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Supplementary Fig. 1 Spontaneous AApoAII amyloidosis in a 24-month old mouse. 

Sections of heart (a-e) and tongue (f-j) of a 24-month old human TTR transgenic mouse were stained 
with Congo red (a, b, f, g) or detected by immunoperoxidase staining with antibodies to human TTR 

(c, h), mouse apoAII (d, i) or mouse SAA (e, j), and viewed under bright field (a, c-f, h-j) or cross 

polarised illumination (b, g).  Amyloid was demonstrated by the pathognomonic red-green 
birefringence of Congo red stained extracellular deposits (a & b, f & g).  The strong staining for apoAII 

of the amyloid deposits, identified by Congo red staining in adjacent sections, and the minimal staining 
for human TTR and mouse SAA, demonstrate clearly that amyloid fibril type in this mouse is apoAII.  

Of 59 unseeded mice analysed, this is the only one which developed amyloid.  Scale bars: 100 µm (a-

e) and 250 µm (f-j).  



 

 

Supplementary Fig. 2 Time course of amyloid deposition in hearts and tongues of line N4 male 
mice. 

The amount and extent of amyloid deposited in hearts (a,c,e,g) and tongues (b,d,e,f) of seeded mice 

increases progressively over months.  Two months after seeding (a,b), very scattered deposits 
containing very small amounts of amyloid are visible (not obvious in this low-power view).  Analysis 

after 3 months (c,d), 4 months (e,f) and 6 months (g,h) shows progressive increase in the amount and 

distribution of amyloid deposition.  Images are representative of n = 10, 20, 8 and 15 different mice (a 
& b, c & d, e & f and g & h, respectively).  Congo red-stained sections of heart (a,c,e,g) and tongue 

(b,d,e,f) from male line N4 transgenic mice were imaged by fluorescence microscopy; overlapping 
images were assembled to produce these composite images of entire sections.  The imaging conditions 

were adjusted in each case to avoid saturation.  
  



 

 

Supplementary Fig. 3 Comparison of ATTRS52P cardiac amyloid in a patient and a transgenic mouse. 

Congo red stained sections are shown, using bright field, polarising and fluorescence microscopy, as 
indicated.  The human material was from an endomyocardial biopsy of a 30-year old male patient; the 
mouse tissue was from a female mouse and was collected 12 months after seeding.  The low power 
images of the human biopsy show the full extent of the section. 

 

 

  



 

 

 
 

Supplementary Fig. 4 Presence of proteoglycans and serum amyloid P component in mouse ATTR 

amyloid deposits. 

a) Sections of control and amyloidotic mouse heart and tongue tissue were stained, as indicated, 

with alcian blue to show the distribution of proteoglycans; representative of two mice analysed.  The 

Congo red fluorescence images (of closely adjacent sections) show the distribution of the amyloid 
deposits. 

b) Cryosections of an ATTR amyloidotic mouse heart are shown, stained with Congo red and 
imaged by polarising or fluorescence microscopy, or by immunofluorescence for mouse serum 

amyloid P component (SAP), as indicated. 

 



 
Supplementary Fig. 5 Distribution of amyloid in other sites in line N4 mice - nerve 

Amyloid was detected within the sciatic nerve in only a single animal, 12 months after seeding, and only in a single small deposit (though amyloid was 
frequently found in epineurium). (a).  The typical absence of amyloid within sciatic nerves contrasted with the abundant amyloid found in small nerve 

branches in the tongue from 6 months after seeding. b-e: Congo red stained section of tongue showing a nerve branch, imaged using bright field (b), 

polarising (c,d), or fluorescence (e) microscopy.  f: H&E stained section, closely adjacent to that shown in b-e.  Scale bars: a: 1 mm; b: 100 µm. 



 
 

Supplementary Fig. 6 Distribution of amyloid in other sites in line N4 mice – muscle, thyroid and parathyroid glands  
Congo red stained sections showing amyloid in (a, b): gastrocnemius muscle 12 months after seeding of a female mouse, (c – e): thyroid gland 6 months 

after seeding of a female mouse, and (f – h): parathyroid gland 6 months after seeding of a female mouse, imaged using fluorescence (a, b, e, h), bright 

field (c, f) or polarising (d, g) microscopy. 



