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CD43 is a transmembrane molecule that contains a 123-amino-
acids-long cytoplasmic tail and a highly O-glycosylated extra-
cellular domain of mucin type. Endogenous CD43 expressed in
COLO 205, K562 and Jurkat cells revealed a membrane-associ-
ated, 20 kDa CD43-specific cytoplasmic tail fragment (CD43-
CTF) upon inhibition of γ -secretase. This fragment was formed
by an extracellular cleavage, as it was not accumulated after
treating cells with 1,10-phenanthroline, a metalloprotease inhibi-
tor. When CD43 was transfected into HEK-293 cells expressing
dominant-negative PS1 (presenilin-1), the CD43-CTF was ac-
cumulated, but not in cells with wild-type PS1. Owing to its
accumulation in the presence of a non-functional PS variant, it
may thus be a novel γ -secretase substrate. This CTF is formed by
an extracellular cleavage close to the membrane, is a fragment that

can be concluded to be a substrate for γ -secretase. However, the
intracellular γ -secretase product has not been possible to detect,
suggesting a quick processing of this product. During normal
growth the CTF was not found without γ -secretase inhibition,
but when the cells (COLO 205) were very confluent the fragment
could be detected. The intracellular domain of CD43 has pre-
viously been shown to contain a functional nuclear localization
signal, and has been suggested to be involved in gene activ-
ation. From this and the present results, a novel way to explain how
mucin-type molecules may transduce intracellular signals can be
proposed.
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INTRODUCTION

Type I transmembrane glycoproteins with an extensively O-glyco-
sylated extracellular domain can be classified as members of the
mucin family. These proteins are suggested to be involved in cell
interactions, but their cytoplasmic C-termini also contain different
motifs known to be involved in signalling. As their extracellular
domains have variable glycosylation, deficient in typical recep-
tor domains, it has been difficult to understand how signals are
transmitted from the outside into the cell. Such signalling has
been suggested in many studies, although no mechanism has been
provided. An example of such a molecule is the MUC1 mucin,
found on epithelia as well as on lymphocytes [1]. When located
on normal epithelia, an apical localization is predominant, but in
tumour cells it is instead located to the entire cell surface.

CD43 (leukosialin, sialophorin, SPN) is another example of
such a mucin-type molecule. It is the major cell-surface molecule
in most of the haematopoietic cell lineages. The extracellular
domain of CD43 extends 45 nm from the cell surface and contains
93 serine and threonine residues, of which many are O-glyco-
sylated [2]. The cytoplasmic tail of CD43 (CD43ct) has 123 amino
acids and includes several serine/threonine phosphorylation sites,
together with an SH3 binding domain [3,4]. CD43 is suggested to
be involved in the immunological synapse, and is found to both
promote and prevent cell–cell interactions in leucocytes [5–7]. It
may also be involved in T-cell activation, since antibody ligation
results in Fyn and Vav tyrosine phosphorylation by interacting
with the SH3 binding domain of CD43ct [4,8]. Cross-linking of

CD43 induces protein kinase C activity and Ca2+ mobilization in
monocytes [9], and triggers DNA binding of transcription factors
such as AP-1 (activator protein 1) [10]. CD43 has also been shown
to have a proliferative effect when overexpressed in B-cells of
transgenic mice [11,12]. In contrast, cross-linking of CD43 with
certain monoclonal antibodies caused apoptosis in myeloid cells
[13]. From this, it is evident that CD43 has important regulatory
functions in leucocytes, although its precise effects are variable,
and dependent on the cell type.

CD43 was first described as an exclusive leucocyte marker,
but was later demonstrated to be expressed in different cancer
cells [14,15]. A more thorough study revealed that CD43 has a
wide distribution in many cell lines, often overlooked due to its
variable glycosylation [16]. CD43 has been detected in colon
cancer cell lines and in some colon cancer tissue sections, both
as protein and mRNA. However, an intriguing observation was a
distinct CD43 staining of all colon adenoma where the normal and
adenoma cells were clearly delineated [17,18]. This prompted us
to study further the CD43 function outside of the haematopoietic
cell lineage. Recently, we found that CD43 contains a functional
NLS (nuclear localization signal) sequence in the intracellular
domain, translocating it to the nucleus. In the nucleus, the cyto-
plasmic tail of CD43 was found to interact with β-catenin, and was
shown to affect genes regulated by β-catenin/TCF-4-responsive
promoters [19].

