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Abstract A 750-bp fragment of a novel human cysteine
protease has been identified from the dbEST databank. PCR
cloning and DNA sequencing yielded a 1.38-kb full-length cDNA
which encodes a polypeptide of 376 amino acids. The protein
consists of a putative 21-residue signal peptide, a 106-residue
propeptide and a 252-residue mature protein. The deduced amino
acid sequence contains the highly conserved residues of the
catalytic triad of papain-like cysteine proteases: cysteine,
histidine, and asparagine. Furthermore, the protein sequence
possesses two potential N-glycosylation sites: one in the
propeptide and one in the mature protein. Comparison of the
amino acid sequence of human cathepsin W with other human
thiol-dependent cathepsins revealed a relatively low degree of
similarity (21-31%). In contrast to cathepsins L, S, K, B, H and
O, cathepsin W contains a 21-amino acid peptide insertion
between the putative active site histidine and asparagine residues
and an 8-amino acid C-terminal extension. This unique sequence
may indicate that cathepsin W belongs in a novel subgroup of
papain-like proteases distinct from that of cathepsin L- and B-
like proteases. Northern blot analysis indicates a specific
expression of cathepsin W in lymphatic tissues. Further analysis
revealed predominant levels of expression in T-lymphocytes, and
more specifically in CD8" cells. The expression of the protease in
cytotoxic T-lymphocytes may suggest a specific function in the
mechanism or regulation of T-cell cytolytic activity.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

Lysosomal cysteine proteases such as the cathepsins B, L, H
and C play an important role in intracellular protein turnover.
This function, and the proteases’ ubiquitous tissue distribu-
tion may reflect a ‘housekeeping’ role of these cathepsins [1].
In contrast to cathepsins B, L, H and C, the recently charac-
terized cathepsins K and S exhibit a tissue-specific expression
profile. Cathepsin K (also known as cathepsin O, 02, X and
OC-2) has been described as a cysteine protease which plays a
key role in bone remodeling and which is predominantly ex-
pressed in osteoclasts [2-9]. On the other hand, cathepsin S
has been identified as the first cathepsin specifically expressed
in lymphatic tissues [10]

Proteases of different classes have been implicated in spe-
cific functions of the immune system. A variety of proteases
are selectively expressed by immune cells. The best character-
ized examples are the granzymes, a family of related serine
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proteases, which are highly expressed in CTL and NK cells.
Granzymes have been implicated in the CTL-mediated cyto-
Iytic event [11,12]. Evidence suggests that granzyme B initiates
the apoptotic pathway of targeted cells by activation of
CPP32 [13,14]. Cathepsin C (synonymous with dipeptidyl pep-
tidase I) is thought to activate the precursor molecules of
granzymes by cleaving the N-terminal activation dipeptide
[15].

Lysosomal cathepsins such as the aspartate protease, ca-
thepsin D, and the cysteine protease cathepsin B have been
implicated in the degradation of exogenous antigen [16-19].
Processed antigen can be presented by two different types of
MHC molecules, MHC class 1 and II. Cytoplasmic antigen is
processed by the proteasome, a multicatalytic protease com-
plex, and then presented by MHC class I molecules [20,21].
Alternatively, exogenous antigen is taken up by endocytosis,
transported to lysosomal-like compartments and assembled
with MHC class II molecules. Before MHC class II molecules
can bind to an antigenic peptide, further proteolytic process-
ing is necessary. Class II molecules are associated with the
invariant chain li, which has to be proteolytically processed
in the acidic lysosomal compartment. It has been shown that
the lysosomal cysteine protease cathepsin S specifically de-
grades li and generates the CLIP peptide, a prerequisite in
rendering class II molecules competent for binding peptides
[22].

In this paper we report a novel, immune cell-specific, puta-
tive cysteine protease, cathepsin W. Cathepsin W has been
identified from the dbEST database as a new member of the
papain family. The protease is predominantly expressed in T-
lymphocytes.

