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Genomic DNA libraries were screened for the human histidine-rich glycoprotein (HRG)
gene and a sequence of 15,499 nucleotides was determined. The gene is composed of 7 exons
and 6 introns, and all the exon-intron boundaries match the consensus GT/AG sequence for
donor and acceptor splice sites. Each of cystatin-like domains I and II of HRG is encoded
by three exons, exons I to III and exons IV to VI, respectively, like those of other members
of the cystatin superfamily. The entire C-terminal half of the molecule is encoded by the
largest exon, VII. The first 103 nucleotides of the cDNA sequence reported for human HRG
(Koide, T., Foster, D., Yoshitake, S., and Davie, E.W. (1986) Biochemistry 25, 2220-2225)
could not be found in the determined gene sequence. A homology search of this sequence
against a database showed the complete matching to a part of the yeast mitochondrial DNA
encoding 21S ribosomal RNA. Rapid amplification of cDNA 5 ends (5'-RACE) analysis
revealed that the cDNA has multiple 5'-ends and that a possible starting point is nucleotide
104 of the reported ¢cDNA sequence. These results suggest that the first 103 nucleotides of the
¢DNA sequence reported for human HRG originated from yeast mitochondrial DNA and
were incidentally incorporated into the HRG cDNA in the process of the construction of a
c¢DNA library. Various fragments obtained on restriction endonuclease digestion of the
5 -noncoding region of the HRG gene were ligated to the chloramphenicol acetyltransferase
(CAT) gene and then transfected into HepG2 and 293 cells to analyze the promoter activity.
The sequence between —262 and —21 from the putative translation initiation site supported
the expression of CAT in HepG2 cells but not in 293 cells, suggesting that this segment
promotes the liver-specific transcription of the human HRG gene.
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Histidine-rich glycoprotein (HRG) is one of the major
components of human plasma proteins. HRG is synthesized
exclusively in the liver (I) and secreted into the plasma.
Platelets and megakaryocytes also contain HRG in their
intracellular granules, although it is not known whether or
not HRG is synthesized in these cells (2). The exact
physiological role of HRG has not been established yet, but
it binds to a wide range of molecules. Among them, the
binding of HRG to the lysine-binding site of plasminogen
reduces plasminogen binding to fibrin, resulting in an
antifibrinolytic effect (3). HRG competes for heparin
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binding with antithrombin, heparin cofactor II or protein C
inhibitor, revealing its heparin-neutralizing ability (4-10).
On the other hand, HRG binds to fibrinogen (11) and
prolongs the time for the conversion of fibrinogen to fibrin
by thrombin. HRG also binds to platelets by interacting
with thrombospondin (12), although the significance of this
is not well understood. Thus, HRG is thought to play
regulatory roles in hemostasis and fibrinolysis. Moreover,
HRG binds to several components of the complement
system and T-lymphocytes, being likely to be involved in
the immune system (13-15). The primary structure of
human HRG was deduced from the nucleotide sequence of
its ¢cDNA, it being composed of 507 amino acid residues
including 66 histidines and 65 prolines (16). HRG has two
tandem repeats homologous to cystatin, a cysteine-prote-
ase inhibitor, and belongs to the cystatin superfamily (17).
Several members with a congenital deficiency of HRG were
found in two families with thrombophilia (18, 19). We
recently analyzed the molecular and cellular bases for the
deficiency in one family (HRG Tokushima) (20). In con-
trast, families with elevated levels of HRG and thrombo-
philia have also been reported (21-24). Thus, the relation-
ship between the plasma HRG level and thrombosis is not
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clear at present. To analyze the molecular bases of these
abnormalities, it is essential to elucidate the complete
structure of the gene for HRG located on chromosome
3q28-29 (25).

In this paper, we describe the isolation of genomic clones
for human HRG, determination of the nucleotide sequence
and partial characterization of the promoter region of the
human HRG gene, together with reinvestigation of the 5'-
terminal region of HRG ¢cDNA.

