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SI Materials and Methods
Construction of hFIX Minigenes with Leyden Mutations. Human
FIX minigene expression vectors -416(-20A)FIXm1,
-802(-20A)FIXm1, and -802(-20A)FIXm1/1.4 were constructed
by inserting a representative hemophilia B Leyden mutation
T-20A (shown as -20A in minigenes) created by site-directed
mutagenesis into wild-type hFIX minigenes, -416FIXm1,
-802FIXm1, and -802FIXm1/1.4, respectively (1, 2). Minigenes
-802(�13G)FIXm1 and -802(-26C) FIXm1 were similarly con-
structed using -802FIXm1. All minigenes constructed were
composed of hFIX gene autologous components, including
hFIX promoter sequence extended up to nt -416 or to nt -802 in
the 5� end upstream, coding region with the first intron with its
middle 4.8 kb region deleted, and the 3� UTR with the poly(A)
signal and its contiguous genomic sequence (300 bp). The
nucleotide (nt) numbering system used in this study followed that
of the complete hFIX gene sequence previously reported by
Yoshitake et al. (3). Before constructing transgenic mice, they
were tested in vitro with HepG2 cells for their hFIX expression
assayed by hFIX-specific ELISA.

Transient Expression Assay Using HepG2 Cells. The human hepatoma
cell line HepG2 (ATCC HB8065) was used for transient expres-
sion assay of hFIX minigene constructs. This cell line, which
lacks expression of its intrinsic hFIX, was previously character-
ized and successfully used as a durable in vitro assay system for
hFIX minigene expression (1). Transient hFIX expression assays
were carried out as previously described with minor modifica-
tions (4). Briefly, a mixture of hFIX minigene vector (3 �g) and
pCH110 (0.3 �g) was mixed with 5 �l of FuGENE 6 (Roche) and
added to 2 ml of transfection medium in a 3.5 cm plate grown
with �0.6 � 105 cells (15 to 20% confluency). After overnight
incubation, medium was changed to fresh hFIX depleted me-
dium supplemented with 2 �l of vitamin K (10 mg/ml, Abott
Laboratories). After an additional 2 days of incubation, the
conditioned medium and cells were harvested and subjected to
quantification of produced hFIX by hFIX-specific ELISA. Re-
sulting values were then normalized as previously described for
transfection efficiency according to the intracellular �-galacto-
sidase activity produced by co-transfected pCH110 vector (5).
Five independent assays were carried out, and averaged values
were shown with standard deviations.

Construction of Transgenic Mice and Longitudinal in Vivo Assays for
hFIX Expression. Transgenic mice were constructed according to
standard methods (6) at the Bio-medical Research Animal
Model Core facility at the University of Michigan as previously
described with minor modifications (1). Human FIX minigene
vector plasmids were digested with SphI/KpnI and the hFIX
minigene-containing fragments released were isolated by elec-
trophoresis on a 0.8% agarose gel, followed by purification using
SpinBind DNA extraction units (FMC Corporation). Fertilized
eggs of C57BL/6xSJL mice were microinjected with the DNA
(1–2 ng/egg), and implanted into foster mother animals (CD-1).
Offspring produced were then screened for founder animals with
high transgene copy numbers (5–10 copies per genome) using
quantitative multiplex PCR analyses of tail tissue DNA samples.
Founders were back-crossed with nontransgenic mice (C57BL/
6xSJL background) to generate F1 progeny animals. Homozy-
gous F2 animals were generated by crossing among heterozygous
F1 littermates and following generations. Zygosity status of
animals was determined by quantitative multiplex PCR analysis.

Minimally 3 and in some cases up to 12 founder lines for each
minigene construct were subjected to age-axis longitudinal
analysis for their life spans up to 1–2 years or as otherwise
described.

At various ages, starting at one month of age, transgenic mice
were individually subjected to blood sample collection (aliquots
of approximately 50–100 �l) via tail-tip snipping, and serum
obtained was routinely used to quantify circulatory hFIX levels
using duplicated ELISA for each age point. Pooled human
plasma (George King Bio-Medical) was used to prepare hFIX
standard curve for each assay. To normalize experimental
f luctuations in ELISA assays over time, overlapped serum
samples from the previous age assay group were included in each
assay.