Cleavage of type I transmembrane proteins in the membrane
releasing an intracellular fragment capable of transducing nuclear
signals has been described for the Notch-1 protein [20], the APP
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(amyloid precursor protein) [21], ErbB-4 [22], E-cadherin [23]
and CD44 [24,25]. Although all mechanistic details have not
been revealed for the cleavage of these proteins, a common theme
is emerging. The process starts by a proteolytic release of the
ectodomain close to the outer cell membrane, e.g. by a membrane-
associated metalloprotease. This will then, in one or several steps,
activate a PS (presenilin)-dependent γ -secretase activity, cleaving
off the cytoplasmic tail a few amino acids into the membrane
[26–28]. The released cytoplasmic fragment has in some cases
been shown to translocate into the nucleus, where it affects gene
activation. This novel signalling pathway has been named RIP
(regulated intramembrane proteolysis) [29].

Here, CD43 is shown to undergo extracellular proteolysis and,
upon γ -secretase inhibition, the remaining ‘stub’ of CD43 is
accumulated. This fragment includes a small part of the extra-
cellular, transmembrane and the intracellular domains, denoted as
the CD43-CTF (CD43-specific cytoplasmic tail fragment). The
γ -secretase-dependent accumulation of the CD43-CTF is also
shown to be affected by the cell density.

MATERIALS AND METHODS

Cell culture and transfections

All cells were cultivated in Iscove’s medium containing 10% (v/v)
fetal bovine serum, 1% (v/v) penicillin–streptomycin (Invitrogen,
Baltimore, MD, U.S.A.) and supplemented with sodium pyruvate
(110 mg/l), L-arginine (116 mg/l), L-glutamine (290 mg/l), L-as-
partate (36 mg/l), folic acid (10 mg/l) and 2-mercaptoethanol
(3.49 µl/l) (Sigma, St Louis, MO, U.S.A.). HEK-293 cells ex-
pressing PS1 WT (wild-type) and a dominant-negative variant
(PS1 Asp385 → Asn, or PS1 D385N) [30] were grown with the
addition of zeocin (0.2 mg/ml). All transfections in these cells
were performed using LIPOFECTAMINETM2000 (Invitrogen), and
transfected cells were grown for 24 h before analysis. SW480/
CD43 and MCF-7/CD43 are stable growing clones that contain
the tetracycline-inducible mammalian expression system
(Invitrogen). The cells were first transfected with pcDNA4/TR
and selected for stable clones using blasticidin (5 µg/ml). These
clones were transfected with the pcDNA4/TO-CD43 plasmid,
and clones were selected using zeocin (50 µg/ml). The CD43 ex-
pression was induced by tetracycline addition (0.75 µg/ml) 24 h
before lysis.

Expression plasmids

CD43-inserts were generated by PCR. In the vector pCD43,
cDNA encoding the full-length CD43 was inserted into a
pcDNA3.1Zeo+ vector (Invitrogen), and the vector pCD43MH
was constructed by inserting the CD43 cDNA between BglII and
XhoI sites of the pcDNA3.1(+)myc/His-A plasmid (Invitrogen).
The CD43 variant lacking the extracellular domain, pCD43�E-
MH, mimicking an extracellular cleavage, was constructed by
inserting the generated PCR fragment between a HindIII and
an XhoI site of the vector pSecTagB-myc/His. The constructs
were sequenced after construction. The pcDNA4/TO-CD43 plas-
mid has been described previously [16]. The plasmid expressing
full-length MUC1 plasmid (pMUC1-FL) containing 32 tan-
dem repeats was kindly provided by Professor Joyce Taylor-
Papadimitriou (Cancer Research UK, Guy’s Hospital, London,
U.K.).

Antibodies and reagents

The mAb (monoclonal antibody) αCD43-4D2 reacts with the
intracellular domain, and has been characterized previously [16].

