
I
D
t

P
*
M

R

p
c
p
H
s
a
a
o
o
y
H
m
t
t
H
c
S
n
z
m

v
a
d
p
p

f
(
E
c
c

H
C
g

Biochemical and Biophysical Research Communications 264, 299–304 (1999)

Article ID bbrc.1999.1453, available online at http://www.idealibrary.com on
dentification and cDNA Cloning of headpin, a Novel
ifferentially Expressed Serpin That Maps

o Chromosome 18q

aul Spring,* Torahiko Nakashima,* Mitchell Frederick,* Ying Henderson,* and Gary Clayman*,†,1

Department of Head and Neck Surgery and †Department of Cancer Biology,
. D. Anderson Cancer Center, Houston, Texas 77030

eceived August 21, 1999
a
s
W
d
t
c
f
t
S
m
t
t
t
o
m
1
l
o
a
s

b
e
c
g
T
c
s
e
n
p
a
a
n
t
F
e
m
b

Differential display was used to identify a novel ser-
in (headpin) underexpressed in squamous cell can-
ers of the oral cavity. Headpin cDNA encoding a com-
lete open reading frame was cloned and sequenced.
eadpin is expressed in normal oral mucosal tissue,

kin, and cultured keratinocytes. Using Northern
nalysis and relative reverse-transcription polymer-
se chain reaction (relative RT-PCR), downregulation
f headpin mRNA expression was demonstrated in
ral cavity squamous carcinomas. Northern blot anal-
sis identified a 3.3-kb headpin mRNA transcript.
eadpin is a 391-amino-acid protein with a theoretical
olecular weight of 44 kDa. Hinge region homology at

he reactive site loop suggests that headpin belongs to
he inhibitory class of serine protease inhibitors.
eadpin was mapped to 18q21.3/18q22. This region in-

ludes the ovalbumin serpins (ov-serpins) maspin,
CCA1, SCCA2, and PAI-2. Furthermore, 18q is recog-
ized as a region for frequent loss of hetero-
ygosity (LOH) in head and neck cancer and other
alignancies. © 1999 Academic Press

Serine proteinase inhibitors (serpins) comprise a di-
erse group of proteins that form a superfamily that
lready includes more than 100 members from such
iverse organisms as viruses, plants and humans. Ser-
ins have evolved over 500 million years and diverged
hylogenetically into proteins with inhibitory function
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The GenBank accession number given to headpin is AF169949.
1 To whom correspondence should be addressed at Department of
ead and Neck Surgery, University of Texas M. D. Anderson Cancer
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299
nd non-inhibitory function (1). Noninhibitory serpins
uch as ovalbumin lack protease inhibitory activity (2).
hether or not a serpin possesses inhibitory function

epends strongly on the consensus sequence located in
he hinge region of the reactive site loop near the
arboxy-terminus of the coding region. The primary
unction of serpin family members appears to be neu-
ralizing overexpressed serine proteinase activity (3).
erpins play a role in extracellular matrix remodeling,
odulation of inflammatory response and cell migra-

ion (3). In humans, serpins may be present both in-
racellularly and extracellularly (4). Serpin families
end to cluster at specific chromosomal locations. The
v-serpin family clusters at 18q21.3 and includes
aspin, SCCA1, SCCA2 and PAI-2 (4, 5). The

8q21-23 chromosomal region exhibits frequent site of
oss of heterozygosity in head and neck carcinomas and
ther solid malignancies (6–8). Interestingly, this is
lso the locus of maspin, which behaves as a tumor
uppressor (9).
Using differential display reverse transcription-

ased PCR (DDRT-PCR) to compare normal squamous
pithelium and squamous cell carcinomas of the oral
avity we identified a differentially expressed novel
ene fragment with homology to the serpin family.
hrough a combination of 59 rapid amplification of
DNA ends (59 RACE) analysis and cDNA library
creening the entire open reading frame of the differ-
ntially expressed gene was determined to encode a
ovel, previously uncharacterized member of the ser-
in family, which we have designated headpin (head
nd neck serpin). We have cloned, sequenced and ex-
mined expression patterns in normal tissues of this
ew member of the serpin superfamily and mapped it
o a locus within the serpin cluster on chromosome 18q.
urthermore, we have demonstrated reduced headpin
xpression in oral cavity carcinomas compared to site-
atched normals by relative RT-PCR. Based on a com-

ination of characteristics, we believe that headpin is a
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
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ember of the ovalbumin family of the inhibitory class
f serpins with as yet undetermined function.

