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Abstract

The purpose of this study was to investigate the
nature of variably sized pigmented foci encountered
in fillets of farmed Atlantic salmon, Safma salar L.
The material was sampled on the fillet production
line and on salmon farms from fish with an average
size of 3 kg from various producers. The fish had
been rouinely vaccinated by injetion. Gross

Keywords: Adlantic salmon, inflammation, melano-
macrophage, major _histocompatibiliry complex
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Introduction

Various pathological conditions may be associated
with abnormal pigmentation in tissucs and organs.
Such pigments may cither be of cxogenous or

parhology, histology. i using
antiscra against majorhistocompatibility mmpkl
(MHC) class 11 P chain and transmission electron
microscopy (TEM) were used to characterize the
changes. Macroscopically, melanized foci were scen
penctrating from the peritoneum deep into the
abdominal wall, sometimes right through to the
skin, and also embedded in the caudal musculature,
Histological investigarion revealed muscle degencr-
ation and necrosis, fibrosis and granulomatous
inflammation containing varying numbers of
melano-macrophages. Vacuoles, cither empry or
contining hetcrogencous material, were frequenty
scen. The presence of abundane MHC class 11~
cels indicated an active inflammatory condition.

ed large exracellular vacuoles and
leucocytes contining homogencous matrial of
lipid-like appearance. The results showed that the
melanized foci in Adantic salmon fillet resulted
from an inflammatory condition probably induccd
by vaccination. The described condition is not
known in wild salmon and in farmed salmon where
injection vaccination is not applied.
Correspondence T T Foxoe. Depwmant of Basic i
ences ant At Mecine, Nowegian Schak f Vet
Soence, Uleilsswen 72, Box 8146 Dop. 0033 Ok, Norwsy
{omat mygve poppetveths o)

ori pigments include
dmv:ln of hpnh hacmoglobin, porphyrins and
melanin. The term mclanosis is uscd to describe
the presence of melanin in abnormal locations
(Thomson 1984). In vertcbrates, melanin is syn-
thesized by melanocytes and organized in melano-
somes, which are Iysosome-related intracellular
organclles (Orlow 1995; Raposo, Fevrier, Stoorvo-
gl & Marks 2002). Mammalian melanocytes
originate from the cmbryonic neural tube (Sulii-
mon & Kitchell 2003) and it has been observed
that such cells can migrate into inflamed cissue
(Thomson 1984).

Inflammarory reactions and tissue regencration
in salmonids scem similar to those of mammals
(Finn & Niclson 1971), but have in addition been
associated with the involvement of so-called
melano-macrophages (Roberts 1975:  Agius s:
Roberts 2003). The origin of m
melanin-containing viscerally located cells in feh is
not clear (Agius & Roberis 2003), but Sichl,
Scalia, Mondio & Corsaro (1997) suggested that
melanogenesis in poikilothermic vericbrates may
occur in mesenchyme-derived cclls of the hacma-
tpoictic lincage. Although telcost melano-macro-
phages have been ascribed  macrophage-like
propertics, their functions and significance are
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Figure 1 Gross pahologicalchanges in the carcass of an Atantic salmon. The pericardial caviy a) i normal, but s melanizaton i

apparent in the abdominal cavity (b). Mel.

subjacent o the peritoncum is seen on the cut surface (arrow).

Figure 2 A melanized area in the musculature of an Adantic salmon. The peritoneum is removed and darker foci are scen in a dark
grey area involving five myosepta. The lesion is situated laterally in the fish, covering the area of the lateral organ. Note the contraction in

the musculature, disrupting the curves of the intramuscular septa.
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Figure 5 A large vesicle embedded in an intermyotomal septum containing macrophage-like cells, debris and a fresh hacmorchage
(arrow) (H&E, bar = 500 pim).

Figure 6 Empry vesiclcs surrounded by granulomatous tissuc embedded in the white musculature. Note adjacent, scemingly unaffected
muscle cells (H&E, bar = 200 pm).

Figure 7 Vesicles embedded in the white musculature surrounded by fibrogranulomatous tissue (red staining) (EVG, bar = 500 jim).
Figure 8 Reaction against oil (red staining) in a vesicle as shown in Fig. 5. F masses (asterisk) hage-lik
show positive reactions. Note the melano-macrophages in the vesicle wall (arrows) (oil red O, bar = 50 pm).

Figure 9 High magnification of the wall of a vesicle s scen in Fig. 6. The wall contains a multinucleated giant cell (MGC)(arrow).
epithelioid-like cells, small vacuoles and is lined towards the lumen of the greater vesicle with melanosome-containing cells, probably
swollen melano-macrophages (H&E, bar = 40 um).

