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Identification of a novel human serpin gene; cloning sequencing and
expression of leupin
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Abstract A novel serpin gene has been isolated, cloned and
sequenced. A PCR amplified fragment of the gene was originally
identified from human genomic DNA, and the full-length cDNA
was subsequently isolated from HeLa cells and sequenced. The
novel serpin is very high in protein sequence similarity (91.8%)
to the squamous cell carcinoma antigen (SCCA), but contains
substantial differences in the reactive site loop sequence, including
a different amino acid (leucine) in the P, position. The gene
product, named leupin, is expressed in HeLa cells, SKGIIIa cells
and human placenta. The protein has a predicted M, of 44,857
and an isoelectric point of 6.04 which is consistent with the more
acidic form of SCCA associated with squamous cell carcinomas.
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1. Introduction

The serpins (serine protease inhibitors) are a superfamily of
proteins comprising over 60 members from a wide range of
organisms, and includes well-characterised plasma proteins
such as a,-antitrypsin and antithrombin III {1,2]. The inhibitory
specificity of serpins is largely determined by residues at the
PP, positions within the reactive site loop region which acts
as a pseudo-substrate for the target protease [3]. Serpins also
include proteins which lack protease inhibitory activity such as
chicken ovalbumin, angiotensinogen and hormone binding
globulins. A sub-family of serpins related to ovalbumin, the
ov-serpins, has been identified based on higher sequence iden-
tity (45-55%), gene organisation, and lack of an identifiable
N-terminal signal sequence [4]. Human proteins belonging to
this ov-serpin family include plasminogen activitor inhibitor-2
(PAI-2) [5], leucocyte elastase inhibitor (LEI) [6], placental
thrombin inhibitor (PTI) [7], and squamous cell carcinoma
antigen (SCCA) [8].

SCCA is a component of the T-4 antigen protein which was
isolated from human uterine cervical squamous cell carcinoma
tissue and is used as a serum tumour marker for the manage-
ment of squamous cell carcinomas [9,10]. The antigen is also
expressed in normal squamous epithelial cells [11] and is associ-
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Abbreviations: SCCA, squamous cell carcinoma antigen; PAI-2, plas-
minogen activator inhibitor-2; LEI, leukocyte elastase inhibitor; PTI,
placental thrombin inhibitor; RT-PCR, reverse transcription-polym-
erase chain reaction.

The sequence reported in this paper has been deposited in the EMBL
database (Accession number X89015, mRNA for leupin).

ated with skin disorders such as psoriasis and eczema [12].
SCCA isolated from carcinoma of the cervix demonstrates het-
erogeneity on isoelectric focussing, with normal squamous epi-
thelia contairfing a predominantely neutral form and carcinoma
tissue containing both neutral and acidic forms [13]. The gene
encoding for SCCA has been cloned and sequenced from
SKGIIIa cells, a uterine cervical carcinoma cell line [8]. The
cleavage site of SCCA is Ser—Ser which is unique to this serpin,
and the protein has recently been shown to have inhibitory
activity against cathepsin L and papain which are cysteine
rather than serine proteases [14]. This cross-class inhibitory
activity has previously been seen in the viral serpin crmA which
inhibits the cysteine protease interleukin-1 f-converting en-
zyme (ICE) [15,16].

This study set out to look for novel ov-serpins by amplifying
PCR fragments between two conserved regions in the human
ov-serpins. Degenerate oligonucleotide primers to conserved
sequences flanking the variable reactive site loop region were
used. We describe a novel serpin gene, leupin which has been
isolated from HeLa cell cDNA, and which is high in sequence
similarity to the squamous cell carcinoma antigen.

2. Materials and methods

2.1. Materials

Oligonucleotide primers were synthesized and HPLC purified by
Genosys, UK. MMLYV reverse transcriptase and Taq polymerase were
obtained from Promega. Dideoxy sequencing was performed using
Sequenase, version 2.0, United States Biochemicals. SKGIIIa cells, a
uterine cervical cancer epidermoid cell line [17] were kindly given by Dr.
Shiro Nozawa, Keio University.

2.2. PCR amplification of serpin fragments from human genomic DNA

Human genomic DNA was prepared from whole blood [18], and used
as a template for amplification of serpin fragments. The following
degenerate oligonucleotide primers complementary to SCCA, PAI-2
and EI sequences were synthesized: primer A: 5’-GGGGGATCCCC-
NCGGTTCAAA(G/C)TNGAAGAG-3’ (sense, corresponding to nu-
cleotides 853-873 of SCCA and incorporating a BamHI restriction
site); primer B: 5-AAAAAGCTTCGGNGANGAA/GAATCTNCC-
3’ (antisense, corresponding to nucleotides 11531170 in SCCA, with
Hindlll site incorporated at 5’ end). Amplification was carried out in
a volume of 100 ul with 1.5 mM MgCl,, for 30 cycles of (94°C x 1.5
min, 45°C x 1 min, and 72°C x 2 min). The product of 315 bp contain-
ing a mixture of ov-serpin fragments was digested with BamHI and
HindIlI restriction enzymes and cloned into pBluescript KS™. Individ-
ual inserts were subjected to dideoxy sequencing [19] using M13 for-
ward and reverse primers.