 
 
Supplementary Fig. 7 Distribution of amyloid in other sites in line N4 mice – spleen, kidney and gastrointestinal tract 

Congo red stained sections showing (a, b): very small amyloid deposits in the spleen of a female mouse 12 months after seeding, (c, d): small amyloid 

deposits in the kidney of a female mouse 12 months after seeding and (e – l): amyloid in the gastrointestinal tract of a female mouse 6 months after 
seeding. e,f: stomach; g,h: duodenum; I,j: ileum; k,l: colon.  Images were captured using bright field (a, c, e, g, i, k) or fluorescence microscopy (b, d, f, 

h, j, l) 



 
Supplementary Fig. 8 Absence of insoluble human TTR in heart and tongue of unseeded human 

TTRS52P transgenic mice but intracellular human TTR inclusions in 
hepatocytes. 

a)  Extracts of the heart, tongue and liver of a 23 month-old line O5 transgenic male mouse 
were fractionated by sequential centrifugation and washing, and analysed by western blotting for 
human TTR; data representative of n=4 mice.  H: unfractionated homogenate; S1: first supernatant; P: 
pellet (after 4th round of centrifugation); R: recombinant human TTRS52P protein subjected to limited 
trypsin digestion; the glycosylated human TTRS52P band is indicated by an asterisk.  Source data are 
provided as a Source Data file. 

b) Section of liver of a human TTRS52P line O5 transgenic mouse stained by immunoperoxidase 
with anti-human TTR antibodies, showing discrete intracellular accumulations of the human protein, 
corresponding to the minor band of insoluble TTR in (a).  Amongst 10 mice analysed, inclusions 
detectable by immunohistochemistry were variably present or absent and, when present, were not 
uniformly distributed in the tissue.  Scale bar: 50 µm.  



 

 

Supplementary Fig. 9  tPA and uPA in control mouse tissues 

Immunohistochemical staining of non-amyloidotic mouse heart, tongue and renal cortex with anti-tPA 
and anti-uPA antisera, as indicated.  In heart, endothelial staining for tPA (arrows) was observed in a 
minority of vessels, as previously reported 1; there was no clear positive signal when staining normal 
heart tissue for uPA.  In tongue, staining for tPA reveals signal in nerves (arrowheads) and mast cells 
(arrows), which are both documented sites of tPA expression 2,3.  Staining for uPA in the tongue was 
limited to mast cells (arrows), consistent with known expression in these cells 4.  Immunostaining of 
kidney gave signal in tubular epithelial cells (arrows), characteristic of uPA 5,6.  The images are 
representative of 2 biological replicates (heart and tongue) and 3 biological replicates (kidney). 

 



 
 

Supplementary Fig. 10  Effect of genotype on body weight in line O5 mice. 

The weights (values, mean & SD) at 5 weeks of age of individual male and female mice of the different 

genotypes are shown in a & b respectively.  In males, human TTR transgene genotype had a significant 
effect on weight (P<0.0001; F=77.07, 1 df), but endogenous mouse TTR genotype did not (P=0.101; 

F=2.422, 2 df).  There was no interaction between mouse TTR and human TTR genotypes with respect 
to weight (P=0.949; F=0.05, 2 df); 2-way ANOVA.  Insufficient data were collected from females for 

analysis by 2-way ANOVA.  Nevertheless, transgenic females were also significantly smaller than non-

transgenics (considering mouse TTR+/- females alone, P=0.0011; pooling females of the different 
mouse TTR genotypes, P<0.0001, 2-tailed Mann-Whitney tests).    Source data are provided as a Source 

Data file.



 
 

Supplementary Fig. 11 Effects of genotype on thyroid hormone status and circulating retinol 
binding protein concentration in line O5 mice. 