The αmyc 9E.10 hybridoma (CRL-1729) was obtained from the
A.T.C.C. The αMUC1 cytoplasmic tail (CT-2) antibody directed
against the C-terminal 17 amino acids was kindly provided by
Dr Sandra J. Gendler (Mayo Clinic College of Medicine,
Scottsdale, AZ, U.S.A.) [31]. The antibodies were diluted 1:500
for Western blot analysis, except for the β-actin antibody (Sigma),
which was diluted 1:5000. The γ -secretase inhibitor L-685,458
(Calbiochem, San Diego, CA, U.S.A.) was added to the cell
cultures 18 h before lysis (5 µM), as suggested by Shearman
et al. [32]. The metalloprotease inhibitors 1,10-phenanthroline
(5 mM; Sigma–Aldrich) and TAPI-1 {tumour necrosis factor-α
protease inhibitor 1: N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-
methylpentanoyl-L-naphthylalanyl-L-alanine,2-aminoethyl amide;
10 µM; Calbiochem} were added to the cell cultures 1 h and 2 h
respectively before lysis.

Pull-down experiments and Western blotting

For His6-tagged pull-down experiments, Ni-NTA (Ni2+-nitrilotri-
acetate) magnetic beads (Qiagen) (50 µl per immunoprecipi-
tation) were used directly in the 1 % (v/v) Triton X-100 cell
lysate, and eluted by the addition of SDS-loading buffer. All
samples were separated on either SDS/PAGE or Tris-Tricine gels
(Bio-Rad, Hercules, CA, U.S.A.). The proteins were transferred
electrophoretically on to Immobilon PSQ (Millipore, Bedford, MA,
U.S.A.), blocked with PBS/0.1% Tween 20 containing 5% milk
powder and probed with primary antibodies diluted in block solu-
tion. The secondary antibody was either conjugated with alkaline
phosphatase or HRP (horseradish peroxidase; Dako, Glostrup,
Denmark) diluted 1:1500 and 1:2000 respectively and developed
by BCIP/NBT (5-bromo-4-chloroindol-3-yl phosphate/Nitro
Blue Tetrazolium) or SuperSignal West Pico Chemiluminescent
substrate (Pierce, Rockford, IL, U.S.A.). The preparation of the
membranes were made as described by Edbauer et al. [33].

RESULTS

γ -Secretase processing of endogenous CD43

CD43 was previously found to contain a functional NLS in its in-
tracellular C-terminus [19]. This led to the still-unresolved
question of how the cytoplasmic tail of CD43 could be released
from the plasma membrane. To address this, the possibility of an
RIP-like γ -secretase-dependent proteolytic release of the CD43ct
was studied. The colon carcinoma cell line COLO 205 and the
leucocyte-derived cell lines Jurkat and K562, all expressing high
amounts of endogenous CD43 [14,34,35], were studied. The cells
were treated with the γ -secretase inhibitor L-685,458 [32] and
the cell lysates were analysed by Western blotting using the mAb
αCD43-4D2 directed against the intracellular domain of CD43
(Figure 1A). A fragment migrating at an apparent mass of approx.
20 kDa was found in cells treated with the γ -secretase inhibitor.
This band, called CD43-CTF, is suggested to be a fragment
formed by an extracellular cleavage revealed when this is not
further proteolytically processed. That CD43 can be cleaved in its
extracellular domain has previously been described [14,36]. In
addition to the CD43-CTF, a fragment migrating at approx.
27 kDa was found in the Jurkat cells. This fragment is present
regardless of the γ -secretase inhibition, and is probably generated
by another extracellular cleavage further away from the membrane
and not the substrate for γ -secretase. The presence of several
cleavage sites in CD43 has previously been suggested [37]. The
non-O-glycosylated CD43 precursor was found as a band at
50 kDa in all cells, and the mature, fully glycosylated CD43 as
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Figure 1 Accumulation of endogenous and expressed CD43

