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Quantitative Tomography of Early-Onset
Spontaneous AA Amyloidosis in Interleukin 6
Transgenic Mice

Jonathan S Wall,"* Tina Richey," Amy Allen, Robert Donnell,”> Steve ] Kennel,' and Alan Solomon'

Mice that constitutively express the human interleukin 6 (hulL6) protein from a heritable transgene (H2-L?-IL-6) express high
levels of the acute-phase reactant, serum amyloid protein A, a liver-derived apoprotein of high-density lipoprotein that is the
precursor of AA amyloid. Typically at approximately 5 mo of age B6(C)- Tg(H2-L?-IL-6)Kish (H2/huIL-6) animals begin to develop
splenic deposits of AA amyloid, which progress to involve the liver, kidney, and vasculature, ultimately resulting in death due to
severe systemic AA amyloidosis at 8 to 9 mo of age. These mice provide a robust model in which to study novel therapeutic and
diagnostic imaging agents for AA amyloidosis. We recently have noted a change in onset of spontaneous disease, as evidenced by
2 female transgenic mice that were found moribund at only 5 mo of age. Extensive hepatosplenic amyloid deposits in both mice
were identified and quantified by single-photon emission computed tomography, which further revealed heterogeneous distribu-
tion of radiotracer in the spleen indicating a distinction between amyloid-laden red pulp and the disease-free lymphoid follicles.
The AA nature of the deposits was evidenced immunohistochemically and by mass spectrometric analyses of extracted amyloid
fibrils. Our studies have documented the manifestation of early-onset, severe, spontaneous AA amyloidosis in 2- to 5-mo-old H2/
hulL-6 mice; we hypothesize that this disease is due to genetic rather than environmental factors.

Abbreviations: au, arbitrary units; CT, computed tomography; hulL6, human interleukin 6; SAP, serum amyloid P; SPECT, single
photon emission computed tomography; sAA, serum amyloid A.

AA amyloidosis is the most common form of systemic amy-
loid disease in animals, occurring in cheetah,>* shar-pei dogs,®"
sheep,'* goats,* ducks, cats,*®* hamsters,”** dolphins,” com-
mon marmosets® and, especially, mice.?*® Typically, this dis-
order results from overproduction of an acute-phase reactant
termed serum amyloid protein A (sAA), the amyloidogenic pre-
cursor protein, which is synthesized almost exclusively by he-
patocytes.>*%3 Serum amyloid protein A binds heparan sulfate
proteoglycan and laminin within the basement membrane and
modulates cholesterol metabolism.?7#

For more than 50 y mice have been used as an experimental
model for AA, whereby animals are injected with a proinflamma-
tory stimulus, such as silver nitrate, casein solution, Freund adju-
vant, or lipopolysaccharide to generate an acute-phase response.’”
Variations of this experimental model are used to study the etiol-
ogy of amyloidosis and for the discovery and testing of novel
therapies.???# One drawback, however, is the need to provide
repeated chemical injections, with attendant toxicity, to maintain
the pathology. Cessation of the inflammatory stimulus results in
slow but progressive resorption of the amyloid deposits.?

As an alternative approach, we characterized and maintained
a line of mice that express the human IL6 (hulL6) protein from
a stably inserted transgene. The B6(C)- Tg(H2-L-IL-6)Kish (H2/
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hulL-6) strain was derived at the National Institutes of Health by
introgressive backcrossing of the original H2-L4-IL-6 Tg C57BL/6
transgenic mice*** onto the Balb/c background for more than 20
generations.”® These mice constitutively express the hulL6 trans-
gene under the control of the mouse major histocompatibility
complex class 1 (H2-L4) promoter. The transgene segregates with
an autosomal pattern of Mendelian inheritance.* Because of the
role of IL6 in maintenance of the inflammatory response and lym-
phocyte proliferation during the immune response, early gen-
erations of these transgenic animals had high sAA levels and an
extensive lymphocytosis with development of polyclonal plasma
cell proliferation in 56% of mice at 18 mo of age.

