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Abstract

Objective To investigate the feasibility of producing

human IgG1 Fc fragment fused factor IX (FIX-Fc) in

the milk of transgenic animals, for an alternative

possible solution to the unmet need of FIX-Fc

products for hemophilia B treatment.

Results Six founder lines of transgenic mice harbor-

ing FIX-Fc cassette designed to be expressed specif-

ically in the mammary gland were generated. FIX-Fc

protein was secreted into the milk of transgenic mice

with preserved biological activity (with the highest

value of 6.2 IU/mL), similar to that of the non-fused

FIX transgenic milk. RT-PCR and immunofluores-

cence analysis confirmed that FIX-Fc was specifically

expressed in the mammary gland. The blood FIX

clotting activities were unchanged, and no apparent

health defects were observed in the transgenic mice.

Moreover, the stability of FIX protein in milk was

increased by the Fc fusion.

Conclusions It is feasible to produce biologically

functional FIX-Fc in the mammary gland of transgenic

mice. Our preliminary results provide a foundation for

the potential scale-up production of FIX-Fc in the milk

of dairy animals.

Keywords Fc fragment � Hemophilia B � Human

factor IX � Milk product � Transgenic mice

Introduction

Hemophilia B is an X chromosome-linked bleeding

disorder caused by the deficiency in coagulation factor

IX (FIX) and affects about 80,000 males worldwide

(Nuttall 2007). Patients with hemophilia B might

suffer from severe joint damage and life-threatening

bleeding complications that are caused by repeated

spontaneous or trauma-induced bleeding. Currently,

the standard treatment for hemophilia B is protein

replacement therapy with plasma-derived or recom-

binant FIX concentrates. However, due to the short
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serum half-life of FIX (14–27 h), patients have to

receive frequent intravenous injections, making the

treatment adherence a difficulty (Björkman 2013).

Long-acting FIXs, such as human IgG1 Fc fragment or

human serum albumin fused FIX, have been devel-

oped to reduce the injection frequency (Powell et al.

2013; Santagostino et al. 2016). Clinical studies

showed prolonged pharmacokinetics and pharmaco-

dynamics of these fusion proteins, making them the

next generation drugs for hemophilia B treatment

(Carcao 2014). At present, commercially available

FIX-Fc concentrate is manufactured by mammalian

cell cultures. The average annual cost for a moderate

or severe hemophilia B patient treated with FIX-Fc is

approximately $700,000 in the U.S.A (Tortella et al.

2018). The high cost of this product has limited its

clinical use for prophylactic treatments in developed

countries and precluded its use in most of the

developing countries (von Mackensen et al. 2017).

Therefore, seeking other sources of affordable long-

acting FIX is vital.

The mammary glands of transgenic dairy animals

are promising substitutes for mammalian cell cultures,

as they can produce cost-effective therapeutic proteins

in large quantities (Houdebine 2009; Maksimenko

et al. 2013). There are already two milk-derived

product, human C1 inhibitor and human antithrombin,

produced from the milk of transgenic rabbits and

goats, respectively, have been approved for clinical

use by the US-FDA and EMA. These products showed

promising safety and efficacy in clinical trials and

demonstrated the commercial reality of producing

biodrugs by transgenic animals (Paidas et al. 2014;

Riedl et al. 2017). Recently, the rapid developments in

gene-editing technology, such as CRISPR/Cas system,

are revolutionizing this field by circumventing the

limitations for the production of transgenic dairy

animals (Bertolini et al. 2016). Thus, the commercial

application of mammary glands of transgenic animals

for biodrugs production could promising in the near

future. Previously, we and others have reported

producing FIX in the milk of transgenic mice, sheep,

goats, and pigs (Clark et al. 1989; Yan et al. 2006;

Lisauskas et al. 2008; Amiri Yekta et al. 2013; Lee

et al. 2014). These milk FIXs were presented with high

antigen and bioactivity levels, suggesting mammary

glands are capable of producing complex recombinant

proteins, such as coagulation factors. Taken together,

it is reasonable to express bioengineered FIXs, for

example FIX-Fc, in the transgenic mammary glands to

produce affordable long-acting FIXs.

The overall objective of this study was to evaluate

the feasibility of producing FIX-Fc in the milk of

transgenic animals. FIX-Fc transgenic mice were

generated that possess a mammary gland-specific

FIX-Fc fusion gene. The FIX-Fc fusion gene expres-

sion were determined, and our result showed that FIX-

Fc protein could be secreted in the milk of transgenic

mice with preserved bioactivity.

