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1.2.4.1 The PI3K/Akt signaling pathway
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1.2.4.2 The PLCy2 pathway induces calcium signaling
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1.2.4.3 Tonic BCR signaling
?2.&<#<(/M)1":(.&%!31=%//$'#*!'">%|0%&H#O>%EW!+% 0% *+$!)*1'6) | $#4*(/$!1&):1">%!3R]! (*+!">%!
31 =%I[(="#<(#*4! 1(=)&! h3T,,iC! Q>%! 1.*="#)* )11 '>BR]! #$! )! $%*$%! (*'#4%*! @#*+#*4S!

6> % (H3T,, ' #3! (1 =W")-#*%S! 6>#=>1#3$! $%=&%'%+! @W!3!=%//$C!a'l @#*+$!")!'>%! 3T,,! &%=C°
)*1 31 =%//$! (*+! $'#:./('%$! 3! =%//! $.&<#<(T+%! 3T,,! &%=%Q"F0o*$%H%H%*S#'W1!
*U#A>@)&A3 =%H @W! >%! (0).*'1)1! &%/%($%+! 3T(*+! =)*'&)/$! 3! =%//! *.:@%&S!
h?&#*#<(${10)"#HIIAEEIC' %O/%'#)*)11'>%! 3R] $#4*(/#*4) .*# TBA 1)&!">%!3T,,!&%=%0")&!
1%(+3$!)1(0)O")$#$!#*1:(".&%!3!=%/1$5(: )/0)"#3!Dff*0!3("%*)/0)" #I! AEEEF*+#=("#*45("!

(1=)*$' (K X)*H=K! $#A*(1H#*4) [%<%/ ) 1! '>%! IRE*! '>%! (@$%*=%! ) 1! (*'#4B+6%//! ($!)1!

3T,, '#$!*%%+%+!1)&! 3! =%//! $. 80 HEH&)S! AEEG! | %=2%WS! #'16($! 1).*+!'>(':(".&%!

3R] 7%4('#<%! 3! =%//$! =(*! @% P& $&):! (O)O)$#S$! @W! #*+.="#)*1)11">%! la’ NI O(">6(W!
h?&##<($(* /0) "#3! AEEWC! T*#4%*@#*+#*4] #*+.=0%3$! la'N! $#4*(/#*4! <#(' aQT8!
0>)$0>)&W/(#)*SIR"B{*+!3RTICEA*!">%!(@%$%*=%!) 1! (* #4901 [*#=I$#4*(/#* Bla NI #$!
+#8&%="TW! &%=& #%+! ") >UEDZ)$0>)&W/('%+! aQT8$! <#(! '>%! LEH(4.(*)$#*%0!
'&H#HO>)$0>('%! >SW+&)/WF#*4! %*FW:%i! QRMIEH)) /0) "#3! AEET =)*<%WH#HI4bH#A*(/$!
#*+%0%*+%*') LI (*#4%*| @#*+#*AC! 28468 $!) 11'>%!3R]!=):0/%9!($!6%//! ($!R"Df! (&%0!
*)'10>)$0>)&W/('%S5>%! 3R] $#4*('1#$!*)'1%9'&(O)/('%+!")!)>%&! 3R]!=):0/%9%$! -% % O#*4!
">001$#4* (B'&%*4'>)6C!

D\ !



ax'8)+.=H)* |

M)6!'>06! 3R] H#(' YS! 'Y <H=! SHA* (JH+41 #41(.8%! &Y%$'H*4! 3| =HHIBH%&! #*<%$HA('H)*C!
1%=%* VUS&Y(*)B/0) "HE! =)./+ $>)6! ">('1'6)! 3R]! 0)O./(#)*$! 6#'>! +#11%8&%* | +W*(:#=$!
%9#$'C! 3R]$! 6HBEBHAS +#11.$#)* =)%11H=H%*| 6%8&%! 1).*+! TN [EHEI6($S! 6>%6&%($!
3RI$! 6#>1 (1 /)6! +#11.$#)*! =)%L1H#=H%*"| 6%8&%! O&Y$Y* MHHHIHEEARH=>! (&%($!
hQ&%(*)R/0) "#3! AEDEIGF&#*! #$! (! H#*-%&! @%'6%%*! '>%! O/($:(! :%:@&(*%! (*+! '>%!
=W')$-%/%')*CI)6! 1)<%:%*'| #*] (='#*DYUF &HBH=>] &%4A#)*$! 6($! =)*'&)/I%+! CRAN (@id |
'&Y6(:%*'1 )11 =9%//$! 6#'>1 +#11%E&Y%*| HRGAB) (*! (/'Y &(H#)*! #* '>%! =W')$-%/%!)E+ !

