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Polyclonal B lymphocyte activation induced by mouse hepatitis virus A59

infection
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Mouse hepatitis viruses (MHYV) diversely affect immune
responses, depending on the viral strain and the mouse
genetic background. Here, we studied the effect of
MHV-A59 infection on B cell responses of 129/Sv and
CBA mice. Our results indicate that in these strains,
MHV-A59 induces spleen cell activation that leads to
enlargement of the spleen without structural alteration.
Infection triggers production by B Iymphocytes of large

In vivo B lymphocyte polyclonal activation has been
eported after infection with several viruses such as
adenovirus or lactate dehydrogenase-elevating virus
(LDV) (Coutelier & Van Snick, 1985; Coutelier et al.,
1988, 1990). Mouse hepatitis viruses (MHYV) are known
to be lymphotropic (Lamontagne et al., 1989) and to
induce diverse alterations of immune responses that
depend on the viral strain and on the mouse genetic
background. MHYV effects on B cell functions are quite
variable. MHV-3 infection of C57BL/6 or (C57BL/6 X
A/I)F, B lymphocytes at different stages of differen-
tiation leads to atrophy of the spleen (Jolicoeur &
Lamontagne, 1990; Lamontagne et af., 1989) and
depletion of cells of the B lineage (Jolicoeur &
Lamontagne, 1994). Mice chronically infected with
MHYV-3 display depressed immunoglobulin levels as well
as decreased antibody responses following simultaneous
immunization with sheep red blood cells (Leray et al.,
1982, Virelizier et al., 1976). In contrast, MHV-A59
nfection of CBA/Rij mice causes IgG2a-restricted
hypergammaglobulinaemia (Coutelier et al, 1988).
MHV-A59 infection of 129/Sv mice at the time of
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amounts of immunoglobulin G2a, mostly without viral
specificity. This polyclonal immunoglobulin production
1s dependent on the presence of functional T helper cells.
This polyclonal B lymphocyte activation induced by
MHYV-A59 infection can have pathological implications,
such as the enhancement of concomitant autoimmune
reactions.

immunization with a soluble protein antigen results in
immunostimulation with complete modification of the
1sotypic distribution of the anti-protein antibodies
towards the IgG2a subclass (Coutelier et al., 1988, 1991).
Enhancement of antibody production which could be
related to variations of interferon-y (IFN-y) levels has
also been reported in BALB/c and C57BL mice acutely
infected with the MHV-JHM and MHYV-3, respectively
(Smith et al., 1991, Virelizier et al., 1976).

To determine whether MHYV could also induce spleen
cell activation, female 129/Sv, CBA /Ry and CBA/HLt
mice bred at the Ludwig Institute for Cancer Research
by G. Warnier were infected by intraperitoneal (i.p.)
injection of approximately 50 TCID,, of the A59 strain
of MHYV, grown in NCTCI1469 cells. Efficiency of
infection was checked by examination of the devel-
opment of liver lesions. Spleens obtained at different
times post-infection (p.i.) were fixed in Bouin solution
and embedded in paraffin wax. Sections (5 pm) were
stained with haemalum-eosin or Gilemsa. A strong
enlargement of spleen size was induced by the virus and
reached a maximum at 7 days p.l. (Fig. 1a). Spleen
sections showed that the overall structure of this organ
was preserved. However, germinal centres were enlarged
after infection and more cells were found in the red pulp
of infected mice, when compared to controls (Fig. 1c¢).
Numerous large blastic lymphocytes were observed both
in the red and the white pulp of the spleen from infected



]
& ’5%.
g

R ] )
: AN A A A,
?F".-\'.H-F-r by ':r{,?.':-il__:‘_ I_“E ".:IE:l!::.."ef .I-;;.I-{IF;':‘?{-;._._—:,.-.,.__ l;"_“-l:._-.\,.i:'-“_\-"g:f-l:
M ey
A A e T e e L e e
Apells ‘.’nf'hf:o-".fr}‘:q:-i- R
o

"-"'l.",__;.fi ar o,

ry
:
1
1

e e
i -"_.-".__5"”&"3:_3'.::'_._,

v
- e

-:'I.-:rél":::'.l_:'fi.