All animal experiments were carried out in accordance with
the institutional guidelines of the University of Michigan and
National Institute of Advanced Industrial Science and Technology.

Preparation of Mouse Liver Nuclear Extracts (NEs). Liver NEs were
prepared from 1-, 3-, 6-, 12-, 18- and 21-month-old male mice
(C57BL/6 x SJL F1, n � 20 per each age group) according to
Graves et al. with minor modifications (7). For other EMSAs and
supershift EMSAs, liver NEs were prepared from mice at 6
months of age. Protein concentrations of NEs were quantified by
the Bradford method per manufacturer’s instructions (Bio-Rad).
The NE preparations were stored in aliquots at �80 °C until use.

Electrophoretic Mobility Shift Assay (EMSA). EMSAs were per-
formed as previously described (1, 8). Liver NEs were prepared
from 1-, 3-, 6-, 12-, 18- and 21-month-old male mice (C57BL/6
x SJL F1, n � 20 per each age group) according to Graves et al.
(7) with minor modifications and were used for assaying of
age-related protein binding to the ASE probe. For other EMSAs
and supershift EMSAs, liver NEs were prepared from mice at 6
months of age. The NEs of cultured cells were prepared from
about 1 � 108 cells by the method of Dignam et al. (9) with slight
modifications. Protein concentrations of NEs were quantified by
the Bradford method per manufacturer’s instructions (Bio-Rad).
The NE preparations were stored in aliquots at �80 °C until use.

The ASE probe for EMSAs was prepared as follows. A
double-stranded 22-mer oligonucleotide corresponding to the
region nt -797 through -776 of the hFIX gene (TTCAGTCGAG-
GAAGGATAGGGT) with an ASE sequence in the middle
(shown by underline) was prepared by mixing equimolar corre-
sponding sense and antisense strands of synthetic oligonucleo-
tides. While this probe was used for most EMSA, a set of 20-mer
probes with all possible combinations of single nucleotide
changes in the core heptamer sequence was also prepared in a
similar manner (Tables S1 and S2). These oligonucleotide probes
were labeled at the 5� end with [32P]ATP and T4 polynucleotide
kinase to a specific activity of about 1 � 109 cpm/�g, and used
in EMSAs. Aliquots of NEs prepared from mouse liver tissues
or cultured cells were mixed with 1 �g of sonicated ds poly(dI-
dC) in the DNA binding buffer and added to 32P-labeled ds
oligonucleotides (0.05–0.1 ng with 20,000–40,000 cpm) in a final
volume of 20 �l. The reaction mixtures were incubated at room
temperature for 20 min, and electrophoresed on a nondenatur-
ing 4% polyacrylamide gel in glycine buffer (50 mM Tris, 0.38 M
glycine, 2 mM EDTA, pH 8.5) for 4 h at 25 mA. Gels were then
dried and DNA:protein complexes were visualized as mobility-
shifted bands by autoradiography. Bands were quantified by
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scanning the dried gels on a Storm 830 Image Analyzer (Mo-
lecular Dynamics Inc.).

Competitive EMSA was carried out as previously described
using non-radiolabled 20-mer or 22-mer ds oligonucleotide
probes as the competitor (1, 13). Supershift EMSA analyses with
various Ets family protein antibodies (Santa Cruz Biotechnology
Inc) were performed according to the manufacturer’s instruc-
tions with minor modifications. Briefly, before mixing with
labeled probe oligonucleotides, 4 �g of purified antibody was
mixed with NEs for 4 h at 4 °C. The rest of the procedure
followed the standard EMSA method described above.

Preparative EMSA was carried out using 160 �g (4 times
greater than the regular application amount used) of liver NEs
and 120,000 cpm of 32P-labeled ds oligonucleotide probes (ap-
proximately 0.4 ng) on the 18 � 18 cm electrophoresis glass
plates.

All EMSAs were performed twice or more with separate NE
preparations to ensure reproducibility.