Human IL6 serum levels in the early generations of this trans-
genic line were 0.5 to 1 ng/mL*; however, backcrossed Balb/c
mice bred in our facility for approximately 2 y had approximately
300-fold higher with circulating hulL6 levels at 8 wk of age (0.3 to
1 pg/mL).*! In response to the proinflammatory hulL6 cytokine,
the mice experience a chronic inflammatory state that results in
increased concentrations of circulating sAA-conjugated high-
density lipoprotein. The spontaneous onset of AA amyloidosis
in these mice typically occurred at age 5 mo, presenting first as
perifollicular deposits in the spleen only detectable histologically
by biopsy.*! Over the course of the next 3 to 4 mo, amyloid was
detected in the periportal vasculature and sinusoids within the
liver, tongue, heart and intestinal villi, as well as renal intersti-
tium, glomerulae, and papilla. In addition, cast nephropathy was
commonly observed, as was extramedullary hematopoiesis and
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splenomegaly due to amyloidosis or lymphoid hyperplasia (or
both) resulting from the elevated IL6 concentrations.

We previously documented the nature of the amyloid in H2/
hulL-6 mice immunohistochemically by using AA-specific mono-
clonal antibodies.*! In addition, we used liquid chromatography-
coupled mass spectrometry to show that isolated tissue-derived
AA fibrils were comprised of a truncated form of sAA contain-
ing the first 77 N-terminal amino acids (residues 1 to 77).* No
evidence of apolipoproteins Al and AIl or immunoglobulin light
chain has been found during immunohistochemical examina-
tion and liquid chromatography-coupled mass spectrometry of
the amyloid extracted from these mice. In addition, the organ
distribution of the disease was visualized through whole-body
single-photon emission computed tomography (SPECT imaging)
by using the amyloidophilic protein serum amyloid P component
(SAP) as a tracer;'7#44 however, quantitative analysis of AA de-
position from high-resolution (‘single-pinhole’) SPECT data was
not possible.

Recently, we have noted that several of our H2/hulL-6 mice
exhibited a phenotype indicative of severe amyloidosis at as early
as 3 to 5 mo of age. Here we present imaging-based case studies
of 2 kindred animals that became moribund at approximately 5
mo of age. SPECT images for which iodinated SAP was used as a
tracer revealed hepatosplenic AA amyloid deposits, which were
quantified by using a novel image-based approach and were of
sufficiently high resolution to discriminate the amyloid-laden red
pulp from the amyloid-free lymphoid follicles of the spleen.

Materials and Methods

Animals. All animal procedures were performed under the
auspices of protocols approved by the University of Tennessee
Animal Care and Use Committee; the University of Tennessee is
an AAALAC-accredited institution. The health status of the entire
colony is assessed every 3 mo, when serum samples from sentinel
mice are evaluated (Comprehensive Serology Profile For Mice,
Research Animal Diagnostic Laboratory, Columbia, MO). For the
past 5y, each test on this profile has been negative, indicating
the healthy status of the colony. H2/hulL-6 transgenic mice on a
Balb/c background initially were provided by Dr Michael Potter*
in 1997. Animals were housed 4 per cage under conventional con-
ditions in microisolation caging with nonirradiated corncob bed-
ding (Harlan Teklad, Madison, WI). The mice were fed a standard
diet (25/5 Rodent Diet, Harlan Teklad) and had access to water
and food ad libitum. The line was maintained by using both IL6
x IL6 and IL6 x wild-type matings. At 3 to 4 wk after birth, pups
were weaned and a tail section harvested for genotyping by us-
ing hulL6-specfic primers, as previously described.* The 2- to
5-mo-old kindred female H2 /hullL-6 mice described here were
found displaying a ‘hunched’ resting posture, failure to groom
adequately, and abnormally low levels of inquisitive behavior.

SPECT and CT imaging. Human SAP, isolated from human
pleural fluid by affinity chromatography (a gift of Professor
Philip Hawkins, Royal Free Hospital, London, UK), was radio-
iodinated with I (Perkin Elmer, Waltham, MA) by using a low
concentration of chloramine T sufficient to protect the protein
from the effects of excessive and damaging oxidation.*’ The
radiolabeled product was purified by gel filtration and its ra-
diochemical purity established by SDS-PAGE and analyzed by
phosphoimaging (Cyclone Storage Phosphor System, Perkin
Elmer). Mice were injected with 300 uCi (approximately 25 ug)
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of "®I-SAP diluted in PBS containing 5 mg/mL bovine serum
albumin in the lateral tail vein and then housed in a satellite
facility, with food and water provided ad libitum for 24 h under
a 12:12-h light:dark cycle, after which they were given an intra-
venous injection of vascular CT contrast agent (200 uL; Fenestra
VC, Advanced Research Technologies, Quebec, CA) and eutha-
nized 15 min later by isoflurane inhalation overdose by using
the drop chamber method.

