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Abstract

The purpose of this study was to investigate the
nature of variably sized pigmented foci encountered
in fllets of farmed Adantic salmon, Saima salar L.
The material was sampled on the filer production
line and on salmon farms from fish with an average
size of 3 kg from various producers. The fish had
been routinely vaccinated by injection. Gross
pathology, histology, immunohistochemisry using

(MHC) dlass 11 b chain and transmission electron
microscopy (TEM) were used to characterize the
changes. Macroscopically, melanized foci were seen
pencurating from the peritoneum deep into the
abdominal wall, sometimes right through to the
skin, and also embedded in the caudal musculature.
Histological investigation revealed muscle degener-
ation and nectosis, fibrosis and granulomaous
inflammation conaining varying numbers of
melano-macrophages. Vacuoles, cither empey or
containing, heterogencous material, were frequendy
scen. The presence of abundane MHC dlass 11
cells indicated an active inflammatory condition.
TEM showed large extucellular vacuoles and
leucocytes containing homogencous matcrial of
lipid-like appearance. The results showed thar the
melanized foci in Adantic salmon et resulted
from an inflammatory condition probably induccd
by vaccination. The described condition is not
known in wild sslmon and in farmed salmon where
injection vaccination is not applicd.
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Introduction

Various pathological conditions may be associated
with abnormal pigmentation in tissues and organs,
Such pigments may either be of exogenous or
endogenous origin. Endogenous pigments include
derivates of lipids, haemoglobin, porphyrins and
melanin. The term melanosis is used to describe
the presence of melanin in abnormal locations
(Thomson 1984). In vertebrates, melanin is syn-
thesized by melanocytes and organized in melano-
somes, which are lysosome-related intracellular
organelles (Orlow 1995; Raposo, Fevrier, Stoorvo-
gel & Marks 2002). Mammalian melanocytes
originate from the embryonic neural tube (Sulai-
mon & Kitchell 2003) and it has been observed
that such cells can migrate into inflamed tissuc
(Thomson 1984).

Infammatory reactions and tissue regencration
in salmonids seem similar to those of mammals
(Finn & Niclson 1971}, but have in addition been
associated with the involvement of so-called
melano-macrophages  (Roberss 1975; Agius &
Roberts 2003). The origin of melanosomes in
melanin-conaaining viscerally located cells in fish is
not dear (Agius & Roberts 2003), buc Sichel,
Scalia, Mondio & Corsaro (1997) suggested that
melanogenesis inpoikilothermic vertebrates may
occur in mesenchyme-derived cells of the haema-
topoictic lineage. Although teleast melano-macro-
phages have been ascribed  macrophage-fike
propertics, their functions and  significance are
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Vaccine-associated pathology in salmon muscle

Figure 1 Gross pachological changes in the carcass of an Alancic slmon. The pericadial aviy () is normal, but severe melanizaton is

b

apparent in the | cavity (b). M

subjacent to the peritoncum is scen 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 seen in a dark
grey arca involving five myoscpta. The lesion is situated laterally in the fish, covering the arca of the lateral organ. Note the contraction in

the musculature, disrupting the curves of the intramuscular sepea.
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Figure 5 A large vesicle embedded in an intermyotomal septum containing mactophage-like cells, debris and a fresh haemorrhage
(arrow) (HE, bar = 500 jum).

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

Figure 7 Vesicles embedded i the white musculature surrounded by fibrogranulomatous tissue (red staining) (EVG, bar = 500 jum).
Figure 8 Reaction against oil (red staining) in a vesicle as shown in Fig. 5. | masses (asterisk) and like clls
show posicive 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 as 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 cels, probably
swollen melano-macrophages (HECE, bar = 40 jm).

Figure 10 Muscle cells infiltared with MHC class 11" cells. One muscle cell is unaffected (asterisk). One fibre shows severe
degeneration (arrowhead), whereas one is invaded by MHC class 11 cells (red reaction) (MHC elass Il immunostin, hacmatosylin
counterstain, bar = 100 pm).




Brief Definitive Report

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

Intraperitoneal injection of pristane (2,6,10,14 tetramethylpentad )is a

Jastivachnl

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 producuon We report here that the production of

autoantibodies characteristic of sy

lupus eryth (SLE) is a further consequence

of injecting pristane in BALB/c mxce Anti-Su antibodies appeared as early 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 developed anti-Su, anti-UIRNP,
anti-U2RNP, anti-Sm, and possibly anti-USRNP antibodies. Autoantibodies were not produced
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 considered to be
genetically susceptible to the disease. The induction of autoantibodies associated with SLE by
pristane may be relevant to undcrstand.mg the role of abnormal cytokine production in autoantibody
f

production and the pathog

disease. Furthermore, the induction of high

titer autoantibodies by pnstanc dlctatcs caution in the use of ascitic fluid as a source of monoclonal
1 . e Mg |

antibodies, since the p

.r

dbyp may copurify with the monoclonal

antibody secreted by an injected hybridoma.

