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ABSTRACT: Heparin cofactor II (HCII) is a 66-kDa plasma glycoprotein that inhibits thrombin rapidly
in the presence of dermatan sulfate or heparin. Clones comprising the entire HCII gene were isolated from
a human leukocyte genomic library in EMBL-3 A phage. The sequence of the gene was determined on both
strands of DNA (15849 bp) and included 1749 bp of 5’-flanking sequence, five exons, four introns, and
476 bp of DNA 3’ to the polyadenylation site. Ten complete and one partial Alu repeats were identified
in the introns and 5’-flanking region. The HCII gene was regionally mapped on chromosome 22 using
rodent—human somatic cell hybrids, carrying only parts of human chromosome 22, and the chronic mye-
logenous leukemia cell line K562. With the cDNA probe HCII7.2, containing the entire coding region of
the gene, the HCII gene was shown to be amplified 10-20-fold in K562 cells by Southern analysis and in
situ hybridization. From these data, we concluded that the HCII gene is localized on the chromosomal
band 22q11 proximal to the breakpoint cluster region (BCR). Analysis by pulsed-field gel electrophoresis
indicated that the amplified HCII gene in K562 cells maps at least 2 Mbp proximal to BCR-1. Furthermore,
the HCII17.2 cDNA probe detected two frequent restriction fragment length polymorphisms with the restriction

enzymes BamHI and HindlIIl.

Heparin cofactor II (HCII)' is a plasma glycoprotein that
inhibits thrombin rapidly in the presence of dermatan sulfate
or heparin (Tollefsen, 1989). HCII cDNA clones have been
isolated, sequenced, and expressed in Escherichia coli (Inhorn
& Tollefsen, 1986; Blinder et al., 1988; Blinder & Tollefsen,
1990; Derechin et al., 1990) and COS cells (Ragg, 1986; Ragg
et al., 1990). A dysfunctional variant of HCIT (HClIl,) with
decreased affinity for dermatan sulfate was characterized by
amplification and sequence analysis of a portion of the HCII
gene (Blinder et al., 1989). Restriction fragment length po-
lymorphisms (RFLPs) with BamHI and Mspl have been
identified in the HCII gene by Southern blot analysis (Blinder
et al., 1988; Turner et al., 1990). In the present investigation,
we determined the complete nucleotide sequence of the HCII
gene, including portions of the 5’- and 3’-flanking sequences,
observed a new HindII1 polymorphism, and identified sites in
the gene at which the BamHI and HindIII polymorphisms may
occur.
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The HCII gene has been assigned to human chromosome
22 by hybridization of a cDNA subclone to DNA from flow-
sorted chromosomes (Blinder et al., 1988). Chromosome 22,
although minute in size, is involved in inherited as well as in
acquired diseases. About a dozen diseases including seven
different malignancies have been characterized at the cyto-
genetic or phenotypic level or both (Kaplan et al., 1987; Kaplan
& Emanuel, 1989).  Analysis of the molecular pathology of
chromosome 22 is greatly facilitated by the use of regionally
assigned DNA probes that recognize RFLPs. Therefore, we
regionally mapped the polymorphic HCII gene using somatic
cell hybrids containing only parts of chromosome 22 and the
chronic myelogenous leukemia (CML)-derived cell line K562.
In addition, a more detailed analysis was achieved by using
pulsed-field gel electrophoresis for a long-range map sur-
rounding the HCII locus.

MATERIALS AND METHODS

Probes. HCI117.2 and HCI17.3 are 1.6- and 0.6-kb EcoR1
fragments subcloned into pGEMblue, corresponding to 5’ and
3’ portions of the HCII ¢cDNA, respectively (Blinder et al.,

! Abbreviations: HCIT, heparin cofactor IT; RFLP, restriction frag-
ment length polymorphism; serpin, serine proteinase inhibitor; PCR,
polymerase chain reaction; CML, chronic myelogenous leukemia; BCR,
breakpoint cluster region; Mbp, megabase pair(s).
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1988). IGLV (pVL3.3) is a 3.3-kb BamHI fragment of a
genomic clone (V4A) containing a gene of the human im-
munoglobulin A light-chain gene cluster subcloned into pUC12
(Julier et al., 1985). D22S10 (22c1-18) is an anonymous 2-kb
human genomic Sau3A fragment subcloned into pUC12
(Hofker et al., 1985). BCR is a 1.9-kb HindI11/Bgl1I frag-
ment of the breakpoint cluster region (Groffen et al., 1984).
IGLYV, D22S10, and BCR have been localized to chromosomal
band 22q11 (Kaplan & Emanuel, 1989). phom37H is a hu-
man anonymous single-copy 1.4-kb HindllI fragment sub-
cloned into pTZ19 that was mapped previously to 22q12-qter
(Metzdorf et al., 1990). The inserts were labeled with [a-
32P]dATP or [«-*?P]dCTP by the random primer method
(Feinberg & Vogelstein, 1984).

Isolation of HCIlI Genomic Clones. A human leukocyte
genomic library in EMBL-3 X phage (Clontech Laboratories)
was propagated in E. coli LE392 and plated at a density of
50000 phage per plate (150 mm) on 10 plates. Duplicate
nitrocellulose (Schleicher & Schuell) lifts were hybridized to
32p.labeled HCI17.2 and HCII7.3 (Blinder et al., 1988) to
select clones containing the 5’ and 3’ ends of the HCII gene.
Positive phage were plaque-purified. Phage A DNA was pu-
rified by the liquid-lysis method of Garber et al. (1983).
Inserts were isolated by digestion of the purified EMBL-3 A
DNA with Sall, followed by agarose gel electrophoresis. The
restriction fragments were electroeluted from the gel by using
a Schleicher & Schuell Elutrap and ligated into the Sa/l site
of Bluescript KS phagemid (Stratagene). Large-scale prep-
arations of double-stranded plasmid DNA were purified ac-
cording to Davis et al. (1986) using poly(ethylene glycol).

DNA Sequence Analysis. Plasmid DNA was subjected to
alkaline denaturation for 5 min at 85 °C according to Tone-
guzzo et al. (1988). Sequence analysis was performed by a
modification (Hattori & Sakaki, 1986) of the dideoxy-
nucleotide method of Sanger et al. (1977), in which modified
T7 DNA polymerase (Sequenase, United States Biochemical
Corp.), deoxyadenosine [a-33S]thiotriphosphate, and 6% de-
naturing polyacrylamide gels were employed. Primers were
synthesized in the Protein Chemistry Facility of Washington
University to obtain overlapping sequences on both strands
of DNA. The sequences of difficult areas of high G/C content
or other secondary structure were determined by inclusion of
7-deaza-2’-deoxyguanosine 5'-triphosphate or dITP (Barnes
et al., 1983; Gough & Murray, 1983; Mizusawa et al., 1986)
in the sequencing reactions. DNA sequences were analyzed
on a VAX/VMS computer using software obtained from the
University of Wisconsin Genetics Computer Group (Devereux
et al., 1984).

Polymerase Chain Reaction. Genomic DNA was amplified
by the polymerase chain reaction (PCR) as described in a
previous report (Blinder et al., 1989). The PCR products were
purified by agarose gel electrophoresis and sequenced directly
or cloned into Bluescript KS prior to sequencing.