SPECT and CT images were acquired by using a microCAT II
+ SPECT imaging platform (Siemens Preclinical Solutions, Knox-
ville, TN). Mice were positioned prone on a cardboard platform
and the board placed on the scanner bed. To facilitate post hoc
coregistration of the CT and SPECT images, three 70-uCi ¥Co
point sources secured to the underside of the animal support
served as fiducial markers. The CT data were acquired by using
X-ray voltage biased to 80 kVp with a 500-uA anode current,
the full field of view was used, and the data were binned 4 x
4. An exposure of 310 msec was used, and 360 1° projections
were collected. The data were reconstructed in real-time by us-
ing an implementation of the Feldkamp filtered back-projection
algorithm onto a 512 x 512 x 768 matrix with isotropic 0.077-mm
voxels.

The initial SPECT images were collected by using a 2-mm-di-
ameter pinhole collimator positioned 36 mm from the center of
the field of view. Each dataset comprised 45 projections with a
60-s exposure at each azimuth. A total number of 1.42 x 10° events
were acquired by each detector. Data from a single SPECT detec-
tor were reconstructed post hoc onto a 52 x 52 x 68 matrix by us-
ing a 3D ordered subset expectation maximization algorithm with
8 iterations and 4 subsets. For high-resolution SPECT, a second
image was acquired by using a 0.5 mm-diameter pinhole collima-
tor; 60 projections each with a 700-s exposure time were acquired
to attain 1.78 x 10° events.

SPECT/CT image analysis. CT and SPECT datasets were im-
ported into a 3D visualization software package (Amira, Mercury
Computer Systems, Chelmsford, MA). The SPECT data were re-
sampled onto a matrix with dimensions of 104 x 104 x 136 voxels
(voxel size, 0.45 mm®) and coregistered with the CT data. The
spleen and liver volumes were segmented manually from the
SPECT images and the volume, mean intensity per voxel, and
total organ intensity (an indirect measure of the amyloid content)
determined. All images were rendered by using the same visual-
ization parameters in the Amira program.

Biodistribution of '*I-SAP in the mice. Samples of spleen, pan-
creas, kidney, liver, heart, and lung tissue were harvested from
both mice after euthanasia. Each sample was placed into a tared
plastic vial and weighed, and the 1-125 radioactivity was mea-
sured by using an automated Wizard 3 gamma counter (1480
Wallac Gamma Counter, Perkin Elmer, Waltham, MA). The bi-
odistribution data were expressed as percentage of injected dose
per gram of tissue (% ID/g). In addition, samples of each tissue
were fixed in 10% buffered formalin for 24 h and embedded in
paraffin for histology and autoradiography.

Autoradiography and histology. For autoradiography, 4- to 6-um
thick sections were cut from formalin-fixed, paraffin-embedded
blocks onto Plus microscope slides (Fisher Scientific, Pittsburgh,
PA), dipped in NTB2 emulsion (Eastman Kodak, Rochester, NY),
stored in the dark, and developed after a 96-h exposure.* Each
section was counterstained with hematoxylin. Tissue amyloid
deposits were identified microscopically in consecutive tissue
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Figure 1. MicroSPECT /CT imaging of amyloid. Volumetric renderings of contrast-enhanced CT data coregistered with SPECT images of mouse 1 (A,

dorsal; B, ventral; C, lateral) and mouse 2 (D, dorsal; E, ventral; F, lateral). '*I-SAP distribution in SPECT images is false-colored red. Images were scaled

to mask the lowest 25% of activity, which contains noise and streak artifacts.

sections viewed under cross-polarized illumination after staining
with alkaline Congo red.* For immunostaining, slides were incu-
bated in citrate antigen-retrieval solution (BioGenex, San Ramon,
CA) at 90 °C for 30 min, and then an AA-reactive rabbit poly-
clonal antibody (provided by Dr Mark Kindy, Medical University
of South Carolina) was added at a dilution of 1:45,000. The slides
were developed by using the biotinylated goat antirabbit second-
ary antibody provided in the IHC DAB kit (InnoGenex, San Ra-
mon, CA). All tissue sections were examined by light microscopy
(DM500, Leica, Bannockburn, IL) fitted with cross-polarizing fil-
ters (for the detection of Congo red birefringence). Digital micro-
scopic images were acquired by using a cooled charge-coupled
device camera (SPOT, Diagnostic Instruments, Sterling Heights,
MI).

