
SUPPLEMENTARY MATERIALS AND METHODS 
HPLC Analysis 

Bile was pooled from four Fcgrt-/- mice that were untreated or treated with a sub-lethal 

APAP dose were isolated and combined. Albumin was separated from the bile with anti-mouse 

albumin antibody conjugated to Protein G Sepharose (GE). After 20 hours, the sepharose 

conjugates were washed with PBS twice, resuspended in 8 U/mL Pronase E, and incubated at 

50°C for 15 hrs. After protease digestion, the supernatant was removed, diluted 1:4 in 20% TCA, 

and incubated on ice for 10 min to precipitate undigested protein. The samples were then spun 

for 10 min at 14,000 g at 4°C. HPLC Analysis of APAP was performed as described previously 

using UV detection in place of electrochemical detection (60). The analysis was performed at 

room temperature on a Beckman System Gold HPLC system with Solvent Module 125 and 

Programmable Detector Module 166. The mobile phase was 50 mM Sodium Acetate and 7% 

Methanol at pH 4.8. The flow rate was 1 ml/min through a reversed-phase TSK-GEL-ODS-

80Tm column (4.6mm X 25cm; TOSOHASS, Montgomeryville, PA). Run time was 30 min. An 

absorbance spectrum of 200 μM APAP was run on a Beckman DU-640 spectrophotometer and 

a detection wavelength of 250 nm was selected. 20 μL of 200μM APAP in 10mM Sodium 

Acetate was run to identify the retention time, and the sample volume was also 20 μL. 

Peptide Synthesis 

Peptides were synthesized by standard Fmoc/tBu protocols on Rink amide resin using 

commercially available amino acids. Peptides were cleaved from the resin using 95% TFA and 

5% triisopropylsilane for 3 hrs, and precipitated with ice-cold ether. Disulfides were formed by 

using 10 equivalents of iodine in acetic acid/water (4:1) for 1 hr at room temperature. In the case 

of SYN3258, crude peptide was dissolved in 20% DMSO/water in 10 mM sodium acetate pH 5.0 

buffer and mixed for 18 hrs at room temperature. Peptides were purified using RP-HPLC (C18) 

using gradients of acetonitrile in water and 0.1% trifluoroacetic acid. Peptide identity and purity 

were confirmed with analytical RP-HPLC coupled with electrospray MS. In the case of dimer 



SYN3258, proper disulfide connectivity was confirmed by digestion of the peptide with the 

endoproteinase Lys-C.  SYN3258 (50μg, 0.5 μg/μL) was treated with Lys-C (5 μL of 0.5 μg/μL), 

and incubated at 37°C for 2 hrs, followed by analysis by RP-HPLC-MS. A single major peak was 

observed after digestion, corresponding to a mass of SYN3258 at 32 Da (MW = 4487 Da). The 

data suggests that the disulfide connectivity was between the expected cysteines, within each 

peptide monomer.  

X-ray crystallography  

Recombinant shFcRn was prepared as described (64). Briefly, the protein was 

expressed in CHOK1SV cells (Lonza Biologics) and deglycosylated with PNGaseF (NEB), 

concentrated to 6 mg/ml and incubated with SYN1753 (1 mM) for 1 hr. Crystals were obtained 

by the hanging drop vapor diffusion crystallization method by mixing 1 μl of protein:peptide 

complex and 1 μL of well solution containing 1.6 M ammonium sulfate, 20% glycerol and 0.8 M 

sodium acetate at room temperature. Crystals were optimized through multiple rounds of 

seeding. Data were collected at the Advanced Photon Source (APS) beam line 22BM and 

processed with HKL2000 to a resolution of 3.2 Å (65). The structure was solved by molecular 

replacement using PHASER (66) from the CCP4 program suite in space group I222. The apo 

structure of shFcRn (PDB entry: 1EXU) was used as a search model. Four hFcRn/β2m 

molecules were placed within the crystal asymmetric unit. Cycles of model refitting using MIFit 

and refinement using the REFMAC5 program from CCP4 were carried out.  