i {&'I-:I el ll_._;’_.
L i : s AT
e ] ettt Ty ! R F e LT Yot AL e
i i e e e [ e
A dr 1:?-'5?_ !—Eh:-'";jl H I.l.l,-ln-l, .-!'r"::- -l._-- ""‘.__p:'___'\q_. et r{ih':l"' . |'|-" l'.:m"":.?" St :""-\.. ik
ol st e L
e _ﬁ]f AR B -"ff-r"f"'r'.‘a-’.-T;'s_:p;-- A s A 3

Hn
e R
e

B

..-';r.xif:-n'rl'll Tu"'n'.'.'-'_"'"'"a"‘\-:ﬁl L,

A Eﬂ-'-r' Trr -r!':"::f.il; .:I:.i'l,.

¥ LR
Tl

.I
-t

[(fEemndl

idaal
Salinitud
Cne
t'll;:::'r‘

;j* :
ik *}}ﬁgﬁil i

; s
: A
[ R e e L A R

i L
A hnEA L
GG e

H Al

Y

[l

LRyt

.- . -: '\'.h\\.
: %-. :E,_\:

k

: -:.-.-:].*,:g}'

3 )
i Al : B /i
A LA e : Tty G T R !
S v Sl i ‘?’ﬁ”’@ﬁif’%"r‘f;“ e :
e e e ML e meE A Al S il
it bl o IR ey Al

: i #ﬁ.} fp _|'
el T
ol RIE S
¥, ’l._-rﬂ.

T A A S e
St ':5_;_.;;

Ak
T H Hael] .
i LR
t A&!k&f'ﬁfﬁ?i%%ﬁ
r ] p

b, o
]
O A

- .'\."- TR
S

T

¥ EAT Jy;_i;{:irjf{ﬁ;,:ﬁ?*‘ :ﬁ%’: i

S
L

) 4 Wi R ER e
ok, 2 el -l,f".:".l Ao L O AT J}‘:ﬁﬁ" .r_'-l'.l"' .
1 | e Lt ey 5 {%1 FJ"'ET,-‘E' i) R D R b ; Rl Epe Rt S e .;,.-j'.l]‘r S
i, e f: : *f#!fpﬂ"ﬂ;;;g; S e ﬁ’{iﬁggrﬁgrfgfigﬁﬁ% : sl sl e L e ﬁ?;fg;.ﬂf{j Al
v : it i e : I R EA Y I e e R ekt T
el e o diey T ﬁﬁ?ﬁ/&f@hﬂﬁ’, Ll 2"%ﬁ%@ﬁ’iﬁﬁﬁf}@iﬁis“-’f-i’aé? el e
T T IR A R “Ngfrﬁ it lF:J:}L' LA acs P e L L ) ; J Il
i s A ] SR et T e B R s b s BT St R e R R e e o b i
IR T e SRR, i 1 i Rl Aol e eI - AT H il li..-ll.-__.-' FEEES A iR Eaalii
e oo S A e - ;-: Sl R e ;
i fe Al | R g s il : T Hpetes s e ]
B i, G S : Cahel
d £ g I.:i‘"rn' SR T i = ~ "l':-lnh':l.ﬂ 5 AR
HA B ! i

Com
o
?. ._.I'-'I-".-."I'\-::':-i- : |I i?"":rl' [P
r,;ﬁ:;;.-:*‘%%%’#%{ i )

5

e
Fj‘ i it :r ; fg'r Tt .II ]
..