MATERIALS AND METHODS

Materials—A human genomic library constructed in the
A Charon 4A phage was kindly provided by Dr. T. Maniatis.
Another human genomic library constructed with human
leukocyte genomic DNA in the A EMBL3 phage was
purchased from Clontech (Palo Alto, CA, USA). A human
liver cDNA library in A gt11 (5’-stretch library) and human
liver poly(A)* RNA were also purchased from Clontech.
Various restriction endonucleases were obtained from
Takara Shuzo (Kyoto), Toyobo (Osaka), Boehringer Mann-
heim (Mannheim, Germany), or New England Biolabs
(Beverly, MA, USA). The vectors for the CAT assay
(pCAT Basic, pCAT Enhancer, pCAT Promoter, and pCAT
Control) and pSVAG for correction of the transfection
efficiency were from Promega (Madison, WI, USA).
Nitrocellulose membranes (BA85S) were from Schleicher
& Schuell (Dassel, Germany). All other reagents and
chemicals used in this study were of the highest grade
available and obtained from Wako Pure Chemicals Indus-
tries (Osaka) or Nacalai Tesque (Kyoto). Oligonucleotide
primers were synthesized with an Applied Biosystems
Model 394 DNA synthesizer.

Isolation of the Phage Clones Containing an Insert of the
Human HRG Gene—A A Charon 4A human genomic DNA
library was screened for HRG by means of the plaque
hybridization method using a radiolabeled cDNA for human
HRG as the hybridization probe as described (26). The
positive clones were plaque-purified and phage DNA was
prepared by the liquid culture lysis method (26). The insert
DNA fragments were recovered by digestion of cloned
phage DNA with EcoRI or Xbal and then subcloned into the
pUC19 plasmid. The screening process and partial charac-
terization of the HRG gene were preliminarily reported
previously (27).

Rescreening of the Human Liver ¢cDNA Library—A
human liver ¢cDNA library in Agtll enriched in 5 se-
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quences (5 -stretch cDNA library) was screened for HRG
c¢DNA by the plaque hybridization method. A 1.9 kb insert
of the human HRG cDNA clone was labeled with digoxi-
genin-dUTP and used as the probe for plaque hybridization
according to Boehringer’s protocol. After isolating the
positive clones, the 5 -portion of each ¢cDNA insert was
amplified with HRG-specific primer I (Table I) and one of
the A insert amplimers placed just outside the cloning site
(Clontech). The amplified fragments were digested with
restriction endonucleases, EcoRI and Pstl, and then sub-
cloned into the pUC19 plasmid for sequencing.

Rapid Amplification of ¢cDNA 5 Ends (5'-RACE)—5’-
RACE analysis (28) was performed with a 5'-RACE system
(GibcoBRL) according to the manufacturer’s instruction.
Primers I and II (Table I) were used as gene specific
primers. The amplified fragments were digested with Spel
and Pstl, and then ligated to pUC19. Thirteen clones were
isolated and the nucleotide sequences of their insert DNAs
were determined.

Sequence Determination—The nucleotide sequence was
determined by the dideoxy chain termination method with
a Sequenase Ver 2.0 DNA Sequencing Kit (United States
Biochemicals, Cleveland, OH, USA) and (a«-%*S]dATP.
Template DNA was alkali-denatured prior to annealing
with the universal —40 or reverse sequencing primer
according to USB’s instructions.

Promoter Assay—The 5’ -flanking region of the HRG gene
was amplified by PCR using primers I and IV (Table I),
and digested with PmaCI and Xbal to isolate the product.
This fragment was inserted into the pCAT Basic or pCAT
Enhancer plasmid, which had been pretreated with Sall,
blunt-ended with Klenow DNA polymerase, and then
digested with Xbal to create blunt and cohesive ends. Then,
utilizing the intrinsic BglIl (—262) site of the insert and
HindIlI site of the pCAT vector, the HindlIl/Bglll frag-
ments of these constructs were replaced by various sub-
cloned gene fragments of 5'-noncoding region of different
sizes. These plasmids (10 ug) were then transfected into
human hepatoma HepG2 cells (RIKEN Cell Bank
RCB0459) or human kidney 293 cells (Invitrogen) by the
calcium phosphate transfection method (26) together with
the pSVAG plasmid (5 xg) to correct possible variations in
transfection efficiency. The cells were cultured under a 3%
CO, atmosphere for 22 h, followed by under 5% CO, for a
further 24 h in fresh medium, and then harvested. The
chloramphenicol acetyl-transferase (CAT) activity of cell
extracts was measured by HPLC on a mixed-functional