Somatic Cell Hybrids and K562 Cells. The regional
localization of the HCII gene on chromosome 22 was per-
formed with the mouse—human cell hybrid PgMe25Nu, which
contains only chromosome 22 as the human complement (de
Klein et al., 1982), and two Chinese hamster—human cell
hybrids, 1/22 AM-27 (Geurts van Kessel et al., 1980) and
11/22 A3EW2-6A (Geurts van Kessel et al., 1985), containing
translocation chromosomes carrying only parts of human
chromosome 22. K562 is a CML-derived cell line with am-
plification of the BCR-ab! fusion gene and other sequences
of 22q11 on a marker chromosome (Heisterkamp et al., 1983;
Selden et al., 1983) (gift of P. Ambros, Wien).
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Southern Blot Analysis. The DNA of the somatic cell
hybrids and placenta was isolated according to Miilienbach
et al. (1989). Human DNA and DNA of K562 cells were
isolated by preparing agarose blocks (Van Ommen & Verkerk,
1986). White blood cells were obtained by isotonic lysis of
whole blood, and K562 cells were collected by using standard
procedures. Prior to digestion, agarose blocks containing 4-5
ug of genomic DNA were equilibrated in 0.5 mL of the ap-
propriate restriction buffer for 2 h at room temperature. Upon
removal of the restriction buffer, the blocks were melted at
65 °C for 5 min and then kept at 37 °C for 10 min. There-
after, 25-50 units of the restriction enzyme was added, and
the samples were incubated for 68 h. The liquid blocks were
dry-loaded onto 0.6-0.8% agarose gels and allowed to solidify
at 4 °C for 10 min before electrophoresis. After transfer to
a Zetaprobe membrane (Bio-Rad) using 0.5 M NaOH/1 M
NaCl, the filters were neutralized in 0.5 M Tris-HCl/3 M
NaCl, pH 7.0, and air-dried. Hybridization was carried out
at 65 °C overnight in the following solution: 4X SET (0.6
M NaCl, 8 mM EDTA, and 0.12 M Tris-HCI, pH 7.4), 10%
dextran sulfate, 1% SDS, 0.1% sodium pyrophosphate, and
0.1 mg/mL sheared denatured herring sperm DNA. Filters
were washed to a final stringency of 0.1% SDS/0.1X SSC (15
mM NaCl/1.5 mM sodium citrate, pH 7.0) at 65 °C.

Pulsed-Field Gel Electrophoresis. Partial and complete
digests of K562 DNA in agarose blocks were performed in
50 uL of restriction buffer for 6-8 h. DNA was separated
in the hexagonal Pulsaphor apparatus (Pharmacia) as de-
scribed previously (Metzdorf et al., 1990).

In Situ Hybridization. Metaphase chromosome spreads
were prepared by using standard procedures. In situ hybrid-
ization was performed according to Mattei et al. (1985) using
3H-labeled DNA with minor modifications. Following hy-
bridization and extensive washing, the slides were dipped in
photographic emulsion (Kodak NTB 2) and exposed for 14
days at 4 °C. Chromosomes were GTG-banded (Seabright,
1971).

RESULTS

Isolation of HCII Genomic Clones. Two overlapping clones
comprising the complete HCII gene were isolated from a
human leukocyte genomic library in EMBL-3 A phage. Ap-
proximately 500000 plaques were screened with cDNA probes
HCII7.2 and HCII7.3 (Figure 1A); 21 plaques were positive
with both probes, and 3 were positive with HCII7.2 only. Sall
digestion of inserts from clones that were positive only with
HCII7.2 yielded 9.2- and 5.6-kb fragments, whereas inserts
from clones that were positive with both probes yielded
fragments of 7.4, 4.2, and 2.5 kb. Only the 2.5-kb fragment
hybridized to HCII7.3, indicating that this fragment contained
the 3’ end of the gene. Each of the Sa/l fragments was ligated
into Bluescript KS phagemid and amplified for further re-
striction mapping and sequence analysis. Restriction mapping
of the five cloned fragments with Drall, BamHI, EcoRI, PstI,
and Smal indicated that the 9.2- and 4.2-kb fragments ov-
erlapped, as did the 7.4- and 5.6-kb fragments, resulting in
the arrangement shown in Figure 1B.

DNA Sequence Analysis. The sequence of 15849 conti-
guous base pairs of DNA comprising the HCII gene is shown
in Figure 2. The structure was determined by sequencing the
9.2-, 7.4-, and 2.5-kb Sa!/l fragments using a series of synthetic
oligonucleotide primers that hybridized to the DNA at in-
tervals of 200-300 nucleotides to yield overlapping sequences
on each strand of DNA. Both strands of DNA were sequenced
in their entirety for the region spanned by the two arrows
shown in Figure 2. Both of the internal Sal/l sites in the A
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FIGURE 1: HCII cDNA probes and genomic clones. (A) Partial restriction map of human HCII cDNA clones. HCII7.1 was isolated from
a partial EcoRI digest of a human liver Agtl1 clone (Blinder et al., 1988). HCII7.2 and HCII7.3 were prepared from HCII7.1 by cleavage
of the internal EcoR1 site. HCIT1.2 was isolated separately from the same library (Inhorn & Tollefsen, 1986). Nucleotides are numbered
according to Blinder et al. (1988). (B) Partial restriction map of two clones isolated from a human genomic library in EMBL-3 X phage by
hybridization to cDNA probes HCII7.2 and HCII7.3. The arrows indicate the boundaries of the DNA sequence shown in Figure 2. Nucleotides
are numbered according to Figure 2. The shaded areas represent exon regions. The fragment sizes of the cDNA probes and the Sall genomic

fragments are indicated by the numbers above each solid bar.

clones occurred in exons (see below) and were located by
inspection of the cDNA sequence (Blinder et al., 1988). To
rule out the presence of an unsuspected intron at one or both
of the Sall sites, genomic DNA was amplified by PCR with
primers spanning these sites (data not shown). The sequences
of the PCR products were consistent with the structure shown
in Figure 2.

Nucleotide +1 represents the first nucleotide of the longest
reported cDNA (Ragg & Preibisch, 1988). Alignment of the
genomic and cDNA sequences indicated that the gene consists
of five exons and four introns. All of the intron—exon
boundaries obey the AG/GT rule and are identical with those
reported for “human leuserpin 2” (i.e., HCII) by Ragg and
Priebisch (1988). The largest intron (5151 bp) occurs between
the first and second exons in the 5'-noncoding region of the
gene, whereas the other three introns (3770, 1757, and 728
bp in length) interrupt the coding sequence of the gene.
Computer analysis revealed seven Alu repetitive sequences on
the coding strand and 3.5 Alu repeats on the complementary
strand of DNA. The repetitive sequences occurred in the
5-flanking region and the first three introns of the HCII gene
(Figure 2). Table I indicates differences between the genomic
sequence in Figure 2 and the previously reported cDNA
(Blinder et al., 1988; Ragg, 1986) and partial genomic (Ragg
& Preibisch, 1988) sequences; these differences may represent
polymorphisms in the HCII gene.

BamH1 and Hindlll Polymorphisms. As reported previ-
ously (Blinder et al., 1988), hybridization of the partial cDNA
probe HCII1.2 to genomic DNA detected a BamHI RFLP.
In the present study, the BamHI RFLP was confirmed with
HCI17.2, which yielded two polymorphic bands of 2.8 and 2.4
kb and three invariant bands of 9.5, 4.6, and 1.3 kb (data not

Table I: Differences in Previously Reported Sequences

nucleotide
gene
cDNA cDNA (Ragg &
gene (this (Blinder et (Ragg, Preibisch,
position study) al., 1988) 1986) 1988)
-1040 C
-992 C a
-800 A AT®
-181 G A
36 A C A
5210 C a
5718 T (Gly)* C (Gly) T (Gly)
5924 A (Lys) G (Arg) A (Lys)
12915 T (His) C (His) C (His) T (His)

aNucleotide deletion. ?Nucleotide insertion. ¢Codon in which nu-
cleotide occurs.

shown). The frequencies obtained with a total of 33 individuals
were 0.56 for allele 1 (2.8 kb) and 0.44 for allele 2 (2.4 kb).
In addition, the probe HCII7.2 comprising the entire coding
sequence of the HCII gene detected a HindIII RFLP that was
not apparent with the probe HCII1.2. Southern blots of
Hindll1-digested genomic DNA from 20 unrelated individuals
probed with HCII7.2 yielded 3 polymorphic fragments; allele
1 consisted of a 20-kb fragment, whereas allele 2 comprised
2 fragments of 2.5 and 17.5 kb. The frequencies of alleles 1
and 2 were 0.55 and 0.45, respectively. Mendelian inheritance
of the HindIIl polymorphism is depicted in Figure 3.