Preparation of NEs of 293T Cells Overexpressing Murine Ets1. Murine
Ets1 expression vector pCMV-SPORT6 and 293T cell line
MGC-18571 were purchased from ATCC. Cell transfection was
performed using FuGENE 6 (Roche). After 2 days of posttrans-
fection incubation, cells were harvested and used for preparing
NEs according to Dignam et al. (9). Ets1 overexpression was
confirmed by anti-Ets1 antibodies (N-276 and C-20, Santa Cruz
Biotechnology, Inc.).

Two Dimensional Gel Electrophoresis (2DE) Analysis and Western Blot
Analysis. ASE:protein or non-ASE:protein complex bands and
corresponding gel slices from the control gels without oligonu-
cleotide were obtained from preparative EMSA gels. Proteins
were extracted using a Mixer Mill (MM 300, Retsch GmbH) at
4000 rpm � 30 sec with zirconium beads at room temperature
with isoelectrofocusing (IEF) buffer (6 M urea, 2 M Thiourea,
50 mM DTT, 3% CHAPS, 1% Triton X-100). The sample
mixture was then centrifuged at 12,000 rpm for 1 h through a
microspin column (Amersham Bioscience, 27–3565-01), and
resulting extracts were loaded to an Immobiline DryStrip gel (pH
4–7, 13 cm, Amersham Bioscience). The IEF (the first dimension
separation of 2DE) was carried out at 50 V for 4 h, 150 V for 1 h,
150-5000 V linear ramping in 2.5 h, and 5000 V final IEF for 15 h
using a Bio-Rad IEF Unit. The second dimension (SDS/PAGE,
10–20% precast gradient gel, BioCraft) was performed at 25
mA/gel for 2 h. SDS/PAGE gel was then stained with SYPRO
Ruby dye (Molecular Probes, Inc.). Western blot analyses were
then performed using polyclonal rabbit anti-Ets1 antibody (N-
276, Santa Cruz Biotechnology.) and ECL Plus detection system
(Amersham Biosciences).

Hypophysectomy of Mice. Hypophysectomy procedures were per-
formed according to the methods of Davey et al. (10) with some

modifications. Briefly, mice were anesthetized with a combina-
tion of ketamine/xylazine and the pedal reflex was monitored to
ensure adequate depth of anesthesia. A 1-cm midline incision
was made, and the salivary glands, the omohyoid muscle, and the
lateral branches of the jugular vein were retracted. A #2 dental
burr was used to drill a small hole in the occipito-sphenoidal
synchondrosis. A modified Pasteur pipette was attached to a
vacuum pump and the gland was quickly extruded. The incision
was closed with wound clips. Mice were post surgically given 2
ml lactated Ringer’s solution s.c. Glucose (10%) was added to
the drinking water for the duration of the study. Two weeks after
the surgical procedure, urine samples were examined by dena-
turing gel electrophoresis for the presence of major urinary
protein (MUP) as a sensitive marker for production of growth
hormone-dependent liver protein (11). Absence of any detect-
able MUP at the end of monitoring was defined as a successful
hypophysectomy, and animals were used for various hormone
treatment experiments.

Hormone Treatments of Hypophysectomized Mice. Successfully hy-
pophysectomized transgenic mice were treated with murine
growth hormone (GH), a gift from Dr. A.F. Pavlow at the U.S.
National Hormone and Pituitary Program, Harbor-University of
California, Los Angeles Medical Center, Torrance, CA. GH (20
�g) dissolved in 200 �l sodium carbonate buffer, pH 8, or PBS
were intra-peritoneally injected at 12 h intervals (10, 11). Blood
samples were collected intermittently from snipped tail veins.
With some hypophysectomized animals, GH was given for 13 or
14 days before stopping, and serum sample collection was
continued for another 28 days before terminating the experi-
ment. Serum samples collected were assayed for hFIX concen-
tration levels by hFIX-specific ELISA. With another group of
hypophysectomized animals, after termination of the first course
of GH administration, more than 22 days rest was given to
dissipate effects of residual GH. This was then followed by intra-
peritoneal administration of DHT (200 �g/injection) or E2 (500
�g/injection) (12) dissolved in sesame oil once daily up to 18 days
or as shown in corresponding figure legends. This was followed
by the second course of GH administration (20 �g every 12 h)
for 8 days and sacrifice for liver tissue collection. In control
experiments, PBS without GH or sesame oil without sex hor-
mone was injected.