Generation of SYNT002-08 antibody 

SYNT002-08 is a humanized, affinity matured IgG4-kappa monoclonal antibody 

containing a CH3 C-terminal lysine deletion (ΔK478) and a S241P mutation that stabilizes the 

hinge region (42). Humanization was performed using Composite Human Antibody™ 

technology (67). The sequences of the CDRs of the ADM31 heavy and light chains were used 

to construct a series of fully humanized IgG4 kappa antibodies consisting of all combinations of 

four heavy chain and four light chain candidates (Vh1 – 4 and Vk 1 – 4). These combinations 



were tested for binding to human FcRn at pH 6.0 and pH 7.4. An ELISA that measured 

competition of the candidate antibodies compared to chimeric ADM31 was used to screen the 

humanized candidates and to select a humanized framework that resulted in similar binding to 

human FcRn as the chimeric antibody. ADM31 affinity maturation of the heavy and light chains 

was initiated using a parental, humanized single chain antibody construct (scFv) that 

incorporated the base humanized framework sequences Vh1 and Vk1. Since targeting amino 

acid changes in CDR3 has been shown to be an effective strategy for improving affinity (68), 

four phage display libraries were designed that incorporated selective variation of the amino 

acids present in CDR3 of the light chain (1 library) or CDR3 of the heavy chain (3 libraries). 

Each library was screened for binding to soluble human FcRn (Sino Biological) with decreasing 

FcRn concentrations in each round. Screening conditions alternated between pH 6.0 (first and 

third round) and pH 7.4 (second and fourth round) to insure that candidate affinity matured 

antibodies would maintain affinity under both pH conditions. SYNT002-08 was one of three lead 

candidate antibodies that resulted from this affinity maturation program. 

Analysis of albumin catabolism 

FCGRTTGAlbumin-/- mice were injected i.v. with 500 mg/kg of human albumin at time zero to 

establish the baseline, blood was collected from the retro-orbital plexus of each mouse 24 hrs 

later.  At 25 hrs 6 mice were injected i.v. with PBS, 20 mg/kg of IgG4 or with SYNT002-08 (20, 

10 or 5 mg/kg), and serial blood sampling was continued. Serum samples were analyzed for 

human albumin content by ELISA, as described above.  

Surface plasmon resonance analyses (SPR) 

 SPR was conducted using a Biacore 3000 instrument (GE Healthcare) with CM5 sensor 

chips coupled with recombinant shFcRn-GST (1000 RU) as previously described (63). The 

coupling was performed by injecting 10 μg/mL of the protein diluted in 10 mM sodium acetate 

pH 4.5 using the amine coupling kit (GE Healthcare). Phosphate buffer (67 mM phosphate 

buffer, 0.15 M NaCl, 0.005% Tween 20) at pH 6.0 was used as running buffer whereas HBS-P 



buffer (0.01 M HEPES, 0.15 M NaCl, 0.005% surfactant P20) at pH 7.4 was used for 

regeneration of the flow cells. 1 μM of defatted human albumin (Sigma) was injected alone or 

together with a 100-fold excess amount of acetaminophen, N-acetylbenzoquinoneimine 

(NAPQI) or sodium oleate (fatty acid C18, all from Sigma). SYNT002-08 binding kinetics were 

determined by injecting titrated amounts of monomeric His-tagged human FcRn (400.0-12.5 

nM) over immobilized SYNT002 at pH 7.4 or pH 6.0. All SPR experiments were conducted at 

25°C with a flow rate of 40 μl/min. Binding data were zero-adjusted, and the reference cell value 

subtracted. The Langmuir 1:1 ligand binding model provided by the BIAevaluation software 

(version 4.1) was used to determine the binding kinetics. The closeness of the fit is described by 

the statistical value χ2. Finally, for SPR analysis of peptide mimetics, recombinant human 

albumin (Sigma) expressed by Pichia pastoris and rat albumin (Sigma) were used. shFcRn was 

expressed as previously described (39). The Fc fragment of IgG1, designated as CysFc, was 

used as a SPR control and was expressed in Chinese hamster ovary cells and purified by 

protein A affinity chromatography. 