2.3. Detection of leupin gene expression

Expression of the leupin gene was examined by RT-PCR. Total RNA
was isolated from a range of human cell lines and tissues using a
phenol/guanidinium thiocyananate extraction method [20]. RNA (1 ug)
was reverse transcribed with MMLV-reverse transcriptase using
random hexanucleotide primers [21]. PCR amplification of this first
strand cDNA was performed with a specific oligonucleotide to leupin,
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Fig. 1. PCR amplification strategy for isolation of ov-serpin fragments
and for amplification of specific leupin and SCCA products. Primers
A and B are degenerate sense and antisense primers based on the
sequences of PAI-2, LEI and SCCA. Primers C and E are antisense
primers to unique reactive site loop sequences of leupin and SCCA,
respectively. Primer D is a sense primer to the 5’ open reading frame
sequence of SCCA and will also amplify from a leupin template.
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primer C: 5-GGGGGTACCTGAAGGAGATGATAATCGAC-3
(antisense primer corresponding to nucleotides 1054-1071 in leupin,
and incorporating a Kpnl restriction endonuclease site at the 5 end).
Initial studies to detect expression used primer A with primer C which
yielded a product of 219 bp (Fig. 1).

2.4. Isolation of full-length cDNA from HeLa cell RNA

HeLa cell cDNA, prepared as described above, was used as a tem-
plate to isolate the 5" end of the gene sequence. Primer D, 5-GGGG-
GATCCATGAATCACTCAGTGAAG-3’ (sense primer correspond-
ing to the 5’ end of the SCCA open reading frame sequence, incorporat-
ing a BamHI site) and primer B were used to amplify the full 1195 bp
product, and primers D and C were used to amplify a specific 1094 bp
leupin product (see Fig. 1). These fragments were restriction digested,
cloned into Bluescript KS™, and dideoxy sequencing of both strands was
carried out. To facilitate internal sequencing, products were further
digested with HindIII (sites at positions 259 and 766), and fragments
were subcloned into Bluescript and subjected to dideoxy sequencing.
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2.5. Expression of SCCA and leupin

Further expression studies on human tissue were performed which
detected a larger transcribed product of both SCCA and leupin. RT-
PCR was carried out using the specific primer for leupin as described
above or with a specific primer corresponding to the unique SCCA
reactive site loop region sequence [8), primer E: 5 CCCCCGGGTA-
CCTACGGGGATGAATCTG 3’ (antisense to nucleotides 1054-1074
in SCCA). In each case, amplification with the sense primer D to the
5" open reading frame sequence was performed to yield a 1094 bp
product.

3. Results

Sequence analysis of amplified ov-serpin fragments from
human genomic DNA gave sequences of the known PAI-2,
leucocyte elastase inhibitor and SCCA genes. The SCCA and
LEI genes must therefore also contain this 315 bp 3’ end of the
open reading frame within the last exon as seen in the gene
organisation of ovalbumin, gene Y and PAI-2 [22,23]. The
fourth recognized ov-serpin, placental thrombin inhibitor was
not amplified by the PCR primers used.

In addition to the recognized sequences, a SCCA-like 315 bp
sequence was also obtained which contained major differences
with SCCA, particularly in the predicted reactive site loop
protein sequence. In order to look for expression of this novel
gene and to isolate the full-length cDNA, an oligonucleotide
primer to the unique reactive loop sequence was used. RT-PCR
with this primer (primer C) and with primer A produced the
expected 219 bp sequence from HeLa cell RNA. To isolate the
full-length predicted ov-serpin sequence, it was assumed that
the high sequence similarity with SCCA might also extend to
the 5" end of the gene. Thus a primer corresponding to the first
18 nucleotides of the open reading frame of SCCA [8] was
synthesized (primer D). Using the HeLa cell cDNA as a tem-
plate, this yielded the expected product of 1195 bp with primer
B, and nested PCR with primer C gave a 1094 bp product.
Sequencing of these products gave the predicted open reading
frame of the gene and protein sequence of the novel serpin (Fig.
2). The nucleotide sequence is 95.3% identical to the SCCA
gene (Accession no. S66896) and the protein sequence shows
91.8% identity to SCCA (Fig. 3). The most concentrated region
of divergence is the reactive site loop sequence which contains
6 amino acid differences including the P, amino acid. The novel
protein has been named leupin due to the presence of a leucine
residue at the P, position.

