor is phos- 
phorylated, but after endocytosis is recycled 
exclusively to the basolateral surface of 
MDCK cells (3). Many other membrane 
proteins are transcytosed from the basolater- 
a1 to apical surface, including apical proteins 
in both hepatocytes and enterocytes (23, 
25). It is not currently known whether such 
proteins are phosphorylated, although po- 
tential phosphorylation sites exist in the 
cytoplasmic domains of both sucrase isomal- 
tase and dipeptidylpeptidase IV (26). 

In neonatal rat small intestine, the IgG-Fc 
receptor transcytoses maternal IgG from the 
apical to basolateral domain (27). Similarly, 
an isoform of the macrophage-lymphocyte 
Fc receptor has been shown to undergo 
transcytosis from the apical to basolateral 
surface of MDCK cells (28). Whether phos- 
phorylation of these receptors is required for 
entry into the apical to basolateral pathway 
remains to be determined. 
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Protease Nexin-I1 (Amyloid P-Protein Precursor) : 
A Platelet a-Granule Protein 

Protease nexin-I1 (PN-11) [amyloid P-protein precursor (APP)] and the amyloid P- 
protein are major constituents of neuritic plaques and cerebrovascular deposits in 
individuals with Alzheimer's disease and Down svndrome. Both the brain and the 
circulation have been implicated as sources of these molecules, although they have not 
been detected in blood. Human platelets have now been found to contain relatively 
large amounts of PN-IYAPP. Platelet PN-IUAPP was localized in platelet a-granules 
and was secreted upon platelet activation. Because PN-IYAPP is a potent protease 
inhibitor and possesses growth factor activity, these results implicate PN-IUAPP in 
wound repair. In certain disease states, alterations in platelet release and processing 
and clearance of PN-IUAPP and its derived fragments could lead to pathological 
accumulation of these proteins. 

T HE A M n o I D  p-PROTEIN IS A 4.2- (APP) (2), which can be translated from at 
kD peptide that is deposited in neu- least three alternatively spliced mFWAs, two 
ritic plaques and the cerebrovascula- of which contain an insert encoding a Kun- 

ture in Alzheimer's disease, Down syn- itz-type protease inhibitor domain (3). The 
drome, and to a lesser extent in normal secreted form of APP containing the Kun- 
aging (1). It is derived from a large precur- itz-type inhibitor domain is protease nexin- 
sor protein, the amyloid P-protein precursor I1 (PN-11) (4, 5).  PN-I1 effectively inhibits 

chymotrypsin and trypsin (4, 6). In addi- 
W, E, van Nostrand. T,  S, F ~ ~ ~ ~ ~ .  D, D, cunningham. tion, it inhibits two proteases associated 
Depamnent of ~ i c r & b i o l o ~ ~  and Molecular ~eEetics, with growth factors: the epidermal growth 
University of California, Irvine, CA 92717. 
A. H.  Schmaier, Department of Medicine, Thrombosis binding protein (EGF and the 7 
Research Center, Temple University School of Medicine, subunit of nerve growth factor (6, 7 ) .  The ., ~, 
Philadelphia, PA 19140. proteolytic events that lead to the formation 
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