A partial restriction map of the sequence of the HCII gene
is shown in Figure 4. The regions of the gene to which the
cDNA probe HCII7.2 hybridizes are also indicated. It is
unlikely that restriction fragments derived from exon 1 are
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detected by HCII7.2, since the probe contains only 9 bp of
DNA capable of hybridizing to this region. The BamHI
fragments predicted from the gene sequence correspond rea-
sonably well to the BamHI (allele 2) fragments observed on
Southern blots probed with HCII7.2. Point mutations (as-
terisk) abolishing the BamHI site in intron 4 would result in
the pattern observed for BamHI allele 1 and thereby explain
the RFLP.

The single HindlII fragment predicted from the gene se-
quence corresponds to that observed for HindIII allele 1 by
Southern blot analysis. A single base pair substitution at
nucleotide position 6259 (G — T) would create a HindIII site
in intron 2, resulting in the 2.5-kb fragment of HindIII allele
2 (Figure 4). The restriction map reported by Ragg and
Priebisch (1988) included a Hind11l site near the 5’ end of
intron 2, suggesting that a mutation at this location has oc-
curred.

Chromosome Mapping. For regional assignment of the
HCII gene, Southern blots of HindIII-digested DNA isolated
from the somatic cell hybrids were hybridized to the radio-
labeled probe HCI17.2. Both hamster and mouse genomic
DNA hybridized weakly to the probe, yielding two fragments
each (15 and 3.5 kb for hamster; 15 and 2.9 kb for mouse).
The HCII7.2 probe hybridized strongly to a 20-kb HindII1
fragment from the hamster-human hybrid AM-27, which
contains the proximal part of human chromosome 22, but did
not hybridize to the hamster-human hybrid AJEW2-6A,
containing the distal part of human chromosome 22 (Figure
5). These results indicate that the HCII gene is located on
22p-q11.2. In a control experiment, the same Southern blot
was hybridized to an anonymous chromosome 22 specific probe
(phom37H) known to map to 22ql12-qter (Metzdorf et al.,
1990). phom37H hybridized to A3JEW2-6A, but not AM-27,
thereby mapping phom37H even more distal on chromosome
22 (q13.1-qter).

Since the short arm of chromosome 22 is essentially made
up of heterochromatin, we speculated that the HCII gene is
located within 22q11. Therefore, we decided to sublocalize
the HCII gene with the CML-derived cell line K562. K562
cells have amplified the BCR-ab! fusion gene and sequences
of 22q11 on a marker chromosome (Heisterkamp et al., 1983;
Selden et al., 1983). Hybridization of the HCII7.2 probe to
Hindll1-digested DNA from K562 cells gave a 10-20-fold
greater signal as compared to normal placenta DNA (Figure
5), indicating that the HCII gene maps within the amplified
region in 22q11. Hybridization to the control probe phom37H
showed the same signal intensities of bands in placenta and
K562 DNA. The results are summarized in Figure 6.

In addition, in situ hybridization to metaphase chromosomes
from K562 cells was performed. In 32 mitoses evaluated, 519
grains were associated with metaphase chromosomes; 29.1%
(n = 151) of all grains were found on the normal chromosome
22, and a strong accumulation (256 grains; 49.1%) on an
acrocentric marker chromosome was noted. Distribution of
the grains on chromosome 22 was 7.9% (n = 12) on 22pter-
pil.1, 78.1% (n = 118) on 22cen-q12, and 13.9% (n = 21)
on 22q13-qter. This result confirmed our localization with
the somatic cell hybrids and K562 cells.

Neighborhood analysis of the HCII gene with probes known
to be amplified in K562 cells as well as IGLV, BCR, and
D22S10 (Budarf et al., 1989) was performed by using
pulsed-field gel electrophoresis. A series of complete and
partial digests of K562 DNA with the rare cutting enzymes
Nrul, Notl, Mlul, and Spll produced fragments in the range
of 1.5-7.0 megabasepairs (Mbp). Various overlapping frag-
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ments with BCR and D22S10 indicate that the HCII gene
maps at least 2 Mbp proximal to BCR and is localized in the
vicinity of D22810 (data not shown).

DiscussioN

We have isolated clones comprising the entire HCII gene
from a human leukocyte genomic library in EMBL-3 A phage.
Sequence analysis of two overlapping clones confirmed the
organization of the HCII gene proposed by Ragg and Preibisch
(1988). As these investigators pointed out, the positions of
the introns in the HCII gene are highly conserved in the genes
for «-antitrypsin and angiotensinogen; the introns are not
conserved in genes for some of the other homologous members
of the serpin family, including antithrombin III. The HCII
gene contains 10 complete Alu repetitive sequences and 1
partial Alu repeat (Schmid & Jelinek, 1982). In addition, 7
open reading frames =300 nucleotides in length were identified
in the 5’-flanking region and in introns 1, 2, and 4. Portions
of three of the open reading frames located at nucleotide
positions ~1459 to —1334, -112 to -11, and 7379-7501 appear
to be nonrandom coding sequences as defined by Fickett
(1982); however, none of the open reading frames codes for
a known protein or peptide.

The transcription initiation site of the HCII gene has not
been determined with certainty and may, in fact, be hetero-
geneous. S1 nuclease protection experiments revealed 6 po-
tential initiation sites spanning ~ 100 nucleotides (Ragg &
Preibisch, 1988). The TATA-like sequence TTATTTA occurs
at positions ~67 to 61 downstream from the first transcription
initiation site, and an inverted CCAAT sequence (ATTGG)
occurs at positions —-75 to —71. Whether these elements
comprise the promoter of the HCII gene remains to be de-
termined. Further inspection of the 5’-flanking sequence
demonstrates three inverted acute-phase squences (TCCCAG)
(Adrian et al., 1986; Fowlkes et al., 1984) at —1128 to —-1123,
-967 to —962, and —360 to —355 that may mediate an increase
in HCII biosynthesis during the acute-phase reaction (Sandset
& Andersson, 1989).