2. Materials and methods

2.1. Identification of cathepsin W from the dbEST database

To identify novel papain-related cysteine proteases, we conducted a
search of the dbEST database using the tblastn algorithm and a con-
sensus amino acid sequence. The sequence was derived from the
highly conserved active site region of the papain family. The query
sequence (with the active site asparagine residue shown in bold) was
as follows (single letter amino acid code): YWLIKNSWGTGWGEN-
GYIRI. Amongst the retrieved human sequences was one that showed
potential similarity to the papain family of cysteine proteases (acces-
sion number R56701). Although the deposited sequence was indicated
as having a low sequence quality, when the clone was obtained and
sequenced, it was found to be a novel member of this family of
proteases.

2.2. Cloning of human cathepsin W ¢DNA

The identified expressed sequence tag (accession number R56701;
human clone number 138300) was obtained through the Lawrence
Livermore National Laboratory and sequenced using an Applied Bio-
systems model 373A DNA sequencer. The plasmid contained an ap-
proximately 750 bp insert which included the 3’ non-translating re-
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gion (nucleotides 640-1390 of the reported cDNA). The remainder of
the sequence, including a portion of the 5’ non-translating region, was
obtained by PCR using the Pfu polymerase (Stratagene, La Jolla, CA;
used as described by the supplier), a human placental lambda gt10
cDNA library as the template (Clontech, Palo Alto, CA) and primers
corresponding to the lambda vector (5'-AGCAAGTTCAGCCTGGT-
TAAG-3") and to the cDNA clone (3'-GTAGTACGACGTCTT-
GTTGC-5"). The obtained 853-bp fragment was subcloned into a
pBluescript IT SK(+) vector (Stratagene) and sequenced.

2.3. Preparation of RNA blots and Northern blot analysis

Freshly isolated human blood containing an anti-coagulant was
diluted in 1 XPBS and placed over an isotonic Percoll solution. After
centrifugation at 1000 X g for 30 min, the mononuclear cells at the
interface were carefully removed. The lymphocytes were then sepa-
rated into CD2, CD19, CD8, CD4 and CDI14 subfractions using
Dynabeads (Dynabeads M-450 Pan-B CD19; M-450 Pan-T CD2;
M-450 CD4; M-450-CD8; M-450 CD14; Dynal Inc., Lake Success,
NY). Total mRNA was isolated using a Micro RNA Isolation Kit
from Stratagene and blotted onto a Duralon UV membrane (Strata-
gene) following formaldehyde-agarose gel electrophoresis.

Multiple tissue (Human I, Human II, Human Immune System;
Clontech) and lymphocyte Northern blots were hybridized for 60
min at 68°C in ExpressHyb hybridization buffer (Clontech) containing
an [0-32P]dCTP-labeled 500-bp fragment of either cathepsin W or
cathepsin S. The blots were washed in 2XSSC/0.05% SDS for 60
min at room temperature and for 60 min at 50°C in 0.1 XSSC/0.1%
SDS.

3. Results and discussion

3.1. Human cathepsin W ¢cDNA

The cDNA of human cathepsin W encodes a 376-amino
acid protein (Fig. 1) with a calculated molecular weight of
42090 Da. The open reading frame starts with an ATG ini-
tiation codon at nucleotide 115 and ends at nucleotide 1302.
Preceding the typical translation initiation sequence [23] a
111-bp nucleotide is present. A relatively short non-translated
3’ end follows the stop codon. A typical polyadenylation site
(AATAAA) starts 99 nucleotides after the stop codon. The
poly A sequence begins 15 base pairs after the polyadenyla-
tion site. The total length of the sequenced cDNA of human
cathepsin W is 1390 nucleotides.

The open reading frame of cathepsin W contains a putative
signal sequence, a proregion and a mature protease sequence
typical of lysosomal cysteine proteases of the papain family.
Using the —3, —1 rule [24] a putative cleavage site between
the presignal and the proregion (Glys;-Iles2) has been identi-
fied. The putative processing site between the proregion and
the mature enzyme has been assigned to the Serjpr-Valiog
bond followed by a proline residue which is typical for cys-
teine proteases.

Human cathepsin W contains two potential N-glycosylation
sites, one at position —78 (N_g-R_77-S_75) in the proregion
and one at position 78 (N7g-Nrzg-Sgp) in the mature form.