(A) COLO 205, Jurkat and K562 cells were incubated with the γ -secretase inhibitor (L-685,485) 18 h before lysis. The lysates were separated on a 10–20 % Tris-Tricine gel, blotted and probed
with αCD43-4D2 mAb followed by an alkaline phosphatase-conjugated secondary antibody and detected with the NBT/BCIP substrate. (B) CD43 (non-tagged) expression in MCF7-CD43 and
SW480-CD43 cells was induced by the addition of tetracycline 24 h and incubated with the γ -secretase inhibitor (L-685,485) 18 h before lysis. The samples were analysed by Western blotting, as
in (A), but instead developed by enhanced chemiluminescence after probing with an HRP-conjugated secondary antibody. The glycosylated and precursor CD43s (endogenous and induced) are
indicated to the right of the gels, together with the CD43-CTF fragment generated after treatment with the γ -secretase inhibitor L-685,458. (C) Tetracycline-induced SW480-CD43 cells were treated
with γ -secretase inhibitor for 18 h before lysis. Cells were also subjected to treatment with the metalloprotease inhibitors 1,10-phenanthroline and TAPI-1 for 1 and 2 h respectively. The samples
were analysed as in (A) using αCD43-4D2 mAb, followed by secondary HRP-conjugated antibody and enhanced chemiluminescence detection. The membranes were re-probed with β-actin antibody
followed by alkaline phosphatase-conjugated secondary antibody and detection using NBT/BCIP substrate.

larger bands migrating differently due to the level of CD43 glyco-
sylation in the different cell lines.

To prove the CD43 identity of the 20 kDa band, a CD43 tetra-
cycline-inducible system was established in the CD43 low-ex-
pressing cell lines SW480 and MCF-7. The addition of tetra-
cycline induced the expression of CD43, as revealed by the 50 kDa
precursor and the fully glycosylated bands in the Western blot
analysis using the αCD43-4D2 mAb. The 20 kDa CD43-CTF

band was found when the two cell lines were treated with the
γ -secretase inhibitor L-685,458, but not in the CD43-induced con-
trol cells (Figure 1B). This suggests further the CD43-CTF
identity of this band, and that CD43 can be a substrate for γ -
secretase.

To address whether the CD43-CTF was generated by an extra-
cellular cleavage, the tetracycline-induced SW480-CD43 cells
were treated with metalloprotease inhibitors. As shown in the
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Figure 2 Schematic representation of the CD43 expression plasmid
constructs used and the CD43-CTF fragment generated

The epitope for the αCD43-4D2 antiserum and the location of the myc (M) and His6 (H) tags are
shown. TM, the transmembrane domain; SP, signal peptide; N247, the first CD43 amino acid in
the CD43�E construct.

Western blot analysis using the αCD43-4D2 mAb, the more
general metalloprotease inhibitor 1,10-phenanthroline blocked
the accumulation of CD43-CTF induced by the L-685,458
γ -secretase inhibitor (Figure 1C). The tumor necrosis factor-
α-converting enzyme (TACE; also known as ADAM17) metal-
loprotease inhibitor TAPI-1 did not, however, block the formation
of CD43-CTF. No major alteration in the cell-surface CD43 levels
was revealed by flow cytometry after the 1,10-phenanthroline or
L-685,458 treatments (results not shown). Figure 1(C) also shows,
as expected, that small amounts of CD43-CTF were detected
without γ -secretase inhibition. This proves the nature of the
CD43-CTF, and suggests that CD43 is cleaved extracellularly by
a 1,10-phenanthroline-dependent metalloprotease, as shown pre-
viously [37].

PS1-dependent processing of CD43

To study the CD43 γ -secretase-dependent processing further,
HEK-293 cells stably expressing either PS1 WT or PS1 D385N
[30,38] were studied. These cells were transfected with CD43
vectors expressing full-length WT CD43 (pCD43) or full-length
CD43 tagged in the C-terminus with myc/His6 (pCD43MH), as
well as CD43�E-MH (CD43 lacking the ectodomain and tagged
in the C-terminus with myc/His6) (Figure 2). When the pCD43MH
plasmid was expressed in HEK-293 PS1 D385N cells and ana-
lysed by Western blots using mAbs αCD43-4D2 and αmyc
respectively, a fragment migrating at approx. 27 kDa was detected
(Figure 3A). This fragment, denoted CD43MH-CTF, was not
found in cells expressing PS1 WT, but was observed when
these cells were subjected to the γ -secretase inhibitor L-685,458
(Figure 3A).