TABLE I. Synthetic oligonucleotides used as primers.
Primer No. Sequence (Direction)
I 5'-CAGCACTGCAGTCAGTGGGACTCA-3’ (reverse)
200 177
II. 5.CCAGATCTTACTGAGGGTCGAAGACTTCACA-3 (reverse)
862 842
1. 5-GACTCGAGATGCTGCCTAACTGGCTG-3’ (forward)
—1326 —1309

Iv. 5-TCTCTAGATATGATCTGCCACTGCAGAG-3 (reverse)
—21 —40

V. 5-CCGAATTCTAATAAAGATCAGGAAATAATTAATG-3 (forward)
13 39

VI 5.GGGGATCCTTTAATTATCTAATTCACCTTCATAT-3’ (reverse)
106 80

Numbers below the underlined sequences of primers I, II, V, and VI indicate their positions in the reported cDNA sequence (16). Numbers
below the sequences of primers III and IV indicate the positions in the gene sequence upstream from the initiation codon, ATG.
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Fig. 1. Structure of the human HRG gene. Exons are represented  EcoRI fragments are shown. The direction and extent of sequencing

as black boxes and the locations of repeat structures are indicated by
“TA" or “GA.” The locations and directions of the Alu repeats are
shown by box-like arrows. In the middle portion, the locations of six

reverse phase column (manuscript in preparation), and
£-galactosidase activity was assayed as described (29).

RESULTS

Screening of the Human HRG Gene Clones and Nucleo-
tide Sequence Determination—Several positive clones were
isolated from the A Charon 4A phage library as reported
previously (27), but only clone 32 covered all 7 exons and
thus was used for the nucleotide sequence analysis. Clone
32 had an insert of about 17 kb consisting of 7 EcoRI
fragments, i.e. E1 (6.5 kb), E2-1 and E2-2 (3.3 kb each), E3
(1.5kb), E4 (1.2kb), E5 (0.6 kb), and E6 (0.5 kb). The
nucleotide sequence of each fragment except for that of E3,
which was derived from the 3’-end of the insert and located
downstream of the HRG gene, was completely determined
in both directions after subcloning various fragments
obtained on restriction endonuclease digestion. The direc-
tion and extent of sequencing are summarized in Fig. 1,
together with a partial restriction map. The nucleotide
sequence of 15,499 bases was determined, as shown in Fig.
2. On comparison with the cDNA sequence, the gene for
human HRG was shown to be composed of six small exons,
I through VI (81 to 206 bp), and one large exon, VII (1,189
bp). The size of introns varied between 886 bp (intron B)
and 2,721 bp (intron A). The nucleotide sequences around
all the intron-exon boundaries are well conserved and agree
with the consensus sequence of Mount (30). All the splice
junctions are Type 0 except intron C, which is Type I (31).

Search for the 5 -Terminal Region of the Reported cDNA
Sequence—In the course of sequencing work on the HRG
gene, the first 103 nucleotide sequence of the reported HRG
cDNA (16) was not found in the gene sequence. PCR with
a pair of primers, V and VI (Table I), could not amplify this
region from the A EMBL3 human genomic library. This
suggests the 103 nucleotide sequence may not be derived
from the human genome. Then, we searched a database for
this sequence. A part of yeast mitochondrial DNA encoding
218 ribosomal RNA (GenBank accession No. J01527) was
found to match this sequence completely. Therefore, we

are indicated by arrows. A partial restriction map is shown at the
bottom. E, EcoRI; H, HindlII; K, Kpnl; X, Xbal.

concluded that the first 103 nucleotides of the reported
c¢DNA sequence had been derived from the yeast mitochon-
drial DNA.

Determination of the 5 -End of Human HRG ¢cDNA—To
determine the real 5’ -end of HRG ¢cDNA, a new human liver
cDNA library was screened and the 5 -end of the insert of
each positive clone was analyzed as described under “MATE-
RIALS AND METHODS.” Connection of the unrelated se-
quences to the HRG ¢cDNA were observed in 9 out of the 13
clones newly analyzed. The other four clones had less than
13 bases of 5 non-coding sequence. A homology search of
the unknown portions against databases revealed that one
clone had a 214-base fragment of human mitochondrial
DNA (GenBank accession No. M10546) that is attached to
human HRG cDNA at C(22), and another clone had a 44-
base sequence of the human homolog of mouse ribosomal
protein L3 (accession No. Y00225) attached at A(—6). The
numbers in parentheses indicate the positions from the
initiation ATG. Other clones also had various unrelated
sequences (14 to 168 bases) which were attached to the
HRG ¢DNA at various positions (—21 to 14). Thus the real
5’-end of the cDNA for human HRG could not be deter-
mined by recloning and sequence analyses of these cDNA
clones.