Previous studies on SCCA expression used a nucleotide
probe to detect the transcribed gene [8]. Digoxygenin labelled
probes for leupin and SCCA were synthesised from the individ-

—
Fig. 2. cDNA sequence and deduced protein sequence of leupin. Under-
lined regions indicate positions of PCR primers (from top, primer D,
A, C and B). An original fragment of the gene was identified by ampli-
fication from genomic DNA between regions A and B using degenerate
primers based on the conserved sequences of SCCA, PAI-2 and LEI
in these regions. Expression of the gene was examined using a specific
oligonucleotide (primer C) to the unique reactive site loop sequence of
leupin. The full-length gene was obtained by amplification between
primer B and primer D (based on SCCA sequence) using HeLa cell
cDNA as a template. (Note that the given sequence of the underlined
regions B and D is that of the incorporated oligonucleotide primers,
and so the actual sequence may contain minor differences in these two
regions.)
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! MNSLSEANTKFMFODLFQQFRKSKEN SCCA
I MUNSLSEANTKFMFODLFQQFRKSKEN Leupin
26 NIFYSPISITSALGMVLLGAKDNTA SCCA
26 NIFYSPISITSALGHNVLLGCGAKDNTA Leuwin
51 QQIKKYLHFDOVTENTTGKAATYHYV SCCA
51 OQIBKVLHFDOVTENTTIEIKAATYHYV Leupin
76 DRSGNVHHQFOKLLTYEFNKSTDAYE SCCA
7% DRSGNVHHQFQOKLLTEFNKSTDAYE Leuin
10t LKIANKLFGEKTYLFLOQEYLDAT! KK SCCA
101 LKIANKLFGEXTYQFLOEYLDATIKK Leuin
126 FYOTSYESYDFANAPEESRKKINSW SCCA
126 FYQTSVES[TIDFANAPEESRKK I NSW Leupin
151 VESQTNEKIKNL IPEGNIGSNTTLV SCCA
181 YESQTNEKIKNLEIPMGM:! ¢NDPITTL VY Lewin
176 LYNAIYFKGOWEKKFNKEDTKEEKF SCCA
17 LYNAIYFKGOWEMNKFERIKENTKEEKF Lewin
201 WPNKNTYKS]IOMMRQYTSFHFASLE SCCA
201 wPNKNTYKSHJonMROQYHS FINIF A[LJL E Leupin
26 DVOAKVLEIPYKGKDLSHMIVLLPNE SCCA
26 DVOAKVLEIPYKGKDLSMIVLLPNE Leuwin
25! IDGLOKLEEKLTAEKLMEWTSLQNM SCCA
25 10GLOKLEEKLTAEKLMEWTSLONRM Leuin
276 RETRYDLHLPRFKYEESYDLKDTLR SCCA
276 RETCJVDLHELPRFKHEESYDLKDTLR Leupin
01 TMGMYDIFNGDADLSGMTGSRGL VL ScCa
01 TMGHVIII FNGDADLSGMTHMSHG LEN Lewpin
6 SGYLHKAFYEVTEEGAEAAAATAVY SCCA
3 SIKIVLHKAFVEVTEEGIYIEAAAATAYY Leupin
Bl GFESSPASTNEEFHCNHPFLFFIRQ SCCA
BIVYELISEPISTNEEFCJCNHPFLFF IRQ Leupin
376 NKTNSILFYGRFSSP SCCA
3 NKTNSILFYGRFSSP Leupin

Fig. 3. Protein sequence alignment of leupin with SCCA. Amino acids
which differ from the SCCA sequence are boxed. Leupin and SCCA
share 95.3% nucleotide identity and 91.8% protein sequence identity.
The reactive site loop sequence contains 6 amino acid differences within
the 7 amino acids from P, to Py’ (351-357) including a leucine residue
(L354) in the predicted P, position. Specific primers to this region of
both genes were used for RT-PCR expression studies.

ual PCR products for use in Northern and Southern blot anal-
ysis. Southern blots using high stringency conditions showed
crossreactivity of the probes with both cDNA species (data not
shown). Therefore RT-PCR with specific primers was used as
the method of choice for examining individual expression of
these genes. Oligonucleotide primers corresponding to the
unique reactive site loop regions of leupin and SCCA were
synthesized in order to detect such expression by RT-PCR.
Both SCCA and leupin are expressed in HeLa cells, SKGIIIa
cells and human placenta (Fig. 4). However, the relative levels
of expression are different with greater amounts of SCCA ex-
pressed in SKGIIIa cells (from which this gene was originally
cloned) and with leupin showing higher levels of expression in
HeLa cells and placenta than SCCA.