1
S T !.-'
»r%ﬁv{fﬂ?ﬁﬁfﬁc{fw

b
v
§ =t

frein 15 St
Crais 1
s
e S
el il
i H L T
Tl ey

it

:

]

Za
!
.{-,l

D

v = rll.'\-"-"".!:%'
L . Hi oy e 'I{il"';"_l;"-.l '""-E}.J"-“‘:--ﬂ'- fjl-"':"“s iri .-"%"ri{‘lu("g
s ZZ:,:«; :;{;jﬁ}r? I?f}’}{’f{;?;;’;gﬂl;% ﬁr‘-?& s
o Gt i R
co o

R SR

,-ffff’ﬁf s : '17‘#‘,{;?{:;:5;" e

liteih e
-

il
: i T
iy ; _?_.l'}\:j-’:||"-\.\_:|-":'/*/‘(i'\-:'
Gl

I -;'-'I_; It{f{fé i 'I;'r.-r H
S G
g

T A
i

'-:Il. ll..l ] }r.l:-J;l
P LY
':I-;"' i {"Is'l-}:-r'l-c.lf{

] A l:;.?
it
-\.,-"fr

A

i

A

v Lo,
I"E-':-";":I:!:".} HG

L e T

A A
.
T Hixf}f:f%" I,r::

b
AT i
P e

' ] |
= .-.-..:cfri-ﬂ mﬁﬁ J{ 1.*{; I
: ?aqﬁﬂfﬁ‘}?i'& e ‘&}*?ﬁ{z\g i
R : ?jj}rqé .

B

Y Fr{ f{-
El III_.III r.ﬁ" .-".ﬂ‘, b
A L ; ;
"r}-"é'l:' 1 ':-::-!":-I- : i ' ' i .-""l'" .-l"' oy LR He H
e ':1-'.-- s e 1 RO ey i ; ?E.. o - Ry i e [ T
l:_.rl__ll.l'.-":l?::'_{:rj‘l..r.jtllg.- r _i',l""- ! .,Jr {:lll:';';.:‘.-'* i,-!rl .-:_}': i |'$_ ' : |' : .-"'r. ll'_|'_| ‘f:lfl .1 H I i : : - ': ; . o 'l'-l__.l i-ﬂ-\.:-\: F@Eﬁ _:.ézé\l
i H - = 2

' - LTS
S R e S i i

i R N R et alrss H -\.I'ﬁ" i)

o S R T

[t
Tt
Rl
r::

=

i,
a
X

il
Hy
T S : ; %
r.-':'i'f-r':ll:.-::."-." T Pﬂ-'f"e"a-'i"’-.- vied il , = R .\.g..;l Ok J.r_,{l'l-h" '"'.""""'-ii.r PHES R [ Tl i §_}"J.!I
e e e YRS i e e -'F"F:'\g;(ﬁ"" J"“"?sgr’*é’" L T R D !
S ] AL S AN T i T AT AR RS T Py ! et I
< @#j@*%ﬁf@*ﬁfﬁﬁ% %,;y{{;;mf;fﬁ@_’f i ;?:?T}L?%” 5 f_r;f i ;%%gfﬁ;;frggf;‘gﬁh fﬁ‘@xgﬁ:%‘;”‘ ,;;;{r}frr‘g‘ il T""’}
L e e R e .é-:"'.j"-l"'-'?“g’;i:'fl;'.'p'l{-"rr': e %ﬂﬂ: LR e L RIS
R I__-;_;.f_.:’.‘i_.@__:. S /,'::'_h e -'f S T A T A e f}.;:-‘-* T 7 'F'Ei'-f?.":"-"i:t.f,i'r‘fﬁ:'.l,-'__.?':"rlff;. 2 -";f,_-‘%%__,--:-.‘;—" e R s Jeh
R -:gra-”rf"’.ﬂﬁ'.a{f”%]'.’r"‘.rﬁé,-‘j*'frafrﬁfit’-fh::f R Ela e A T A e i E_a"x:!@iﬁrﬁ*ﬂ-*' e T 7%
: R e N e B el e e ﬁﬁ?&‘r e Lg eyt g i
iy i S R -g:-__’:l?*-.::.ﬁ';";,;.-;.r_.rr-::,.- e [ 2 1L '.lﬁ"!.-':sﬁ-?.":-f.l"_:?/t-"g":-? e igdn Kind }}.ﬁ':{ o ?l_[:.q; .&" by
B e e S S i
i : b L e
: o

'

A _a i er i

Rl
e

S
o e
-'.'1-'?"!'

v

A
i
sl
el PE

'
i

I
I
i

Lol
T

i

-:_r"-:

il i

A FradEl
3} i 2
1, i‘" ';-:{; -5

Lo

f e

IR,
SR

; G 12
LAV "Eﬁ';’r""' e I

E
S B
L l'_i-:\-' X o

fr :
o i
i AT R

Mﬂ}f‘:f:!!{f&’f"
.-Ll':‘:.;n_}!l:;:;:-'?