In Figure 3(A) an unexpected fragment migrating at approx.
20 kDa (marked in the Figure with an asterisk) was detected in
the Western blot with the αCD43-4D2 mAb, but not with αmyc
mAb. This fragment was only detected when the CD43MH-
CTF was found, suggesting it to be a degradation product of
CD43MH by a release of the myc/His6 tag. This was illus-
trated further when HEK-293 cells expressing PS1 WT and PS1
D385N were transfected with either pCD43 or pCD43MH
followed by Western blot analysis using αCD43-4D2 mAb (Fig-
ure 3B). The CD43MH-CTF (generated from CD43MH) migrated
at 27 kDa and the degradation product (marked by an asterisk)
occurred at 20 kDa, as before. However, no smaller band cor-
responding to the CD43-CTF (generated from non-tagged CD43)
migrating at 20 kDa was found (Figure 3B). Thus the myc/His6

tag could be cleaved off, a frequent finding for linker sequences
generated by cloning.

To verify that CD43-CTF was located in the membrane, pre-
parations of membranes from HEK-293 PS1 WT and PS1 D385N
cells transfected with pCD43MH were made. The prepared mem-

branes were incubated in the presence or absence of protease
inhibitors at 37◦C for 2 h and analysed by Western blotting using
αCD43-4D2 mAb. In this case, the CD43MH-CTF was also found
in cells having a functional PS1, but the levels were higher in
cells expressing the dominant-negative PS1. The CD43MH-CTF
band, as well as the degradation fragment marked with an asterisk,
was thus, as expected, located in the membrane (Figure 3C). No
alterations in the bands were detected when the protease inhibitor-
treated membranes and the non-treated membranes were com-
pared, including the fragment lacking the myc/His6 tag.

As the CD43-CTF fragment is not accumulated in the WT cells,
a functional γ -secretase/PS1 enzyme is expected to cleave quickly
within the transmembrane domain to generate a cytoplasmic frag-
ment, CD43ct. Such a fragment was not detected in any of the blots
discussed so far. In an attempt to increase the likelihood for detect-
ing such a CD43ct fragment in HEK-293 PS1 WT cells, a vector
was constructed expressing an ectodomain-deleted CD43 protein
tagged in its C-terminus with myc/His6, i.e. pCD43�E-MH
(Figure 2). This should mimic the CD43MH-CTF that are pro-
cessed by the γ -secretase complex. HEK-293 cells expressing
PS1 WT and PS1 D385N were transfected with either pCD43MH
or pCD43�E-MH and lysed after 24 h. Lysates from cells trans-
fected with myc/His-tagged protein were pulled-down with Ni-
NTA beads and analysed by Western blotting using αCD43-
4D2 mAb. In parallel, a direct Western blot was made using the
same lysates and antibody (Figure 3D). The CD43ct is expected
to contain approx. 120 amino acids, and when this was recombi-
nantly produced in bacteria and analysed together with cleavage
fragments of CD43, it was found to migrate at approx. 17 kDa
(Figure 3D), an expected position relative to the CD43-CTF
migrating at 20 kDa. No smaller bands that could be a CD43ct
fragment were detected in the cells transfected with pCD43�E-
MH. The precursor protein of CD43�E-MH migrated approxi-
mately the same distance as the CD43MH-CTF, supporting the
hypothesis of the nature of latter fragment and that the normal
extracellular CD43 cleavage site must be located close to the
transmembrane domain. The CD43�E-MH is expected to have
21 amino acids outside of the membrane. In the direct Western
blot, but not in the Ni-NTA pull-downs, the degradation products
of CD43MH-CTF lacking the myc/His6 tags were again detected
(Figure 3D).

CD43 cleavages are not affected by mutations

The extracellular cleavage of CD43 has previously been suggested
to occur between amino acids Phe245 and Arg246, located nine
amino acids from the membrane [39]. In an attempt to identify
the exact location for the observed extracellular cleavage, this
potential cleavage site was mutated (Phe245Arg246 → Ala/Ile) in
the pCD43MH plasmid and transfected into HEK-293 PS1 and
PS1 D385N cells. However, no difference in the CTF between
WT and mutated CD43 was noticed (Figure 3E).