#+ =%+ 3R] SHAX(HA) h:%($.8%+ @W! =(/FH.9! (*+! T-1 O>)$0>)&WI/(#)*i!
H+060%*+96%'1 ) 11 (*HA%* %*4(4%: Yo=Y EHHA/WS! >0! (.'>)&$! $. 445085 "> %! ) #=!

SHA* (A #S! [ (' %+ @W! 'S%! )&ACHF(H)* )11 >%! =W)$-9B/BYH=>] Yo#t'>%&!
=) =06% & (' YoSISHA* (/H+4)(='H#<()&S!) &%=/ + % SISHA* (IH+ A+ >H@H) &S 1) HHIBERID6!m!!
5#.S1 AEDEI".%!")18%$ &#="4#11.$#)*! (*+] LHI(H#)H1!'>%! 3R] #*! (='#TH=>] (LYES 0!
VH=ISHA*(E(* *)1$O&Y6(+1) EBH:% |(:OH1#%4C

!

10) *1 (“HAY%H @R 'S%! =W)$-%6/%")*! (&=>#%="8&%! =>(*4%S$S! 6>#=>! /%(+$! ')! 3R]!
H=8)=/.$'%&! 1)&: (H)*! (*+1 1./ BRI SHA* (14 hI#%&=%! m!!5#.S! ABQEL$S! =W")$-%6/%")*!
1)&:(‘#)* O/(WE1#:0)&'(*'1&)/%! #4=)&)/ [#*A3R]I+W*(H=$! (*+ISHA*(|#*A1H#* Yo*$# WC!

7B3BIN):8>-/;$?@DM+$(:/<)-&/8) "#$V.+- 1=8/&<'&/.'$=&:+# $
Q)!$".+WIBR]CSL.*="#)*SIS#HA*(J#*41 =(*] @%o! #*+.=%+ @\WBEI HiH++#*41">%%0! (*#4%3.!
=&)SFH*-#*41'>%!I 3R] 6#'>1 (1" Tad! (VH@)+WC! 2#*=0%!">0%! (*#4%* $O%=H2 BRI ¥B!
4%*%&(IIV¥)6*S! " Tad! (“#@)+#%$! (&%! O&%1%E&Y%* #(//W! .$%+C! T*)'>%&! (+HH4%! )1!
("H@)+H%S! #$! SUHE! (@#/HW! THE&)FR]S! 1! :(*W! +#11%8&%* (*#4%*! $OY%=H1H#=H##%$!
O&%$%*' Yo+!#*1">% I>H#A>/WI+#<%&$%!3!=%/1O)O./('#)*C

!

SR]ISHA (I AIHS 4> IW!I8%4./( %+ 0&)=%$$S!=)*'&)/I%+ @ \W@BYBAH:)/%=./%$!R"AA!
(I R"MAIL()*41)>%&S$!  h[#$=>-%!m!! Q$.@('(S! AEEEB)'>!)/%=./%$! =)* (#*! (*! aQe8!

hi#t::. %) &%=%0"&!"W&)$H#T@ ($%o+ > H@H I iSI6>H#=>1#$!(/$)!0>)$0>)&WI/('%+ @W!I5W*!
O)*! (*HA%* @#+#+41)1'>%] 3R]C! Q>%! 0>)$0>) & W/(8 HI&D6=8! 196! 2MZL)* (#*#*4!

0&)' UHWE)$#%610>)$O>(' (M ?MIDIS!6>H=>I#*1" &*1+960>)$0>) &V Wh! alB!) 11a47

"I 1'>%&8% @W! =)' &)/[#*41'>%! +.&('#)(TRR]! $#4*(/h[#'$=>-%! m! ! Q$.@ ('(S! AEEBD>#$!



ax'8)+.=H)* |

'WOY%! ) 1! 1%%-+ @Y/ (H)*1#$! #:0)&' (*1')] O&Y<%*'| *=)*&)//%+! 31 =%//! (='#<(‘#)*! (*+]
=0//./(8D&) H1%&(H#)*SI6>H3Ht 1%(+1)!/%.-%o:H(B/o<%*".(//VB!