) ,-'". 5 s '\-r
fotha

i
et

s

S SR

' :
o 5 Ly
.5';" S s el
AR L A e e N e
e i L e 2 T f2r y ol Pt A e
e - il e i e iy
] :ﬁ-}'-"'l"::-":}‘"-" TN Lry Ay f _?__.I-.} LAl i it - s h 'L i R "]_‘.., 1) AT E T AinL] ”_l{. PR i .
H J,:;.?%;EET; e ) i &%}, e R ri*}; ) {,fy;!’ .i;s;ﬁ,i;r;’:frf;’; : : F.r;sﬂ S :
O A, S T TR s R R "‘:f*'? [Tt H "‘#" s e | RO :
it SR ; Lol kot r et T :.
: T{T_s’-"'—' LT TR /g":'."ﬂI Sy F:’-ﬁj{.l |f"'-\.. :H J:l ' x "? ULE A |?:'|_-\;|'?.'-{-' - -
il T (L TR e N N e :
RS P, | h ':.":.' RS AT :
H !::';__'{_Eﬁliéi?{f-;}ﬂ '..3. [ f&; i f.h_;rr:i;:i Ay r T, ""_._ ) :
e

s
Sl .--I

S
S

L] H .
e el
3
T

[} by
st

bl I "".-l:-"‘ i
I RS Y !

R e ﬁ‘:’:’* st [ixtrees

e R e R A H L A R

Fe R A VR L A L fuE ot
e

I 1o

£k ; AL
: ] r&'ﬁ"ﬁ LE‘E;;{%‘%?I ¥

=

[Pt

A
Gy
e

LZE Hi i
FA T [ A
H R .'\-;:" - :.”':i‘ i |t

: ffg;ff;pg,@&é{;?ﬁru;ﬁ?:i_:r-_-g:ﬁf.}

S !

et PR -' i ; #ﬁ%ﬁé‘? FJ'-'{?‘H
]
e

A 7 3 i ey _-"; s 7 e
PRt ey -‘,:.'l":."-:"ii :h:r' s EEnraralln 1I':‘{I'.'-;I'-“'l"‘,'.-'._l. S| e r_-;"l" o
- .
*ﬁ-'_,t':i_ir;i.;" :}..!:% I-"'%.;'.-‘- E?E?_?:.J:gr@hg;{?ﬁﬁﬁf; q{l'rﬁ{{ul
-.:'Eill:l':‘-’@:"e -'?-'J-{:".? -"j?}g%ij-"'{.:'ﬂl .'u{?{r*;%ﬁﬁ.%ﬁ v LI,‘:;SJ%
Yoo

; : Ji

oy
L]
A ki
?ﬁ}ﬁrﬂﬁ}*ﬁ*ﬁ%ﬁ e Gl
obetrerdndh {f SILEnGE
I{;f::\%l‘r -{_\:\.’.—E‘l‘l ﬂ}r}r o

i e
e T T R e T
el b l,yf:sf;g'}. ,'?"?{J"}

e :

Eie

e
i

AL

§ A Tt ftte e et 1 ¥
i i e 5 i
: AT

R AER
A Py .-',.:-;.-'__!-_" e

i

i i':':"j’-'-“.'-"i"-'“-'}"'i.' ';.;II-!}_::i.-u-.f-. £
LA ﬁf{f?fﬁhﬁ&ﬁ’?’:ﬁ#

A s;;.:e*}“l:}f‘.r 2o e
=i ’iﬁﬁé ?'J.EU ar
'!{;;ﬁ-'-l":l"?:. % ;'-.-'I'E::;r}J ¥

.