Northern Blot Analysis. Preparations of total RNA from mouse
liver tissue samples and Northern blot analysis were performed
as previously described (1, 13, 14). A 32P-labeled SspI/BamHI
fragment of the hFIX gene was used as the hybridization probe
for specific detection of hFIX mRNA and not mouse FIX. The
filter was washed off the hFIX probe and a rehybridization with
the RNA18 probe was performed as previously described (1).
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Fig. S1. Age-related longitudinal expression profiles of hFIX in transgenic mice carrying minigene -802(�13G)FIXm1. Human FIX expression profiles in
transgenic animals carrying a hFIX minigene -802(�13G)FIXm1 containing a Leyden phenotype mutation A�13G are shown. All experimental procedures as well
as animal labels are as described for Fig. 2. Thick green lines represent the pubertal period. Animals composed of 2 males and 1 female showed typical patterns
of puberty-onset spontaneous recovery of hFIX expression similar to that observed with animals carrying -802(-20A)hFIXm1, thus recapitulating the spontaneous
puberty-onset amelioration seen in hemophilia B Leyden patients.
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Fig. S2. Identification of the ASE binding protein by preparative EMSAs, 2DE, and Western blot analyses. Matched 2DGE panels (Left and Right) are shown
as pairs. (Left) Panels are stained with SYPRO Ruby dye for protein spots; (Right) panels are of Western blots with anti-Ets1 antibody. The IEF electrophoresis range
is pH 4–7 as shown at the top. Size marker protein positions are shown on the left. (Top) Oligonucleotide probe:protein complexes obtained from preparative
EMSA with ASE (GAGGAAG) probe were submitted to 2DGE analyses. Arrow on the right side indicates the position of Ets1 protein spots detected by anti-Ets1
antibody. (Middle) Similar analyses as in (Top) except non-ASE (GAGGAAA) probe was used in preparative EMSA. (Bottom) Similar analyses as in the top panels
with no oligonucleotide probe used in preparative EMSA.
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Fig. S3. Effects of hypophysectomy and hormone treatments on transgenic mice with the hemophilia B Leyden phenotype. (A) Effects of HP on MUP for a
representative Leyden phenotype mouse P44(F2/f) carrying -802(-20A)FIXm1. MUP (approximately 20 kDa) is shown with an arrow on the right and. protein size
markers are shown on the left. Aliquots of 2.5 �l urine sample were used for a wild type animal (lane 2) and Leyden phenotype P44(F2/f) animal (lanes 3–7). Lane
1, size markers; lane 2, wild type animal; lane 3, before HP; lane 4, day 14 post-HP; lane 5, day 90 post-HP; lane 6, GH injection (11 days) of day 90 post-HP; lane
7, terminated GH injection (30 days) of day 90 post-HP. (B) Effects of a course of HP, GH, E2, and a second series of GH administration, respectively, on hFIX
expression in the female animal P53-f6(F2/f) carrying -802(-20A)FIXm1. Arrows indicate time points of treatments including HP, beginnings and ends of GH, E2,
and the second series of GH administration, respectively. A greatly elevated hFIX expression peak marked with a star symbol is due to the pregnant condition
of this animal at the time point of blood collection. The rest are same as in Fig. 4A. Effects of HP and subsequent GH administration on a non-pregnant female
animal [P44(F2/f)] also gave similar results (data not shown). This animal was also used for MUP analysis. (C) Effects of HP, administrations of PBS containing no
GH, sesame oil containing no E2, and a series of GH administration, respectively, on hFIX expression in the control female animal P53-f12(F2/f) carrying -802(-20A)
FIXm1. The rest are same as in Fig. 4A.
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Fig. S4. Effects of hypophysectomy performed before puberty and subsequent administrations of hormones on hFIX expression in transgenic mice carrying
-802(-20A)FIXm1. Male animals P139(F2/m) (A), P140(F2/m) (B), and a female animal P142(F2/f) (C) were subjected to HP at one month of age (prepubertal stage) and
subsequently administered with GH or DHT. Effects on hFIX expression were monitored by ELISA of serum samples. All procedures were as described in experimental
procedures and in Fig. 4 except that hypophysectomy procedures were performed at one month of age. Thick green lines represent the pubertal period. As expected
for the Leyden phenotype, these animals showed hFIX expression only at background levels prior or after hypophysectomy with no significant changes. Subsequent
GH administrations rapidly increased hFIX expression in both male and female animals as observed with those hypophysectomized at adult ages. Peak hFIX levels in
these animals, however, were approximately 60–70% of those observed with animals hypophysectomized at adult ages (Fig. 4A). DHT administration also increased
hFIX expression in both male animals to lower levels similar to those in male animals hypophysectomized at adult ages (Fig. 4A). The female animal P142(F2/f) (C) died
beforeE2treatment.Twoanimalgroups,hypophysectomizedeitherbeforeorafterpuberty, showedsimilar responsestoGHandDHTtreatments.Differencesobserved
between these 2 groups of animals are potentially due to having experienced or not experienced puberty by the time of hypophysectomy.
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Table S1. Oligonucleotide probes used for EMSAs