|

Q%! 3R]!'&(*$:H'S! +H#11%8%% | (+! +HSH*="| $#A*(/S! .0)*! (VHAY%*! @H*+H#* AYB=8) S

[ ACI THAYT Yo+ #( %o+ BR]! (S H<(H#)* 1%(+$!")] 0>)$0>)&W/(#)*1 ) 1! R"AA! (*+] R"MA!
(+1&%=8& #:%*') 11 2MIDhM)-(F)*) )/0)"#IIAEES@ !=%//¥/W! O&)/H#1%& (%! (*+1$.8H<%
S061$H:.1.$! #11'>%IR"BEI&%=%0")&!6($!7&)Fb+16#>1 TR"BE! (*#@)+WSI0&)<#+#+41">%
$%=)*+1 $#4*($%%! $%="B)RACA a*! =)*&($'S! 3R] $'#:./(#)*1 6#'>1 (*| " Tadl (“#@)+B/
PIWS! #5+.=%5%(-! O>)$0>)&W/(H)*! )1 R'AA! (*+] R™A (*+ $'>.$ S (=#<(%$! (*!
RS &H="Vo+ BR]ISHA*(/CI T++##)* (B[ # @) H\E¥:./(#)*) 1I'>%! 3R] (='#< (% $!=%!/!
O&)/H#1%&(HPB<%*! #* (@$%*=YR'BE! $#:./(#)* | hM)-(F)*) ) /0) "#3! AEET?!.&#*4]
O>WSH)NA#=(/ 3R] (FH<(#*>%! (*HA%*! @#+$1 ") '>%! :%: @&(*%! +#$'(/! O(&'1)1! ">%! a4l
[%(<#*41 ">%! =)*$'(*'| &%A#)*! )11 '>%! adl (==%S$$H@/%! 1)&! R"AA! (QURQAL YT (*+!
O>)$0>)&W/(H)*Cl a*! =)*&($'S! +.&#*4! (& H1HTAMI =&) T #+4 '>%! (“H@)+W! @#*+$!")!
'>06!:%: @&(*%!O&)9#: (/1O(&'1) 11">%! a4 O>WSH=QAGHHR" AA! (*+I RNl @4+ 4T (!
=)*$%e.%*=% ">%! aQaBHR"AA! (*+] R"AI (&%! *)'| (==%$$H@/%! 1)&! 0>)$O0>)&W/('#)* <#(
BWS (*+! '>06! #>#H@#)&W! 3R]! $#4*(/! #$! HSSHACHIBS . +WS! M)-(F)*)! /0) ! ))-!
(+<(*'(4%!)11">%! e.($7)*)=/)* (/'Y 8i!:).$%! %S (@ /#S$>%+1#41'>%! /(@) 1! 8('>#($! K(@!!
hR($=(/>))/0)"#3I Dff\i Ca*1">#$!'&(*$4%*#=1:) $IB>%6H(Z)&H'W)11">%! 31=%//10)O./(#)* | #$!
=/)*(/! (*+ 1 %908%$$%S$! (*! a48! $O%=#1#=! 1)&! >% 7>\ LJIMB-# &) O>%*WI/il (=%'W/!
hli 1)*131=%//ET!>(O'%*1 #$! (1 5:(//1:)/%=.I%S6>H#=>1 #'$%/ 11 +)%$! *) 1 #*+.=0%! (*1#:1.%%

8% (="#)*CIM)6%<%&S! #*=): @#*(‘#)* 6HO&) ' %18%CAC! @)<#*%! SY@.:#* |h3?TiS![I!
=(1(="1($! (1 1.1/ W =):0% %1 (“HA%*CI'>%! Y81 1).$% $>%! gi'Pvl $%4:%*'$1)11">0%! [I7
SO%=H1#=1:.8#*061a481>%(<WI=>(#*1h=(//%+ D CACAVIHSI#* &)+ FHEVAYYSHA D $C!
T1'%&I=&)$$#*41)1+).@/%!-*)=-). |- #=%SHo! Y8!:).$%! #$#*=):0%'%*1")1%90&%$S$! (*W!a4!
SUW! =>(#*1 (*+! -(OO (! /#4>' =>(#*! (*4>($! ">%! 4%*)' WOK! BUD CACAVBEM%, $/$!
hR($=(/>)) /0) "#3! Dff\i CI T/)$'l (/1! 31 =%//$! $>)6! (*| %908&%$$#)*! )1! ">%! D GASPHEW!
=>4 (5 >008! [#4> => () >YH8D/($:(! :%: @E&(*%! =(O(@/%! ) @HH-A [Il (*+! #'$!
+0O8H<(‘H<YRB+&)IMH)+)7 TH#E&)O>%*W/il[alSI6>H#=>BEH#A>%&! (LL##W!'>(*) [}OM!
AEP!)1! O%&HO>%&(/! @B)H36//$! >(<%! *+%&4) B@$%6e.%*):(#=! SWO%E:.' (‘#)* $
(HB%=)*+(&W!8Y0(&&(*4%: YB($=(/>))/0)"#I DFfAI I=($#4I'>%!)$SHII! SO%=H1#BH'W