In an attempt to localize the γ -secretase cleavage site, two sets
of mutations were performed in CD43�E-MH: Val267 and Val269

were mutated into two alanine residues, and Leu270 and Val271 into
alanine and isoleucine, respectively. When these were expressed
in HEK-293 cells with PS1 or PS1 D385N, no differences were
observed in the appearance of the CTF fragments (Figure 3E).

CD43-CTF levels are dependent on cell density

As the CD43-CTF was normally only found upon γ -secretase
inhibition, it was important to search for physiological circum-
stances when this fragment was also generated. When the CD43-
high-expressing cell line COLO205 [14] was analysed under
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Figure 3 Generation of the CD43-CTF fragment from CD43 transfected into HEK-293 cells

(A) PS1 WT and PS1 D385N cells were transfected with pCD43MH and incubated in the presence or absence of the γ -secretase inhibitor L-685,458. Equal protein amounts of the lysates from
these cells were separated on a 10–20 % Tris-Tricine gel and analysed by Western blotting using αCD43-4D2 or αmyc mAb followed by an HRP-conjugated secondary mAb. (B) The same cells
were transfected with pCD43 or pCD43MH 24 h before lysis. Samples were separated on a 10–20 % Tris-Tricine gel followed by Western blotting using αCD43-4D2 mAb and HRP-conjugated
secondary antibody and detection by enhanced chemiluminescence. The band marked with an asterisk migrating as CD43-CTF shows a degradation with loss of the myc and His6 tags from
CD43MH-CTF. (C) Membranes were prepared from PS1 WT and PS1 D385N cells transfected with pCD43MH 24 h before lysis, and incubated for 2 h at 37◦C in the presence or absence of
CompleteTM protease inhibitors (Roche) and 5 mM EDTA. The samples were separated on a 10–20 % Tris-Tricine gel, blotted on to a PVDF membrane and probed with αCD43-4D2 mAb, followed
by an alkaline phosphatase-conjugated secondary antibody and detection with NBT/BCIP substrates. (D) HEK-293 cells expressing PS1 WT or PS1 D385N were transfected with either pCD43MH or
pCD43�E-MH. The left panel shows a Western blot using crude lysates from the cells, and the right panel shows pull-downs using Ni-NTA beads from the same lysates. The samples were separated
on SDS/12.5%-PAGE gels and blotted on to a PVDF membrane, probed with the αCD43-4D2 mAb followed by an HRP-conjugated secondary mAb and detected by enhanced chemiluminescence.
The precursors of the transfected proteins migrated at approx. 55 and 27 kDa respectively. The ‘CD43ct’ lane shows the migration of recombinant GST (glutathione-S-transferase)–CD43ct after
purification and removal of the GST tag. CD43-CTF detected in PS1 D385N cells express full-length CD43 (CD43FL), which migrates similarly to the CD43�E-MH precursor. (E) HEK-293 cells
expressing PS1 WT or PS1 D385N were transfected with the mutated form of either pCD43MH or pCD43�E-MH, as shown. Samples were separated by SDS/PAGE on 10–20 % Tris-Tricine gels
and blotted on to a PVDF membrane, probed with the αmyc mAb followed by an HRP-conjugated secondary mAb and detected by enhanced chemiluminescence. The CD43-CTF and CD43MH-CTF
fragments and the CD43MH precursor are indicated to the right of the gels, and the degradation product lacking the myc/His6 tags is shown by an asterisk.

confluent and subconfluent growth conditions, the CD43-CTF
was observed in the confluent cells also without the addition of the
γ -secretase inhibitor L-685,458 (Figure 4). As no major dif-
ference of the total level of full-length CD43 was observed, it is
suggested that the formation of CD43-CTF could be related to the
cell growth and cell density.