 

  



SUPPLEMENTARY FIGURE LEGENDS 
Supplementary Figure 1. Liver specific Fcgrt deletion. (A) Total mouse FcRn and β-actin 

levels in liver (top) and spleen (bottom) homogenates from Fcgrtfl/fl (AlbCre-) and AlbCre Fcgrtfl/fl 

(AlbCre+) perfused mice (n=3). (B) 70S FITC-labeled dextran was injected i.v. into Fcgrt+/+ and 

Fcgrt-/- mice. 24 hrs later the mice were sacrificed and levels of dextran was quantified in bile 

(n=5-8). (C) Circulating albumin and IgG levels in AlbCre, Fcgrtfl/fl and Fcgrt+/+ mice (n=3-4). Data 

were statistically analyzed by 1-way ANOVA (Fig. 5B, C). 

 
Supplementary Figure 2. Intracellular retention of albumin in hepatocytes in absence of 
FcRn expression. (A) Detection of newly biosynthesized albumin (right panel) or hFcRn (left 

panel) in MDCK II cells expressing human albumin or co-expressing human albumin and 

hFcRn. MDCK II cells expressing hβ2m (Vector) only, hβ2m and hFcRn (hFcRn/hβ2m), hβ2m 

and human albumin (hAlbumin/hβ2m) or hβ2m, hFcRn and human albumin (hFcRn/hβ2m 

/hAlbumin) were stained for intracellular albumin and hFcRn. Results in form of bar graphs 

representing MFI of albumin and hFcRn staining are displayed. (B) Total albumin levels in liver 

homogenates from Fcgrt-/- , Fcgrt+/+, FCGRTTG, Fcgrtfl/fl-WT and Fcgrtfl/fl-AlbCre mice. Compiled 

results in the form of bar graphs are displayed (n=2-3 mice per experiment performed twice, *, P 

< 0.05, **, P<0.01). (C) Primary mouse hepatocytes were isolated from Fcgrt-/-, Fcgrt+/+, 

FCGRTTG mice and stained for intracellular albumin. Compiled results in form of bar graphs 

representing MFI of albumin staining vs isotype control are displayed. Data were statistically 

analyzed by 1-way ANOVA. 

Supplementary Figure 3. FcRn controls the loss of albumin bound APAP into the bile and 
hepatocyte sensitivity to oxidative stress. (A) hFcRn staining and confocal microscopy of 

livers from FCGRTTG and Fcgrt-/- mice (insert). White circles: areas of intracellular vesicular 

FcRn expression, white arrows: FcRn expression on sinusoidal membranes, white arrowheads: 

canalicular FcRn expression (red: FcRn, rabbit anti-hFcRn-CT, anti-Rabbit Alexa568, blue: 

DAPI). Detection of albumin-bound APAP (arrow) using HPLC after albumin from the bile was 

isolated from Fcgrt-/- mice upon (B) sub-lethal administration of APAP versus (C) untreated 

mice. (D) As positive control albumin isolated from bile of Fcgrt-/- mice was mixed with 200 μM 

APAP and applied for the HPLC analysis. (E) SPR analysis of human albumin binding to 

immobilized shFcRn upon association with APAP, NAPQI or fatty acid C18 at pH 6.0. (F-G) 
Intracellular levels of ROS and (H) viability of MDCK II cells expressing hβ2m (Vector), hFcRn 

and hβ2m (hFcRn/hβ2m), or hFcRn, hβ2m and human albumin (hFcRn/hβ2m/hAlbumin) or hβ2m 



and human albumin only (hβ2m/hAlbumin) (***, p<0.0005; **, p<0.005; *, p<0.05).  Levels of 

oxidative stress were determined using CM-H2DCFDA which is oxidized to fluorescent 

dichlorofluorescin (DCF). Viability was determined by 7AAD staining. Cells were left untreated 

or were treated with different concentrations of hydrogen peroxide (H2O2) or APAP to increase 

intracellular levels of oxidative stress and mortality. % Δ in ROS was calculated by subtracting 

DCF MFI of untreated cells from DCF MFI of H2O2 or APAP treated cells. % Δ in dead cells was 

determined by subtracting the % of 7AAD+, H2O2 untreated cells from % of 7AAD+, H2O2 treated 

cells. Data were statistically analyzed by 2-way ANOVA with Fisher’s-LSD post-hoc test (Fig. 