Identification of amyloid by ion-trap mass spectrometry after
antigen-retrieval. Formalin-fixed 4-um thick sections of spleen
tissue mounted on Plus slides underwent antigen retrieval by
heating at 90 °C in Glyca solution (pH 4; Biogenex) for 30 min
and then were dehydrated by immersion in 100% ethanol for
30 min. The tissue was scraped from the slide into a 1.5-ml
microfuge tube and after complete dehydration was reduced
by addition of 50 uL 100 mM DTT (Sigma, St Louis, MO) for
30 min at room temperature. The sample was alkylated by
adding 50 uL 100 mM iodoacetamide (Sigma), followed by
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incubation in the dark at room temperature for a further 30
min. The samples were dehydrated serially with 200 pL ace-
tonitrile, rehydrated by addition of 200 uL 100 mM ammonium
bicarbonate, and finally dehydrated twice more with 200 uL
acetonitrile. The tissue then was dried completely by using a
vacuum concentrator (SpeedVac, Savant/Thermo Instruments,
Farmingdale, NY).

Prior to mass spectrometric analysis, the samples were
trypsinized by the addition of 30 pL 0.02 ug/uL trypsin (Promega,
Madison, WI) for 18 h at 37 °C. After concentrating to a volume
less than 20 uL by using the vacuum concentrator, the peptides
were identified by directing the sample into the ion-trap mass
spectrometer (LCQ Deca XP, ThermoFinnigan, San Jose, CA). The
ion data were analyzed by using the Xcalibur and Sequest soft-
ware packages (ThermoFinnigan).

Results

MicroSPECT/CT imaging. Two kindred female H2 /hulL-6 mice
were studied because they appeared moribund at 5 mo of age and
showed a hunched resting posture, a phenotype usually associ-
ated with severe systemic pathology in this amyloid-prone strain
of mice. To ascertain the presence and distribution of amyloidosis,
small-animal SPECT/CT imaging was used to visualize the dis-
tribution of the *I-labeled SAP 24 h after intravenous injection.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



gl <V
Figure 2. Heterogeneous distribution of '*I-SAP in spleen of mouse 2.

(A) Ventral and (B) lateral views of '*I-SAP (false-colored red) in spleen
shown in coregistered SPECT/CT images.

Prior to being euthanized, the mice received a bolus of vascu-
lar CT contrast medium to provide increased anatomic detail. In
mouse 1, the SPECT images revealed marked accumulation of
radiolabeled SAP in the spleen and, to a lesser degree, the liver
(Figure 1, A through C). The spleen appeared normal in size, with
apparently uniform distribution of *I-SAP along its length. In
contrast, mouse 2 had a markedly enlarged spleen that spanned
the entire abdominal cavity and that bound '*I-SAP, indicating
the presence of amyloid as well as splenomegaly (Figure 1, D
through F). In images that had been scaled to reveal only the most
intense 75% of SPECT activity (Figure 1), no SAP accumulation
was discerned in any other organ or tissue in either mouse.

After acquiring SPECT images by using a 2-mm-diameter pin-
hole collimator, which afforded high sensitivity but relatively low
resolution, we noted slight heterogeneity in the distribution of
the ”I-SAP within the spleen of mouse 2, suggesting that discrete
‘pockets’ of amyloid were visible. To investigate this possibility
further, we acquired high-resolution SPECT images of mouse 2 by
using a 0.5-mm-diameter pinhole collimator with extended image
acquisition time. Analysis of these SPECT images confirmed het-
erogeneous distribution of radioiodinated SAP within the spleen.
Planar views through the length of the spleen clearly indicated
distinct foci of high activity (arrows in Figure 2), as well as of low
or no activity, which were presumed to be areas that were devoid
of amyloid.