MUC1 is not cleaved in a γ -secretase-dependent way

As CD43 was found to be a substrate for γ -secretase, we asked
whether this was also a more general property of other mucin-
type molecules, like MUC1. To study this, full-length MUC1
(MUC1-FL in Figure 5) was transfected into cells expressing PS1
WT or PS1 D385N. In a Western blot using the αMUC1-CT2 mAb
reacting with the MUC1ct, no differences, such as additional frag-
ments, were detected between cells having a functional or non-
functional PS1 (Figure 5). MUC1 is normally cleaved in its SEA
domain (http://www.sanger.ac.uk/Software/Pfam/) just outside

Figure 4 Accumulation of CD43-CTF is dependent on cell confluence

Lysates from subconfluent and confluent COLO 205 cells, treated and not treated with the
γ -secretase inhibitor L-685,458, were analysed on a 10–20 % Tris-Tricine gel. The gel was
blotted and probed with αCD43-4D2 mAb followed by an HRP-conjugated secondary antibody.
CD43-CTF was detected regardless of γ -secretase inhibition in the confluent cells.
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Figure 5 MUC1 is not cleaved by a PS1-dependent mechanism

Full-length MUC1 was transfected into HEK-293 cells expressing PS1 WT or PS1 D385N. The
lysates from these cells were separated on a 10–20 % Tris-Tricine gel and analysed on a Western
blot using αMUC1-CT2 mAb followed by an HRP-conjugated secondary anti-hamster antibody
and developed with enhanced chemiluminescence substrate. No differences in the intensity,
migration or number of fragments were detected.

of the membrane during biosynthesis, but still held together
within this domain. It is when the lysates are first boiled in
SDS that these two parts separate and generate the small C-ter-
minal fragments that are reacting with the cytoplasmic tail anti-
body αMUC1-CT2. Several bands, similar to ones revealed here,
are always observed [31]. In addition, no detectable differences
were found when the cells were treated with the γ -secretase
L-685,458 inhibitor. A PMA-dependent extracellular cleavage of
MUC1 has previously been shown in a human uterine epithelial
cell line (HES) [40]. In an attempt to induce such an extracellular
cleavage and thus promote the formation of a potential MUC1-
CTF, PMA was added to the PS1 WT and PS1 D385N cells. No
alteration in either the intensity of the bands or signs of any ad-
ditional cleavages was observed. These results suggest that
MUC1, in contrast with CD43, is not a substrate for the γ -secre-
tase proteolytic pathway.

DISCUSSION

Previously, we reported nuclear staining of CD43, and that its
intracellular domain contained a functional NLS directing it to the
nucleus [19]. It was also suggested to be involved in nuclear sig-
nalling events. These observations prompted us to investigate
whether CD43 could undergo RIP-like cleavages, i.e. if there was
an accumulation of the CD43-CTF when γ -secretase was blocked
and a proteolytic release of its intracellular domain. That CD43
could be cleaved in its extracellular domain has been predicted
from the presence of a soluble CD43 ectodomain fragment in hu-
man plasma [39], secretion of the extracellular part from the colon
cancer cell line COLO 205 [14] and the observed cleavage at the
cell surface in haematopoietic cells [36,37]. The extracellular
cleavage was shown to be inhibited by the more general pro-
tease inhibitor 1,10-phenanthroline, but not by inhibitors of the
ADAM17/TAPI enzyme. However, the precise localization of
these cleavages has not been determined. Here we show that, in the
colon carcinoma cell line COLO 205 and in the haematopoietic
cell lines Jurkat and K562, endogenous CD43-CTF was found
upon γ -secretase inhibition as a fragment migrating at approx.
20 kDa. This accumulation was inhibited by 1,10-phenanthroline,
proving further the nature of the CD43-CTF. All three cell
lines express high levels of CD43. The 27 kDa CD43 fragment,
found as a prominent band in the Jurkat cells, suggested another
extracellular cleavage, as has been suggested before [37]. This

larger fragment was not a substrate for γ -secretase, as is predicted
from our current understanding of how γ -secretase works
[26–28]. The proteolytic processing of CD43 was also studied
in the CD43-low-expressing cell lines MCF-7 and SW480 after
overexpression of CD43 by an inducible system. The expressed
CD43 protein in these two cell lines behaved exactly as the
endogenous CD43, i.e. accumulation of CD43-CTF upon γ -
secretase inhibition.