4. Discussion

A new serpin gene, leupin, has been identified using PCR
between conserved regions of the ov-serpin subfamily of pro-
teins. The gene product is expressed in human placenta and in
SKGlla and HeLa cell lines. The predicted protein shows high
sequence similarity to the squamous cell carcinoma antigen, is
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identical in length to SCCA (390 aa) and has a predicted M,
of 44,857. There are 6 amino acid differences in the reactive
loop sequence including the P, position which is a leucine resi-
due in leupin, compared to a serine residue in SCCA. These key
differences imply that leupin is not merely as isoform of SCCA,
but is likely to have a different target protease or profile of
target proteases. The two serpins represent a closer evolution-
ary divergence than previously seen in mammalian serpins
which generally show 30-50% sequence identity [24], and must
represent a relatively recent gene duplication event.

Alignment of the reactive site loop of leupin with other ser-
pins (Fig. 5) shows a shared cleavage site with human a-
antichymotrypsin, an inhibitor of chymotrypsin and cathepsin
G [25]. This would suggest that leupin may inhibit a chymotryp-
sin-like protease. However, SCCA has recently been found to
inhibit the cysteine proteases cathepsin-L and papain and
showed no inhibitory activity against a wide range of serine
proteases [14], so it is perhaps more likely that leupin will also
show inhibitory activity against a cysteine protease.

Purified SCCA has been shown to divide into two subgroups,
an acidic form with pI<6.25, and a neutral form with a
pl > 6.25. Monoclonal antibodies against seven epitopes recog-
nised both forms of the antigen and one monoclonal antibody
detected the acidic form only [10]. Further separation of SCCA
by 2-D electrophoresis has shown 4 distinct spots [28]. This
heterogeneity was assumed to be due to posttranslational mod-
ification since Southern blot analysis of genomic DNA origi-
nally suggested that only one copy of the gene was present [8],
and there is some evidence that the most acidic spot is
phosphorylated. However, our leupin sequence, which is also
expressed in Hela and SKGIIla cells, may explain the presence
of heterogeneity in SCCA protein preparations. Indeed, the
protein sequences obtained from endopeptidase fragments
which were used for primer design in isolating the original
SCCA gene sequence [8], are identical in the leupin sequence.
The higher levels of SCCA expression found by us in SKGIIla

(a)
1 2 3 4 5 6 17 8
bp
1500 -
600 -
(b)

Fig. 4. Expression of (a) leupin and (b) SCCA in human tissues. Total
RNA was isolated and RT-PCR was performed using either antisense
primers C (leupin) or primer E (SCCA) with sense primer D. Products
were separated on 1% agarose and detected by ethidium bromide stain-
ing. Lane 1 = 100 bp ladder; lane 2 = ECV 304 endothelial cells; lane
3 = Hela cells; lane 4 = SKGIIIa cells; lane 5 = liver; lane 6 = pla-
centa; lane 7 = small intestine; lane 8 = no template control.
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P14 P1 P1' P7’
T T T A N A O N A A
GAEAAAATAVVVVEL SSPSTNEEF Leupin
GAEAAAATAVVGFGS SPASTNEETF SCCA
GTEASAATAVEKEITLL SALVETRTI AChT
GTEAAAGTGGVMTGR TGHGGPOQ-F PAI-2
GSEAAASTAVVIAGR SLNPNRVTF ATIII
GREVVGSAEAGVDAA SV-S-~-~-EEF oval
> <

Fig. 5. Alignment of reactive site loop sequences of leupin with other
serpins; SCCA = squamous cell carcinoma antigen [8], AChT = human
a,-antichymotrypsin [25], PAI-2 = plasminogen activator inhibitor-2
[5], ATIII = antithrombin III [26], Oval = chicken ovalbumin {27]. The
putative P -P,’ cleavage site of leupin deduced from this alignment is
Leu—Ser, which is shared by human «,-antichymotrypsin.

cells (Fig. 4) would favour the amplification and isolation of
this cDNA species over that of leupin. The predicted isoelectric
points of the unmodified proteins show leupin to have the lower
pl of 6.04 which is consistent with the acidic form, whereas
SCCA has a predicted pl of 6.63 consistent with the neutral
form. Phosphorylated and dephosphorylated forms of both
proteins could explain the presence of a total of 4 spots on 2-D
electrophoresis. If this is the case, then previous biochemical
and clinical studies on SCCA including the inhibition of cyste-
ine proteases could be attributed to a mixture of SCCA and this
second gene product, leupin.
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