Tt AraT T

S ejuﬁﬁff L i
v

i ‘!. y
1 -\-"":ll:' ! ¥ el iH 4]
.
' o

i

{1;-"

_.ll_ ]
AR
i

7
“r 13 f
e

R Sl

v

e : 1]
itIs “J"?il;fr;a‘*- i ;ﬁ}‘ll'.ixgi? L ; : _
R Al b A o £l : LA fg”f;{ ks i
j!ﬁ}%;{fﬁi‘:; II{ I%}‘.‘ﬁ' .i-*i[-’:ifrlirﬂ.-g;’:-j?}?lr" 2 | e . . st la._‘,f-f.lli ,-:_;-__’;ﬁ- ' Y
A k| .-'"" o .!"'"i“_l"""-" '_?:'.::.g.:-"-"":'-:'.r:i |f5,'_""';.f"':._.-‘-fl’ r ,'3} W Lk ! __ "-'-'f__:_r,g__':___h -;_.-"'!' h.;_.’.-“-l.__(‘l-;'r Ty 1 2 e { 1.
ﬁ}%@%ﬁ%ﬁ%ﬁﬁgﬁﬁﬁmﬁﬂiﬁ i e o a’?j;*”w?f’%%ﬂ"é;‘gﬁ% hoe i -J;iiﬂ o
Sl e g i AL e e T A Al i
A Jj'ﬁ'. Al ?%’ﬁi'ﬁld ;;%E;IJ ; ? AT "f%r;&ﬁhﬁ:‘ - s PR T T [ '.'E“'.r{'::"!- -l"::;::'-?h'.‘.l'-j:a-i‘l ..-;“;:“L'-.::";:L '-i- s -. 1 rw;"'lf'lzg;:lﬂ-::‘:'é,!t-'l-"r'r i3 " S
I S L T A N R .g_f-f-'i',:f“;r'}rj‘e-‘ i i *:Fp’lrgl;;,};.j; AR e 'ffé‘%gff% Ll ':';':.Lf THITT ,J._-I,.";?ji'fr""-f;.l"-:"-f ) 2 o
i ".'|r 'S"I?r J_;'?E-;Isﬁxl |-C'.E-'i:\-:- )H:-‘h_r-}j-’{zll{.l:‘:r:b'}vf:_’r;'} Jﬁ&:ﬁﬂgﬂélri J:J.“_ ,-d"‘-""!. 'I-I '1'i:'E':I"' .a_s"r“n; : = I'-'{:é: 1;1'{'5_. JR{W .|.|-d=| I,.-"'.
e ] ! e e ) Rl e it I
S e e s S R ?‘*.{?’.'}r"‘;f“‘,'='.’?;j-'"&“?_' T u,%. i : '_“:*‘?f';i Al ! T e L A
e e fﬁ%:j?ﬁrﬁfif‘%?%ﬁ%ﬂ o il el e
FQ*%-P'§5'=’-?§$§§’§"'E e e .‘5:“-5,3;’#;ﬁ?::::fa:rgﬂ?;;:-‘ﬁﬁ?’iﬁ.ﬁ'{fﬁf‘ﬂ" e e EHy i "7?5';!,# kR E”Q:fiii,xf'*ﬁ?”:ﬁ?fﬁ'@%ﬁ‘}”}'é?g‘:wﬁ*ﬂ
B L i SRS aeel Citeran i
e e ,ﬁ’r@.[.‘xﬁa.ﬁ.gﬁh jf:urf,x-'r_f-;?; SR ﬂﬁf}g: I e ; 1 AN HEA)
g :

A

';j }5‘ i S e B

iy R B _-_:.rf’.;-'ff&,.r" I .'-"“'i':"f‘{i ]

o
[

i

?}g;‘g{%{ir : R e ]

et g*”ﬁ”ﬁ‘ﬁfﬁmﬁfﬁkﬁ%ﬁ R
Hh

'i-i.:: i
o 1

: ;&.-Pg

e

".:'r"l o ...I_J'd.:r!'-ll'a.
e,
s,

! _:..:,':El

h s .. HHH ol i . L [ ™ gp-ﬁ i . ; e LIRS ﬁ'f.