The HCII gene sequence was localized to chromosomal
band 22911, a region in the human genome of remarkable
association with human pathology. Chromosomal band 22q11
represents only 0.25% of the haploid autosomal length. Despite
its small cytologic size, it bears significance on a genetic scale
as indicated by its involvement in a number of clinically
relevant human diseases. These include the t(9;22) of CML,
the t(8;22) of Burkitt lymphoma variant, the t(11;22)
(923:;q11) of Ewing’s sarcoma and neuroepithelioma (Emanuel
et al., 1986), the cat eye syndrome, and DiGeorge syndrome
(Carey et al., 1990; Kaplan et al., 1987; Kaplan & Emanuel,
1989). We have demonstrated that the HCII gene is coam-
plified in the CML-derived cell line K562, which contains an
amplified BCR-ab! fusion gene and surrounding sequences
such as IGLV and D22S10 (Budarf et al., 1989). Amplifi-
cation of these sequences is not a characteristic feature of CML
and, to our knowledge, is restricted to K562 cells; thus, we
would not expect overexpression of HCII to occur in CML.
By long-range mapping, we have placed the amplified HCII
gene in the vicinity of D22S10 and BCR in K562 cells. Since
the physical distance of BCR and D22S10 is not precisely
known (Rouleau et al., 1989), from our data we cannot dis-
criminate whether the HCII gene is localized proximal or distal
to D22S10. In addition, we have shown that the HCII gene
is highly polymorphic with two restriction enzymes, HindII1
and BamHI, thus making it useful for linkage analysis within
22q11. A third possible RFLP with Mspl was recently re-
ported (Turner et al., 1990). The HCII gene should aid in
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GGGCTTTGCA TGTGTGAGAA CAAGACAGAG AATGAGGGAG GTGGGCCCCA CGAGGAGTGT GGGCACAGAC AGCAGCCTCT GCCTGTGGTG CCACGCTGAA  -1650
GACTCAGTAT TGTATGTGAC AGATGAAGGC TCTAAGAAGA CAGCTCTGAC AAAAGCTAGA GTGCAARATC AGACTCAGAC ACAACCACCG GTCTGTGTCC  -1550
TGAACACAAT GGACCTTIAC ACTCTGGAAT TTCTCAMACG GNGCAATGCA CAGACACOCC :arccccccc TTGCACACCC GCAGATTCTC g_ggggﬁzgg_k -1450
T T [CTGGGTGOC GACA LGy Al T _TCCAL ARTA -1350
Wm‘r uurﬂm a.cacm*r'm ARAAACAAAT TRTC.RTRAGG’ mmmc cmnmac AGCACTTTGC o -1250
CAGGAGGATC A GGCAACATAG TGAGACCCTG AAAGTCAAAR GTTAGCTAGA : -1150
CAGCTCGGGA GGTTGAGGCT AAGATCACGC = -1050
GCGTGGTGEC TCACGCATGT CITTGGEAGG & -950
 TACTAARART AGTTGGACAT 3 -850
- AGGTTGCAGT CGCACCACTG = -750
TGTCTCARAA CACCCATAAA CACARAATGT ATCACAGCCT CAGAGATCCC -650
CACGAATGCC TAAGTGGCCC TGAATTTGGG AGGCACTGCT CAGTIATAGT CCTATCTGTC CCACAACAGA CAGGAGTGCT GGGCTGCACC TACTGGCAAC -550
AAACACAGCA ACCCTTGACT GAAGAAAGGT CCATGCCACA ATCCCCTTAT TCTGTAAGCC ACTAATTTTG TCCTCTCTCC TCChCCTTTC ACTGAGGhRC =450
GAGCTCTTGG ARGGACAGGG ACACCCGCCT AGTAGCTGAG CCAGCCACAT CAGTCCTGGA GAGCAGGTGG CTGTGA -350
T TGGAGGCAGA TGCATGGTCT CTACTTTCAG CTACCCTCAR TGCAGCCTGG TCCCCAGAGG CCTGAAGAGC GCCTTGTTTA TGTGGTG&CC -250
TCAAGAGGGG CTGCTCCTGC ACCAAGGCTA TGTGTGCATG CTAACACAGT Jw:cswcan AG AGAACTGGAG ATGAGGAGCT y, -150
GCAAGCCACT CTACAGTTAT CAAAGGCACA GCT! k 1 -50
= cDNA Exon .t-—r—l-.tntm 1
ATGCAGCAAC AGCCCAGCAC CAAAGTTCAC ATCARRATCC CACTGATGAC CTTGGCTGCT TTCATCTCTG ARGCGCCACT TCTCAGAAAC ACAGAG GTA 50
AGTTGGGTTT CTAATGTTTC TGCTGATTAT AAATTATTIT TGGTGTTTAC GGATAGGCAA CTGGTTCATT TTTCTAGCAA ACTAAGAATT CAGAAGCTTT 150
CTACACTGTT TTAGAAGTGG GAAATGGTTT CATTTTTCAG TGTGCCTATT ATAAAATTGT GTCAGTTCCA TTGTTGGGAG AGTTGACAAA CTTAGAATAG 250
GAGCTGTGGA ATAGATGAAA ATATTGTACT TATATTAAAT TAATCGAATT GGATAACTGT CCTGTGATTA TGTATGAGAA TATCCTTGCT CTTGGGTATT 350
TTCCCTGAAG TATTAGTATT AAAGGTTAGA GGGGCCGGGT GCAGTGGCTC | TCCCAACACT ;  GATCACGAGG % 450
TCAGGAGTTC A . TGACCAACAT GGTGAAGCCA AGTCTCTACT ABATTAGCTG CACGCGCCTG ?umec_= zgg
'TACTCAGGAG G GAGAATCGCT TARACCCGGG  TGCAGTGAGC GGAGATCGTG CCAGCCTGGA CAACAGAGTT
'AGACTCCGTC AMAAAAMARA AAMAARAGAA AAAATGTTAG AGGAACAAGA TATAGGAGAC CTACTCTCAA ATGGTCTAGA AGARRRAATG 750
TGTATGTGCA TGCCTGTGAG AACACACACG TACGTACACA CACACACAGA TAATGACAGG GCAMAGGTTC CAAAATTTTA AACCTGGTAA ATCTCGGTAC 850
GGGTATACAG GAGTTGTTCT ACTACACTAT TCTTTCAACA TTTTTGGAAG TTTGAACTTA CTTCAAAATA AAAAGTTTTC CAAACTTTAG GCAGTTACTT 950
CTCTCCCATT CTGCCTGCTC TGTTGGGCCT GGAGACCATA CACCAGGAGG GATGACGGTT TATCAAGTGT TATGCTCTGA TGCGTGACTG AAAAGGCCAA 1050
CCCAGCTCTG GCAATTAGCA AGAARGCACA ATATGAARGTT C AMAAAMAGCA AAACAAACTT TTGAATGATT TATCTTTAAR ATATATTGTT 1150
TCTCTTCAMA CAGTAATCTG GATTTAATCA CAACCTAGTG ATAGTTTTTA AACGTCTTCT ACAATGTTTG TTATACTAAA TAGCAAAACA TCAGGAAGAT 1250
TTACCTTCAG ATCTTTAATT TCAATCCATA AAAGATATCA GAGATATTTT CTCCTTCCTC TGGTAAGGGA ATGACGARAA CTATTTTTGG CTTTTTATCA 1350
GATAATGTGG GAACAGGGTA TAAGAAGTTT CCAAATATAA CTTCTGAATA CCGGGATAAA ACATGCATGT CTTTACTCTG CCACTCTATC TGGCCTCAGA 1450
TACGTTTTCC TGAATGCTTA TTTATTCAAG TTGGTTTTTG TTTTGTTCTT TAACCTTATT TTTATCTGAG AAGAAAACAT TTTCCCCCTT TGTTCCTTCT 1550
TCTTTTGGCT TTCTEITTTA C TATGTIGCTC CAGCTGGTCT TGAACTCCTG | ATCCTCCTGC CTTGGCCTCC o 1650
CARGATGCTA AGATTACAGG CTTCTTCTTC TTGATCTTAG CCAAAAGGCC AAGAAGTGAT AAGAGGAGGA cac-n-mc-r 1750
GTAGTTGGGC AAGGAGCCTT CTACCAGCTG CTTACTTTCT TTGTTCCTGA CTTTTAAAAG TGTGTTGCTA TTGATACACA GTCTCCTGAT ATGTAAAATG 1850
CTGGGAGGAT GAAGCTAAGT TACTCAAAGT GCCATTCAGA AACTGGGCCC AGTTCTATTTQGCAGCTACR? ACATTAGAAA TCATTTCTAG AGGCTGAGCA ¥ 1950
i % i . T " GT | 2050
; Ch 2150
» ACTCCAGCCT GGGTGACAGA | mms.uc 2250
GTTTCTAGAA ACTGTTTTCC CGTGTGTAAA CTAGTGGCAC TGCAGCCTGA GGCAGGTGCT GAGATGGGGA CCTGGAARAG GCAACAGGCA TTTTGAGTCA 2350
GAMRACAATGT GACTTTCCTG TGCAATTCAA AAGTCTTTCT TAGTTGTGAC TAAAACAAAC TTTGAACTTA CTATTTCAAC AGTATTATAA 2450