ax'8)+.=H)* |

31=06//$! 1&):1">%! Y8! :).$%! >(<%! >%! (+<(*(4%! '>("6)! 'WO%$! )1! 3R]! $#4*(I%:(*! @ %!

#+ =%HBVE)! +#11%&WHIS 1#4131=00//BI6# > 1#+%*#=(/| 4%*%o'H#= @ (=-8R)F##)*1) 1!
S0(HA%M=): 0%l B2T!(*+! =&)SFH*-#416#'>1 (* 1" 7.&4#*%! h:ilad8! (“#@)+Wa*!
(+HHH)* S | (MHA%Y 68>! +#11%8%*'| %O#)O%! +%*$# W! ABBTAGT! [b B2Til )&!

@#++#+4] (L1 HWHBRT! <8L[al oB2Til =(*! #:#= 1'>%! O>W$H#=(/! O&)0%& #%S$! ) 1! +#11%8%*
(“HAY%*SY)IS +HWIS04H# 1/ %*=06!)*I SRIHA* (1$'&%*4'HM)-(F)*) )/0)"#3IAEET!

TBGI"#$H*+)#-/ 1?2.%%9$,-%:+$CHIIE

7BGB7a#/#%.'$(.<)+$

Q>%! GO$IRESE! <#&.$! hG3gi! #$5! ) %! )11 '>%! IBE=06$L./ >.:(* | <H&.$%BH>! (*]
#1%="H)B('%)1!)&%!">(*IfEp) L (//1>.:(*$!  hQ$.&.:#)/0)"#3I AEED a' #$!'&(*$:#"Vo+!
<H(B(H<((H1=(*1#*1%="1%O0# >%/#(/!=%//$! (*+ 31 aBHICISSH*1%="16#">1 G3gL$.(//W!
+)%$! %) =(.$%! (“WI SW:O'):$! #+1'>0! >)$B@. 4] (+)/%$=%*'$! (*+1 (+./SH*1%="H)=(*!
=($%! #*1%="#).$! )*)*.=/%)$#$! ha8S! (/)] =(//%+! X-HS$HA! +HISh(Bmk=>! #$!
=>(&(="%&HF Yo +! @VERBHB)&I6! "> &Y +! %6*/(8A%+! /W:0>1 *)+%$C! a8! #SABHH14! (*+!

= . 8Y685+.9%! ) ">%! (SH(H)* )11 (*1 #:.%%! &%SO)*$UE! a*l '>9%! (@$%*=%! )1! (I 1.*="#)*(/!
#::.79%! SW$'%:S! %CAC! #*1 #::.%)=):0&) :#$%+! O(#%*'$S! G3g! =(* =(HAN$' '&(*$O/(*"
IW:0>)O&)/#1%&(H<%! +#$)&+%&! hIQ5"iS! (1 31=%//!/W:0>):(C! a’BDHO(BO(&%6*W!
#4(=' 2 40%) SW$'%: SG3g! #$! ($3)=H('%+! 6H'>#11%8&%*'! =(*=%8&$! /#-%! *($)O>(&W*4%(/!
=(&=H#*):(SIA($ &H=1=(&=H*):B3.&-#"CS! /W:0>):( H&M)+4-#*cHW:0>):(! hQ$.&.:#)/0)
"#BIAEEQ!

!

