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Abstract  
 
Albumin has a long serum half-life due to its unique ability to bind the cellular neonatal Fc 
receptor (FcRn), which provides protection from intracellular degradation. The interaction 
can be capitalized to improve the efficacy of drugs by extending their serum persistence. 
However, species-specific binding of albumin to FcRn challenges preclinical development. 
The goal of this brief review is to provide insights into how FcRn and cross-species binding 
differences affect the pharmacokinetics of human serum albumin (HSA) in different animal 
models, and gives an overview of genetically modified mice that may serve as improved 
models for testing of albumin-based drugs. 
 
Introduction 
 
Albumin is an abundant and long-lived protein in blood. In humans, it has a serum 
concentration of 40 mg/ml and a serum half-life of 3 weeks, which is only shared with IgG 
antibodies [1,2]. Albumin plays a key role in transportation of various small insoluble 
molecules, including fatty acids, hormones and chemical drugs [3,4]. Albumin has been 
further exploited to improve the serum half-life and efficacy of therapeutics, which are 
genetically fused, conjugated or associated via albumin-binding molecules. So far, this has 
led to the marketing of six drugs as well as several in pre-clinical and clinical development 
[5,6]. 
 
While the extended half-life of albumin had been appreciated for decades [7], a mechanistic 
explanation only emerged much later. The key discovery was that both the serum 
concentration and half-life of albumin were substantially reduced in mice deficient for the 
neonatal Fc receptor (FcRn) in comparison to wild-type (WT) mice [8]. FcRn is a cellular 
receptor, comprised of a MHC class I family heavy chain (HC) FCGRT and a β2-microglobulin 
(b2m) light chain (Fig. 1a), which was already known to bind and protect IgG antibodies 
from intracellular degradation [9-12]. This striking result opened new opportunities for the 
development of albumin-based therapeutics with tailored FcRn binding properties and 
further improved pharmacokinetics. However, cross-species differences in binding of 
albumin to FcRn limit the use of conventional animal models for preclinical evaluation. The 



goals of this brief review are to provide insights into how FcRn and cross-species binding 
differences affect the pharmacokinetics of human serum albumin (HSA) in different animal 
models. 
  
FcRn – a key controller of albumin homeostasis       
 
FcRn is expressed in multiple tissues and cell types across species [5,13]. A recent study 
demonstrated that FcRn in hepatocytes of the liver is important for maintaining the steady-
state concentration of albumin in the blood, as the serum level was reduced to about 60% in 
mice with a liver lacking expression of the receptor [14]. Other reports have previously 
shown that FcRn-deficiency in renal tubular epithelial cells cause hypoalbuminea [15,16]. 
FcRn is present in hematopoietic and endothelial cells of most tissues [13,17,18], and when 
expression was conditionally deleted in these cell types in mice, serum levels of both IgG 
and albumin were reduced, which supports the involvement of one or both in regulation of 
albumin homeostasis by recycling that prevents intracellular degradation [19]. A recent 
study demonstrated FcRn-dependent rescue of albumin from degradation in human 
endothelial cell lines [20]. In another study, human FcRn (hFcRn) over-expressed in polarized 
Madin-Darby canine kidney II epithelial cells was shown to mediate bidirectional 
transcytosis of HSA, as well as efficient recycling at the basal surface of the cells [14]. These 
studies support that albumin follows the same traffic pattern as IgG, which has been studied 
in detail (reviewed in [21,22]). IgG enters the endosomal pathway by fluid-phase 
pinocytosis, but instead of following the route to the lysosomes and degradation, it may be 
captured by FcRn and recycled to the cell membrane [23-26]. Moreover, FcRn interacts with 
albumin and IgG at distinct binding sites and in a similar pH-dependent manner, with 
binding at acidic pH and not at neutral pH [8,27,28]. The pH-dependency is important for 
efficient FcRn-mediated recycling, as it promotes ligand binding in acidified endosomes and 
then release when exposed to neutral pH at the cell surface.  