S3F, G, H). 

Supplementary Figure 4. Blockade of human FcRn-albumin interactions with a 
monoclonal antibody or peptide mimetic protects from hepatotoxicity. (A) Serum and bile 

albumin levels in FCGRTTG mice 24 hrs after 30 mg/kg of ADM31 or IgG2b isotype control 

treatment (n=3-5; ***, p<0.0001). Primary hepatocytes were isolated from FCGRTTG mice and 

treated with 50 μg/ml of ADM31 or IgG2b isotype control for 16 hrs after which they were 

collected, lysed in RIPA buffer and immunoblotted for mouse albumin and β-actin. 

Representative (B) blots and (C) compiled results presented as bar graph of albumin:β-actin 

ratio  are  shown (*, p=0.043). FCGRTTG mice were treated with PBS or 30 mg/kg of ADM31 or 

IgG2b isotype control 16 hrs before APAP administration. 2 hrs post APAP administrations 

livers were collected, lysed and immunoblotted for p-JNK, JNK or GAPDH. Representative (D) 
blots and (E) compiled results presented as bar graph of p-JNK:JNK ratio  are  shown (n=3; *, 

p=0.036; **, p=0.007). (F) Serum and (G) bile albumin levels 8 hours after sub-lethal APAP 

administration (400 mg/kg) in Fcgrt+/+, Fcgrt-/-, untreated FCGRTTG or FCGRTTG mice that 

received either ADM31 or IgG2b isotype control (30 mg/kg) 16 hours before APAP 

administration (n=8-10 (F), n=3 [n=1(Ø)](G); *, p=0.0181, **, p<0.006; ***, p<0.0007, ****, 

p<0.0001). (H) Transcytosis of human albumin in MDCK II cells co-expressing hFcRn and hβ2m 

in the presence of the monomeric peptide inhibitor SYN1753, the dimeric peptide inhibitor 

SYN3258 or a scrambled peptide control (***, P<0.001). (I)  Survival curves and (J) serum and 

bile albumin levels 24 hrs after a lethal dose of APAP (600 mg/kg) was administered to 

FCGRTTG mice to which SYN3258 or a cyclic control peptide were continuously delivered at a 

dose of 40 mg/kg body weight per day via an i.p. pump (n=6; **, P<0.01). Data were statistically 

analyzed by 1-way ANOVA (Fig. S4C, E, F, G), 2-way ANOVA with Fisher’s-LSD post-hoc test 

(Fig. S4A, H, J), or Mantel-Cox test (Fig. S4I).  

 



Supplementary Figure 5. Characterization of humanized monoclonal antibody SYNT002-
08 that blocks human FcRn and albumin interactions.  (A) Schematic of therapeutic 

antibody treatment in FCGRTTG mice. (B) Survival curves of Fcgrt-/- mice or FCGRTTG mice that 

received either PBS, ADM31 or IgG2b isotype control antibodies (30 mg/kg) 2 hrs after lethal 

APAP (600 mg/kg) administration (n=4-8 animals per group). Binding of titrated amounts of 

shFcRn injected over immobilized SYNT002-8 at (C) acidic, pH 6.0 or (D) neutral, pH 7.4 

conditions. (E) Administration of SYNT002-08 antibody increases albumin catabolism in 

FCGRTTGAlb-/- mice. Results are presented as the Log10 of mean % human albumin remaining 

based on the 24 hrs baseline (Mean ± SEM) at the indicated time points with curves 

representing non-linear regression analysis with 90% confidence intervals. The slopes +/- SD of 

these curves were analyzed by 1-way ANOVA (n=5-11; *, p=0.031; **, p=0.0069; ***, p=0.0003; 

****, p<0.0001). Data were statistically analyzed by Mantel-Cox test (Fig. S5B) 
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