Figure 10 Muscle cells infiltrated with MHC class 11" cells. One muscle cell unaffected (asterisk). One fibre shows severe
degeneration (arrowhead), whereas one is invaded by MHC class 11" cells (red reaction) (MHC class 11 immunostain, haematoxylin
counterstain, bar = 100 pm).
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Brief Definitive Report

Induction of Lupus-associated Autoantibodies in
BALB/c Mice by Intraperitoneal Injection of Pristane
By Minoru Satoh and Westley H. Reeves

From the Departments of Medicine and Microbiology/Immunology, Thurston Arthritis Research
Center and University of North Carolina Lineberger Comprehensive Cancer Center, University
of North Carolina, Chapel Hill, North Carolina 27599-7280

Summary

Intraperitoneal injection of pristane (2,6,10,14 tetrameth

d 4

) is a d technique

for obtaining monoclonal antibody-enriched ascitic fluid. However, pristane also induces plas-
macytomas and an erosive arthritis resembling rheumatoid arthritis in BALB/c mice, probably
as a consequence of enhanced interleukin 6 producnon We report here that the production of

autoantibodies characteristic of sy

ic lupus eryth (SLE) is a further consequence

of injecting pristane in BALB/c mice. Anti-Su antibodies appeared as carly as 1-2 mo after a

single injection of 0.5 ml pristane, followed by anti-U1RNP and anti-Sm antibodies after 2-4 mo.

Within 6 mo of pristane injection, 9 of 11 BALB/c mice had dcveloped anti-Su, anti- UIRNP
29

anti-U2RNP, anti-Sm, and possibly anti-USRNP antibodies. A

were not prod

by 20 BALB/c mice of the same age and sex that were not injected with pristane. Thus, auto-
antibodies characteristic of lupus were induced in mice that are not usually consxdcred to be

genetically susceptible to the disease. The i

d of iated with SLE by

pristane may be relevant to understandmg the role of abnormal cytokine production in autoantibody

production and the path

disease. Furthermore, the induction of high

titer autoantibodies by pristane dictates caution in the use of ascitic fluid as a source of monoclonal
antibodies, since the polyclonal autoantibodies induced by pristane may copurify with the monoclonal
antibody secreted by an injected hybridoma.

Intrapemoneal administration of pristane (2,6,10,14 tetra-
) before the injection of hybridoma cells
isa for obtaining ascitic fluid containing
a high concentration of mAbs. In addition to its effects on
hybndorm cell gmw!h pnsnnc—mduoed a]wranons in cytokine
P ion have bee licated in the pathogenesis of plas-
macytomas (1-3) and erosxve arthritis resemblmg theuma-
toid arthritis (4, 5). While ch izing a slowly g
murine hybridoma secreting an IgM mAb, we observed that
ascitic fluid from several pristane-primed BALB/c mice in-
jected with hybridoma cells contained polyclonal IgG autoan-
tibodies to Su, UIRNP, U2RNP, and/or Sm. Further inves-
tigation revealed that the autoantibodies were a consequence
of pristane priming itself, and were unrelated to the hybridoma
cells or their secreted monoclonal IgM. Thus, intraperitoneal
injection of pristane i d lupus-like autoi y in a
strain of mouse not usually thought to be prone to autoim-
mune disease.

eA 1
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Materials and Methods

Cell Lines. The K562 (human erythroleukemia) and L929 (mu-
rine fibroblast) cell lines were obtained from the American Type
Culture Collection (ATCC; Rockville, MD) and maintained in

RPMI 1640 or MEM, respectively, supplemented with 9% FCS,
1-glutamine, and penicillin/streptomycin.

Sera and mAbs.  Prototype human autoimmune sera containing
anti-Su, anti-UIRNP, anti-Sm, or other specificities, were reported
previously (6-8). Additional sera with anti-UIRNP/Sm antibodies
were obtained from patients with systemic lupus erythematosus
(SLE) followed at the University of North Carolina Hospitals
(Chapel Hill, NC) or the Keio University Hospital (Tokyo, Japan).
Murine mAbs 2.73 (anti-U1-70K) (9), and 9A9 (anti-U1-A and
U2-B") (10) were provided by Dr. Yoshihiko Takeda (Medical
College of Georgia, Augusta, GA) and Dr. W.J. van Venrooij
(University of Nijmegen, The Netherlands), respectively. mAbs
Y2 (anti-Sm B/B and D) (11), 22G12 (anti-Sm B'/B) (12), and
2G7 (anti-Sm-D) (13) were provided by Dr. Robert A. Eisenberg
(University of North Carolina).