ASE WT TCAGTCGAGGAAGGATAGGG

ASE m1 TCAGTCAAGGAAGGATAGGG
ASE m2 TCAGTCTAGGAAGGATAGGG
ASE m3 TCAGTCGTGGAAGGATAGGG
ASE m4 TCAGTCGCGGGAGGATAGGG
ASE m5 TCAGTCGGGGAAGGATAGGG
ASE m6 TCAGTCGAAGAAGGATAGGG
ASE m7 TCAGTCGATGAAGGATAGGG
ASE m8 TCAGTCGACGAAGGATAGGG
ASE m9 TCAGTCGAGAAAGGATAGGG
ASE m10 TCAGTCGAGTAAGGATAGGG
ASE m11 TCAGTCGAGCAAGGATAGGG
ASE m12 TCAGTCGAGGTAGGATAGGG
ASE m13 TCAGTCGAGGCAGGATAGGG
ASE m14 TCAGTCGAGGGAGGATAGGG
ASE m15 TCAGTCGAGGATGGATAGGG
ASE m16 TCAGTCGAGGACGGATAGGG
ASE m17 TCAGTCGAGGAGGGATAGGG
ASE m18 TCAGTCGAGGAACGATAGGG
ASE m19 TCAGTCGAGGAAAGATAGGG
ASE m20 TCAGTCGAGGAATGATAGGG

The WT 20-mer double-stranded (ds) oligonucleotide ASE probe is shown
on top. Each probe of ASE m1 through ASE m20 contains a single nucleotide
mutation in the ASE-like core heptamer sequence placed in the middle of the
probe sequence (shown with underline).
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Table S2. Protein binding to core heptamer sequences and
competition

Core heptamer sequencea

Protein bindingc

Liver NE HepG2 NE Competitiond

G/C A G G A A Gb � � �

A A G G A A G - �

T A G G A A G - �

G T G G A A G - �

G C G G A A G - �

G G G G A A G - �

G A A G A A G - �

G A T G A A G - �

G A C G A A G - � �

G A G A A A G - �

G A G T A A G - �

G A G C A A G - � �

G A G G T A G - �

G A G G C A G - �

G A G G G A G - �

G A G G A T G � � �

G A G G A C G - �

G A G G A G G - �

G A G G A A C - � �

G A G G A A A � � �

G A G G A A T - �

aUnderline indicate nucleotide sequence different from the functional ASE.
bKnown functional ASE sequences (1, 2).
cProtein binding was assayed by EMSA. �, bound; *, unbound.
dCompetitive EMSA was done using non-radiolabeled oligonucleotide con-
taining a functional ASE sequence (TCAGTCGAGGAAGGATAGGG) as the
competitor.
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