: ?‘;(:) e 5,".-5-"35:"-’- it ] n""-l'és,g At ..I"grf:"? T i lﬂfi",-h‘" EHEE Q’ff'l{ﬁﬁa;-@Jrﬂ-}f;ﬁr"—. o le T A
L e L s n e
ﬁiﬁ%ﬁf* i e J&f&?q R i sttt e e S R

EGL TR )

=
-

- I H [k 3
nt ﬁ*.ﬁ-}ﬁl-:: 'ﬁl"ﬁ
: R

A

T
""-tll—:!::’l.r_
4

; {:“'-‘D‘.:ﬁ-f?‘.‘-‘!1'_'-'~‘!=!'-r-!'!?i'4""ltl

by j IRy F ] ! E'-!F‘;*:-':;':E:ﬁ” : st - ] h : R e i ,ép : : : ; | : ; i _." . L : i _ : ; E ) & . ] 1;- A ! L =i LAy e T :’ o ) ] TaddEe, | P i ! rh&gﬁ%‘%}:r ! qﬁ _l..:"l"f
-%} %if:g f il 5 i b I,f-..'J ) 2. i o _I_'. i il H: f* P s g .'I ; ; ; E R ﬁ: - "r‘f : 1 i : o y e 3 i ’ " t. oy ﬁ" "'1 i qi"-.‘-{'-;-.-.-' : b7 ._:':' e el ;.{.-’ j : EH ) ABARER a el : _. kT Erd g - e L, :i'j_:'_éf::‘" "_-"'i_:_.é} ﬁ.-':a.
E] T E: H - H ; ] A ; F - =4 s R R H : -.- : ! T, ! < dp s, I .'\E .; 3 ._. ! ]| B A a B . . o - i o] e " r A A4 £, . - _:..-\. = ._"a“ )
’ i i i ) 7 T It ] ( ' {r‘( '.-.I S Ko b . A At ; ) IR ST . iy o :.. I -.-n"q:rl TP

HeiR

NI e At 21 e
e A

Rl
X H " c H sAT

v r, = F d ! . ’ " - ] ||-' i L . T- Y . H 2 H . r . 2 H L A

it : e I . i 5 bkt ] 2 ’ ; I X ! Fal] LH AL J ak et e T . L N R

)

R ey

T
R
jj ke :

r e H
SEElE
r: r
e

r

¥

i
o

LT
T A
i f:':':

e ="_I_-'1.|-g:.r\-..-" H

LA

T
e

:
A

R
':';:,:l.'l'.i'.r

A

-
=il
Tl

St
o S
Vo

i
Lo chENE

i
LR

P .-i'
Pl
A

L

e

=

Lo,
L
]

[k
-

il
]

plaread
fss (]

Eﬁfé’r‘

et T,

-1}.;-(113' o,
7 AEs Iyl
A ey, T "]_JJ_
L dﬂ#};j’}

/

.

o ff-:i;:ﬁﬁ&
RS
Jﬁ;-l %ﬁ?}j’?{fég‘iﬁg ¥
] .I,II '__ ! T

?l”"'kl Hr}‘r&%

)

R Dl e
z:J ?ﬁﬁx; '“/
. ‘mm}

T }F

i s i
S it
'{.-"":'".'_. il? I-\.
Al
e

b

2|

1 ".I-:.- . el als
WAL R
SR L R 1
e
-5"'.f .:’. e [ I P
i ;':E'T f,.‘-‘;l-lﬂ o
[ e
o __.:_.-' FLieo 1
. I|"

prd iy

e
o
[ty i

~.,]f1§"£?_ fJ

e |:°""

=ik

f

N

e
A
Si

e
T

i
I
i
LE
:,-"/:-_';-rq‘- T

L ar
[EECNAE

2l

[
L

L

T 1

T

AT
s

"‘ . o
ji ,‘} EH ] .rﬁ'h . . s EART:
St e i

.‘_ h

I,

2
1

-

2 L)
Al Cttd gl
T
: :i? H :!'-!.

Sy

-

Lt -
sl )

S .
I T
fﬁgﬁﬁ.