The interaction is characterized by conserved histidine residues in both FcRn and albumin, 
which are protonated and deprotonated in the pH 6.0-7.4 range. The HC of FcRn has three 
extracellular domains (α1, α2 and α3), which is non-covalently associated with β2m (Fig. 1a) 
[29,30]. At acidic pH, H166 in the α2-domain of hFcRn forms intramolecular interactions 
that stabilize a loop in the α1-domain. This makes conserved tryptophan residues (W53 and 
W59) available for docking into hydrophobic pockets of albumin [28,31-34]. Albumin has 
three homologous domains, DI, DII, and DIII (Fig. 1b) [35]. Three conserved histidines (H464, 
H510 and H535) in DIII form both intra- and intermolecular interactions when protonated, 
which stabilizes a loop (residues 500-510) in an open orientation for W53 and W59 to be 
inserted [28,32,34]. Thus, DIII of HSA contains the main binding site for hFcRn and the 
interface is mainly hydrophobic. In addition, two surface-exposed loops in DI make direct 
electrostatic interactions with FcRn, which stabilize the interaction [28,34,36].  

 
Targeting albumin for extended half-life 

Protein-based therapeutics may be genetically fused to the amino or carboxy terminal end 
of albumin (Fig. 2a). In one study, where a peptide or an antibody single-chain variable 
fragment was fused to either end of HSA via a glycine-serine linker, the N-terminal fusions 
had no or only minor negative effect on the FcRn interaction, whereas the C-terminal 



fusions decreased binding by up to 2-fold [37]. Another approach is chemical conjugation to 
albumin, either to surface-exposed amino acids or, in a site-specific manner, to a free 
cysteine (C34) in DI (Fig. 2b). Conjugation of polyethylene glycol polymers to C34 reduced 
FcRn binding affinity by 2-3 fold at acidic pH, whereas attachment of an anticoagulant 
aptamer drug compromised the interaction by more than 9-fold [38,39]. In comparison, 
conjugation of glucagon-like peptide-1 (GLP-1) resulted in a slight decrease in receptor 
binding [40]. Thus, both the nature of the fused or conjugated drug and the choice of linker 
or conjugation chemistry may affect FcRn binding. Even a small reduction in receptor 
binding may have a negative effect on in vivo half-life, as the albumin-fused or conjugated 
drug compete with large amounts of endogenous albumin for binding to the FcRn.  
 
Engineering of HSA for improved FcRn binding is an attractive strategy for long lived 
albumin-based therapeutic design (Fig. 2c). We have previously demonstrated that 
substitution of a lysine in position 573 of the C-terminal end of HSA, to any of the other 19 
amino acids, improves binding to hFcRn at pH 6.0, with no or minor effect on binding at pH 
7.4 [41]. Mutation to a proline (K573P) gave rise to 12-fold stronger binding affinity, without 
a concomitant increase in binding at neutral pH [41]. While conjugation of polyethylene 
glycol or an anticoagulant aptamer to C34 resulted in decreased FcRn binding, the K573P 
engineered HSA-conjugates bound more strongly than unconjugated WT HSA, supporting 
that the single-point mutation may be used to compensate for the decrease in binding 
caused by a conjugated drug [38,39]. Furthermore, another study used yeast display to 
identify single amino acid substitutions that increased the binding strength to hFcRn, such 
as the V547A mutation in HSA5 that gave rise to 3.2-fold improved binding [34]. Moreover, 
HSA7 with two mutations combined, V547A and E505G, bound with at least 40-fold stronger 
affinity at pH 6.0. However, a concomitant increase in binding at neutral pH was measured 
for both variants, and HSA7 bound 5-fold more strongly than HSA5 [34].  

Therapeutics may also be fused or conjugated to albumin-binding molecules that associate 
with endogenous albumin after administration (Fig. 2d). Examples of such molecules are 
albumin-binding domain [42,43], albumin-binding lipids and peptides [6,44], albumin-
binding designed ankyrin repeat proteins (DARPin) [45] and different forms of antibody-
derived fragments with specificity for albumin [46-49]. To obtain extended half-life using 
this strategy, it is important that binding to albumin does not interfere with the FcRn-
albumin interaction and binding needs to be retained at neutral pH as well as at lower pH 
encountered in the endosomes.  
 