Pristane Priming. 6-8-wk-old female BALB/c By] mice were ob-
tained from The Jackson Laboratory (Bar Harbor, ME) and main-
tained at our animal facility. Eleven mice, ages 4-5 mo, received
a single intraperitoneal injection of 0.5 ml of pristane (Sigma Chem-
ical Co., St. Louis, MO). Sera were collected every 4 wk from the
tail vein. 20 age- and sex-matched BALB/c By] mice that were not
mjac!ed with pnsune servcd as comrols

using cell extract
from K562 or L929 cells was performed as described previously
(7, 8). Briefly, the cells were labeled for 14 h with [*S]methio-
nine/cysteine (25 uCi/ml), lysed in 0.5 M NaCl NET/NP-40 buffer
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Anti-nuclear antibody production and immune-complex
glomerulonephritis in BALB/c mice treated with pristane
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ABSTRACT The pathogenesis of systemic lupus erythe-
matosus is thought to be primarily under genetic control, with
environmental factors playing a secondary role. However, it
has been shown recently thn mtrapenumul mjecllon of
pristane (2,6,10,14-tet

(i.p.) injection of pristane (2,6,10,14-tetramethylpentadecane)
induces autoantibodies characteristic of SLE, including anti-Su
and anti-nuclear ribonucleoprotein (nRNP)/Sm in BALB/C

i

mice, a strain not usually consid to be posed to

tibodies typlcal of Iupus in BALB/ ¢ mice, a strain not usually

id 0 be g ptible to the disease. In this
study, the mduction of autoimmune disease by pristane was
investigated. BALB/c mice nceiving pnstane were tested for
autoantibody production and h ids of
glomerulonephritis. Six of 11 mice developed IgM anti-single-
stranded DNA antibodies shortly aner receiving pristane and
4 developed IgM anti-hist dies, but anti-double-
slranded DNA antibodies were absent. IgG anti-DNA and
anti-histone antibodies were absent. In contrast, the lupus-
associated anti-nuclear ribonucleoprotein/Sm and anti-Su
autoantibodies produced by these mice were predominantly
IgG. In addition to autoantibodies, most of the mice developed
significant proteinuria. Light microscopy of the kidney
showed segmental or diffuse proliferative glomerulonephritis.
Electron microscopy showed subepithelial and mesangial
|mmune~complex deposits and epithelial foot process efface-
ment. fluor led striking glomerular
deposition of IgM, IgG, and C3 with a mesangial or mesan-
giocapillary distribution. Thus, pristane induces immune-
complex glomerulonephritis in association with autoantibod-
ies typical of lupus in BALB/c mice. These data support the
idea that lupus is produced by an interplay of genetic and
environmental factors and that unlike the MRL or (NZB X
'W)F; mouse models, in which genetic susceptibility factors are
of primary importance, environmental factors are of consid-
erable importance in the autoimmune disease of pristane-
treated BALB/c mice.

Systemic lupus erythematosus (SLE) is a multisystem autoim-
mune disease characterized by anti-nuclear antibodies, im-
mune-complex glomerulonephritis, arthritis, and other mani-

festations. Anti-double- ded (ds) DNA ibodies are
hnghly speclf c for SLE and may play a key role in the
pathc of i lex nephritis in lupus (1, 2).

However. autoantibodies to glomerular antigens (3) and/or
dysregulated cytokine production (4, 5) may also be involved.
Human SLE is influenced strongly by major histocompatibility

lex-linked and -nonlinked genes (6-8). Multiple genetic
loci that accelerate the onset of autoamlbody producnon
and/or nephritis also have been identified in murine lupus
models (9, 10). The |mponance of environmental factors in the
pathogenesis of lupus is less clear. Horwever the role of
env in ibody production is un-
derscored by the “recent demonstration that intraperitoneal

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertisement” in
accordance with 18 U.S.C. §1734 solely to indicate this fact.
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(11). Titers of these autoannbodles are compa-
rable to those found in MRL/Ipr mice (12). The present data
show that in addition to IgG anti-Su and anti-nRNP/Sm

ibodies, pristane ind! IgM anti-singl ded (ss)
DNA, anti-histone antibodies, and i plex glomer-
ulonephritis in the * nonautonmmune" BALB/c strain.

MATERIALS AND METHODS

Administration of Pristane. Eleven 4- to 5-month-old and 10
2.5-month-old female BALB/c ByJ mice (The Jackson Lab-
oratory) received a single i.p. injection of 0.5 ml of pristane
(Sigma) (11). Sera were obtained at 1, 2, and 4 weeks and
monthly thereafter. Urine samples were tested monthly for
protein concentration by using Albustix reagent strips (Miles).

ELISAs for Anti-nRNP/Sm, Su, ssDNA, and Histone Au-
toantibodies. Anti-Su and anti-nRNP/Sm antigen-capture
ELISAs were performed as described (12) with 1:250 diluted
murine serum and alkaline phosphatase-conjugated goat anti-
mouse IgG or IgM antibodies. Antibodies to heat-denatured
calf thymus DNA (ssDNA, from Sigma) and to total calf
thymus histones (United States Biochemical) were detected by
ELISAs as described (13 14) with a 1:500 dlluuon of murine
sera and alkali -conj d goat anti-mouse
1gG or IgM antibodies.