¢ Ut

T
e a T ey T




B Anti-MHV Total [gG2a

06 — |2

<
A

|
ok
e

<
£

1 . I
- <
oo

i
5

<
o
<o
N
Total IgG2a (mg/ml)

Anti-MHYV antibody ELISA value
o -
— s

S N T B
<
b

<
S
<
-

MHV Sendai
Antigen used for absorption

Fig. 2. Absorption of anti-MHYV antibodies. Pooled serum from 5
CBA/Rij mice obtained 3 weeks after MHV-AS9 infection was
absorbed with buffer, with purified MHV-AS59 or with purified Sendai
virus particles. After removal of viral particles by centrifugation,
remaining anti-MHV-AS9 IgG antibody (black columns) and total
[gG2a (hatched columns) were measured in supernatants by ELISA.

after infection with MHV-AS59 was assayed by ELISA as
described previously (Coutelier et al., 1990). A strong
enhancement of the secretion of immunoglobulins that
were mostly of the G2a i1sotype was observed with a
maximum 7 days p.1. (data not shown). The specificity of
[gG2a produced after infection was assessed by ab-
sorption experiments. Pooled sera from infected mice
were diluted 100-fold in PBS (120 mM-NaCl, 5 mwM-
Na,HPO,, 3 mM-KH,PO, pH 7-2) containing 2% FCS
and incubated for 2 h at 4 °C with serial doses of virus
purified by centrifugation for 16 h at 20000 r.p.m. on a
20-50 % sucrose gradient in a SW25 rotor or with buffer
only. Viral particles were then removed from sera by
centrifugation through a 15% sucrose cushion
(35000 r.p.m. for 90 min in a SW41 rotor; Beckman
Instruments) and remaining total immunoglobulins as
well as antiviral antibodies in the supernatant were
measured by ELISA. This treatment efficiently removed
antl-MHYV antibodies, as shown for a typical experiment
(Fig. 2). However, total IgG2a levels were only margi-
nally affected by this absorption, indicating that most
immunoglobulins produced after MHV-AS59 infection
were not antiviral antibodies. As a control, Sendai virus
particles absorbed neither anti-MHV-AS9 antibodies
nor total IgG2a, although they fully removed anti-
dendai antibodies from sera obtained from mice infected
with this virus. The preponderance of B lymphocytes
secreting non-antiviral IgG2a after MHV-AS9 infection
was confirmed by somatic hybridization performed as
reported previously (Coutelier & Van Snick, 1985). Of
137 wells containing immunoglobulin-secreting hybri-
domas derived from pooled spleen cells of four 129/Sv

Immunostimulation after MHYV infection 1007

mice obtained 7 days after MHV-A59 infection, 92
(67 %) contained IgG2a and 45 (33 %) IgM. In contrast,
lgG1l, IgGG2b and IgG3 were detected in 4, 11 and 2 wells,
respectively. Interestingly, anti-MHV antibodies were
found in only 3 wells, therefore confirming that the bulk
of [gG2a produced early after MHV-AS59 infection was
not reacting with viral antigens.

The role of T helper lymphocytes in the polyclonal B
lymphocyte activation induced by MHV-A 59 was investi-
gated by the injection of an anti-CD4 monoclonal
antibody capable of eliminating in vivo functional T
helper lymphocytes (GK 1.5, made available by F. W.
Fitch, and obtained through the courtesy of H. R.
MacDonald and P. G. Coulie; Dialynas et al., 1983). In
our mice, GK1.5 antibody injection resulted in a drop in
spleen CD4* cell proportion, from 18% in control
animals to less than 1% in treated mice. This treatment
completely inhibited the Ig(G2a production by spleen
cells from infected animals (Fig. 3a). No compensative
increase of other isotypes was observed (data not shown).