G3g! @%/)*4$!")">%! 1(:#/WI)E%E&O%$! <#&.$%$C!*%!=):1)*1 1%(".&%!) 1! >%&0%$! <H#&. $%$!#:
SOLHE! (@HHW! )] #4+(9bEHF (#4  (1 HL1%/)*41 [(%*'] #*1%="BPo<(+#*40* | #::.%%!
&%SO)*KUG3g! /(%™ IWIH*1%="$! :%:)&W! 31 Z)//$B S 6>H=51%&S$HS' 1)&! (1 /#1 %104
>)$'l h3(@=)=)/0)"#3! Dff_iC42).,0'33G3gH*1%="$! 3! =%6//$! ) 1! +#11%8%* $' (4% SBW/Y//W
(+ +&H<WBY%: 1#+) O&)/H#1%&(HNQ>)&IYFB(6$)*S! AEEDC! Q>%! (@#/H#'W! ')l '&(*$1)&:! 3!
=06//$2).,0'31#$!) 1148%('1#:0)&' (*=%! BBASYo(8H# G 3gS! $#*=06 #* DB H*W1 31=0%6//1 6>
SHSI<HEIBo(+SI')'>%!1%$ (@/HS>: %) LIW:0>) @/($') -+ =%/ [#*% S hS R GEAIR 5$6/!
BWS'%0:1)&! <HE&(/! (Y*=W! (=%06//./(&)'&(*$1)&: (#)*S! 6>#=>! #$! (*| #:0)&'(*' 1%('.&%!)1!
G3gcRHA=I@H))AWC



ax'8)+.=H)* |

7BGB3A/(#<)-&/$&($?S<#"+SR>SHBISS ) #/<>$*%&;%.=+ $

G3g! #1%="$! ")*$#//(&! YoO#'>%/H#(/! =%/I$! Yott'>%&! +#&%="IW! )& <#(! (+Z(=%*"| 3! =%l//$S! 6:
@Y%IHY<Yo+1") [%(+1")| <H&.$! &YGOMH=("H)*! (*+ $>%o++H#+ A1 #*1'>%1 ">&) ('C! [Y6/W! W >V $H#F Yo+ !
O(&'H=1%$! #*1%="1 *(#<%! (*+!:('.&%! 3! =%//$! +&H<H* 4! '>% GHF)IGR.(#)*! @W! %90&%$SH#*4!
'>06! /(%*=W! A8R)A&(:! Q(@/BID! (*+! #4.&%DA il '>('1 =):0&#$%$! $#9! G3g! *.=/%(&!
(*#4%*$!hG3[TDS!AS! TS!'3S!'R! (*+151iS!">&%%!/('%*':%: @& (*%! O&) ' %#*$!h58IDSIAT! (*+!

»*
Saliva *
= * " A

O|O|O’O’$’0‘0‘0|O|O|O|O’$ O‘O‘O

Epithelium * 4 Infection * A *

Viral DNA Latency lll *

Plasma cell

GC

Resting memory B cell

Periphery Lat o
atency

‘ ‘ Latency |

Dividing memory B cell |

\- UHST I P_SI"HS'- (18> <HS&($) HEH*+)HP.%%$, -%:+SCHBIE
J0)* *1%="#)*1) 1131=9BERY!" & (<%&$%$! 1). &1/(%*=WI$'(%$SI6>#=>1(&%!=>(&(='%&H#F %o+ @W!(I+#$H#*="|<#&(/!4
%90&%S$SH)*O("%&*CIG3g!#++ =B tUH Yo =WIH#'S1>)$' (“+1%<(+%$!">%! ("(=-1) 11'>%!>)$'cHl#::. *%!

SWP0:C! G3g!986&$! '>%! @)+W! <H#(I S(H#<(! (*+ #*1%="$! YOH# HUTHE PO AHE. $! #$! :(+BO>H=>1 #*1%="$!

*(H<%! 31 =9%//$! #*1'>%! /W:0>)#+! 'H8F196>%! *($)O0>(&WEHESS' >%! /('%*=W! aaa! O&)4&Y(@ /%D #$!
%908I6$EBHH=>1 (=H<(VoBH1%="%3! =06l /%(+#*4! ) 4%E&:H#*(/! =%*%&! hITRI%! &YE* $5 @." '>%!
%90&Y$SH)*1) L1 HHB& (/1 4%*%$! +. &A1 (Yo*=W! aaal #*+.=%$! (RFEHOYFSYA! >0l #:: %! SW$'%: S 6>H#=>!

Yol (%$!)$') 1> %1 #*1%="06+! 2968$.4> R"_ n1%11%=TRE%/H Q)! %<(+%!">HS! =/% &8/ ('%*=W!aa!