Then, 5'-RACE analysis was performed and the se-
quences of 13 clones were analyzed. Four clones had a
sequence starting from A(—18), four from A(—23), three
from G(—20) or C(—19), and one each from A(—28) and
T(—"7). The initial G(— 20) could not be distinguished from
C(—19) by this method since polyC was ligated to the
reverse transcribed fragments in the first step. The 104th
nucleotide of the reported cDNA sequence corresponds to
one of the major starting points, A(—18).

Search for the Liver-Specific Promoter—The 1.5kb
fragment of the 5’-flanking region of the human HRG gene
was ligated to the reporter (CAT) gene, and then transfect-
ed into human hepatoma HepG2 and human kidney 293
cells. As shown in Fig. 3, considerable CAT activity (13.6%)
was detected in HepG2 cells transfected with the pCAT
Enhancer-based vector which contained an SV40 enhancer.

J. Biochem.

2T0Z ‘T 5800190 U0 [e1idsoH UensLyd enybuey) e /Hio'seudnolploixo-ql//:dny wouy papeojumoq


http://jb.oxfordjournals.org/

Structure of the Human HRG Gene

5' catctgaggc
ttactaccat
ctgtattget
attcetgttc
aatatagcca
tgggttggag
tgacattaaa
tctttetgte
actaccaata
tgaagccgag
cagtgaggac
gtgtgaaggt
tccacgtgaa
atctactcta
gcgatctcag
agctaatttt
agtgctggga
aggaaactat
tcttcattgt
tttagtgeca
accaacatag
catttctcag
aaaatgtatc
ATGAAGGCAC

M K A
CTCTAGACCT
A L DL
gcagagctga
tggecttetge
atttatgctg
aggcaaacag
aggccaggcg
gtgaaaccct
gaactcggga
aagaaaacat
agaattcaca
tttgagttct
taggtcagag
attctaccat
acagatctgg
atagccaagt
catgggtagg
gagccattga
caagcttact
aaataaccta
aggcactgtg
ggcataggat
acagggacat

acatgagaga

gagtctaagg
caaagcaaca
acttatactt
gaccacttaa
aacaggaatt
tcagGARAAT
E N
TCCAGACGTC
S R R

ctaacacagt
tcaagacaac
ttgactgtaa
gtcctatgaa
agatctgget
tccagaaaat
tctectgagg
aatgaacagt
cttacagGTG
v

atggtaatct
agatgtattce
ggtactggca
ttgctttage
aaaataattg
tccacagett
teccaccteee
gagatggagt
gccaccacge
acaaaaatgc
ceeecttgge
gttgcttgag
taaatatatg
gaatgtcata
agaaagactc
ccttaaaatg

CACTGGCCAA

A L AN

GGAGAATGAT
E N D

20
cactctctag
tcagcttcct
ctttaagatt
ttgatgcctce
taatagaaaa
cctcttaaca
agttcaattg
ttcaaatcct
ccaaagtcca
tctgagagac
ggaacctagg
agggggtcag
tcaattcttt
tgccaagaat
ctcactgcaa
ttgtattett
ttacaggcat
cagagaagtt
tctattttac
tgatccatca
gcactgcectta
ctttctgece
aaggttttgt
TCATTGCAGC
L I A A
GATCAATAAA

I N K
gttgggagat
ggctgectcta
agcccagtta
tgtaagttac
cggtggctca
gtctctacta
ggcagaggtt
acaaatttat
aaggctgtge
tcatggcctce
aatgtcttta
ctgtgactgt
cttctgaggce
gaccaaagga
atttgaacag
atataagcag
gtcttcactt
ctcteectet
ggttgcagag
gcatcagcac
gaagtagaaa
cgttgccaag
caatatgttyg
tcaaagcaga
ccaggcatgce
aaagatttgg
ctgtttaagt
ACAACTGTAT