GGGGAAGACC CAAGGAATGG GGGAARACAG CTAGGAAGCT GCTCTGCACG GO CTGGAAGCAT CCTGGTACTC CAGAGCGAAC 2550
AAGGCTGAGC GCTTGATGTG GCTTAACCAA CTTGGTTCGA ATCTAGCCAC TGCCACTTAT TAGTGACAGT GACGAAAGGC TCAGTCTCCT 2650
GATATATAAA ATGTTGGGAG AGTTACACGA AGTGCCTTAT ACAGCGTGTC AGGCATCCAA CAGAGGCCAT TATCAACATT AACCACACTG 2750
ACAGCATTTC AAGCAGAGTA TACCCCATCT TCAGGCCTAC TGAGTTCARA TATTTGCTTA ACAAGAGCAG CCAGTAACTC TTACCTGGCC 2850
TCAACTGGCA GCAGATATTC ATATCTATCT AATAGGAAAT GGTCACAGAC ACAAMATAAG CTTAACAAAA GGCAGTTTTT TTTTGTTTTT 2950
TTTTTGTTTT CTIGTTTTTTG TCACTCTATC CACGGCTCAC TGCAGACTCA AGTGATCCTC 3050
CTCTCAAG' ' u I . 8 3150
3250
CTARITTTIT 3350
CTCAGATGAT CCGCCCACCT AAGTGCTGGG ATTACTGACC TGAGCCACCG CACCCAGCCT ATTTATTTAR TTTTTCACAG AGATGAGGTC T 3450
TTGCTATGTT GCCCACACTG GTCTTGAGCT CCTGGGCTCA AGTGATCITC CTGCCTIGET CTCCCAGTGT TGGGATTATA GGCGTAAGCC ACAGCGOCTG 3550
GCCGGCAGTT CTTTCTGGGG TGATTAGAAG TTGGGACCAT GTATTACCTG TCTGAGTCAG CATTATAAAC ACCTATGGTC ACTGTCCTGG CAARACATGG 5§ 3650
AATCATCAAA GCTCATCTAA CCAGAGTGCA GTTAATAACC AGGAAGTAAG CAAGAGAAAG ACAAAGGATT TGGCAGTCAA AACAGATTTGC ACAGSGCCAAG 3750
TCAGATCCTC CTCTGAACGA GTCAGAGGAA CARATAAAGA CAGGATTGCC ATAATGCCTC TGTGCTAAAA GCTTATCTTG TTTACTTAAA TAAAGGGAGT 3850
GCCCCTCAGG TCTTGAGTAR GAGCTTGCTG ACATCACCCT CACACAGACT TTATCTCTTG TTTCTAACCC TGTGTTAGAA GCAGTAACAC AGAAGATTTA 3950
GTTGCTCCTG ACAGCAGTGG GAGCTATTGT CTAAGAGATA CAAAGGAGAA ARAAGTATAC CTGCAGCAAG TGATATCACC TCTGGGGCTG CCACCACATC 4050
ACCTCACTAC GCCCTGAGGG GGTCTCAGCA CTAGACAAGT TCCAAATCTT TTGCAAATTA AACAACCCCA GGTGGCTTAT GCCTGTAATC w 4150
CCAGCACTTT GGGGGGCTGR GGTGGGTGGA GAGACCAGCC TGGCCARCAG AGCAMAAACCC CATCTCTACT AAACARMATA ~ 4250
CAARAATTAA CCAGGCGTAG TGGIGTGCAC CTGTAGTCCC AGCTACTTGG GAGGCTGAGG CAAGAGAMTT GCTTGAGTCC AGTTGCAGTA ™ 4350
AGCCGAGATC GOGCCACTGC ACTCCAGCCT GGGTGACAGA ATTTCAAAAA ATAARARCAR CARAAGCCAM TTACAACAAC AACAACAAAA 4450
AAACAACGAA TTARACAACC CCAAAGATTG CACAAATTTC RAGTATCTTT AGAATATGTT TTCAGAAAGC CTGGCCCATG GACATTTTTC AACAGCATCT 4550
CCATTGCAAA GGTGGAATGG TGTGAGTCAC ACARGGCATGG CTGAGTCCCA CTAATGCACA TCCCTTCTAG GTACTCTCCA ATCACCAGCC CCAGGTGCCC 4650
ACTCAAGCCC AGCTCTTAGT GAGGTTTCCC TGACTCTCTG GGCACTTCCA CTCCTACCAC ACAGGGTAGA GCCACACCCC TTTCCGTACC CCCATGTGCT 4750
CTGGCAGCAT TATTTTGAGA GCCTTCGCTT TACTGCACGT CTGTCCCATC TGTCCCCTGA CTGGTCCATG AGCCCCTGGT GGGAACTTTG TCTCTGGTAA 4850
CTAARCACTG TCTGGAGGTG GTGGACAAGG TGTCTGGAGA AAAACAAACT CCTCCCTGGG ATGCCTGAGC TCCCAGGATT CTAGAAGGTT AGTTTTGCAA 4950
ACCTTTAAAG AAGGGATTTT CATCAAGGGG CCCACAGATC CTTCATTGAG GTTTATGAGT CCCACATCAA AGGTTGGGTG TCTATCTACA TCAGATTCTC 5050
TTAAAGTCCA TGATCCTAAA ACAGTTAAGA ACTAATGCTG TGAGGGCCTC TTCCTGGGTC AAAGCH G GGAACCTGCC ATGTGGATGC TGCAGCGGGG 5150
Intren 1 Exon 2 -19 -11
TGTGGATCAG CCAGGCCGCC TTTCACTGTG TTCTGTTTTC CCTCCCAG C TTTAGCTCCG CCAAA ATG AAMA CAC TCA TTA AAC GCA CTT CTC 5241
Met Lys His Ser Leu Asn Ala Leu Leu
-1 1 10
ATT TTC CTC ATC ATA ACA TCT GOG TGG GGT GGG AGC AAA GGC CCG CTG GAT CAG CTA GAG AAA GGA GGG GAA ACT GCT CAG 5322
Ile Phe Leu Ile Ile Thr Ser Ala Trp Gly Gly Ser Lys Gly Pro Leu Asp Gln Leu Glu Lys Gly Gly Glu Thr Ala Gln
20 30 40
TCT GCA GAT CCC CAG TGG GAG CAG TTA AAT AAC AAA AAC CTG AGC ATG CCT CTT CTC CCT GCC GAC TTC CAC ARG GAA AAC 5403
Ser Ala Asp Pro Gln Trp Glu Gln Leu Asn Asn Lys Asn Leu Ser Met Pro Leu Leu Pro Ala Asp Phe His Lys Glu Asn
50 60 ]
ACC GTC ACC AAC GAC TGG ATT CCA GAG GGG GAG GAG GAC GAC GAC TAT CTG GAC CTG GAG ARG ATA TTC AGT GAA GAC GAC 5484
Thr Val Thr Asn Asp Trp Ile Pro Glu Gly Glu Glu Asp Asp Asp Tyr Leu Asp Leu Glu Lys Ile Phe Ser Glu Asp Asp
80 a0
GAC TAC ATC GAC ATC GTIC GAC AGT CTG TCA GTT TCC CCG ACA GAC TCT GAT GTG AGT GCT GGG ARC ATC CTC CAG CTT TTT 5565
Asp Tyr Ile Asp Ile Val Asp Ser Leu Ser Wal Ser Pro Thr Asp Ser Asp Val Ser Ala Gly Asn Ile Leu Gln Leu Phe
100 110 120
CAT GGC AAG AGC CGG ATC CAG CGT CTT ARC ATC CTC ARC GCC AAG TTC GCT TTC AAC CTC TAC CGA GTG CTG AAA GAC CAG 5646
His Gly Lys Ser Arg Ile Gln Arg Leu Asn Ile Leu Asn Ala Lys Phe Ala Phe Asn Leu Tyr Arg Val Leu Lys Asp Gln
130 : 140 150
GTC AAC ACT TTC GAT AAC ATC TTC ATA GCA CCC GTT GGC ATT TCT ACT GCG ATG GGT ATG ATT TCC TTA GGT CTG AAG GGA 5727
Val Asn Thr Phe Asp Asn Ile Phe Ile Ala Pro Val Gly Ile Ser Thr Ala Met Gly Met Ile Ser Leu Gly Leu Lys Gly
160 170
GAG ACC CAT GAA CAA GTG CAC TCG ATT TTG CAT TTT AAA GAC TTT GTT AAT GCC AGC AGC AAG TAT GAA ATC ACG ACC ATT 5808
Glu Thr His Glu Gln Val His Ser Ile Leu His Phe Lys Asp Phe Val Asn Ala Ser Ser Lys Tyr Glu Ile Thr Thr Ile
180 190 200
CAT AAT CTC TTC CGT AAG CTG ACT CAT CGC CTC TTC AGG AGG AAT TTT GGG TAC ACA CTG CGG TCA GTC AAT GAC CTT TAT 5889
His Asn Leu Phe Arg Lys Leu Thr His Arg Leu Phe Arg Arg Asn Phe Gly Tyr Thr Leu Arg Ser Val Asn Asp Leu Tyr
210 220 230
ATC CAG AAG CAG TTT CCA ATC CTG CTT GAC TTC AAA ACT ARA GTA AGA GAG TAT TAC TTT GCT GAG GOC CAG ATA GCT GAC 5970
Ile Gln Lys Gln Phe Pro Ile Leu Leu Asp Phe Lys Thr Lys Val Arg Glu Tyr Tyr Phe Ala Glu Ala Gln Ile Ala Asp
240 250 260
TTC TCA GAC CCT GCC TTC ATA TCA ARA ACC AAC AAC CAC ATC ATG AAG CTC ACC ARG GGC CTC ATA RAA GAT GCT CTG GAG 6051
Phe Ser Asp Pro Ala Phe Ile Ser Lys Thr Asn Asn His Ile Met Lys Leu Thr Lys Gly Leu Ile Lys Asp Ala Leu Glu
270 Exon E-Q—rh—lntm 2
AAT ATA GAC CCT GCT ACC CAG ATG ATG ATT CTC AAC TGC ATC TAC TTC AAA G GTAAGA GGCACCTTTA CAGTTCTCAC AGCAAACCCA 6139
Asn Ile Asp Pro Ala Thr Gln Met Met Ile Lew Asn Cys Ile Tyr Phe Lys
AACTGTACTG TAGCTATAAT TTKTCCHGGR AARRCTAGACA 6239