Materials and methods

Plasmid construction

The pcDNA3.1-P1A3-FIX plasmid (P1A3-FIX), con-

structed in our previous research (Yan et al. 2006), was

used as a template to generate the FIX-Fc fusion

expression vector. The P1A3-FIX construct contains a

6.5 kb goat b-casein promoter (named P1A3, mam-

mary gland-specific) and a FIX minigene, which

includes a full-length FIX cDNA and an 800 bp

truncated FIX intron I sequence. The FIX minigene

was a hyperactive mutant, and the bioactivity was

reported to be 2.5–3 times that of the wild-type FIX

(Chang et al. 1998). Human IgG1 Fc cDNA (hinge,

CH2 and CH3 domains) was introduced into the

P1A3-FIX plasmid directly after the FIX minigene by

fusion PCR method to construct the FIX-Fc fusion

expression plasmid (P1A3-FIXFc). The P1A3FIX and

the P1A3-FIXFc plasmid only differ with the Fc part.

The schematic structures of the two vectors are shown

in Fig. 1.

Transgenic mice generation

All animal procedures were approved by the Institu-

tional Animal Care and Use Committee at Shanghai

Children’s Hospital and were performed in strict

accordance with the Guide for the Care and Use of

Laboratory Animals. The ICR mice were obtained

from Shanghai SLAC Laboratory Animal Co., Ltd.

and housed in a pathogen-free facility at 25 ± 1 �C on

a 12-h light/ dark cycle with free access to food and tap

water.

Transgenic mice were produced by microinjecting

purified, Sal I linearized fragment of plasmid (P1A3-

FIXFc) as described previously (Yan et al. 2006).
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Genomic DNA was isolated from the tail tips for PCR

analysis of FIX-Fc transgenic mice. The primers used

are listed in Table 1. The founder mice were mated

with wild-type (WT) mice to obtain the F1 generation

and the same method was used to obtain F2 genera-

tions. Milk samples were collected from nursing mice

9–11 days after parturition, as previously described

(Yan et al. 2006). For western blot analysis, the milk

samples were diluted with two volumes of PBS and

defatted by centrifugation at 4 �C for 15 min at

20,0009g. Control milk was obtained from WT mice

and treated in the same fashion. Blood samples were

collected from mouse tail and anti-coagulated with

0.38% sodium citrate (Sigma; 9:1 v/v). Plasma was

obtained by centrifugation at 15009g for 15 min at

room temperature.

Reverse transcriptase-polymerase chain reaction

(RT-PCR)

Total RNA was isolated using TRIzol (Invitrogen,

China) from the mammary gland, heart, liver, spleen,

lung, kidney, and brain of transgenic and WT mice.

About 1 lg total RNA was reverse transcribed to

obtain cDNAwith Reverse Transcriptase M-MLV and

Ribonuclease Inhibitor (Takara Biotechnology,

China) using oligo-dT primers. RT-PCR was pro-

cessed with specific primers for the FIX-Fc cDNA and

mouse glyceraldehyde-3-phosphate dehydrogenase

FIX cDNA Fcintron-1

FIX cDNAintron-1
  6.5 kb   0.8 kb   1.4 kb

BGH poly A

BGH poly A

fusion PCR

P1A3-FIX

P1A3-FIXFc

FIX minigene

P1A3

P1A3

Sal I Sal I

  0.7 kb

Fig. 1 Transgene constructs schematic for P1A3-FIXFc

plasmid. The P1A3-FIX plasmid was used as a template to

construct the Fc fusion expression vector. Human IgG1 Fc

fragment cDNA was fused directly after FIX minigene,

generating the P1A3-FIXFc construct. The P1A3-FIXFc

plasmid was linearized before microinjection. The linearized

P1A3-FIX fragment contains P1A3 promoter (goat b-casein
promoter), FIX minigene (including a full-length human FIX

cDNA and a 0.8 kb truncated intron I sequence), and a BGH

poly A sequence

Table 1 Primer pairs for PCR analysis

Primer Direction Sequence Primer length (bp) Product length (bp)

FIX Forward ATTCTGTGGAGGCTCTATCG 20 220

Reverse GTTCGTCCAGTTCCAGAAGG 20

mGAPDH Forward GCAGTGGCAAAGTGGAGATT 20 489

Reverse GTCTTCTGGGTGGCAGTGAT 20

FIXFc Forward ATCTGGCTATGTAAGTGGC 19 445

Reverse TGAGGGTGTCCTTGGGTT 18

mTF-q* Forward TGACTGCACCGGCAATTTC 19 97

Reverse GGTACCCTCTGGAAGTTTAACGAA 24

FIX-q* Forward GCAGAAAACCAGAAGTCCTGTGA 23 65

Reverse TGTGAAACAGAAACTCTTCCACATG 25

*qPCR primers
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(mGAPDH) gene, respectively. The sequences of the

primers are listed in Table 1.