T T V
CATCTGAAAT
P S E I
agaagagaaa
tcagcagggt
aataagaagt
caatggtcect
ttgecatgtgg
gagaggttca
attttgagtg
aggaggatgt
ATCGGACAAT
I G Q
gttaaattge
atgtatatct
caccttcttt
ttgagtcatc
atgctcaaag
ttttatttat
gggttcaage
ttctecatgt
ccagcctcca
aagatactgce
aacaacagga
cccaggagtt
atatataata
gttgtcatat
gaaggaagaa
aaagttattg

TACCAAAGAT
T K D
GACTPTGCCT
D F A
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ttcccataat
cccaaccatt
cagtaaagca
ttccecatcecee
acttcattaa
ccttgaccag
caaacattat
ttecectetet
ctcecagaga
atgactgcag
ctgattccct
cccagteccec
ttgcagggaa
tatactggtt
tcteegecte
agtagagaca
gagccacege
ttgttgctta
ctgaagtcat
gtccactgac
tattcaaaga
ccaggaccca
ttaatcaatt
ACTGCTTTTG

L L L
AGGCGACGGG
R R R
tactcacggg
aattgttctt
catgctaagg
taggataaac
cgectgtaat
aaaatacaaa
gcagtgagtc
ttaatccaag
agaatgcaga
tectgtgtgge
tggccagete
cctggagaag
cctteccatt
gtggtaaatg
gtctgggtaa
gtgggttcca
agattacacyg
gatggaaaaa
aacaggtgtg
agagctgeet
gctatttatg
aaagaccatt
ttagtggtgce
aaatcccatg
gtaggtgttg
aaataactca
aataaatata
ATTACTTAGT
Y Y L V
Agtaagtaaa

gggcagettt
gtgtggtcee
gggtttagga
attttcagga
gaggtgggta
cactcctgga
ccaacaggat
tgcatcacct
GTAAGGTAAT
C K V I
taattaattc
atgatgtaca
taaagaaatt
atctgccagt
aagttaaatg
ttatttttat
aattctcctg
tggtcagget
taccctttta
cacaggagtt
agaacttatt
tgagactagc
taaaaacata
ttatatatat
tcagcagttt
tcattcttge

AGTCCGGTCC
s P V
CTTTCAGAGT
S F R V

40
gctaatagga
accatcccag
acaggaagag
ctcaacattc
ggagctcaac
attccataca
tcaaaacctg
tcagttcact
ttctgattaa
actctcacag
ctggtecctt
ccctgetgat
ttggggtgge
gcttteteter
cegggttcaa
gggtttcacc
acccagcctg
cccagcatta
tccttttata
tgatgatgga
cgtactttag
ctaatcattt
gecgtgtgttt
ATCACATTGC

I-T L
ATGGCTACCT
D G Y L
ggcaaatgtg
ttttectteca
actgccagag
tagagagaag
cccagcactt
aactagctgg
gagatcatgce
gtttacctga
agtgtgatgg
atttettget
ctacaaagaa
agaaatttta
ttcttcagtt
tactggagca
atgtgttcct
gaagttccat
cctacctaaa
ctgaaattag
caggagttta
ctgagagcta
tattcaggaa
cagggcctgg
cactgacaaa
atcagtaata
atgcctecte
ttgaagctat
tagctttaat
CTTAGATGTG
L DV

gagggcacct

tgccttgaga
atcaaagagc
attcatggac
atggccaaag
ttgacatgce
actttcacca
gcagcacaca
ttttgectett
AGCTACAAGA

A T R
ttgattaata
tgaaagaaaa
caacacataa
tgtatagtct
acttggccte
ttttgagaca
tcteagecte
ggcctcaaac
atttacattt
tgcattgaag
aaaatattag
ctgggcaatg
tgatatatta
atgttagcac
agttoggttg
caccaagcca

TCATAGATTT

L I D F

GGACCGAATC
D R I

accatcccca
cacccttaat
gatgcatgac
ccattcecttt
tcataataac
ttcctgtecat
ttgcactcat
ctagaatccc
attgtcctgg
acactcactg
ctgatgctge
cccttctcac
atgaggtgtce
tttctttett
gtgattctee
atgttggcca
atttcttatt
cacagtaaga
atggtacctg
gatttccagce
atctgctatc
acagcettgtt
cagaaagtct
AGTATTCGTG
QY s C
TTTCCAATTG
F Q L
actctacccc
aactaatatt
aaacattaga
gaaaagtttt
tgggaggcca
geatggtggt
cactgcactc
cactggagtc
gacaaaaggc
cccaagtatg
agacacaggg
gtttctatgg
caaaggactc
atttaatgag
ggtgaattcc
gtgggctctg
ctggactaga
ggaggccaga
ggattcaacc
gcatagagag
tgaaagaaca
tactggatag
gacgagggaa
gagctgggea
taaaccacca
gtattggaat
acataaaaaa
CAAGAATCGG
Q E s
tcactctget