CAACATACTA TTTTTGTATG TGGGTAGATT GAATGCCAAG
GGCCAAGCTG

CAAGATTGAC TCTGGAACGG
AAGTGACAGT AGCATCTGAC CATCA
CACCARC

ACTTACTGAG TTA!C ACAGCCTT




Heparin Cofactor Il Gene

6640
6740
6840
6940
T040
7140
7240
7340
7440
7540
7640
7740
7840
7940
BO40
B140
B240
B340
B440
B540
B640
B740
BB40
8940
3040
9140
9240
9340
9440
9540
9640
9740

9840

9924

10005

10086

10170
10270
10370
10470
10570
10670
10770
10870
10970
11070
11170
11270
11370
11470
11570
11670
11770

11870

11957

12038

12134
12234
12334
12434
12534
12634

12734

12823

12904

12990
13080
13190
132390
13390
13450

13590
13690
13790
13890
13930
14090
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TGCACTCTAG CCTGGACGAC AGAGTGAGAC TCCATCTCAR ARAAAAAARA AAACGATGCT CCAGTTATTA AGGGGCAGAG 6739
CCAAAGCTGA ACCCAGGGAG GCCAACCCTA GCAATCTGTT AAATTGGAAG AARTAATACA AAAACTGTTT TAGCATTTGG CCAGCCTGGA TTTGAGTTTT 6839
CTCTTTTCCT TTCCCAATTA TCAATAAGCA GGAATATAGA CAAAAGGCTA AAGAAATGCA CCTGTGAACT ATTCAGCTTG AGCAGCTGAC ATTGACACCT 6939
ACAAGTGCTT TTCAGGATAC TTTTGAACTA CTGGGCAGGT GGGATGGAGR AATAAATTAC TATTTCCCCA GCAACTGTTC TGGGCTGAGC ACAAGGGCAC 7039
TTTTTAAGGA GGTCACCCCA CACCCATCAC ACACACATAG GACCCCTGGA ATCCTAGGAA TAAATAAGCA TGGATTTGTA AAATCCAAAC CTCTCTTTTC 7139
ARATATCCTC ACCTGGACCA GACCAGAAGA AACCTCTACT TTACTCTCTA AGCTGAGAGT GTGGAAGGGG AAM AATGGTTCGG CTTCAGGACT 7239
AATTGCGGTG ACACACAACC ACTTCTCTTT GCCACCAAGG ACTaCCAGGT ACCTGCAAAG GGCAGTACTT GGAGGCCAGT GCTTTCTGCT AGTTAGCTCC 7339
CGTGGTTTTA TAGCAGCCCA GGCGAAGGAA GGAGACCCC 7 CAG AL ﬁ ;;39
TCT TTGGECT o 9
AAGGCATGGC ACAATGCTGG CCTCCTGTGG GTGGAATCAA AGGCTGAGTT CTRLCIGGCT TGCGGCIGRC ACACACACAG AGACCACATG TACATGATGA 7639
ACACACATAT CCTTTTCATT ACAGGTTATT AGTACARGTT TTGGAATTGA GCAAACAAGA GTCTAAGCGC TGGTTTCACC ACTTCTCGTT TGTGTGACCT 7739
CAGACAAGTC ATTCAACATC TCTATGACTC AGTTTCCTTA TCTTTATCAC AGAGATGACA CCCACTCTGA CAGGGCCGAG TAAGCGATGG 7839
CAATGCAACA GAGTGGCACA TGACRAGAGC TCAGCGAATT TGAGGGAATG AAACTGTAGA TTACAATACT AGTACAATAT GATAAACATA TGATATTGTT 7939
AGTGACATTT ATTTTACTTC TACTAGCAAR TAACCTATGT TTAGGACTGA CTTTAGAACA GGCTGGCAGA AGCATTTTTG GCAGCATCAA AGTCCTCCAA 8039
CCTACTGGTC TGTTGGAGCC CCCCAAGTAC ACCAAAGAGC CTCTGCATTA GCCCTGGCTG AGGGTTCAGG GACAGGCAGA GAAGTACAGC AGTGAGCCAT 8139
CCCTGOCTGC ATGGAGGTGG AGARATGATC AGGCATGGTC AGTTGACAAT CTCCTARACA CAGTAACCCG TGTCATACCA CAGTGTAAAC ACACGTGCAA 8239
ATGCTTCTGC TTCCTTTCCC CATCATGAGA ATAGTCACTC AATGCCGGGC ATCACAAGGG ATCARATGCT AGGAGTACCC AATCATTCAT GGATGCTTCT 8339
CAAAGGGGAT GAGTGTCTAG AAGTGTAATT TTAATTTCAC TTAATTTCAT ATGGAATCAT CTCCATTACT AATTTTGTTC TAATTTTAAT GTGATAATCA 8439
CTTTGTAAAG CRACAATAARC TCTCATGAGG AAGTCAGAAG GAAAGRATCC CAAGAGACAT GGGACAGCTC CATCCAAACT GAARGGGCCG 8539
TGATTCCCAA AAGAGCAATT TTGTCCCCAA GGTCTGAAGA CACTTTTGGT TGTCACAACC TGGGGGGTTG GAGTAAGCAT TACTGGTATC TAGAAGGGGG B639
AGGCTGGGGA TGTTGCTAAA CACCCTACCA TGCACAGGGC AGCCCACATT GCCACARAACT ATTATGTGGC CCAAATGTCA AAAATGCTGA GGTTGAGAAA 8739
CCCTGGGTGA GGCAGACTCA GGGAGAAGGG AATCGAGCTT CACTCACAGG CAGGCAGGAG CTGTCTGGTA CTTCAACCTC CAAGACACCT CCTGCTCATC 8839
TCATCCTGEC TGCTCTACCC ACCAGCTAGA AACCTTGAAC AAGTTACTTC ACTTCTTTGT GCCTCTGTTT CCTCATATGT AAAAGAGGGA TAACAAAACG 8939
CACACAACTT GCATGTTGCT AGGAGCAGAA ATGAGATAAT ACAGGAAAGG TGUTGAGAAG AATGCCCGGC ACATGGCCAG TTCTCAACTA CTAGTCACCC 9035
ATTACTATTA GTTACTCACA TCTTAGAGCT AACATAGACA TGGGCTTATT CCTGGATACA CAGCACTGTC CCCATATCTA CAGTGGTGAT CCTAAGGGCA 91389
ACATGGCATC ACCCAARTGT CTTGTTAGTC ACTACAGAAT CACAGTGTGA GGGATGAAGG CCATCAAGAC AGAGCTGAGG CTGGCAGGGT » 3239
TATAATCCCA GTGCTTTGGA AGGCTGAGGC AGGAGGATTG C GTAACATAGC AAGACCCCAT CTACAATTAA o 9339
ARARRARARA AAAARGACAG AARGAAAARR T. TGGCATGTGC TTGTAGTCCA AGCTACTGGG GAGGGAGGCT GAGGCAGGAG o 9439
GCCTGGGAGT GTGAGGCTGC AGTGAGCTAT GATGGCATCG RAARCCAAAT AATARTRACA — 9539
GTAATAAARG CTGGAAAGAG CTCAAAGTTA CTCATTTGAC AGATGTGACA GATGAAGAAA TAGAAGCGAG TTAGGTGCCT TACCATGGTC AAACAACTAG 9639
TTCGTATCAG ACCCTACTCC AGAAACTATT CCAGTCCGGG TAACCTCTCG TTAACCTCTC TTGTTAGRAA TGCAAATTTC TGCCCARATC AGGCCTCAGG 5739
AATCARGAGA CTGTGGGGTC GGCTCTGCAG GCTATCTGAA TGAGGCCTCC AGGGAAATCA GATTCACTCT CRAAGGGTGAG ACGATTTCCC TAAAGGAACC 9839
Intron 2-e——# Exon 3 380 290
TTCTCATAAC AGCCTCTTCC TGTGGCCTTT ACAG GA TCC TGG GTG AAT AARR TTC CCA GTG GAA ATG ACA CAC ARC CAC AAC TTC 9923
Gly Ser Trp Val Asn Lys Phe Fro Val Glu Met Thr His Asn His Asn Fhe
310 320
CGG CTG AAT GAG AGA GAG GTA GTT AAG GTT TCC ATG ATG CAG ACC AAG GGG AAC TTC CTC GCA GCA AAT GAC CAG GAG CTG 10004
Arg Leu Asn Glu Arg Glu Val Val Lys Val Ser Met Met Gln Thr Lys Gly Asn Phe Leu Ala Ala Asn Asp Gln Glu Leu
330 340
GAC TGC GAC ATC CTC CAG CTG GAA TAC GTG GGG GGC ATC AGC ATG CTA ATT GTG GTC CCA CAC AAG ATG TCT GGG ATG AAG 10085
Asp Cys Asp Ile Leu Gln Leu Glu Tyr Val Gly Gly Ile Ser Met Leu Ile Val Val Pro His Lys Met Ser Gly Met Lys
350 360 Exon 3 <——= Intron 3
ACC CTC GAA GOG CAR CTG ACA CCC CGG GTG GTG GAG AGA TGG CAA AAA AGC ATG ACA AAC AG GT ATTTCACACT GTGTGTTTGT 10169
Thr Leu Glu Ala Gln Leu Thr Pro Arg Val Val Glu Arg Trp Gln Lys Ser Met Thr Asn Arg