Biodistribution of '*I-SAP. Quantitation of the '¥I-SAP organ
uptake (that is, % ID/g tissue) was achieved by measuring the
amount of activity associated with the spleen, pancreas, kidney,
liver, heart, and lungs (Figure 3). Consistent with the imaging
results, the spleen and liver of both mice contained high levels

Imaging AA amyloid in mice
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Figure 3. Biodistribution of '®I-SAP. Organ-specific activity expressed
as percentage of injected dose per gram of tissue (%ID/g) measured in
mouse 1 (gray) and 2 (white).

of radioactivity (mouse 1: spleen, 91.3% ID/g; liver, 26.4% ID/g;
mouse 2: spleen, 41.5% ID/g; liver, 8.2% ID/g). The greater ac-
cumulation of "*I-SAP in the spleen relative to the liver is charac-
teristic of the progression of amyloidosis in these mice, in which
the perifollicular splenic deposits precede those observed in the
vasculature and parenchyma of the liver.'* In addition, mice 1
and 2 also showed uptake of radiolabeled SAP in kidneys and
pancreas, respectively.

Histopathology. Deposits of amyloid, characterized by Congo-
philic, pale amorphous to finely fibrillar eosinophilic material that
exhibited typical apple green birefringence on polarization were
noted in the liver (Figure 4). The deposits were responsible for
mild to moderate irregular thickening of the vascular walls and
expanded the stromal extracellular matrix of the portal triads and
lobular vessels. Occasional scattered deposits of amyloid were ob-
served in walls of centrolobular veins, with rare deposition along
the hepatic sinusoids (within the space of Disse). The amount of
hepatic amyloid appeared more pronounced in the tissue sections
from mouse 1 than in those from mouse 2.

In the spleen, the extracellular matrix of the reticular fiber net-
work of the splenic sinusoids was markedly expanded by Con-
gophilic amyloid that distorted the normal splenic architecture
and widely separated the trabeculae and periarteriolar lymphoid
sheaths. Amyloid caused irregular thickening of the arterial and
venous walls within the trabeculae. The cellular population of
the mildly hyperplastic lymphoid sheaths was predominantly
composed of plasma cells surrounding limited populations of
lymphocytes. The degree of splenic amyloid deposition was more
pronounced in the sections from mouse 2 than those from mouse
1.

Microautoradiography and immunohistochemistry. The intraorgan
distribution of *I-SAP in both mice was visualized by microauto-
radiography, as evidenced by the appearance of dark silver grains
within sections of formalin-fixed, paraffin-embedded tissue after
exposure to photographic emulsion (Figure 4). This technique was

545

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



Vol 58, No 6
Comparative Medicine
December 2008

Mouse 1 Mouse 2

Spleen

Congo red

Autoradiography

Liver
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Figure 4. Colocalization of '¥I-SAP with AA amyloid. Distribution of '*I-SAP in microautoradiographs of liver and spleen sections from mice 1 and 2
which were stained with Congo red and an anti-AA antibody.
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Figure 5. Organ segmentation and quantification of amyloid from SPECT images. The liver and spleen volumes were segmented from SPECT images
of mouse 1 (A, B) and mouse 2 (C, D) and registered with the distribution of '¥I-SAP (false-colored red). (A, C) Isolated organ volumes. (B, D) Volumes
coregistered with a planar CT view.

used to confirm the colocalization of *I-SAP within the hepatic and
splenic Congo red-birefringent amyloid deposits that immunos-
tained with a specific antiA A monoclonal antibody.

In the case of mouse 2, radioiodinated SAP was readily taken
up by the extensive amyloid deposits that expanded the splenic
red pulp. In contrast, the lymphoid follicles were remarkably de-
void of both amyloid and ®I-SAP, as evidenced both by autora-
diography and histochemistry (Figure 4). The liver of mouse 2
contained scant perivascular amyloid deposits that infiltrated the
sinusoids. In both mice, the distribution of the Congophilic amy-
loid correlated with that of the '*I-SAP, indicating the specificity
of this tracer for fibrils.