ttcatgaaga
ataaccagct
tctaagggce
taattacttg
aggctctetg
cttttteect
gaaactgact
tcatatctga
CATTCCCATG
H S8 H
caaattcaat
gccttcecatag
aaatagagat
tgggaggaag
aagaacaaag
gagtgtcget
ccaagtagcet
tcttgaccte
tcaaatagaa
aaaggatgat
tggcetggtg
tgactcaacc
tataatatat
tttatcagtg
ccaaatggcet
ccattaacat

CTTTGAGGAT
F E D
GAGAGAGTTG
E R V

60
aagccaaata
gtgctctctce
tcectgaggt
ccctacacca
aaaaactcaa
tttectgetge
taaccctgtg
agtaattctce
aggagtcctt
cggatagaac
tggctctget
agtgggatgg
cccaacttcet
tcttttttag
tgectecagee
gactggtctc
taattatcac
aagtaataga
tttaacatgt
tgagacaggc
tactagaaaa
gatggttatt
gtataaaatt
TGCCGTGAGT

A V S
CTGCGGATTG
L R I
ctaggcttac
tgttattagt
ataagctatg
ctcaacccte
aggeggacgg
gcacgectgt
cagcetggge
ttcataaatg
tgtaatctaa
ggacaggatc
ggaaggttag
cttgeettgg
agcacgccaa
gggagatcta
tggcaccacc
gagcaggcat
ggagccgata
caaggagtac
agtaattcag
cgggtggatg
agggtcagac
caaaagcaag
gtggagaggg
agaggacaca
ctgeegttta
caatagatca
aaaacccgct
ACTGTTCGGT

‘Db C s V

cttttcattc

tgatgttaac
gtgggtcctt
ttccactett
cagtgaggaa
acacaggtgg
tgaaaatgtt
aagaaaatgc
cctgaggaag
AATCTCAGGA
E 8 QD
catacagtgg
actccattat
ttaggagagg
taaagtcttg
ccaagatatt
cttgctaccce
aggattacag
aggtgatctg
ttatcacagg
ctgtatcttc
cggtggctcea
ccatctctat
aaatatataa
gtactggtga
gattgatctt
ttccageect

ACTGAGCGCT
T E R
CAAGAGTGgL

A R V

tcacttaccg
ccctgaagcet
actctgtagt
gcatttggtt
aatagttttt
actggactgg
acttgtggaa
aaccttgact
gacatcagga
agggaggaat
ggtctgaggg
gcatccaact
ttgcaggcac
atggaatcte
tecccaagtag
aatctcctga
acaagcctgce
gccaggtgag
tceccecegett
aggcagatgg
atccagattt
tgaacccagg
ctctgcagtg
CCCACTGACT
P T D
CTGATGCCCA
A D A H
tgetttgcac
gtacccgcaa
ggcecettggece
ctaaggctcce
atcatgaggt
aatcccagcet
aacaaagcta
aagactcaga
gagtcataga
cctttggaat
attcatattt
gggagaaagce
aagtaccata
gtaagactgg
acttctaggt
caggtgggag
gacattatag
tacagaggac
tgaccattag
gggaggggtc
ctgggttagt
gacaaggaaa
cagctagttt
actacaagga
gtgatagctt
aatgacgcaa
aggtttccat
CCTATCCAGG
L S R
ttattttcca

cttgagcaat
gggtaaatca
gacagtctac
ttgggtcttg
agaacatgaa
tggggtatgg
agggtttgag
gcaggatgca
CCTCAGAGTG

L R V
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Fig. 2. Nucleotide sequence of the human HRG gene. Exon sequences are presented as capital letters together with the deduced amino acid
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Structure of the Human HRG Gene