Assayed serum concentrations (values for individual mice, mean & SD) of total T4, free T4, TSH and 

RBP4 are shown in panels a, b, c & d, respectively, with mouse genotypes indicated.  The data were 
analysed by 2-way ANOVA.  (a) Total T4 concentrations were significantly influenced by human TTR 

genotype (P=0.00014; F=18.78, 1 df) and by mouse TTR genotype (P=0.0209; F=4.39, 2 df).  (b) Free T4 

concentrations were significantly affected by human TTR genotype (P=0.0033; F=9.97, 1 df) and by sex 
(P=0.0027; F=10.47, 1 df).  (c) While TSH concentration was significantly influenced by sex (P<0.0001; 

F=57.01, 1 df), there was no such effect of the human TTR transgene (P=0.5927; F=0.2922, 1 df).  (d) 
RBP4 concentrations were significantly affected by TTR genotype (P<0.0001; F=105.8, 2df) and by sex 

(P<0.0001; F=33.56, 1 df).  As previously reported, mice lacking TTR are profoundly deficient for RBP4 
7.  The expression of human TTRS52P in mTTR-/- mice partially rescued RBP4 concentrations.  RBP4 

concentrations were higher in male transgenic mice than in females, corresponding to the higher TTR 

concentrations in males.  Source data are provided as a Source Data file. 
  



 
 
Supplementary Fig. 12 Human TTR protein in the circulation of line O5 hTTRS52P transgenic mice. 

 

(a) Human TTR concentrations measured in the sera of line O5 transgenic mice were measured by 
electroimmunoassay calibrated with isolated pure human wild-type TTR; non-transgenic mice gave no 

signal in this assay.  Results (individual values, mean & SD) are presented for male (M) and female (F) 
mice that were wild-type for the endogenous mouse ttr gene (ttr+/+), heterozygous (ttr+/-) or 

homozygous ttr-/-) for a mouse TTR null allele (n = 13, 8, and 26 for ttr+/+, ttr+/-, ttr-/- male mice, 

respectively, and n = 6, 7 and 24 for ttr+/+, ttr+/-, ttr-/-  female mice, respectively).  Analysis by 2-way 
ANOVA showed that the measured concentrations were greater in males than in females (P<0.0001; 

F= 22.34, 1 df) and were significantly influenced by mouse TTR genotype (P<0.0001; F= 65.94, 1 df).  
Only the results in mouse TTR null animals provide actual concentrations of human TTR.  (b) Western 

blot of transgenic mouse sera.  Under the conditions used, the mouse TTR protomer migrates slightly 
ahead of the human TTR protomer.  Lanes 1, 2 and 3 contained 200, 100 and 50 ng, respectively, of 

recombinant human TTR, mixed with mouse TTR knockout serum.  Lanes 4 – 8: sera of mice of different 

genotypes, as indicated.  Lane 9, human serum.  Each lane contained 0.2 µl serum.  Source data are 
provided as a Source Data file. 



 

 No. amyloidotic / Total no. of mice 

 Females   Males           . 
totals 

Time after seeding (months) 4 7 11  4 5 6 7 8 10 11 

mTTR+/+  2/2 1/2  2/2   2/2 1/1 1/1 2/2 11/12 

mTTR+/- 0/1  0/2     3/3   2/2 5/8 

mTTR-/- 0/2 1/3 1/2  2/4 5/5 2/2 5/6 3/3  4/4 23/31 

All mTTR genotypes 0/3 3/5 2/6  4/6 5/5 2/2 10/11 4/4 1/1 8/8 39/51 

 

Supplementary Table 1 Summary of amyloid deposition in line O5 mice  

Prevalence of genuine Congophilic amyloid deposits in the tissues of line O5 human TTRS52P 
transgenic mice that had received parenteral injection of human TTRS52P amyloidotic spleen 

homogenate 4 to 11 months previously, summarised according to time, mouse TTR genotype and 

sex.   
  



 
 

  No. of mice with amyloid / total no. of mice 
 Line & sex O5 male N1 female 
 Months after seeding 4 7 4 7 
 Amyloid 

(cardiac and/or lingual) 6 / 8 8 / 8 1 / 8 8 / 9 

 Cardiac amyloid 5 / 8 7 / 8 0 / 8 7 / 9 
 Lingual amyloid 6 / 8 8 / 8 1 / 8 8 / 9 

 

 

Supplementary Table 2 TTR concentration-independent effect of sex on TTR amyloid deposition 

Comparison of amyloid deposition in line O5 males and line N1 females.  Despite the higher 

concentration of TTR in line N1 females than line O5 males (P=0.0005, Mann-Whitney test), a greater 
proportion of seeded line O5 males than line N1 females contained amyloid when analysed 4 months 

after seeding with homogenate of human TTRS52P amyloidotic spleen (P=0.041, Fisher’s exact test).  

This experiment was not repeated. 
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