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Abstract

Ferritin and ferritin-binding proteins in canine serum were characterized. A certain percentage of ferritin in canine
serum, but no tissue ferritin, was precipitated by centrifugation 800&x g for 30 min. The precipitated ferritin

was found to contain two subunits corresponding to the H and L subunits of canine liver ferritin by immunoblotting,
the H subunit being predominant. More ferritin was precipitated from canine sera which had been incubated
with anti-rat liver ferritin antibody than from untreated sera, and the H chain also predominated. To evaluate the
possibility that the autoantibody was responsible for the precipitation of canine serum ferritin, the ferritin-binding
activities of canine antibodies were examined using liver ferritin-coated microtiter plates and alkaline phosphatase-
labeled antibodies specific for canine IgM, IgA, and IgG heavy chains. The results showed that IgM and IgA, but
not 19G, had considerable ferritin-binding activities. Given these results, we suggest that there is H-chain-rich
isoferritin in canine serum, and that ferritin exists as an immune complex.

Introduction the serum of patients with idiopathic hemochromatosis
was found to be mainly composed of the L subunit and

The iron storage protein ferritin, which consists of a the glycosylated (G) subunit, the latter with a molecu-

protein shell of 24 subunits enclosing a core of ferric lar weight of 23 kDa, which bound to concanavalin A

iron, ubiquitously occurs in organs and cells of mam- and was immunologically similar to the L (Worwood

mals (Theil 1987; Worwood 1990). Tissue ferritins et al. 1979; Cragget al. 1981; Santambrogiet al.

are composed of a variable proportion of two types 1987). Recently the L chain was found to be predomi-

of subunits, H and L. The H chain predominates in nantin fetal bovine serum ferritin by immunoblotting,

heart, red blood cells, and HelLa cells ferritins, and but the G chain appeared to be absent (Kalaital

has a molecular weight of 21 kDa, whereas the L 1997).

chain predominates in liver and spleen ferritins, and In addition to ferritin, there are ferritin-binding
has a molecular weight of 19 kDa (Arosibal. 1978; proteins in serum and/or plasma: H-kininogen
Worwood 1990). in human serum (Torti & Torti 1998), alpha-2-

In a large variety of mammals including humans, macroglobulin in rabbit and horse sera (Santambrogio
horses, cattle, dogs, and cats, previous research in-& Massover 1989; Massover 1994), and fibrinogen in
dicates that a relatively low concentration of ferritin horse plasma (Orinet al. 1993b). However, the phys-
(< 1pg mi~1)is present in normal serum, and that iological role of the ferritin-binding proteins remains
the serum ferritin level is positively correlated with to be clearly established.
body iron storage (Addisoet al. 1972; Walterset al. Numerous clinical studies on canine serum ferritin
1973; Smithet al 1984; Miyataet al. 1987; An- have been undertaken (Weedtsal. 1990; Newlands
drewset al. 1992, 1994). Human ferritin purified from  etal 1994; Gookiret al. 1998), however, its biochem-
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ical properties remain unclear. In the present study, it
was found that canine serum contained H-chain-rich
isoferritin, and that anti-ferritin autoantibodies were
ferritin-binding proteins in canine sera.

Materials and methods

Blood and liver

Blood samples were collected from randomly-selected
dogs, and a whole liver was obtained from a dog euth-
anized using succinylcholine chloride. Blood and liver

were obtained from female Wistar albino rats aged 9

weeks (Clea Japan, Tokyo, Japan) under anesthesia

with pentobarbital. The serum samples and livers were
stored at-25°C until use.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblotting

SDS-PAGE was performed according to the method of
Schégger and von Jagow (1987), using 4.5% polyacry-
lamide stacking gel and 10% polyacrylamide running
gel. Densitometry of ferritin subunit bands stained
with Coomassie Brilliant Blue R250 was scanned at
565 nm using a Flying Spot Scanner (Shimazu CS
9000)(Shimazu, Kyoto, Japan).