Quantitative PCR (qPCR)

Genomic DNA collected from the mouse tail was used

to determine the copy number of FIX-Fc gene by using

qPCR analysis. The sequences of primer pairs specific

for human FIX and mTF gene (mouse transferrin,

internal control) are listed in Table 1. P1A3-FIX and

T-mTF plasmids were used to construct the standard

curve (108, 107, 106, 105, 104 copies of the target

sequence). Each PCR reaction contained 250 ng

DNA, 1 pmol primer, and 12.5 lL SYBR Premix

(Takara Biotechnology) in a final reaction volume of

25 lL. The assay was performed using an ABI Prism

7500 Sequence Detection System (Applied Biosys-

tems, CA).

Western blot

Western blot analysis was performed according to the

standard procedures. Proteins from 10 lL defatted

transgenic milk were separated using SDS-PAGE and

transferred to PVDF membrane (Bio-Rad, China). For

denatured analysis, the samples were boiled at 95 �C
for 5 min with reducing loading buffer before SDS-

PAGE separation. Mouse anti-human FIX antibody

(1:1000, ab97619, Abcam, USA) and HRP-conjugated

rabbit anti-mouse IgG (1:2000, DAKO, Denmark)

were used to detect FIX-Fc. The bands were visualized

by chemiluminescence with an enhanced ECL system

(Thermo Fisher, USA). BeneFIX, a commercial, wild-

type and mammalian cell-derived FIX, was purchased

from Pfizer Inc. (Beijing, China) and used as positive

control.

FIX antigen

The FIX concentration was measured using a specific

ELISA kit (SEK11503, Sino Biological Inc., China),

according to the manufacturer’s instructions. Briefly,

milk samples were diluted and determined by sand-

wich ELISA, and the absorbance was measured at

450 nm (Synergy2, BioTek, USA).

FIX activity

The FIX clotting activity levels were determined by

aPTT analysis (one-stage activated partial thrombo-

plastin time, 0020006800, Werfen, USA). Samples

were diluted and added with the FIX-deficient human

plasma (0020011900, Werfen, USA). The standard

curve was constructed using the reference standard

(pooled human plasma, 0020003110, Werfen) and the

FIX activity was calculated by line comparison against

the reference standard on ACL Top 700 automatic

blood coagulation analyzer (Werfen, USA.).

APTT analysis was also used to determine the milk

FIX activity at different storage conditions over time,

to examine the effect of Fc fragment for the stability of

FIX in the transgenic milk. The FIX-Fc transgenic

milk samples were pooled to make a mixture with FIX

activity at * 1 IU/mL. The non-transgenic milk was

added with non-fused FIX to make the control sample,

with the same final FIX activity (* 1 IU/mL). The

non-fused FIX added was the same hyperactivity

mutant with the FIX part of FIX-Fc protein, and was

purified from transgenic bovine milk (purity[ 95%,

the transgenic cow was constructed with the Sal I

linearized fragment of P1A3-FIX plasmid). The two

groups of milk samples were incubated at 4 �C (the

storage condition) and 37 �C (the physiological con-

dition) for 0, 24, 48, 72, 96, 120 h and 0, 2, 4, 8, 16, 32,

48, 72, 96, 120 h, respectively. Then the samples were

tested for the FIX activity using aPTT analysis.

Immunofluorescence analysis

Major tissues (mammary gland, heart, liver, spleen,

lung, kidney, brain) of the transgenic and WT mice

(negative control) were collected for immunofluores-

cence analysis. Serial cryosections (5–10 lm) were

stained with rabbit-anti-human FIX antibodies (1:200,

ab97619, Abcam, USA) and goat-anti-rabbit IgG

antibodies conjugated with Cy3 (1:500, A0516, Bey-

otime Biotechnology, China), and the nuclei were

counter-stained with DAPI (5 lg/mL, Sigma). The

sections were viewed with a fluorescence microscope

(Leica, Germany) and the pictures were merged using

microscope software CW4000 (Leica).
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Statistics

Data were presented as mean ± SEM and analyzed

using GraphPad Prism 7. Statistical comparisons

between experimental groups were assessed by stu-

dent’s 2-tailed t-test or two-way RM (Repeated

Measure) ANOVA followed by Bonferroni’s multiple

comparisons test. Differences were considered signif-

icant when P values were less than 0.05.