Conventional animal models  
 
Rodents, rabbits and non-human primates are frequently used animal models for preclinical 
evaluation of drugs. However, choosing an animal model best suited for evaluation of HSA-
based drugs is not necessarily straightforward. The reason is the differences in HSA binding 
to FcRn that exist across species despite high sequence conservation of both proteins. 
Importantly, FcRn from rodents binds HSA poorly in comparison to rodent albumin, e.g. 
mouse FcRn (mFcRn) binds mouse serum albumin (MSA) 25-fold more strongly than HSA 
[37,41,50]. In combination with high levels of endogenous albumin, injected HSA 
encounters strong competition in binding to FcRn. In mice, the consequence of this was 
demonstrated when WT HSA showed close to the same half-life as a HSA mutant (K500A) 



with very weak binding affinity for FcRn (Table 1) [40,41]. The half-life of HSA in WT mice 
and in FcRn-deficient mice was also close to identical [51]. In rats, the half-life of HSA was 
found to be only 15 h compared to 49 h for rat albumin [52]. Similarly, the reported half-life 
for HSA in rabbits is less than half of that measured for rabbit albumin [53,54]. On the other 
hand, FcRn from rhesus and cynomolgus monkeys binds only slightly more weakly to HSA 
than to albumin from the same species [37,41], and half-lives of 131 h and 169 h has been 
measured for HSA in cynomolgus monkeys compared to 144 h reported for cynomolgus 
monkey albumin [2,34,41]. An overview of albumin half-lives in the different animal models 
is given in table 1.  
 
While non-human primates are good surrogate models, ethical reasons and high cost limit 
their use for evaluation, and therefore, mice are the preferred choice for early-stage drug 
development. Ease of handling and the numerous models with modified genetics further 
speak in favor of mice.  
 
Conventional mice 
 
The use of conventional mice may be considered for engineered HSA variants that have 
gained binding affinity for mFcRn due to introduced mutations, and may in some cases be 
the only choice for efficacy testing in disease mouse models. For instance, the K573P 
mutation that improves binding to hFcRn when introduced in HSA, also increased binding to 
mFcRn by 15-fold [41]. MSA has a proline in this position, which therefore partly explains 
why MSA binds more strongly to mFcRn than HSA. The mutation gave rise to 1.5-fold 
extended half-life in WT mice, supporting that HSA-K573P has increased ability to compete 
with endogenous MSA for receptor binding [41]. Moreover, HSA5 behaved similarly to WT 
HSA, while more than 2-fold longer serum half-life was measured for HSA7 [34]. However, 
the results did not correspond to that observed in hFcRn transgenic mice and monkeys, as 
described below. Thus, pharmacokinetic evaluation in mice requires careful interpretation, 
as mutations in HSA may affect the interaction to the mouse and human receptors 
differently. 
 
Albumin-binding molecules and attached drugs may be evaluated in WT mice if they bind to 
MSA. For instance, ribosome display was used to select albumin-binding DARPin molecules 
that bound albumin of different species with nM affinities at both pH 6.0 and pH 7.4 [45]. 
When an albumin-binding DARPin was fused to a DARPin with no specificity, the fusion 
exhibited a half-life of 44 hours in WT mice, which is similar to that reported for MSA (Table 
1), while a non-albumin binding DARPin was eliminated in minutes [45]. 
 
Human FcRn transgenic mice 
 
Humanized mice that express hFcRn instead of the mouse receptor have been developed 
(Fig. 3). Tg276 and Tg32 are two genetically modified C57BL/6J strains that lack intact genes 
for mFcRn, and are transgenic for the HC of hFcRn [8,12]. Both strains express the human 
HC, which then pair with mouse β2m (mβ2m). The Tg276 mice carry human FCGRT cDNA, 
which is ubiquitously expressed under the control of a human cytomegalovirus immediate 
early promoter/enhancer chicken beta-actin/rabbit beta-globin hybrid (CAG) promoter, 
whereas the Tg32 mice carry the complete human FCGRT gene, including the human FCGRT 



regulatory elements. Tg32 mice that co-express human β2m (hβ2m) have also been made 
[55]. MSA concentrations of 25 mg/ml and 29 mg/ml have been measured in Tg276 and 
Tg32 mice, respectively, which is in the range of that measured in WT mice [56].  

Such transgenic mice are frequently used to study the pharmacokinetics of human IgG 
antibodies and Fc-based therapeutics [55,57,58]. Notably, hFcRn binds weakly to mouse IgG 
and the level of endogenous IgG is therefore lower than normal. The hFcRn transgenic 
strains are also available on immunodeficient background, and can therefore be used in 
xenograft studies for efficacy testing of anti-tumor compounds [58]. 