Intrapcntoneal administration of pristane (2,6,10,14 tetra-
methylpenudccanc) before the i m_\ectmn of hybndoma cells

for obtaining ascitic fluid containing
a lngh concentration of mAbs. In addition to its effects on
hybridoma cell growth, pnstz.n:-mduccd alterations in cytokine
production have been implicated in the pathogenesis of plas-
macytomas (1-3) and erosive arthritis resembling rheuma-
toid arthritis (4, 5). While characterizing a slowly growing
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 induced lupus-like i ity in a
strain of mouse not usually thought to be prone to autoim-
mune disease.

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,
L-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]J mice that were not
mjocwd with pristane mved as controls

itation using cell extract
from K562 or L929 cells was perfonned 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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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 !hat mtraperlloneal lnjection of
pristane (2,6,10,14-tetr
tibodies typical of Iupus in BALB/ ¢ mice, a strain not usually
idered to be ible to the disease. In this
study, the induction of autoimmune disease by pristane was
investigated. BALB/c mice receiving pnstane were tested for
autoantibody production and h id of
glomerulonephritis. Six of 11 mice developed IgM anti-single-
stranded DNA antibodies shortly nner 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-stranded (ds) DNA autoantibodies are
h)ghly speclf c for SLE and may play a key role in the
pathog of i plex 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 stmngly by major histocompatibility

lex-linked and -nonlinked genes (6-8). Multiple genetic
loci that accelerate the onset of autoanubody producuon
and/or nephritis also have been identified in murine lupus
models (9, 10). The importance of environmental factors in the
pathogenesis of lupus is less clear. However, the role of
environmental exposures in autoantibody production is un-
derscored by the recent demonstration that intraperitoneal
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(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
mice, a strain not usually considered to be predisposed to
autoimmunity (11). Titers of these autoantibodies 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
autoantibodies, pristane induces IgM anti-single-stranded (ss)
DNA, anti-histone antibodies, and immune-complex glomer-
ulonephritis in the “nonautoimmune” 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 dilution of murine
sera and alkaline phosphatase-conjugated 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 SLE, ic lupus
ery ds, double ded; ss, smgle slranded IL, inter-
leukin.
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0,1 ml/ 40 g =200 ml/ 80 kg
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Inflammatory
trigger

Inflammation

SN

Tissue-repair response |

Pathological
consequences

Fibrosis, metaplasia
and/or tumour growth




C19 isoprenoid alkane (C,4H,)
A component of mineral oll

CHj CH; CH, CHs

HsC CHs

A single 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)




Vaccine Adjuvant Oils Squalene and Incomplete
Freund’s Adjuvant (IFA) Induce Lupus-related
Autoantibodies

80 Antibodies to
% B NRNP/Sm
60 Su
B NnRNP/Sm or Su
40
207
O —
pristane squalene |FA HT S PBS
mineral oil

Satoh M et al., J Autoimmun 21:1, 2003
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Focal Endocapillary Proliferation in
Glomeruli from Vaccinated Salmon (PAS)

Unvaccinated Vaccinated




A Granular-short Linear Capillary
Deposition of Immunoglobulins in Kidneys
from Vaccinated Salmon

Vaccinated Unvaccinated
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Artcle story. i
Received 19 March 2010 and this condition was recently shown to occur in farmed salmon {Salmo salar). Several of previously
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reported side-effects following vaccination of fish should therefore be reviewed in the light of this
condition. Here, organs and pathologlcal changes in three separate groups of fish severely affected by

‘microgranu-

Jomas 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

were of a systemic nature that may be explained by a pathogenetic

©2010 Published by Elsevier Ltd.

Reyworts
Syteelc ol

o by, reactians following vaccination

Satmo salor mechanism caused by systemic autoimmunity.
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

sh, 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 [2). According to The European Agency for the Evaluation of
Medical Products, Veterinary Medicines Evaluation Unit, the ideal
adjuvanted vaccine is safe for the treated animals, does not cause
clinical or local reactions or allergic reactions and is also safe for
consumers of food produced from vaccinated animals. As such an
ideal adjuvanted vaccine currently is not available, some fimited
tocal without com-

promising consumer safety [3].

To prevent several costly infectious diseases, farmed salmon
are intraperitoneally injected with vaccines containing adjuvant
oil and a number of different antigens [4]. injec-

may develop into autoimmune diseases [1]. In addition, the
josage: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 vaceinated 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-
ity, spinal deformities, uveitis and inflammatory reactions in the
abdominal cavity [9-19], Recently, the development of systemic
autoimmunity was added to the list of undesired side-effects, pos-
sibly explaining the aetiology of several of the above-listed adverse
reactions |7
Systeic lopus enyhenatosis (SLE) i the prototype sy
temic dise:
various nuciear antigens [20) and multple organ Tovotement
including skin rash, arthritis, pericarditis, glomerulonephritis, vas-
culiis, myosis and lymphadenopathy [21.2], When vaccinated

tions of adjuvant ol alone induce autoimmunity in mice (5.6}, and
combined vaccines containing antigens from several pathogens
are theoretically more prone to trigger immune responses that

Corresponding author. Tel: +47 22 96 45 46 fax: +47 22 96 47 64.
E-mail address: erling 0 Xoppangavii.na (EQ. Koppang).
! fresent address: ingalaks AS,Srandebirm, Norway.