Quantification of amyloid by SPECT. We previously demonstrat-
ed that SPECT can be used to provide a semiquantitative measure
of organ amyloid content based on the correlation between radio-
iodinated SAP uptake and the amount of amyloid determined
by the extent of Congo red birefringence.*® This method comple-
ments the biodistribution determined by counting tissue samples;
indeed the image-based method provides less-biased quantifica-
tion because no tissue sampling is required. The liver and spleen
data were selected from the SPECT image data by manually se-
lecting those voxels that were anatomically associated with each
organ and for which the signal strength was greater than back-

ground (that is, >10% of total signal). The resulting 3D volumes
for the 2 organs are shown in Figure 5. In the case of mouse 1, the
liver measured 1269.6 mm? and the liver was 155.1 mm? (Table 1
). The mean voxel intensity in the SPECT images, which provides
a measure of the concentration of '*I-SAP per unit volume and
therefore amyloid density, was 2-fold greater for the spleen than
the liver. For mouse 2, the spleen was approximately 4.5 times the
volume of that calculated for mouse 1, consistent with the marked
splenomegaly in mouse 2. The liver of mouse 2 was slightly en-
larged, with a volume 34% greater than that of mouse 1 (Table 1).
Because the intensity of each voxel in the SPECT image was, to a
first approximation, directly proportional to the concentration of
Z[-SAP in that anatomical site and, therefore, the amount of amy-
loid, the segmented data could be used to determine a quantita-
tive measure of the amyloid burden in each organ. This analysis
revealed that the spleen in mouse 2 and the liver in mouse 1 con-
tained the greatest quantities of amyloid; these amyloid burdens
were approximately equivalent between the mice, that is, 4 x 10°
arbitrary units (au).

Mass spectrometric analysis of AA. Confirmation that the am-
yloid in the organs of both mice was indeed AA in nature was
obtained through liquid chromatography—mass spectroscopy of
fibrils extracted from the animals” spleens (Table 2). The 4 AA-
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Table 1. Amyloid burden in liver and spleen established from SPECT images

Volume (mm?3)?

Mean voxel intensity (au) Amyloid burden index (au x 106)°

Mouse 1
Liver 1269.6
Spleen 155.1
Mouse 2
Liver 1705.0
Spleen 677.7

311.2 4.2
537.9 0.89
95.3 1.7

611.6 44

“The segmented volume based on activity in the SPECT image [number of voxels x voxel volume (0.091 mm?)].
"Total '*I-SAP-associated SPECT activity in organ [mean voxel intensity (au) x voxel number].

Table 2. Identification of mouse AA peptides by mass spectrometry

AA sequence Peptide Mass z X ore ACn® Ions*

18-25 RAYTDMKE 728.8 1 116 0.25 6/10
39-47 RGNYDAAQRG 894.9 1 1.03 0.17 6/14
46-57 RGPGGVWAAEKI 972.1 2 3.16 0.61 16/18
61-71 RESFQEFFGRG 1147.2 2 3.10 0.38 14/16

“The fit of the observed product in the spectrum versus the theoretical spectra created from available database sequences.
®Delta correlation, score between the top 2 candidate peptide matches (significant if value is > 0.2).
‘The number of peptide fragment ions matched/total number of expected fragment ions.

related peptides contained more than 35% of the 103 amino acids
of murine sAA, with the N-terminal fragment of amino acids 1 to
77 identified as the primary component.

Pedigree of Mice To establish a possible genetic cause, we ex-
amined a 6-generation pedigree (Figure 6) that included mouse 1
(no. 1405) and 2 (no. 1410) as well as other H2 /hulL-6 mice that
have since been either found dead or moribund at 4 or 5 mo of
age and for whom amyloidosis had been diagnosed from Congo
red-stained tissue smears. Both mice 1 and 2 were derived from a
mating that also gave rise to lineages that resulted in early-onset
AA amyloidosis and premature morbidity, thereby implying that
genetic factors (such as increased transgene copy number®) rather
than environmental factors (such as exogenous sources of AEF*%)
likely were responsible for this phenomenon.

Discussion

We previously reported that severe systemic AA amyloidosis
occurs in H2/hulL-6 mice at 8 mo of age.*! However, recently we
observed a hunched posture and moribund state in mice as young
as 3 to 5 mo of age. Spontaneous pathologies in mice that express
a hulL6 transgene include progressive renal damage including
cast nephropathy, plasmacytosis, lymphoma, and AA amyloido-
sis.”# However, in general, morbidity due to IL6 overexpression
or any other cause is not seen in hulL6 transgenic mice younger
than 8 mo.”#4 The use of H2/hulL-6 mice for drug validation
or to study the etiopathology of amyloidosis requires them to be
amyloid-free at 2 mo of age so that initiation of the disease can be
investigated—something that could not be achieved in mice with
early-onset AA. Therefore, we sought to confirm the nature of the
amyloid pathology and investigate the mechanisms responsible
for the early disease onset.