ATERIALS AND METHODS

Materials. All oligonucleotide primers were synthesized and car-
ridge purified by Genosys Biotechnologies, Inc. (The Woodlands,
X). Superscript II (GibcoBRL, Gaithersburg, MD) reverse tran-
criptase was used in all reverse transcription reactions. Sequencing
f differential display products was performed by using the Seque-
ase Kit (Amersham, Piscataway, NJ). Sequencing of cDNA clones
or sequence establishment and confirmation of headpin was per-
ormed by the MDACC DNA core facility. Differential display was
erformed using the Differential Display Kit (Display Systems Bio-
ech, Vista, CA).

Cloning and sequence analysis of headpin. The differential dis-
lay fragment corresponding to headpin was sequenced and Gen-
ank was searched using the BLASTN program at the National
enter for Biotechnology Information (NCBI) in the non-redundant
atabase (http://www.ncbi.nlm.nih.gov). The GenBank search
atched our fragment to 40 bp of a partial cDNA fragment HUR 7

Accession No. X98307). A limited 59 RACE (Boehringer-Mannheim,
ndianapolis, IN) was performed using nested anti-sense primers to
he combined headpin-HUR 7 sequence. Subsequently, a lambda
t11 phage human foreskin keratinocyte cDNA library (Clontech,
alo Alto, CA) was screened using the extended headpin cDNA as a
robe. The positive plaques were selected and their cDNA were
solated, subcloned into a Topo TA Cloning kit system (Invitrogen,
arlsbad, CA), and sequenced. A full-length cDNA fragment cover-

ng the open reading frame was also generated by polymerase chain
eaction (PCR) and eight independent clones confirmed the sequence
f headpin.

Relative RT-PCR. Samples were obtained from normal and tu-
or site-matched biopsy tissue from five patients with squamous cell

arcinomas. Tissue acquisition was obtained for a protocol of tumor
anking which is approved by the institution’s surveillance commit-
ee. The tissues were homogenized and the total RNA was extracted
sing Trizol Reagent (GibcoBRL). In addition, total RNA was also
xtracted from seven established head and neck tumor cell lines and
rimary cultures of normal oral epithelial cells. RT reactions of the
iopsy tissue specimens were performed in duplicate using 2 mg of
otal RNA. Those of the cell lines were performed in single reactions
sing 2 mg of total RNA.
Probes specific for the 39 end of headpin were chosen that had the

east nucleotide identity to other closely-related serpins. The head-
in probe sense primer was 59-GTCCAGGGCATATGGAAGAA-39
nd the antisense was 59-GGGATGATTGCAGTG-AACATT-39. Prior
o relative RT-PCR, a PCR titration using two dilutions (1:20, 1:200)
f our highest-expression biopsy specimen was performed to estab-
ish the PCR conditions that were in the linear range for detecting
eadpin. After the appropriate PCR cycle number was determined,
e performed relative RT-PCR on duplicate RT reactions of biopsy

pecimen total RNA under the following PCR conditions; a hot start
t 94°C for 30 s followed by 28 cycles of 94°C 3 30 s, 59°C 3 40 s and
2°C for 1 min and a 7-min extension at 72°C. The 18S competimer:
rimer system (Ambion, Austin, TX) designed to PCR amplify a
ragment of 18S RNA was used as an internal control for normaliza-
ion of PCRs. At a competimer:primer ratio of 8:2, the 18S product
as also in linear range. Relative RT-PCR products were resolved on
% polyacrylamide gels in 0.5% Tris/Acetic acid/EDTA buffer run at
8 W. Stoffel Taq polymerase (Perkin–Elmer, Norwalk, CT) was
sed for the relative RT-PCR.

Northern blot analysis. A human multiple tissue Northern blot
lter containing 2 mg of poly (A)1 RNA was purchased from Clontech
nd hybridized in Rapidhyb buffer (Amersham) at 65°C for 2.5 h.
ith headpin cDNA (nt 815–1107) radiolabeled with [a-32P]dCTP.
300
hen washed twice in 13 SCC/0.1% SDS at 65°C. An additional
orthern blot was done to confirm transcript size and compare
ormal and tumor transcript expression. 5 mg of total RNA from a
ormal and patient matched squamous cell carcinoma was loaded
nto a denatured polyacrylamide gel and run on a horizontal gel
pparatus. The RNA was transferred to a nylon membrane overnight
nd the membrane was hybridized to the headpin probe.

Radiation hybrid (RH) mapping of headpin. To determine chro-
osome localization of the headpin gene, we performed RH mapping
sing the GeneBridge 4 RH panel (Research Genetics, Huntsville
L) with a set of primers located within the putative exon 8 (5).
ppropriate positive (donor) and negative (receptor) controls were
erformed before performing the PCR-based assay and submitting
he results to the Whitehead genome server at http://www-
enome.wi.mit.edu/cgi-bin/contig/rhmapper.pl.