Xbal

Pstl

Smal
Msc i

Pma Cl

Kpnl
Pvu if

Bgt it

S —————

HepG2
pCATE pCATB  pCATE

203

5217

Fig. 3. Results of CAT assays with
HepG2 and 293 cells. Various restriction
endonuclease fragments were ligated to the
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Then, the insert was deleted using various restriction
endonucleases and promoter activities were measured. The
length of the ligated 5’-flanking region of the human HRG
gene had little effect on the extent of expression, and the
shortest construct that contained the fragment encompass-
ing —262 to —21 from the translation initiation site was
enough for expression of the maximum CAT activity
(28.3%). The fragments in the pCAT Basic vector, which
does not have an SV40 enhancer, also supported the
expression of CAT in HepG2 cells, although the CAT
activity was much lower than that in the case of the pCAT
Enhancer vector. On the other hand, the 5'-noncoding

Vol. 125, No. 3, 1999

region of the human HRG gene suppressed the expression
of CAT in kidney-derived 293 cells (0.1 to 1.9%). These
results suggest that there is a liver-specific promoter
between —262 and —21 nucleotides from the inifiation
ATG codon.

DISCUSSION

In this study, we determined the total 15,499 nucleotide
sequence of the gene for human HRG, as shown in Fig. 2.
The gene is composed of seven exons and six introns. The
domain structure of HRG and the localization of introns are
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-420 -410 -400 -390 -380 -370 -360 -350 -340 -330
5' GCTGCCTTCTACTGAGGAGTTTTAGTGCCATGATCCATCAGTCCACTGACTGATGATGGAGATTTCCAGCTGAGACAGGCAGGCAGATGGAGGAAAATTA
AP-1 AP-1
Pvull
-320 -310 -300 -290 -280 -270 -260 -250 -240 -230
CCCCTAGCCCCATCCCCTACACCAACATAGGCACTGCTTATATTCAAAGACGTACTTTAGATC TGCTATCTACTAGAAAAATCCAGATTTGTGCAGATCA
AP-2 GATAl
BglII
-220 -210 -200 -190 -180 -170 -160 -150 -140 -130
CAGTTCCACCCACTCATCAGCATTTCTCAGCTTTCTGCCCCCAGGACCCACTAATCATTTACAGCTTGTTGATGGTTATTTGAACCCAGGGTCAAGGTGA
NF-1B HNF-1 HNF-4
-120 -110 -100 -90 -80 -70 -60 -50 -40 -30
ACACCCTCAGTTACACAACAAAAATGTATC AAGGTTTTGTTTAATCAATTGCGTGTGTTTCAGAAAGTCTGTATAAAATTC TCTGCAGTGGCAGATCATA
NF-1B C/EBP TBP
PstI
-20 -10 -1

GCAAGGGATGGTTTAACAAAATG 3

Fig. 6. Nucleotide sequence of the 5-noncoding region of the human HRG gene and possible recognition sites for various
transcription factors. Possible recognition sequences are underlined. Numbers indicate the positions from the starting ATG. The recognition

sequences of some restriction endonucleages are shown in italics.

schematically represented in Fig. 4. Each cystatin domain
i8 encoded by three exons and the C-terminal part by one
large exon, which is quite similar to those of other members
of the cystatin superfamily, cystatin C (32), fetuin, which
is also referred to as a,-HS glycoprotein (33), and kinino-
gen (34). Moreover, the locations of introns in each cystatin
domain are well conserved in the cystatin superfamily
proteins, although the size of introns is highly variable both
within and between the genes for these proteins (Fig. 5).

There are seven Alu repeats (35), one in the 5 -flanking
region, one in intron A, two (one is half size) in C, one in E,
and two in F, as shown in Fig. 1. Since the average spacing
of Alu repeats was reported to be 5,000 nucleotides (35),
the HRG gene contains this element at a higher frequency.
There is one TA repeat in intron C and one GA repeat in
each of introns E and F. The GA repeat in intron F was first
reported by Hennis et al. (25) to be (GT),(GA)..(CAGA-
GA).(GA); (GenBank Accession No. Z17218), and the
dinucleotide repeat (GA) polymorphisms of this region
were suggested to be related to the elevated HRG level in
plasma (36). Similar but distinct polymorphisms in this
region were also observed in the present study. Clone 32
and another clone isolated from the same Charon 4A library
in this study had the sequence of (GT),(GA);;(CAGAGA),-
(GA),. This sequence was also observed in one clone
isolated from the EMBL3 human genomic library, while an
alternative sequence of (GT)s(GA)1:(CAGAGA),(GA), was
found in two clones isolated from the latter library. Hennis
et al. (37) also reported 5 amino acid polymorphisms
detected on in vitro amplification in three exons of the HRG
gene; Ile(ATC)/Thr(ACC)-162 in exon 4, Pro(CCC)/
Ser(TCC)-186 in exon 5, and His(CAT)/Arg(CGT)-322,
Arg(CGT)/Cys(TGT)-430, and Asn(AAT)/Ile(ATT)-475
in exon 7. However, the bases at all these loci in clone 32,
t.e. bases 8039, 9106, 13589, 13912, and 14048 in Fig. 2,
were T, C, A, C, and A, respectively, which were the same
as those of the cDNA sequence (16). The presence of both
Asn-475 and lle-475 was detected by protein analysis
(unpublished results). There was only one difference
between the gene and ¢cDNA sequences. €238 in the cDNA
sequence was identified as T in the gene sequence (base
2417 in Fig. 2), which turned out to be due to a typing error
in Ref. 16.