TCTTTTGAGC TCCCAGATGC TGGGGGTGTC TGGGAATACT GGARAATGGA TCATTTTTTT AAARAGGGAG AATTATGTAC AAGTACCCAA GAACTTCCAT 10269
ACAGGGCCAC TCTGTTAATT CAGCCCCAAT TTGTTGCTTG AGATAAGAGA TGATTAGAGA GCATTCATAA GGGACACATC TGCCCTCTAG GGGCCAGTTT 10369
CAGRAGTTAG AGGCAGATGA CTTAGAGACA GCTTGGTGCT TGCTTTGTGG CTTCGAGTCC CAGCTTCATC ATCCCTAAAR TGGGTATAAT TCCATTACTT 10469
CCCCGGGTCA CTTGAGAAAA TAACAGAATC AGCGATGCTG AGCGCCCCTC CCAGTACTTG GAACCTAGGA GGCACTCAAR AAAAGATTGG CTCAACTCTT 10569
CCCTGCCCAG GARATTCCAA GGTCCTCTTA GCCTACCGAG GACACATCAT TCATGATTTC CTCTATTATT ATTCGTTACT TTGTAGTTAA AACTGCAGGT 10669
GTTAAGTACT TATTGAGATT ATTATTGGGT CATGGCAGAA AGAATGGAGA GGTCTTATTT CTGTCTTACT GGATACTGGC TAGGCCCATA 10769
ATTCTGGTTT GAACCTCCTT ATAGGACAAG AATACAAACA TATGCAACCA AACTGAGAAA AGTAGGCTCT CAGAGGAAGG TATTTGCCCG GGTAGCCAGT 10863
CATCATGCTC TGTGAATTTT TCCTTARCAA CETCCCTTCT GTACCTGCCT CCTTCCATTC CTCCCTGCAG CCCGGCAGCT CT A rC 10969
GAGACAGGGT ' GGAGTGCAGT | Il 11069
5 -1GA Al 11169
W mw TGCT GGGATTAACA GGCGTGAGCC 11269
CATTTGA CTTTTAATTG AEATCTTRCT TGGTGCAAGG TATGAGCTAG GTAAAAGAGT GAAGAAGATC AAGCCTTCCT GCCCATCCAG CTGGGATTGC 11369
ACCTTAARATC TCTTTATCCC CTGCAAAGTG CCIGhCThAC TCCACAGGCA CTACTGTTGC TATCCGCCCC CTTAGGGATT GAGTAAGTTG AGGCAAAGAT 11469
TGAGATATTC AGCATTGTCT AGTATATACA GGAAAGGTTC TTTTTAARAG TACACTACCA GATATTCGAC TCCTTAATTA CAAAAAAAAA ACCARATGCC 11569
TAARATTGGG AAACCAAACC AGAGAATTAT TTTAGATGCC TTTTTAAACC ATARACCAGG AAAAGTTCTG CTGCTAACCT TGAAGATAGG AAACGAACCA 11669
TACAGTCTCA AGGAAATAAT CATGCAACAG AAAACACACC TCAGTTTTCA GTAGCGGAAT TACAMAGGAG TGTGCTTCCT AAAATCCTCA ACTGACAGTC 11763
CCGGAATATA AATTTTAATA AGTGCTATAT CAATTCTGTG ATAAATATAA CCCGTGGCCC TTTARAGGGA AAATCATGAT TCTTTTGTAA CTTGTGGTTC 11869
Iatron Exon 4 380
AATAAMRACTG GGCCCCCCTT TCCTTTTCTG TCTAG A ACT CGA GAR GTG CTT CTG CCG AAR TTC AAG CTG GAG AAG AAC TAC AAT CTA 11956
Thr Arg Glu Val Leu Leu Pro Lys Phe Lys Leu Glu Lys Asn Tyr Asn Leu
390 400 : 410
GTG GAG TCC CTG AAG TTG ATG GGG ATC AGG ATG CTG TTT GAC AAA AAT GGC AAC ATG GCA GGC ATC TCA GAC CAAM AGG ATC 12037
Val Glu Ser Leu Lys Leu Met Gly Ile Arg Met Leu Phe Asp Lys Asn Gly Asn Met Ala Gly Ile Ser Asp Gln Arg Ile
Exon 4 Intron 4
GCC ATC GAC CTG GTAA CCACTCCCTT GTCCACCCCC GACCCGTCCC CAGGGTCTGC CTCAGCACAG CCCCACCTCC ACTTGCCCTT CCTACCCACT 12133
Ala Ile Asp Leu
CCCCAATCTC ATGTCCCAGC TTGGGGTGCT GAGTCTGCTC TTCGGCCTGG GTGGGATACA CAGAATGCCT AGTTTCATGG ATGCCAGCTG GAGAGCACGG 12233
CACCTGGCAG ACACTTACTG GGCAGGGGGG ATCCCAAGAG CAGCCATGGG GTGAGCCCCA CTCCCGCTGA CACCAGAGAC AGGGGAGACA TGTGCTGCGG 12333
TCTGGGAAAT AGCTACCCCC AGCCARATCA TGAAAGAGCC ATTAAACACC GCACTATACA ACATACTTAA CTTAAACCAA TCGGGTCGCT CAGCAARAGA 12433
GAGAGAACAC CAGTCCAARC AGTGCAGCAG ACCCAGTTCC CCATCCCGGA GAAGTGCGCA GCAGTGTGGG GAGCTGGAGC TGGGGTGGCT GTCCTGCACC 12533
AGCCCCCACG ACCCTCAGAC CACAGGCACT GCCAAGAGGG AACATGAACC TAGCCGGCCT CTAAGTGCAA CGGCTGCCCC TGACAGGTGG TGACAGATAT 12633
TTTCAAGAGT GACTCTGACC AGCTGTGATT TCCACCTTAC ATGTTGTCTT TGGATCCTTT CCCTGAATGA TATGAGATTG TGCTGGGAAC TCTAGCCCTC 12733
Intron d~s——#= Exon 5 430
TGTGTGCTGA CCTCCAGAAT CTGACAACTT TCCTTTCCAA ACAG TTC ARG CAC CAA GGC ACG ATC ACA GTG AAC GAG GAA GGC ACC CAR 12822
Phe Lys His Gln Gly Thr Ile Thr Val Asn Glu Glu Gly Thr Gln
450
GCC ACC ACT GTG ACC ACG GTG GGG TTC ATG CCG CTG TCC ACC CAA GTC CGC TTC ACT GTC GAC CGC CCC TTT CTT TTC CTC 12903
Ala Thr Thr val Thr Thr Val Gly Phe Met Pro Leu Ser Thr Gln Val Arg Phe Thr Val Asp Arg Pro Phe Leu Phe Leu
460 470 480
ATC TAC GAG CAT CGC ACC AGC TGC CTG CTC TTC ATG GGA AGA GTG GCC AAC CCC AGC AGG TCC TAG AGGTGGAGGT CTAGGTGTCT 12989
Ile Tyr Glu His Arg Thr Ser Cys Leu Leu Phe Met Gly Arg Val Ala Asn Pro Ser Arg Ser
GARGTGCCTT GGGGGCACCC TCATTTTGTT TCCATTCCAA CAACGAGAAC AGAGATGTTC TGGCATCATT TACGTAGTTT ACGCTACCAA TCTGAATTCG 13089
AGGCCCATAT GAGAGGAGCT TAGAAACGAC CAAGAAGAGA GGCTTGTTGG AATCAATTCT GCACAATAGC CCATGCTGTA AGCTCATAGA AGTCACTGTA 13189
ACTGTAGTGT GTCTGCTGTT ACCTAGAGGG TCTCACCTCC CCACTCTTCA CAGCAAACCT GAGCAGCGCG TCCTAAGCAC CTCCCGCTCC GGTGACCCCA 13289
TCCTTGCACA CCTGACTCTG TCACTCAAGC CTTTCTCCAC CAGGCCCCTC ATCTGAATAC CAAGCACAGA AATGAGTGGT GTGACTAATT CCTTACCTCT 13389
CCCAAGGAGG GTACACAACT AGCACCATTC TTGATGTCCA GGGAAGAAGC CACCTCAAGA CATATGAGGG GTGCCCTGGG CTAATGTTAG GGCTTAATTT 13489
TCTCAARGCC TGACCTTTCA AATCCATGAT GAATGCCATC AGTCCCTCCT GCTGTTGCCT CCCTGTGACC TGGAGGACAG TGTGTGCCAT GTCTCCCATA 13589
y A
CTAGAGATAA ATAAATGTAG CCACATTTAC TGTGTATCTG TTATAATTCT CTATTTTTTG AAGCTCAAAT ATCARARAGCC AAATCCAAAT TCCTGGATAR 13689
CTCCAGGTAT GATAAAGGCT GAGAGGAAGT CACTTGAGCA CCACAATGTG CCACAGCAGG GCATGTTCTC AGGACAGGAC AGGTGTGTGC TGAATCCTGG 13789
GGAGGGTCTG TGCAGTACCC CAGAACTGTG GGGTGCTAAG TGGCACACAA GCCCCAGGGC TCCCACAGTC TATGCCAGGC TGCTGCAGCT TTCATCCCTC 13889
ATACCTGGTC CTGCAGTGGG TCTGGTTTGA CAGAGCAGAT GACACCTGAG GAATATGTTT CTGGATCCTT CAATCCCTGG GTAAGACAAG TGAAATCCAC 13989
AGAGGCTGTT CAGCACGCAR GAGTGCCAGT GCTCTTTCAG TGAGGGGATG ACTGACGGTC ACAGGTGCTG TGTGTGCAGG TGTCTAACTG TAACCCCACA 14089
GCCTGGCAGA T 14100