Immunoblotting of canine serum ferritin was car-
ried out using a procedure described previously
(Watanabeet al. 1995) and antiserum to rat liver fer-
ritin was used as a probe. Densitometry of ferritin sub-
unit bands immunostained on the blotting membrane
was scanned at 535 nm.

Protein determination

Protein was determined according to the method of
Lowry et al. (1951) with bovine serum albumin as a
protein standard.

Purification of ferritin from canine and rat livers

Ferritin was purified from canine and rat livers us-
ing the procedure described for purification of bovine
spleen ferritin (Kakutaet al. 1997), except that Pe-
fabloc SC (Merck, Darmstadt, Germany) was used
in place of phenylmethylsulfonyl fluoride as a serine
proteinase inhibitor.

Figure 1 shows the SDS-PAGE pattern of purified
proteins. The molecular weights of heavy and light
chains of canine ferritin were 21.1 kDa and 18.7 kDa,
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Figure 1. SDS-PAGE of purified canine and rat liver ferritins. Sam-
ples are canine ferritin (29, lane 1), rat ferritin (¢g, lane 2), and
marker proteins (g each, lane 3): ovalbumin (45.0 kDa), lactate
dehydrogenase (36.0 kDa), adenylate kinase (21.7 kDa), myoglobin
(17.2 kDa), cytochrome (12.4 kDa). Anode at bottom.

respectively, and those of heavy and light chains of rat
ferritin were 21.1 kDa and 19.3 kDa, respectively. The

H/L subunit ratios of canine and rat ferritins were 0.28

and 0.54, respectively.

Preparation of antibodies

Antisera to rat liver ferritin were produced in fe-
male Japanese white rabbits (Clea Japan) using an
immunization protocol described previously (Orino
et al. 1993a). Specific antibodies were purified from
the antisera by affinity chromatography on ferritin-
bound Sepharose 4B, which was prepared by coupling
10 mg of purified ferritin to 10 ml of CNBr-activated
Sepharose 4B (Pharmacia, Uppsala, Sweden).

Immunodiffusion

Double immunodiffusion was performed essentially
according to the method of Ouchterlony (1953).

Sandwich enzyme-linked immunosorbent assay
(ELISA)

Ferritin in rat sera was determined by sandwich
ELISA using the procedure described for measuring
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horse serum ferritin (Orincet al. 1993a). ELISA
buffer containing gelatin instead of bovine serum al-
bumin (see below) was used. The concentration of the
affinity-purified antibodies to rat liver ferritin for coat-
ing was 400 ng mi! and that of alkaline phosphatase-
labeled anti-rat liver ferritin antibodies prepared using
glutaraldehyde (Avrameas 1969) was 200 ng 'l
Ferritin in canine sera was determined by the same
ELISA system except that canine liver ferritin instead
of rat liver ferritin was used as a standard.

Detection of ferritin-binding activities of canine
antibodies

One hundred microliters of 12g mI~1 canine liver
ferritin, rat liver ferritin, or bovine spleen ferritin in
phosphate-buffered saline (PBS: 20 mM sodium phos- Figure 2. Immunological cross-reaction between rat and canine
liver ferritins. A: antiserum to rat liver ferritin, R: rat liver ferritin
phate, 150 mM NaCl, pH 7.2) were added to each well "~ "\ " o ' '
of the Immuno Plate Maxisorp F96 microtiter plates - canine fverferrin.
(Nunc, Roskilde, Denmark), and the plates were kept ) N
washed and masked as described for sandwich ELISA @lso applicable to the determination of canine ferritin.
(Orino et al. 1993a), and a 100l aliquot of canine ~ Recoveries of 22.7 ng mt and 45.5 ng ’_ml canine
serum diluted 20- or 100-fold with ELISA buffer (PBS liver ferritin added to the canine sera diluted 11-fold
containing 0.1% gelatin and 0.1% Tween 20) was With ELISA buffer were 990 + 8.1% (meant SD,
added to each well and the plates were incubated at”? = 4) and 975+ 5.4% (n = 4), respectively. Heat
37°C for 2 h. After washing, a 100! aliquot of alka- treatment of diluted canine sera at 75 for 15 min
line phosphatase-labeled antibody specific for canine had no effect on serum ferritin values. Intra-assay co-
IgM, IgA, or 1gG heavy chains (Bethyl Laboratories, efficients of variation from six measures of ferritin in
Montgomery, TX, USA), which had been appropri- WO canine serri\ were 4.1% (34 ng mrl) and 4..4%
ately diluted with ELISA buffer, was added and the (182+8 ng mi~). Inter-assay coefficients of variation
plates incubated at 37C for 2 h. After washing, the from five measures of ferritin in two canine sera were
enzyme reaction was performed as in the previously 15-2% (92£14 ng mit) and 7.7% (19615 ng mf™).
described sandwich ELISA.