Little 1s known about the mechanisms leading to
virally induced B lymphocyte activation. The role of T
helper cells, together with the production of IFN-y
(Smith et al., 1991 ; Virelizier et al., 1976 J.-P. Coutelier,
unpublished data) points to a selective differentiation of
T cells towards the Thl phenotype. This hypothesis is
confirmed by the observation that interleukin-12 (IL-12)
message expression is transiently increased soon after
MHYV-AS59 infection (Coutelier ez al., 1995). It 1s quite
possible that production of such lymphokines by
macrophages stimulated after infection resuits in an
indirect modulation of non-antiviral responses leading to
secretion of large amounts of IgG2a, in addition to an
1sotypic bias of anfiviral antibodies (Coutelier et al.,
1988). Other mechanisms might be imvolved in the
proliferation of B lymphocytes. Some years ago, it was
demonstrated that influenza virus can directly activate
murine B lymphocytes in vitro by binding a receptor on
the surface of these cells (Scalzo & Anders, 1985). It has
recently been observed that glycoproteins in the carcino-
embryonic antigen family which serve as receptors for
MHV-A59 (Dveksler et al., 1993; Williams ef al., 1991)
are expressed on B lymphocytes (Coutelier et al., 1994 a).
Therefore, one may postulate that in vivo activation of B
lymphocytes can result, at least partly, from direct
interaction between these cells and viral particles.

Because it has been previously reported that MHV-
A59 infection may result in an enhancement of antibody
responses elicited at the time of virus inoculation
(Coutelier et al., 1988, 1991), it was examined whether
such an effect could also increase autoimmune responses.
Thus, mice were infected with MHV-A59 at the time of
immunization with rat red blood cells following a
classical protocol of anti-erythrocyte autoantibody in-




1008 V. Lardans and others

<
"
I
|

<2
L

L
£

<
LS

<
RO

Ig(G2a concentration (mg/mi)

01

L o

Indirect Coombs’ titre {log, )
b

e

MHV RRB
treatment -

Fig. 3. (a) Effect of anti-CD4 treatment on immunoglobulin G2a
production after MHV-A59 infection. Immunoglobulin G2a was
assayed by ELISA in supernatants from spleen cells obtained from
control 129/5v mice and from animals infected with MHV-A39 for 7
days. Animals treated with anti-CD4 antibody received 1 ml of ascitic
fluld containing GK 1.5 monoclonal antibody at the time of infection.
Results are shown for groups of 4-7 mice (mean+sE). (b) Effect of
MHV-AS59 infection on autoimmune response. Anti-erythrocyte auto-
antibody response was measured by indirect Coombs’ test in sera of
CBA /Ht mice that received cither virus alone (MHYV), weekly injection
of 2 x 10%-4 x 10° rat red blood cells (RRBC) or both virus and RRBC,
MHYV was inoculated at the time of the first RRBC immunization and
results are shown after 7 weeks (mean 3-SE).

duction (Cox & Howles, 1981; Naysmith ef al., 1981:
Verdonck er al., 1994). Anti-erythrocyte autoantibodies
were titrated by indirect Coombs’ test in sera obtained 7
weeks after the first immunization. As shown in Fig.
3(£), mice immunized only with rat erythrocytes de-
veloped a moderate autoantibody production. In con-
trast, high levels of autoantibodies were found in animals
that recetved MHV-AS9 with their first rat red cell
administration. No anti-erythrocyte antibodies were
detected 1n mice that were infected without erythrocyte
admintstration. These results indicated that MHV-A59

infection may strongly enhance concomitant auto-
IMMune responses.

[t remains to be demonstrated whether such virgjy
induced modulations of immune responses have implig,
tions for the health of the infected host. It is gy
possible that the pathogenicity of some autoimmuyy
responses may be enhanced, in addition to the increage of
the total amount of autoantibodies, by a preferenti
differentiation of autoreactive T helper lymphocyt
towards the Thl subtype and by a restriction of
autoantibodies to the IgG2a isotype. The observatio
that lymphocytic choriomeningitis virus triggers T cell
dependent autoirmmune haemolytic anaemia, linked to3
lymphocyte polyclonal activation and secretion of IgG2y
anti-erythrocyte autoantibodies that do not react with
viral antigens (Coutelier ez al., 1994 b; Stellrecht & Vell -
1992: Vella & Pfau, 1991) may well fit with this
hypothesis.
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