MicroSPECT imaging using ®I-SAP as an amyloid-specific
radiotracer demonstrated the presence of AA amyloid deposits
in the spleen (and, to a much lesser degree, in the liver) of both
mice. The volumes of the livers in both mice, calculated by using
the SPECT images, were in good agreement with other published
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values determined from magnetic resonance imaging (1.53 cm?)¥
and from estimations based on organ mass using a density of 1.06
g/cm.® In contrast, the calculated volume of the spleens in mice 1
and 2 were 2- and 10-fold greater, respectively, than that reported
for a 25-g mouse.” We considered that the extreme splenomegaly
in mouse 2 was due to both extensive amyloid deposition that
expanded the reticular sinusoidal network of the red pulp as well
as to follicular lymphoid hyperplasia and plasmacytosis. This
combination resulted in a macroscopic heterogeneous pattern
of P[-SAP distribution that was visible in the SPECT images. In
mouse 2, the amyloid-free follicles could be discerned from the
amyloid-laden red pulp particularly well in the high-resolution
SPECT images acquired with the 0.5-mm pinhole collimator. Our
previous analyses had not revealed these intraorgan anatomic
details in H2 /hulL-6 mice with AA amyloidosis.

We thought it likely that the absolute amount of amyloid bur-
den led to the early morbidity in the H2 /hulL-6 mice. Previously
we reported ®I-SAP doses as high as 20% ID/g in the spleen of
H2/hulL-6 mice (either induced by using amyloid-enhancing
factor or in mice older than 8 mo).* The mice with early-onset AA
amyloidosis had 2- to 4-fold greater amounts of amyloid than did
H2 /hulL-6 mice 8 wk after injection of AEF.*® Therefore, not only
did spontaneous AA occur earlier in the mice we present here but
the amount of amyloid deposited was greater than that observed
previously in AEF-induced H2/hulL-6 mice. We therefore took
this opportunity to define a new measurement of amyloid burden
based on the SPECT images.

The amyloid burden index expresses the product of the organ
volume by the mean organ voxel intensity in the SPECT image
(which correlates with the concentration of »I-SAP accumulation
and, by extension, the amount of amyloid). This value provides
a measure of the total amyloid content of an organ and therefore
differs from the value of “mean voxel intensity per unit volume,”
which we have used previously.** Consequently, the current
analysis demonstrated that although the spleen appeared in the
SPECT images to be the major site of amyloid deposition, the liver
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80520 x 804
1038
1351 1350
10387 x 1037 13519 x 13573 13500 x 1359,
1316 1454 1402
13049 x 1316 14380 x 14547 13729 x 14025
1544 1509
1405 1544 x 15363 15099 x 15064
1410 1622 1602
16229 x 16247 16029 x 15947
1806 — FD 2 mo* 1679 — 5 mo*
1810 - FD 3 mo* 1680 — 5 mo*
1811 - FD 5 mo* 1681 — 5 mo*

1812 — FD 5 mo*
1807 - 4 mo*

1808 - 4 mo*
Figure 6. Six-generation pedigree for mice 1 and 2. Mouse 1 (no. 1405),
mouse 2 (no. 1410), and 2 other breeding lines were derived from a sin-
gle mating between mice 805 and 804. FD, found dead; +, Congo red-
confirmed AA amyloidosis.

(because of its larger volume) actually contained substantially
more amyloid. The relatively concentrated distribution of splenic
amyloid explains why the spleen was more apparent than the
liver in the SPECT images. Therefore, care must be taken to dis-
cern the difference between amyloid concentration and absolute
amyloid burden—both of which can be measured from whole-
body microSPECT imaging studies.

In summary, our data show that the early moribundity in the
H2/hulL-6 mice was due to the early onset of AA amyloid de-
position in exceptionally high amounts. AA amyloid was con-
firmed immunohistochemically in the 2 mice we present here,
and the body burden of AA amyloid was estimated by using a
novel quantitative metric derived from the microSPECT images.
This technique allows differentiation of total-organ amyloid load
and “amyloid concentration.” This effect could be due to either
genetic or epigenetic factors.
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