Results

Generation of the FIX-Fc transgenic mice

The FIX-Fc transgenic mice were generated using the

b-casein promoter-driven FIX-Fc plasmid (Fig. 1).

Six transgenic founders, four males (#8, #5, #20, and

#44) and two females (#17 and #21) were established

and identified by PCR analysis (Fig. 2a). The founders

were mated with WT mice, resulting in 17 female

transgenic mice litters. The transgene copy number in

each line of the transgenic mice was determined by

qPCR. As listed in Table 2, the transgene copy number

varied in different mouse lines, ranging from 2 to 28,

among which, founder #44 presented with the highest

value.

Expression of FIX-Fc in the milk of transgenic

mice

Mid-lactation stage (9–11 days) milk samples were

collected from 19 transgenic mice for the detection of

FIX-Fc expression. APTT analysis, a classic method

for FIX activity determination, was employed to

determine the FIX activity in the transgenic milk. The

FIX clotting activity was detectable in all the milk

samples from the transgenic-positive mice. The aver-

age FIX activity in the FIX-Fc transgenic milk was

1.46 ± 0.37 IU/mL, with the highest value of

6.20 IU/mL, in #17 (Table 2). The clotting activity

was undetectable in the samples from non-transgenic

littermates control. The FIX antigen was determined

by a human FIX specific ELISA kit. The average FIX-

Fc protein concentration in the transgenic milk was

514.2 ± 141.6 lg/L, and the highest concentration

reached was 2500 lg/L in #17 (Table 2). The FIX-Fc

antigen levels seemed to correlate well with their

activity levels (R = 0.986, P\ 0.001).

Western blot analysis was used to detect FIX-Fc

protein expression in the transgenic milk. As shown in

Fig. 2b, there were strong bands for FIX-Fc proteins

under both reducing and non-reducing conditions.

Under reducing conditions, the molecular mass (MM)

for FIX-Fc (* 75 kDa) was larger than that of the

commercial recombinant FIX control (* 55 kDa),

owing to the fusion of Fc fragment. Under non-

reducing conditions, the FIX-Fc band was approxi-

mately 150 kDa, which was about twice of that under

reducing conditions. These results were consistent

with our prediction that the FIX-Fc proteins exist as a

dimer form in the milk. In our design, each single Fc

chain was linked with a FIX molecular, thus a (FIX-

Fc)2 homodimer would be formed when the Fc part

dimerized through the disulfide bond in the hinge

regain.

Fig. 2 Identification of the transgenic mice and expression of

FIX-Fc in the milk of transgenic mice. a Genotyping of the

P1A3-FIXFc transgenic mice by PCR analysis. P1A3-FIXFc

plasmid served as a positive control (PC), and non-transgenic

mice DNA served as a negative control (NC). b Western blot

analysis of the milk samples from transgenic mice (FIXFc,

representative results of founder #17 and its F2 progeny #614)

and non-transgenic wild-type mice (WT, negative control).

BeneFIX, a commercial, non-fused FIX, was set as positive

controls (BF). A non-specific band (* in the figure) was observed

under the reducing condition
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Expression of FIX-Fc in various tissues

of transgenic mice

RT-PCR and immunofluorescence analyses were used

to examine the tissue-specific expression of FIX-Fc in

transgenic mice. As shown in Fig. 3a, the FIX-Fc

transcripts were found in lactating mammary glands,

but not in other tested tissues (heart, liver, spleen, lung,

kidney, and brain). Immunofluorescence analysis

further confirmed that FIX-Fc protein was specifically

expressed in the transgenic mammary glands, with

bright intracellular FIX signals in the whole mammary

gland surrounded by bright FIX staining in extracel-

lular spaces (Fig. 3b, c). No apparent changes in the

structures of the tested organs were noted.

The blood FIX clotting activity of lactating mice

was determined by aPTT analysis, and no differences

were observed between the transgenic and WT mice

(Fig. 3d), showing that the blood clotting capability in

these transgenic mice remained unchanged.