HSA binds more strongly to hFcRn than to mFcRn [37,41,50]. In Tg32 mice, WT HSA showed 
2-times the half-life measured for a variant with weak affinity for hFcRn (HSA-K500A) [41], 
which supports that HSA is recycled by the human receptor in the mouse model (Table 1). 
Importantly, hFcRn, with human HC and hβ2m, has 5-fold stronger binding affinity for MSA 
than for HSA [50,59], and pharmacokinetic evaluation of HSA-based compounds in the Tg32 
mice has been questioned. Curiously, a recent report revealed that MSA and HSA bind with 
similar binding affinity to a chimeric receptor consisting of the human HC paired with mβ2m, 
which is expressed by these mice [59]. 

In regard to evaluation of engineered variants, HSA-K573P showed 2-fold stronger binding 
to hFcRn than MSA, which translated into 1.4-fold prolonged half-life compared to WT HSA 
in Tg32 mice (Table 1) [41]. As a proof-of-concept, HSA-K573P was also tested in 
cynomolgus monkeys. The improvement in binding to cynomolgus monkey FcRn was similar 
to that observed towards hFcRn, and HSA-K573P bound 11-fold more strongly than 
cynomolgus monkey albumin. The half-life was extended by 1.6-fold, from 5.4 to 8.8 days, 
which supports that the Tg32 mice may be used to predict in vivo behavior in monkeys [41]. 
The half-life of HSA5 and HSA7 was determined in Tg276 mice, and both showed about 1.5-
fold longer half-life than WT HSA [34]. HSA7 bound more strongly than HSA5 to hFcRn at 
both pH 6.0 and pH 7.4, and the increased binding at pH 7.4 may explain why HSA7 did not 
exhibit a longer half-life than HSA5. When tested in cynomolgus monkeys, the half-life of 
HSA7 was 1.3-1.6 times the half-life of WT HSA, which corresponds to the relative difference 
measured in the humanized mice [34]. 
 
Human FcRn transgenic and albumin deficient mice 
 
Tg32 mice have been further engineered to lack expression of endogenous albumin (Tg32-
Alb-/-) (Fig. 3c) [51]. The strain was created by targeting the Alb gene by transcription 
activator-like effector nucleases, which resulted in a 2 bp deletion in exon 4. This in turn 
caused a frame shift and a premature stop codon. The mice are analbuminemic, but the 
total protein level in the blood is only slightly lower than normal, as the lack of albumin is 
compensated by increased expression of other serum proteins. Strikingly, the serum half-life 
of HSA was measured to be 24.1 days after intravenous administration, which is close to 
that measured in humans and 4-fold longer than in the hFcRn transgenic Tg32 strain (Table 
1). Thus, the presence of hFcRn and absence of competing endogenous MSA resulted in 
efficient protection of WT HSA from intracellular degradation [51]. 

The strain allows studies of how hFcRn binding kinetics of engineered HSA variants as well 
as fusions and conjugates directly influence the half-life in the absence of competition. A 



further advantage is that such studies may be extended to address how competition affects 
the pharmacokinetics, by administration of titrated amounts of WT HSA prior to the test 
compound. In a recent study, Tg32-Alb-/- mice were preloaded with 500 mg/kg HSA and high 
serum levels were maintained for more than a week in control mice that were given PBS, 
but not in mice that received a monoclonal antibody with specificity for the albumin-binding 
site on hFcRn [14]. Thus, the mice tolerated exposure to high doses of HSA, and again, the 
serum level of HSA in this strain was fully dependent on hFcRn. 

Human FcRn and HSA transgenic mice 
 
Humanized double transgenic mice (C57BL/6J), having the genes encoding mFcRn and MSA 
replaced by their human counterparts, have recently been reported (Fig. 3d) [59]. 
Specifically, the hFcRn HC cDNA was inserted in-frame with the murine ATG in exon 2 of the 
gene encoding mFcRn, whereas cDNA encoding the MSA signal peptide followed by the 
coding sequence for HSA was inserted in-frame with the murine ATG in exon 1 of the MSA 
gene. Thus, the expression levels of both hFcRn and HSA are under the control of the 
endogenous mouse promoters. In the case of the receptor, it is likely to parallel the 
endogenous distribution pattern of mFcRn. As in the other transgenic mice, the receptor is 
chimeric, in that the human HC pairs with mβ2m.  