The first 103 nucleotides in the previously reported
cDNA sequence (16) were found to be derived from the
yeast mitochondrial DNA. The possible cause for this might
be the use of the yeast tRNA in the course of the construc-
tion of a cDNA library as a carrier in which fragments of
mitochondrial DNA existed. Clontech 5'-stretch human
liver ¢cDNA also contained many artificially ligated clones,
as described above. The cause of this complication is not
clear at present. Minghetti et al. (38) reported that 38
nucleotides in the 5'-noncoding region of the ¢cDNA for
human albumin were not homologous to the genomic
sequence but could not explain the discrepancy. This may
be another example of such a happening in the course of the
construction of a library.

Since the starting point of cDNA could not be determined
by reinvestigation of human HRG cDNA clones, 5 -RACE
analysis was carried out. Although S1 nuclease digestion or
primer extension analysis should be performed to deter-
mine the real transcription initiation site, we could not
perform such experiments due to the difficulty in obtaining
a sufficient amount of normal human liver mRNA. It ig not
possible to obtain mRNA from cultured cells, because
currently no human cell lines that produce HRG are
available. The 5’ -RACE analysis indicated that the major 5’
ends of HRG ¢cDNA are —23, —20, and —18 from the
initiation ATG codon. All ¢DNA clones isolated had
sequences starting at nucleotide —21 or downstream,
flanking the various sequences that were not found in the
HRG gene sequence. Therefore, the HRG ¢cDNA seems to
start at around — 23, although the real transcription start-
ing site could not be pinpointed. In the 5 -flanking region, a
TATA box-like sequence located at around —45 from the
ATG codon and a CAATT sequence at around —70 are
likely to conduct the transcription of the HRG gene from a
defined point. However, the analyses of cDNA clones and
5-RACE suggested that the transcription starts from
multiple sites. The TATA sequence is absent in the mouse
HRG gene (unpublished results).

HRG has been reported to be expressed specifically in
liver parenchymal cells (I), and no cell lines producing
HRG are currently known. So, we employed HepG2 cells to
characterize the promoter region of the HRG gene and also
293 cells derived from human kidney for comparison. A
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reporter assay based on the CAT activity showed that there
i8 a critical sequence between 21 and 262 nucleotides
upstream of the initiation codon, ATG, as shown in Fig. 3.
This sequence supported the expression of CAT in HepG2
cells but not in kidney-derived 293 cells, indicating the
liver-specific expression. The low expression level of CAT
activity with pCAT Basic, a simple CAT vector without an
SV40 enhancer, may be due to that HepG2 cells do not
synthesize HRG (39). Unfortunately, no cell lines produc-
ing HRG are known yet. Nevertheless, the shortest frag-
ment (—262 to —21) in the pCAT Basic vector still
promoted the expression of CAT in HepG2 cells. The
relative expression activity of each construct was similar in
both the pCAT Basic and pCAT Enhancer vectors. There-
fore, the promoter activities were assessed using the pCAT
Enhancer vector in this study. There are many potential
transcription factor recognition sites (40) in the 5’-flanking
region of the HRG gene, as shown in Fig. 6. The CAT assay
revealed that the segment between —262 and —21 from
the ATG codon has liver-specific promoter activity. In this
region, transcription factors such as HNF-4, HNF-1, NF-
1B, C/EBP, and TBP may play critical roles in the expres-
gion of the HRG gene. Further studies will reveal the
contribution of each transcription factor.
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