Fc-fragment effect on stabilization of the FIX-Fc

protein in the milk of transgenic mice

FIX activity in the milk was monitored for different

storage conditions (4 �C for the storage condition, and

37 �C for the physiological condition) at different time

points to assess the stability effect from the Fc-

fragment. The non-transgenic milk added with puri-

fied non-fused FIX protein, that was same hyperactive

mutant form as the FIX part of the FIX-Fc protein, was

used as control. As shown in Fig. 4a, under 37 �C
condition, the clotting activity of non-fused FIX

decreased rapidly over time, with * 50% activity

lost at 4 h, and subsequently became undetectable at

48 h. While in the FIX-Fc group, the clotting activity

began to decline after 48 h at 37 �C, with * 50%

activity lost at 72 h, demonstrating a postponed

degradation rate. Under 4 �C condition, the overall

trend of the clotting activity decline was comparable

in the two groups, with * 50% activity lost at 72 h

(Fig. 4b).

Table 2 Transgene copy numbers and FIX-Fc expression levels in multiple transgenic mouse lines

Transgenic mouse line Generation Number of mice Copy number FIX-Fc concentration (lg/L) Clotting activity (IU/mL)

Line8 F0(#) 1 4 N.A N.A

F1($) 2 270.4 ± 82.8 (n = 2) 0.94 ± 0.24 (n = 2)

Line15 F0(#) 1 20 N.A N.A

F1($) 1 126.0 0.47

Line17 F0($) 1 2 2523.2 6.20

F1($) 1 320.0 0.95

F2($) 2 1213.9 ± 179.2 (n = 2) 4.06 ± 0.21 (n = 2)

Line20 F0(#) 1 2 N.A N.A

F1($) 4 182.4 ± 29.3 (n = 4) 0.59 ± 0.13 (n = 4)

Line21 F0($) 1 15 117.8 0.28

F1($) 2 201.3 ± 12.6 (n = 2) 0.55 ± 0.12 (n = 2)

Line44 F0(#) 1 28 N.A N.A

F1($) 2 231.1 ± 96.0 (n = 2) 0.73 ± 0.38 (n = 2)

F2($) 3 706.8 ± 247.6 (n = 3) 1.65 ± 0.57 (n = 3)

N.A. not applicable

F1 refers to the F1 progeny of founders, F2 refers to the F2 progeny of founders

Data are presented as mean ± SEM for the aPTT or ELISA values from more than one mouse
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Fig. 3 Expression of FIX-Fc in various tissues of transgenic

mice. a RT-PCR results of FIX-Fc expression in the various

tissues of transgenic mice. P1A3-FIXFc plasmid served as a

positive control (PC), and the mammary gland cDNA of WT

mice was used as a negative control (NC). Mouse GAPDH was

amplified to normalize DNA used in each PCR reaction.

b Immunofluorescence analysis of mammary gland tissues from

lactating transgenic mice and WT mice. c Various tissues of

transgenic mice, including mammary gland, heart, liver, spleen,

lung, kidney, and brain from the lactating transgenic mice. The

positive stain for FIX was red (stained with specific anti-FIX

antibody), and the stain for cell nucleus was blue (stained with

DAPI). The scale bar was 100 lm. Original magnifica-

tions: 9 100. d APTT analysis of the blood FIX clotting

activity of the transgenic (n = 12) and WT mice (n = 4).

Statistical comparisons between the two groups were assessed

by student’s 2-tailed t test
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Discussion and conclusion

In this study, we generated a transgenic mouse model

expressing recombinant FIX-Fc in the mammary

gland and the FIX-Fc protein was secreted into the

milk with preserved coagulation activity. Thus, it is

feasible to produce bioactive FIX-Fc in the milk of

transgenic animals.

The transgenic mice were generated using the FIX-

Fc fusion expression vector which has a human IgG1

Fc cDNA inserted into a FIX minigene construct that

we previously reported to be able to expressed in the

milk of transgenic mice (Yan et al. 2006). The FIX

minigene in these constructs are in a hyperactive

mutant form that previously shown to have a 2.5–3

times higher bioactivity than that of the wild-type FIX

(Chang et al. 1998).