The double transgenic mice have a serum HSA concentration of 17 mg/ml, whereas the 
levels of another 30 serum components were comparable to that in WT mice. HSA 
expressed by the mice was shown to bind soluble hFcRn with a binding affinity similar to 
that measured for recombinant and human serum-derived albumin, and HSA from all three 
sources bound equally well to hFcRn, whether the HC was paired with hβ2m or mβ2m.  

The pharmacokinetics of WT HSA and two engineered variants, K573P and K500A, have 
been compared, and found to be 57 hours for WT, only half of that for K500A, and roughly 
80 hours for K573P (Table 1). Thus, the half-lives measured for the three variants were close 
to that previously determined in the presence of endogenous MSA in Tg32 mice, and the 
relative differences to WT HSA were the same [41].  

Lastly, the double transgenic mouse may prove to be a more suitable model for evaluation 
of drugs attached to albumin-binding molecules that show low cross-species reactivity, and 
of small drugs that binds reversibly to pockets of endogenous albumin, as species 
differences in the binding pockets can affect the on- and off-kinetics [4]. 

Concluding remarks 

The pharmacokinetics of drugs may be improved by attachment to albumin, and 
exploitation of the FcRn-albumin interaction is attracting increasing interest, as it provides 
opportunities for rational design of HSA that tailor FcRn binding properties to control serum 
half-lives. Importantly, cross-species FcRn binding differences must be taken into 
consideration prior to in vivo testing of new drug candidates in animal models. Currently, 
Tg32 and Tg276 transgenic mice are the state-of-the-art preclinical models for evaluation of 
therapeutic human IgG antibodies. The relevance of these models for testing of HSA 
variants and HSA-attached drugs has been questioned, however, as MSA binds hFcRn more 
strongly than HSA. This has motivated the generation of novel mouse strains that have the 



gene encoding MSA silenced and/or replaced with the gene encoding HSA, while also being 
hFcRn transgenic. Each of these mice expresses a chimeric FcRn heterodimer, with the 
hFcRn HC pairing with mβ2m. The chimeric receptor was recently found to bind MSA and 
HSA with very similar binding affinity. Thus, the presence of endogenous MSA in Tg32 and 
Tg276 mice does not necessarily limit their use for evaluating HSA-based therapeutics. 
Nevertheless, whether the presence of mβ2m, rather than hβ2m, affects the 
pharmacokinetic evaluation of HSA should be investigated.  
 
There is also a major interest in optimization of therapeutic human IgG and Fc-based 
therapeutics by modifying their interaction with FcRn, and one may want to compare the 
performance of such drugs with HSA-based therapeutics in mice. In this regard, it is of 
relevance that MSA binds hFcRn strongly while mouse IgG binds poorly, and as such, the 
competition from endogenous IgG and MSA for receptor binding differs considerably in 
hFcRn transgenic mice. In Tg32-Alb-/- mice on the other hand, the combination of low IgG 
levels and no albumin allows physiologically relevant levels of both to be achieved by 
injection of human ligands prior to drug evaluation.   
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Table 1. β-phase half-life of albumin in animal models 
Animal Albumin T1/2β (h) Ref. Animal HSA variant T1/2β (h) Ref. 
Human Human (pd) 450 [2] Mouse K500A (r) 

K573P (r) 
V547A (r) 
V547A/E505G(r) 

19.1 
30.6 
33.0 
67.5 

[41] 
[41] 
[34] 
[34] 

Monkey Monkey (pd) 144 [2] 

Rabbit 
 
Rat 
 

Rabbit (pd) 
Rabbit (r) 
Rat (pd) 
Rat (pd) 

112.8±8.6 
103.7±6.0 
53.0 
49.1 

[54] 
[54] 
[47] 
[52] 

Tg32 
mFcRn-/-, 
hFcRn+/+ 

WT (pd) 
WT (r) 
K500A (r) 
K573P (r) 

139.2±12 
67.0 
31.3 
95.2 

[51] 
[41] 
[41] 
[41] 

Mouse Mouse (pd) 
Mouse (pd) 

35.0±3.0 
39.0±1.0 

[8] 
[8] 

Tg267 
mFcRn-/-, 
hFcRn+/+ 

WT (r) 
V547A (r) 
V547A/E505G(r) 

30.3 
46.2 
44.9 

[34] 
[34] 
[34] 

Monkey 
 

Human (r) 
Human (r) 

131.7 
169 

[41] 
[34] 