ESULTS AND DISCUSSION

Isolation and characterization of headpin cDNA.
e analyzed 5 normal and 5 tumor patient-matched

pecimens from oral cavity squamous epithelium using
DRT-PCR. After subcloning and sequencing one of

he differentially expressed fragments, we conducted a
earch of all NCBI/NIH nucleotide data banks. The
ifferentially displayed fragment matched 40 bp at the
9 end of a 412-bp partial sequence called HUR 7 in the
on-redundant database, which encodes an open read-

ng frame, stop site and putative poly-adenylation tail
10). After performing a limited 59 RACE to extend the
pen reading frame, we screened a human keratinocyte
DNA using a hybrid headpin-HUR 7 probe and ob-
ained the remaining headpin sequence from a series of
verlapping clones. Headpin diverges from HUR 7 at
he 39 end and contains a considerably longer open
eading frame.
The coding sequence of the 1173 nucleotide headpin

DNA and corresponding amino acid sequence encoded
herein are shown in Fig. 1. The predicted start methi-
nine is located 30 bp downstream from the 59 end of
he cDNA fragment and is included in the single open
eading frame of 391 amino acids. Headpin has a pre-
icted Mr of 44 kDa and a calculated pI of 5.5.
The reactive site loop (RSL) located approximately

0–50 amino acids from the carboxy-terminus is a
ariable region among serpins and is the domain which
inds to the active site of serine proteinases (3). Situ-
ted at the amino-terminus of the RSL is a highly
onserved region known as the hinge region (P15–P9)
P-numbering system according to Schechter and
erger) which predicts whether or not a serpin behaves

n an inhibitory capacity (11). The consensus sequence
or the hinge region that predicts whether a serpin
elongs to the inhibitory class is GTXAAAAT where
hreonines are located at P14 and P8 (12). The pre-
icted hinge region sequence for headpin is
TEAAAAT (Fig. 2) and thus adheres strictly to the

onsensus sequence suggesting that it is an inhibitory
erpin. Mutations in this region dramatically affect an
nhibitors ability to function (3). Another region in the
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SL (known as the scissile bond site) located at the
utative P1–P19 of the inhibitory serpins involves the
ighly specific binding of the target proteinase. This
pecific covalent binding initiates a series of conforma-
ional changes that render the proteinase inactive (13).
he scissile bond site of headpin is threonine and
erine at P1 and P19, respectively (Fig. 2). Among in-
ibitory serpins, serine often occupies the P19 position

12).

Homology of headpin with ov-serpins. A comparison
f amino acid sequences of headpin and other serpins
sing the Clustal W protein comparison site at the Eu-
opean Bioinformatics Institute (http://www2.ebi.ac.uk/
lustalw/) revealed 59, 58, and 42% overall sequence
dentity with other closely related ov-serpins SCCA1,

FIG. 1. cDNA sequence and deduced amino acids of headpin. The
he primer sets used for both the relative RT-PCR and synthesis o
ucleotide sequence.
box indicates the hinge region of the reactive site loop. The position of
f the probe for the Northern blots are indicated by arrows below the
301
FIG. 2. Comparison of reactive site loop sequences in headpin
ith other ov-serpins. Consensus hinge region is identical to head-
in. SCCA1, squamous cell antigen 1; SCCA2, squamous cell antigen
; PAI2, plasminogen activator inhibitor-2. The numbers of the
mino acids correspond to the nomenclature of Schechter and Berger
11). The location of the scissile bond and the conserved P19 serine
re indicated.
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CCA2, and PAI-2, respectively (Fig. 3). Interestingly, we
lso cloned a variant of headpin that contains the amino
cid insert VRIKAEGKE located between amino acids 75
nd 76. This insertion lies within helix C of the protein
rystal structure of serpins and would be expected to
ffect the highly variable interhelical region between he-
ices C and D (2). The insertion is completely in frame and
as been confirmed in full-length clones generated by
T-PCR. HUR 7 does not conform to the standard serpin
attern because it lacks a hinge region, reactive site loop
nd prematurely truncates (Fig. 3). Many members of the
v-serpin family rely on an internal signal peptide rather
han traditional signal sequences that allow individual
erpins to be either secreted or remain within the cyto-

FIG. 3. Alignment of the headpin amino acid sequence with oth
eadpin variant (headpinvar) and HUR7 are also indicated.
302
lasm. As with all ov-serpin family members, headpin
as a penultimate serine residue rather than an aspara-
ine and lacks a cleavable hydrophobic signal sequence
ound in the larger serpin superfamily (2, 4). Based on the
eatures such as amino acid identity and structural lack
f cleavable signal sequence, headpin is very likely a new
ember of the ov-serpin family (2).