The deduced amino acid sequence of human cathepsin W
consists of a 21-amino acid residue presignal, a 106-residue
proregion, and a 249-residue mature form. The calculated
molecular masses are 1865, 12060 and 26 571 Da, respectively.
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of
human cathepsin W. The putative active site residues (C153, H291
and Asn330) are indicated by asterisks. Potential glycosylation sites
and the polyadenylation initiation site are underlined. Arrowheads
show the putative post-translational cleavage sites between the sig-
nal sequence and the propeptide and the propeptide and mature en-
zZyme.

N

3.2. Sequence similarities and differences to other human
cysteine proteases

To date, seven human thiol-dependent cathepsins (cathep-
sins L, K, S, B, H, O and C) have been characterized by their
complete amino acid sequences. Multiple sequence alignments
of these proteases clearly demonstrate that cathepsin W is a
new member of the papain-like cysteine protease family (Fig.
2). Table 1 shows the amino acid sequence homologies of
human cathepsin W with the related cathepsins L, S, K, B,
0O, and H. Sequence homology is relatively low, in the range
of 21-31%.

All of the highly conserved residues in papain-like cysteine
proteases were present in cathepsin W [25]. This includes the
residues of the catalytic triad (Cysgs, Hisise, Asnizg), Glngg of
the putative oxyanion hole, Trpy77 in the S1’ binding pocket
as well as Glysy and Glygs (papain numbering).

Besides possessing typical papain-like features, the sequence
of human cathepsin W contains unique properties compared
to other mammalian cathepsin sequences. The two most
prominent differences are (1) a 21-amino acid peptide inser-
tion between the active site histidine and asparagine residue
and (2) an 8-amino acid residue C-terminal extension. The
peptide insertion contains a serine-glutamine-proline rich
stretch (SSQSQPQPP). A similar Ser, Gln, Gly rich sequence
insertion at the same site has been described for cysteine pro-
teases isolated from Dictyostelium discoideum [26]. However,
the sequence homology to the Dictyostelium cysteine proteases
is only 27% or less. The function of this insertion is unknown.

The low degree of similarity to cathepsin B- and cathepsin
L-like proteases as well as the insertion of the SPQ rich pep-
tide segment suggests that cathepsin W constitutes a subgroup
of cathepsins distinct from the cathepsin L- and B-like sub-
groups. This assertion is also supported by a sequence com-
parison of the propeptides. Karrer et al. [27] described two
subgroups of cysteine proteases based on a highly conserved
motif in cathepsin L-like proteases. This so-called ERFNIN
motif is present in cathepsin L-like but not in cathepsin B-like
proteases. In cathepsin W, this motif is partially conserved
(ERFNAQ, see Fig. 2).

A further peculiarity of the sequence of cathepsin W is
found around the active site cysteine residue. Usually, in hu-
man and other mammalian cathepsins, the third residue
downstream from the catalytic cysteine residue is a phenyl-
alanine. In cathepsin W, however, this aromatic residue is
replaced by a methionine followed by three alanine residues

Table 1

Sequence homologies of human cathepsin W with the cathepsins L, S, K, H, B and O

% to hCatW hCatL hCatS hCatK hCatH hCatB hCatO
Preprocathepsin 27.6 299 24.6 31.6 21.5 29.8
Mature cathepsin 33.6 34.1 33.5 33.6 254 30.4
Proregion 22.7 20.4 17.2 20.7 16.1 22.9
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Fig. 2. Multiple amino acid alignement of human cathepsin W with human cathepsins K, S, L, H, O and B. *, active site residues; conserved
tesidues of the ERFNIN motif in the propeptides are underlined. Amino acids identical in all seven proteases are assigned as upper case letters
in the consensus sequence, and amino acids identical in five out of seven are assigned in lower case letters. Gaps are indicated by hyphens.
Numbers indicate the position of the last amino acid in each line and arrowheads show the putative post-translational cleavage sites. Sequence
informations have been taken from the following references: hCatK [5]; hCatS [31]; hCatL [32]; hCatH [33]; hCatO [34]; hCatB [35].