Light and Electron Microscopy. Six months after receiving
pristane, BALB/c and control mice not receiving pristane
were anesthetized and fixed by perfusion through the left
ventricle (15). The inferior vena cava was nicked below the
renal veins, and 20 ml of saline was perfused slowly, followed
by 10 ml of 2.5% (vol/vol) glutaraldehyde in 0.1 M sodium
cacodylate, pH 7.4/4 mM CaCl,. For light microscopy, 3-um
sections of aldehyde-fixed renal cortex were stained with
hematoxylin and eosin as described (16). For electron micros-
copy, aldehyde-fixed renal tissue was postfixed with osmium
tetroxide, dehydrated in ethanol, and embedded in Epon 812.
Thin sections (60 nm) were stained with lead citrate and uranyl
acetate and examined by electron microscopy (16).

Immunofluorescence. Kidneys were excised from pristane-
primed or control mice and snap-frozen in isopentane chilled
in liquid N.. Cryostat sections (4 um) were stained with a 1:40
dilution of fluorescein isothiocyanate (FITC) or rhodamine-
conjugated goat anti-mouse IgM, IgG, IgG1, IgG2a, IgG2b, or
1gG3 antibodies (Southern Biotechnology Associates) or with
FITC-conjugated rabbit anti-mouse C3 antiserum (Organon

Abbrevnanons nRNP, nuclear rib P E, ic lupus
er ds, double ded; ss, single ded; IL, inter-
leukin.

#To whom reprint requests should be addressed.
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« A component of mineral oil
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« A ssingle intraperitoneal injection (ip) induces plasmacytoma
and chronic destructive arthritis in mice
* Induction of lupus-like autoimmune syndrome

Antinuclear antibodies, anti-Sm/U1RNP, ribosomal P,
dsDNA, immune complex glomerulonephritis

(Satoh M and Reeves WH, J Exp Med 1994, Satoh M et al.,
Proc Natl Acad Sci USA 1995)
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Background c

n Vaccine | Adjuvant Vaccination - sample
A |10 | Experimental No No NA
B 10 | Experimental Yes Mineral oil 2y
C 20 | Farmed (cave) | No No NA
D |55 |Farmed Yes Mineral oil 15y
E 20 | Farmed Yes Mineral oil 2y
F 19 | Farmed Yes Mineral oil 2.3Y
G |20 |Farmed Yes Mineral oil 1.3y
H 20 | Farmed Yes Animal/veg oil 1.3y
I 20 | Farmed Yes Mineral oil 1.5y
J 11 | Wild No No NA
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Spine deformity in Atlantic salmon
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Manifestations of systemic autoimmunity in vaccinated salmon
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The development of systemic autoimmunity may result as an undesired side-effect following vaccination,
and this condition was recently shown to occur in farmed salmon (Salmo salar). Several of previously
reported side-effects following vaccination of fish should therefore be reviewed in the light of this
condition. Here, organs and pathological changes in three separate groups of fish severely affected by
vaccination were investigated by different morphological methods (n =84). Granulomas or microgranu-
lomas were observed at the injection site and in several organs. Mott cells were observed in all tissues
examined. Pannus-like changes with lymphocyte infiltrates were observed in spines. In conclusion, the
reactions following vaccination were of a systemic nature that may be explained by a pathogenetic
mechanism caused by systemic autoimmunity.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The successful prevention of a series of different infectious
diseases in man and animals may be obtained by vaccines, but
frequently, concerns are raised regarding their safety. Undesired
side-effects following vaccine injections include fever, rash, flu-like
symptoms, lymphadenopathy and swelling at the site of inocula-
tion, but long-term effects such as hypersensitivity, induction of
infection and autoimmunity are considered rare [1]. In general, the
lack of a standardised vaccine safety assessment system is strik-
ing [21. According to The European Agencv for the Evaluation of

may develop into autoimmune diseases [1]. In addition, the
dosage:body-weight ratio in salmon vaccination is considerably
higher than that of mammals [7]. All these factors argue for higher
frequency and severity of vaccine-induced side-effects in salmon
compared to farmed mammals and humans. IL-1, a cytokine that
plays a key role in the pathogenesis of systemic autoimmunity in
adjuvant-injected mice [6], is induced in vaccinated salmon [8].
Recipient fish may over time develop mild to severe pathological
changes as a consequence of vaccination, and observed adverse
reactions include impaired growth rate, decreased carcass qual-
itv. spinal deformities. uveitis and inflammatorv reactions in the
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Kan dette forklare observert assosiasjon? (Berg et al. 2006 og Aunsmo et

al. 2008)
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