Precipitable ferritin in canine serum

Statistics When canine sera were centrifuged at Q80 x g for

Statistical significance was determined using Stu- 30 Min at 4°C, the ferritin levels in the sera were
dent's/-test. found to be significantly (R 0.001) decreased when
compared with those in uncentrifuged sera (Figure 4).
In contrast, centrifugation had no effects on the fer-
Results ritin levels in rat sera. Purified canine liver ferritin
(200 ng mt! in ELISA buffer) did not precipitate
Immunological cross-reaction between canine and rat at all using this method. As appreciable amounts of
liver ferritins pellet were obtained after centrifugation of the canine
sera, the pellets were subjected to immunoblotting
A single precipitin line was seen between purified using anti-rat liver ferritin antibody as a probe. As
canine or rat liver ferritin and antiserum to rat liver shown in Figure 5, although many bands were seen on
ferritin, and the lines for both ferritins merged with the blotting membrane, the bands specifically reacting
a spur (Figure 2), indicating partial identity but sug- with the antibody could be identified when compared
gesting that some epitopes present in rat ferritin were with the control membrane. Two bands correspond-
not present in canine ferritin. Figure 3 shows that a ing to canine liver ferritin H and L subunits were
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Figure 3. ELISA standard curves for rat and canine liver ferritins ¢4 30 min at 4°C, and ferritin in obtained supernatants (open bars)
assayed with anti-rat ferritin antibodieg): rat liver ferritin, @: or in uncentrifuged sera (closed bars) was determined by ELISA.
canine liver ferritin. Each value is the meah SD of 12 dogs and 9 rats. a: Significantly

different from the uncentrifuged canine sera<(B.001).

specifically detected, and the H chain was predomi-

nant (Figure 5, lanes 2, 4 and 6). As not all the ferritin Canine sera: LI Iil Ill 4

in the canine serum was thought to have precipitated 1 2 145678 8 in 11
(Figure 4), purified antibody to rat liver ferritin was

added to the canine serum and incubated overnight. _“.r' |

The mixture was centrifuged under the same condition i B b

as described above. Ferritin levels were determined i Ir | -l
by ELISA and ferritin subunits by immunoblotting o

using the resulting supernatant and precipitate. Little
ferritin remained in the supernatant, indicating that al- &
most all ferritin was precipitated from the serum with L — [
the added antibody. Immunoblotting results showed
that more ferritin was precipitated from the antibody-
added serum than from the unadded serum, and that_ , , o
the H chain was also predominant (Fi ure 5. lanes 3 Figure 5. Immunoblotting of canine serum ferritin. 1 ml each of
p. g .g - . ' four different canine sera was incubated overnight &CAwith

5 and 7). The mean ferritin H/L subunit ratio obtained (janes 3, 5, 7, and 11) and without (lanes 2, 4, 6, and 10) ®f
from six serum samples waddt1.12 (SD)_ The spe- purified anti-rat ferritin antibody, and then centrifuged atQ®0x g
cific band which had a Iarger molecular weight than for 30 min at 4°C. Resulting pellets were subjected to immunoblot-

. ._ting using anti-rat ferritin antiserum (lanes 1-8) or preimmune
the H chain and seemed to correspond to the G Chalnserum (lanes 9-11). Lanes 1, 8, and 9 were purified canine liver
was not detected. ferritin (500 ng). H and L are ferritin subunits. Anode at bottom.