Northern blot and multiple tissue northern (MTN)
lot analysis. Northern blot analysis was performed
o establish the length of headpin RNA transcript.
otal RNA from normal and tumor biopsy specimens
erived from the oral cavity were hybridized to a head-
in specific cDNA probe. A 3.3-kb mRNA band was

erpins. Asterisk (*) indicates the stop codon. The sequences for the
er s
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isible in the lane containing normal mucosa, but no
ignal was present from the tumor sample (Fig. 4A).
his transcript size is comparable to the 3.0-kb mRNA
pecies encoding maspin, but is longer than the 1.7 kb
RNA reported for SCCA1 (8, 14). The 12-lane MTN

lot demonstrated no detectable hybridization signals
rom any of the different normal tissue types (Fig. 4B).
eadpin transcript was also detected in normal skin by
T-PCR (data not shown).

Differential tissue expression of headpin. Differen-
ial expression of headpin was demonstrated by relative
T-PCR. Once headpin had been cloned and sequenced,
eadpin specific primers were chosen that would specif-

cally amplify the headpin message from reverse tran-
cribed total RNA obtained from the biopsy normal and
umor specimens. The results of relative RT-PCR data
emonstrating the underexpression of headpin in tumor
amples compared to their normal counterparts are seen
n Fig. 5. Reverse transcription reactions of the total

RNA from the tissue samples were run in duplicate.
he expression pattern illustrates clearly that patient

umor biopsy samples, T1, T2, T3, and T4 produce the
eadpin message in substantially lower amounts than
heir normal counterparts. The mechanism for the loss of
eadpin in squamous carcinoma may be mutation, dele-

FIG. 4. Detection of the headpin transcript in normal squamous
pithelium. (A) Northern blot of 5 mg of total RNA extracted from
umor (T) and normal (N) biopsy specimens of the oral cavity. (B)
orthern blot of 2 mg of poly(A)1 RNA extracted from multiple
uman organs. Northern blots were probed with a headpin specific
DNA probe as indicated in Materials and Methods.

FIG. 5. Relative RT-PCR of headpin transcript in normal and
umor site-matched biopsy specimens. The positions of headpin and
he control (18S RNA) are indicated by arrows. Normal mucosal
iopsy specimen samples are indicated by “N” and tumor biopsy
amples by “T.”
303
ion or downregulation, but is presently unknown. Addi-
ionally, we examined 7 established head and neck tumor
ell lines and found headpin expressed in significantly
ower amounts compared to the normal biopsy specimens
ased on the addition of equal amounts of cDNA in the
T-PCR mixture (data not shown). Currently, the conse-
uences of headpin downregulation in squamous cell car-
inoma of the head and neck is not known. However, one
ossibility is that headpin expression could be disadvan-
ageous to tumor invasion mechanisms that rely on pro-
eolytic degradation of extracellular matrix proteins.

Localization of headpin to chromosome 18q. We uti-
ized radiation hybrid mapping to determine the chro-

osomal location of headpin. The results of the map-
ing study place headpin between the markers WI-
461 and CHLC.GATA2E06 which locates in the area
f 18q21.3/18q22 (Fig. 6). This establishes headpin
mong the other ov-serpins such as SCCA1, SCCA2,
lasminogen activator inhibitor-2 (PAI-2) and maspin
4). This area of chromosome 18 is actively studied
ecause of the known breakpoints and LOH that occur
n 18q in head and neck cancer and others (6, 9, 15–
7). Already, four members of the ov-serpin family
ave been mapped to a 600-kb region within 18q21.3/
8q22; cen-maspin, SCCA2, SCCA1, PAI-2-tel (4).
aspin, a class II tumor suppressor gene, is downregu-

ated in mammary epithelial carcinoma (18). The loss
f expression of maspin DNA is a consequence of reg-
latory changes rather than genomic changes (19).
eadpin may represent an equivalent gene to maspin

n head and neck cancer.
Headpin is a differentially expressed, novel serine pro-

einase inhibitor that belongs to the ov-serpin family and
emonstrates a hinge region consensus sequence that
redicts an inhibitory function. Headpin was cloned from
keratinocyte cDNA library and its expression pattern

y Northern blot analysis indicates that it is most likely
roduced by keratinizing epithelium. The endogenous
xpression of headpin in normal oral keratinocytes and
ts absence or downregulation in squamous cell carci-
oma of the oral cavity raises the question of whether

FIG. 6. RH mapping of human headpin. Headpin is located be-
ween WI-4461 and CHLC.GATA2E06 which locates at 18q21.3.
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eadpin may be a marker for squamous differentiation or
gene disadvantageous to tumor function. Headpin has

een grouped into the cluster of serpins located at chro-
osome 18q21.3/18q22. This region is a known area for
OH and other deletional events often associated with
ead and neck cancer.
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