01:10.1016jvaccine.201005.032

or systemmic

e i

tis, and chronic granulomatous inflammation 7] similar to those
described in adjuvant hydrocarbon oil-induced SLE in rodents [6].

In 2005, we indicated the connections between the oil adju-

vant and its potentials for inducing systemic autoimmunity when
i ine-related i (1623

Hawever, it was firstin 2008 that we could publish evidences show-
ing this condition to be present in vaccinated salmon [7,24]. With
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Hva er dagens situasjon?

Til grunn for undersgkelsene er det blitt utfgrt eksperimenter:

1) Feltforsgk (Salmar) med uvaksinert fisk (gruppe 0) og 5 grupper
med fisk vaksinert med vaksiner fra forskjellige produsenter (1 til 5).

2) Vaksineforsgk med triploid og diploid vaksinert og uvaksinert fisk
ved to forskjellige temperaturer ved Havforskningsinstituttets
forskningsstasjon pa Matre.

| tillegg skal det samles inn fisk fra felten fra Lergys anlegg.



Feltforsgk (SalMar)

Antall totalt i Merd: 171 000
Snittvekt: 5500 gram

Dadelighet siden utsett: 5,92 %, usortert siden
utsett

Forsgksfisk: 4469 stk

6 grupper a 700 — 800 fisk: uvaksinert fisk
(gruppe 0) og 5 grupper med fisk vaksinert med
vaksiner fra forskjellige produsenter (1 til5).

SalMar startet 1 2009 opp et vaksineprosjekt
med formal og benchmarke vaksiner mhp
tilvekst og vaksinebivirkninger.



Resultater fra feltforsgk |

Histologi nyrer: Totalt antall undersgkt 248. Antall individer undersgkt i hver
gruppe: Vac 0=43,Vac 1=38, Vac 2=45, Vac 3=34, Vac 4=51, Vac 5=37. Tegn
pa glomerulonefritt ble funnet i naer samtlige individer.

Speilberg Average
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Resultater fra feltforsgk ||
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Matre-forsgkene: diploid og triploid
fisk

« Triploid fisk ble konstruert ved bruk av hydrostatisk trykk mot befruktede egg (des
2009).

« Forsgk startet i november 2010 da halvparten av fisken ble vaksinert. Deretter startet
smoltifiseringsregimet. Halvparten av fisken (like mange vaksinerte som uvaksinerte)
ble smoltifisert pa normal mate, ferdig mai 2011. Den andre halvparten ble
smoltifisert ved for hayet temperatur (opp til 16° C) og under kontinuerlig belysning
for a fremskynde prosessen, ferdig januar 2011.

Fisken kan dermed deles inn i atte grupper:

. 1: N-DUV (normal smoltifiseringstemperatur, diploid uvaksinert)
N-DV (normal smoltifiseringstemperatur, diploid vaksinert)
N-TUV (normal smoltifiseringstemperatur, triploid uvaksinert)
N-TV (normal smoltifiseringstemperatur, triploid vaksinert)
H-DUV (hgy smoltifiseringstemperatur, diploid uvaksinert)
H-DV (hgy smoltifiseringstemperatur, diploid vaksinert)
H-TUV (hgy smoltifiseringstemperatur, triploid uvaksinert)
H-TV (hgy smoltifiseringstemperatur, triploid vaksinert)

[ ]



Resultater fra Matre-forsgkene

Vaksinert fisk
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Konklusjoner

Grupper av vaksinert og uvaksinert fisk lar seg skille serologisk |
begge eksperimentene pa forekomst av autoantistoff mot
lakseerythrocytter.

Ingen stor forskjell | autoantistofftiter mellom de 5 undersgkte
vaksinene.

Det er histologiske forskjeller mellom gruppene i glomeruli der
det ikke har veert HSMI-utbrudd (Matre-fisken).

Det er elektronmikroskopisk detekterbare forskjeller i glomeruli
mellom grupper av vaksinert og uvaksinert fisk.

Det er giennomgaende hgyere titer av autoantistoff i den
diploide kontra den triploide fisken.

Hovedkonklusjon: STATUS QUO!




Men hva bgr gjares?

Orale vaksiner og dyppvaksiner!




Takk til Merete B. Schrgder, FHF, for godt samarbeide!

Takk til FHF, SalMar ASA, Lergy Seafood Group ASA og AquaGen AS
for finansiering