Binding of canine IgM and IgA to liver ferritin
for canine IgM, IgA, and IgG heavy chains. IgM and

Given the above result that canine serum ferritin was IgA, but not IgG, were found to have considerable
precipitated by low-speed centrifugation, but no tissue ferritin-binding activities (Figure 6). No relationship
ferritin was precipitated, we considered that an au- between the ferritin-binding activity of IgM or IgA
toantibody might be responsible for the serum ferritin and serum ferritin concentration was found to ex-
precipitation. To evaluate this hypothesis, we exam- ist (data not shown). IgM and IgA in canine serum
ined the ferritin-binding activities of canine antibodies

using alkaline phosphatase-labeled antibodies specific
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Figure 6. Binding of canine IgM and IgA to canine liver ferritin. Figure 7. Binding of canine IgM and IgA to rat liver and bovine

Canine sera diluted 20- (closed bars) or 100-fold (open bars) with spleen ferritins. Canine sera diluted 20-fold with ELISA buffer were

ELISA buffer were added to canine liver ferritin-coated wells of added to wells of microtiter plates coated with canine liver ferritin

microtiter plates. Antibodies bound to the wells were detected by (closed bars), rat liver ferritin (hatched bars) and bovine spleen fer-

alkaline phosphatase-labeled antibodies specific to canine IgM, IgA, fitin (open bars). Antibodies bound to the wells were detected by

and IgG heavy chains. Each value is the mga&D of 10 dogs. alkaline phosphatase-labeled antibodies specific to canine IgM (A)
and IgA (B) heavy chains. Each value is the mega8D of 6 dogs.

also bound to rat liver and bovine spleen ferritins o o N
(Figure 7). using the L-chain-rich canine liver ferritin as a stan-

dard (Weeket al. 1990; Andrewst al. 1992). As the

H and L chains of ferritin have a large immunological
difference (Luzzaget al. 1986), canine serum ferritin
levels previously reported might be underestimated.
The present study revealed that the H subunit was pre- /e recommend that the H-chain-rich ferritin purified
dominant in canine serum ferritin. This contrasts with Tom canine heart is used as a standard in ELISA for
the findings that human serum ferritin has only a trace Canine serum ferritin.

of H chain (Cragget al. 1981; Santambrogiet al. Human serum ferritin has been reported to have
1987), and that the L chain is predominant in fetal & relatively low iron content (0.02-0.0iig Felug

bovine serum ferritin (H/L ratio: 0.03-0.27) (Kakuta Protein) (Cragget al 1981; Pootrakubt al. 1988),
etal 1997). whereas ferritin in fetal bovine serum has a rela-

Anti-human liver ferritin antiserum and anti-L-  tively high iron content (about 0.2g Fel.g protein)
subunit monoclonal antibodies have been shown to (Kakutaetal 1997). The iron content of canine serum
have a lower affinity for the G subunit of human ferritin remains to be elucidated.
serum ferritin than for the L subunit (Santambrogio _ Although tissue ferritin is precipitated by ultracen-
et al. 1987). Therefore, it is too early to suggest that {rifugation at more than 10000 x g because of its
the G subunit is not present in canine serum ferritin Nigh iron content, it is not precipitated at all by low-
despite the non-detection of the specific band which SPeed centrifugation at 1800 x ¢. In the present
seemed to correspond to the G chain in the protein by Study, & part of, but not all, canine serum ferritin
immunoblotting using the antiserum to rat liver fer- Was precipitated by low-speed centrifugation, and au-
ritin as a probe (Figure 5). We believe that analysis _t(_)ant|bod|es IgM and IgA with ferritin-binding activ- _
of the subunit composition and carbohydrate of the 'lleS were _d.etec'ged. TheseT results suggest that canine
purified canine serum ferritin is necessary to provide S€rum ferritin exists as an immune complex. Antigen-
conclusive evidence of this. antibody complexes are rapidly eliminated from the

Canine serum ferritin, in which the H-chain pre- blood by the reticulo-endothelial systemvivo (Be-

dominates, has been measured by sandwich ELISA nacerrafet al. 1959). Antibodies to ferritin in canine

Discussion
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