(CWAMAAA). A similar sequence in this region has also alanine or glycine. In this position, cathepsin W contains a
been described for two papain-like sequences from Caenorhab- second cysteine residue. Since the mature part of the protease
ditis elegans [28]. In other human cathepsins, the neighboring contains 11 cysteine residue it may form up to 5 disulfide

residue upstream from the active site Cysys is either a serine, bridges.
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Fig. 3. Northern blot analysis of human cathepsins W and S in human tissues and tumor cell lines. Nitrocellulose blots were hybridized with
32P.labeled probes of human cathepsins W and S. A: Cathepsin W; B: actin was used as control probe; C: cathepsin S. The additional signal
at approximately 4.4 kb may represent an alternatively spliced transcript of cathepsin S. See also Figs. 4 and 5.

3.3. Tissue distribution of human cathepsin W spleen and lymph nodes, medium levels in bone marrow and

Cathepsin W was detected exclusively in tissues of the im- appendix and low to very low levels in thymus (Figs. 3 and 4).
mune system by Northern blot analysis. The approximate size Human cathepsin S, which has been previously described as a
of the cathepsin W mRNA on the Northern blots is 1.45 kb lymphoid tissue-specific cathepsin, is characterized by an al-
which closely matches the size of the sequenced cDNA (1.38 most identical expression pattern (Figs. 3 and 4). In addition,

kb). High mRNA levels were observed in peripheral blood, cathepsin S is also expressed in lung, liver and placenta. Im-
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munohistochemical studies have assigned the expression of
cathepsin S to alveolar macrophages in lung tissue [29] and
to Kupffer cells in liver tissue (D. Brémme, unpublished re-
sults). No detectable levels of cathepsin W expression could be
observed in various tumor cell lines whereas cathepsin S dis-
played expression in cell lines such as HL-60, HeLaS3, Raji,
SW480 and A549 (Fig. 3).

In order to distinguish between the expression patterns of
cathepsins W and S, a differential lymphocyte Northern blot
was prepared. Cathepsin W was detected specifically in the T-
cell population, and in particular, at very high levels in cyto-
toxic T-cells (CD8%). A low signal was also observed in CD4%
T-cells (Fig. 5).

In contrast, cathepsin S was almost exclusively detected in
the monocytic cell population (CD14) and at very low levels
in B-cells. Monocyte-derived macrophages and B-lymphocytes
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Fig. 4. Northern blot analysis of human cathepsin W and S in hu-
man immune tissues. A: Cathepsin W; B: cathepsin S; C: actin
was used as control probe. pbl, peripheral blood leukocytes.
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Fig. 5. Northern blot analysis of human cathepsins W and S in hu-
man lymphocytes. A: Cathepsin W; B: cathepsin S; C: GDPH was
used as control probe.

are known to be involved in MHC class II antigen presenta-
tion. It has been demonstrated that cathepsin S is directly
involved in MHC class II antigen presentation by specifically
cleaving the invariant chain [22].

It can be assumed that the expression of cathepsins W and
S in spleen, lymph nodes, appendix and bone marrow is at-
tributed to resident monocytes and CD8" cells in these or-
gans.

Interestingly, cathepsin W is only very weakly expressed in
the thymus. Since the vast majority of thymic T cells are
represented by immature CD4"8% thymocytes and since ca-
thepsin W is almost exclusively expressed in CD8* cells, it can
be concluded that the induction of cathepsin W is in some
way coupled with the process of thymocyte selection in the
thymus. Furthermore, the specific expression of cathepsin W
in CD8* cells suggests a specific function of this protease in
the cytolytic activity of cytotoxic T cells. So far, only the
granzymes, a subclass of serine proteases, have been described
as specific to CTL-lymphocytes.

In conclusion, cathepsin W is the third example of a cell
type-specific cathepsin of the papain family. So far only ca-
thepsin S has been described as a monocyte/macrophage-spe-
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cific protease [10,30] and cathepsin K as an osteoclast-specific
cathepsin [2]. The cell-specific expression of these proteases
raises the questions: (1) Do other cell- and tissue-specific ca-
thepsins exist? and 2) What makes them functionally different
from the ubiquitously expressed cathepsins B, L and H?
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