1355

FIGURE 2: Structure of the HCII gene. The genomic clones shown in Figure | were sequenced by the dideoxynucleotide method on both strands.
Nucleotide +1 corresponds to the 5 end of the longest cDNA clone isolated by Ragg and Preibisch {1988) and does not indicate the transcription
initiation site. The upstream sequence is numbered from -1 to —1749. The intron—exon boundaries and the polyadenylation site are indicated
by arrows. The first exon includes only the 5’-noncoding sequence. The translated amino acid sequence of the remaining exons is shown with
the amino acids numbered above their respective codons. The shaded boxes indicate Alu repeats (A/u) on the coding strand and inverted Alu
repeats (i4/u) on the complementary strand. i4lul is a partial repeat. The three nonrandom open reading frames (orf) are underlined. The
open boxes indicate the positions of inverted acute-phase sequences (TCCCAG), the TATA-like sequence (TTAATTTA), and the inverted
CCAAT sequence (ATTGG).
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FIGURE 3: Mendelian inheritance of the HindII1 RFLP. Genomic
DNA was digested with HindI11, electrophoresed on a 0.6% agarose
gel, transfered to a Zetaprobe membrane, and hybridized with the
radiolabeled probe HC117.2. Fragment sizes are indicated in kilobases.
F, father; M, mother; C, child.
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FIGURE 4: Proposed restriction site polymorphisms in the HCII gene.
The solid boxes indicate the locations of exons in the HCII gene derived
from the data in Figure 2. The shaded boxes indicate the portions
of the exons spanned by the probe HCI17.2. BamHI and HindIll
sites predicted from the genomic sequence are indicated by solid vertical
lines. The dashed vertical line indicates the HindIII site that would
result from a G — T substitution at position 6259. The proposed
polymorphic sites are indicated by asterisks. The numbers in par-
entheses indicate the apparent lengths of the restriction fragments
obscrved on Southern blots. The numbers not in parentheses indicate
the fragment sizes as determined from the DNA sequence.

constructing a long-range map of the chromosomal band
22q11, thus allowing a more precise localization of the various
breakpoints within 22q11 (Budarf et al., 1989; McDermid et
al., 1989).

A role for HCII in human physiology has not been estab-
lished. Although patients have been reported in whom in-
herited HCII deficiency was associated with thrombosis (Sié
et al., 1985; Tran et al., 1985), the incidence of HCII defi-
ciency in the general population appears to be similar to that
in patients with thromboembolic disorders (Andersson et al.,

Herzog et al.
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FIGURE 5: Sublocalization of the HCII gene on chromosome 22. DNA
from mouse liver (a), PgMe25Nu (b), A3JEW2-6A (c), AM-27 (d),
K562 cells (e), and human placenta (f) was digested with HindIII,
electrophoresed on a 0.8% agarose gel, and hybridized to the radio-
labeled HCI17.2 probe. Sublocalization was performed with the aid
of the rodent-human somatic cell hybrids in lanes b—d and K562 cells.
Amplification (10-20-fold) of the HCII gene in K562 cells is shown
by comparison to human placenta. Fragment sizes are given in
kilobases.

+ o+ -+

FIGURE 6: Portions of chromosome 22 retained in the somatic cell
hybrids and amplified in K562 cells. The presence (+) or absence
(=) of the human HCII hybridizing or coamplified fragments is
indicated at the bottom of the figure.

1986). Experiments in vitro indicate that the thrombin—-HCII
reaction is stimulated by dermatan sulfate proteoglycans
synthesized by fibroblasts or vascular smooth muscle cells
(McGuire & Tollefsen, 1987). When the vascular endothe-
lium is disrupted, HCII may interact with dermatan sulfate
in the subendothelium to control the mitogenic (Bar-Shavit
et al., 1986; Glenn et al., 1980) and chemotactic (Bar-Shavit
et al., 1983) activities of thrombin, as well as its effects on
blood coagulation. Furthermore, cleavage of HCII by neu-
trophil proteases releases peptides with potent chemotactic
activity for neutrophils and monocytes, suggesting that HCII
may regulate the acute inflammatory response (Hoffman et
al., 1989).
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