The average FIX activity obtained from the FIX-Fc

milk was slightly higher than that from the non-fused

FIX milk in the previous work (1.46 ± 0.37 IU/mL

versus 1.03 ± 0.88 IU/mL), suggesting the FIX activ-

ity was well-preserved when expressed as an Fc fusion

protein. Consistent with previous reports, we observed

that the FIX clotting activity levels in the transgenic

milk were not strictly correlated with the transgene

copy number among different mouse lines. This might

be a common phenomenon in transgene animals

generated by random integration of foreign gene

according to these reports (Kong et al. 2009; Zhang

et al. 2012; Qian et al. 2014). Several factors, such as

position-effect and promoter methylation, may also

play important roles in modulating the transgene

expression.

In this study, the FIX-Fc fusion construct displayed

the same mammary-specific property as the non-

fusion FIX construct from our previous report, when

driven by a b-casein promoter. The FIX-Fc transcripts

and protein were only detected in the lactating

mammary gland, and not in other tissues tested using

RT-PCR and immunofluorescence analyses.

Fc fragment is reported to increase the stability of

Fc fusion proteins in mammalian cell cultures (Carter

2011; Czajkowsky et al. 2012). In this study, we

observed that the clotting activity in FIX-Fc milk

declined much slower than in non-fusion FIX milk

over time at 37 �C. The amino acid sequences of the

FIX-Fc and the non-fused FIX protein were identical

except the Fc part. Our results support that Fc

fragment might exert a stabilization effect for the

FIX-Fc fusion protein in milk. As this phenomenon

was observed at 37 �C (the physiological temperature)

but not at 4 �C, it is possible that Fc fragment might

protect the FIX protein from proteolytic degradation

by enzymes such as plasmin that wildly exist in milk

(Samis et al. 2000; Zhao et al. 2015; Green et al. 2006;

Caroprese et al. 2007; Ismail and Nielsen 2010). Fc

fragment might increase the resistance of the FIX

protein to the proteolytic enzymes by masking the

cleavage sites or by binding to certain milk proteins

that might act as stabilizers. Beyond this benefit, Fc

fusion proteins can be purified through protein-G/A

affinity chromatography, so that it is possible to purify

Fc fusion proteins from milk at a more reasonable cost

(Carter 2011). Taken together, Fc fusion technology

might be helpful in the large-scale production of

recombinant proteins in transgenic livestock.

We noticed that the clotting activity levels of FIX-

Fc transgenic milk were comparable to its non-fusion

counterparts, yet the FIX-Fc antigen levels were lower

(514.2 ± 141.6 vs. 4510.9 ± 1709.8 lg/L) (Yan et al.

Fig. 4 Fc fragment enhanced FIX-Fc protein stability in the

milk of transgenic mice. Milk samples were collected and

pooled for transgenic and non-transgenic mice, respectively.

Control samples were prepared by adding corresponding non-

fusion FIX into the non-transgenic milk to comparable activity

levels (* 1 IU/mL). The bioactivity of FIX or FIX-Fc was

measured by aPTT assay for different temperatures a 37 �C,
physiological condition and b 4 �C, short storage condition. The
values were determined from three independent experiments,

***P\ 0.001, ****P\ 0.0001
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2006). This result is not likely a result of the ELISA kit

used (see ‘‘Materials and methods’’ section), since

similar result were observed when repeated using a

different ELISA kit (abcam 108,831) for FIX-Fc

antigen determination, (data not shown). We suspect

that it is possible the Fc fragment might affect the part

that the FIX conjugate to its antibody. Furthermore, as

the current system was optimized for producing the

native FIX gene that included a full FIX cDNA and an

800 bp truncated FIX intron I sequence, specified

optimization might be needed to increase the expres-

sion efficiency of Fc fusion genes in transgenic

mammary glands. Future efforts will be directed

towards optimizing FIX-Fc vector by using additional

cis-acting elements, intron sequences or signal pep-

tide, etc. Besides, the extended half-life of FIX-Fc

in vivo needs to be further defined.

The fact that no changes in the blood FIX activity

was detected between the transgenic and WT mice,

suggesting that blood coagulation is not affected by

the FIX-Fc expression in the transgenic mice. No

obvious health side effects were observed in the FIX-

Fc transgenic mice.

In conclusion, we demonstrated that FIX-Fc fusion

protein could be specifically secreted into the milk of

transgenic mice with preserved biological activity.

This work provides supporting evidence for the study

of expressing Fc fused recombinant coagulation

factors and other proteins at an industrial scale from

dairy animals, such as cows or goats, which have

potential clinical applications.
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