Tg32-Alb-/- 
mFcRn-/-, MSA-/-, 
hFcRn+/+ 

WT (pd) 
 

578.4±67 [51] 

Rabbit 
Rat 

Human (r) 
Human (pd) 

47.0±6.0 
14.8 

[53] 
[52] 

Albumus 
mFcRn-/-, MSA-/-, 
hFcRn+/+, HSA+/+ 

WT (r) 
K500A (r) 
K573P (r) 

57±13 
29±3 
80±18 

[59] 

Mouse Human (pd) 
Human (r) 
Human (r) 

62.4±2.4 
21.0 
29.9 

[51] 
[41] 
[34] 

Monkey K573P (r) 
V547A/E505G(r) 

210.7 
259 

[41] 
[34] 

Abbreviations used in the table: pd, plasma-derived; r, recombinant produced; Ref., 
reference; T1/2β (h), β-phase half-life given in hours.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2. Abbreviations  

WT wild-type 

GLP-1 Glucagon-like peptide-1 

FcRn neonatal Fc receptor 

hFcRn human FcRn 

mFcRn mouse FcRn 

HC heavy chain 

β2m β2-microglobulin 

hβ2m human β2m 

mβ2m mouse β2m 

HSA human serum albumin 

MSA mouse serum albumin 

DI Domain I 

DII Domain II 

DIII Domain III 

DARPin designed ankyrin repeat proteins 

CAG human cytomegalovirus immediate 
early promoter/enhancer chicken 
beta-actin/rabbit beta-globin 
hybrid promoter. 

 

 

 

 

 

 

 

 

 

 

 

 



FIGURES 

Figure 1. Crystal structures of hFcRn and HSA. a. A crystal structure of recombinant soluble 
hFcRn HC (α1, α2 and α3) in blue and the β2m subunit in grey [30]. Residues in the IgG-
binding site are shown in dark blue. H166 that govern pH-dependent binding of albumin is 
shown in red, whereas other important residues (W51, W53, W59 and W61) in the albumin-
binding site are shown in yellow. b. A crystal structure of HSA with its three domains, DI, DII 
and DIII, in salmon pink, brown and green, respectively [35]. The C- and N-terminal ends are 
indicated and C34 is shown in black. Residues that govern pH-dependent binding (H464, 
H510 and H535) are shown in red, whereas residues in the FcRn binding pockets of DIII and 
in the FcRn binding loops of DI are shown in yellow. The figures were made using PyMOL 
and the crystal structure data of hFcRn (PDB 3M1B) and HSA (PDB 1AO6). 

 

Figure 2. Albumin-based strategies to improve serum half-life of drugs. Illustrations of a 
crystal structure of HSA, where DI, DII and DIII are shown in salmon pink, brown and green, 
respectively. a. Genetic fusion of a drug to the C- or N-terminal end of HSA. b. Chemical 
conjugation of a drug to HSA via C34 (shown in black). c. Use of engineered HSA variants. 
Examples of residues that have been substituted in reported HSA variants are shown; K500 
(blue), E505 (purple), V547 (orange) and K573 (pink). d. Conjugation or fusion of a drug to 
albumin-binding molecules. The figures were made using PyMOL with the following PDB 
data: HSA (1AO6), Victoza®/Liraglutide® (4APD) and GLP-1 (31OL). 



 
Figure 3. Humanized mouse models for evaluation of albumin-based drugs. The mice have 
disrupted genes for the HC of mFcRn as shown in gray, but express mβ2m (not shown). The 
serum level of albumin expressed by each strain is shown inside the mouse illustrations 
[51,56,59]. a, Tg276 mice express the human FCGRT cDNA transgene (dark blue) under the 
control of the ubiquitous CAG promoter (light blue) [8]. b-c, Tg32 mice express a transgene 
containing the genomic DNA of human FCGRT under the control of the human promoter as 
shown in green [12]. c, Tg32-Alb-/- mice lack 2 bp in exon 4 of the MSA gene in addition, 
which results in a premature stop codon as indicated [51]. d, AlbumusTM mice express 
human FCGRT cDNA (dark blue) under the control of the mouse Fcgrt promoter (orange). In 
addition, the mice express chimeric Alb cDNA, encoding the signal peptide sequence of MSA 
and the amino acid sequence of mature HSA (dark red), which is regulated by the mouse Alb 
promoter (light red) [59]. 
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