The extracellular cleavage of the CD43MH-expressed protein
gave a CD43MH-CTF fragment of approx. 27 kDa. This fragment
is larger than the CD43-CTF due to the 28 extra C-terminal amino
acids which constitute the myc/His6 tags. The size of the
CD43MH-CTF was slightly smaller than the ectodomain-deleted
construct (CD43�E-MH), indicating that the extracellular cleav-
age site for CD43 is located slightly closer to the membrane than
the 21 amino acids of this construct. This is compatible with a
previously determined extracellular cleavage of CD43 between
residues Phe245 and Arg246, located nine amino acids from the
membrane [39]. However, mutation of these two amino acids did
not block the cleavage. The localization and lack of dependence
on the specific amino acid sequence is consistent with the effect
of a cell-surface metalloprotease, as suggested by the inhibition
by 1,10-phenanthroline. This is in line with previous results
and observations for CD43 ectodomain shedding [36,37]. The
extracellular α-secretase cleavage site of APP was, in a previous
study, mutated with the purpose of blocking the cleavage, but also
in this case the APP was efficiently cleaved despite mutations
[41]. That CD43-CTF is really derived from ectodomain-cleaved
full-length CD43 was supported further by the presence of this
fragment in the membrane fraction.

An intramembrane γ -secretase cleavage of CD43, releasing
the intracellular domain (CD43ct), was expected in cells having
normal PS1, as its inhibition caused an accumulation of CD43-
CTF. However, no CD43ct has been observed in any of the cell
lines studied, suggesting that CD43-CTF must be rapidly cleaved
and the γ -secretase-generated CD43ct fragment quickly metabol-
ized. Difficulties in physically detecting the intracellular domain
fragments generated by γ -secretase have also been reported for
other proteins known to undergo RIP signalling, e.g. the APP
[42,43]. One suggested explanation for the latter observation
is that the insulin-degrading enzyme rapidly degrades the APP
intracellular domain when released [33]. This is probably not the
case for CD43, as no CD43ct was detected in the soluble fractions
of membrane preparations incubated with protease inhibitors and
EDTA (results not shown). Another possibility is degradation
by the proteasome, but the addition of the proteasome inhibitor
lactacystin to HEK-293 cells with a functional PS1 showed only
an increased amount of the CTF fragment (results not shown).
When a plasmid expressing the CD43ct was fused with green
fluorescent protein at its N-terminal end, the resulting protein was
stabilized and found to be translocated to the nucleus [19]. This
was shown to be mediated by a functional NLS located in CD43ct,
as suggested by mutagenesis experiments within the NLS, block-
ing nuclear translocation. An intramembrane γ -secretase-medi-
ated cleavage of CD43 is predicted to generate a fragment
containing all the amino acids in the CD43 NLS located close
to the membrane. The precise localization of the γ -secretase-
mediated cleavage is not known at present. Little is understood
of the specificity of the γ -secretase cleavage, but it has been sug-
gested previously that certain valine residues in the membrane
domain are important [20,44]. However, two sets of mutations in
the membrane domain did not interfere with the cleavage. This
lack of inhibitory effect of specific amino acid replacements is
similar to what has been observed for γ -secretase cleavage of
APP [45].
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Membrane-bound proteins with a highly glycosylated extra-
cellular domain, such as the mucins, have been suggested to act as
receptors. However, it has been difficult to understand how these
types of protein could bind a ligand, and even more how this could
trigger an outside-in signal. In this study, we suggest that CD43
signals via a RIP-like pathway. This also suggests a mechanism
of how mucin-type proteins might cause outside-in signalling.
Several mucin-type molecules of a similar type to CD43 are
known to be proteolytically cleaved in the extracellular domain
(e.g. MUC1, MUC3, MUC4 and MUC13). Whether any of these
proteins can act via RIP-type signalling is unknown at present.
Interestingly, MUC1, with a molecular topology similar to that
of CD43 and recently suggested to appear in the nucleus [46,47],
did not appear to act as a γ -secretase substrate.

The observation that CD43 is a substrate for γ -secretase,
and that the level of the CD43-CTF can vary with cell density, sug-
gests that CD43 can act as a signalling molecule, perhaps by
nuclear translocation via its functional NLS in the CD43ct [19].
We propose that CD43 can undergo an RIP-like signalling process.
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