O&)A& (1 #$! (= H<(%#BI6>H#=>1)*/W11).84%*%S! (SO0 8 $$% HORG*S. 8&%!">('1>%! 3068 $. &<H#<DH%LRI

8% (="#)*$EL%="06+! 3! =$o(<%$!">%! LR! ($! &6 #*4! :%:) &W! HSPOHH=>1 1)) %90 &$S$! (*W! <#&(/! 4%*%$!
h/(%*=W1 BH@.' +&#* 41 =9%//| +#<HEBES! O(&'1) 1I'>%!*)&: (/1 31=%//!>):%)$' ($#$S!)*/W! G3[TD!hG3g!*.=/%(&!
(*#4%*1Dil#$!%908%$$%+!h/(BIEWHED &%<%*'$!/)$$!) 11">%! G3g!4%*): YFCHANI="%+:%:) &\NB!=%//1#3!
(S'H<(Yo+| @W! (“HAB@H*+PBH1 1.8 >%&HA 1% & Yo #('%$! #*') 1 O/($:(1=%/I$SCI T'1'985H806 | G3gCS! /W' #=1=W=/%!

HBI+ =0 H%(+#41) "> O&)+.='#)*|) 11#*1%="#).$! O (& HHHEN . &% 1 #$! (+)0'%+11&):1Q>) &B(BH)* ! m!!
T/+(WSIAEE_C!

AE!



ax'8)+.=H)* |

AZINCH (1% @%E&)1IF)* 7=)+#+41<#(1][T$! hQ>)&/YFB(6$)*SIAEEDO!). * 4! mI N J#=-#*$)*S!
AEEBG3[TD!'%'>%&S$!">%!G3g13961)!'>%!=0%//./(&=>&):)$):%$ 106*$.&#*41&Y60/H=("H)*!
)11'>%! G3g! Y%OHS): %! +.&H* 41 =%/ /1 +H<H#SH)*CI GI[TAS!")4%" >0 & BEHHIELB3[T B!

h5#*3 /0) "#3! AEEBI #$! '>UZ)&! &%64./(')&! Y11 '>%! <#&(/!'&(*$S=EHOMHE> %08 \Nr . &4
I(%*=VT! &'l #*+.=%$! '>%! %908&%$SH)*! )11 58ID! (*+ THEIE)<H+#*4! *%=0%$H(&W! $.8<H#<(/!
1(=")&$C! 58I DEBE('Y04) &HFHS! (*1)*=)A%* 00 (*+ L#:H#=$! (! =)*$H . 'H<%/W="#<(%+ R"BE!
896=060")&S!6>H=>1'& (*$:#'$">01$%0=)*+! (= H<(H) I S#A*(I1N*%9'1) "> %I BR]ISHA* (/i) &: (/W)
O&)<#+%+! @WHTDIELD/ B1$%%! $%=BIAMASSIAT! #H#=3! (| =)*$H#'. H<V/\\="H<(%o+!

3R] S! 6>#=>! =(*| O&)<#BR] 7%4(H#<U@."! GIGA*1%="0b+! 3! =UH %$SY*#(/! $.&<H#<(/!
SHA*(/KC! 5BIA3! #$! (1 '&.*=("Vo+! <%&$SH)*! )11 SBIAT(=-#*41 '>%! SHA*(/#*4) +):(#*C BH$!
)45 *HA(H<YIW! &%4 VBBIAT CH(="H<H#W])<%+)!m!15)*4*%=-0%&S! AEENG3[T"!
08&)'%t*$! (&%! '&(*$=8HOH)*(/! (='#<()&S! (&HO&Y%S$)&SS! 6>#=>! &YAUMoEW=/%!
08&)4&%$SSH) 1% OHAY* Yo' H=1%<HbSVo!>)$' | =VMN & (.%60) HIIAEEBI!

!

a*1%='%+! 3! =%//$! (*+! SR5S! %IO&YoFH<HABL! '>%! 3! =%//! (='#<(#)*! :(&-%&S$! R"A’S!
R™ES! R"fS! R™ES (*+! '>0%! =%//! (+>%$#)*! :)/%=./%$! 51! h/W:0>)=WRt*="#)* 7
($9)=H#('%o+! (*#4%* DiS!5, T (*#'%&=%//./(&! (+>%S$#)* )/%=1PshaRTIDS! (/$)!-*)6*!
($'R"VBIlhI).*4Im!IJ#=-#*$)*SIAEEB(Q!

!

a*1'>%! G3g! O%&:#$$#<Y! ST 1! ">00! #*1%6="06+1 =06//$! (&Y6! Yo/#:#*('Yo+! @W! '>%! #::. %%
&Y6$0)*$%! )11 :(#+W! =W')")9#=1 Q! HUANSE! +(W O)$' #+1%="#A7" |%: (#*#*41 =%//$$=(0%!
(*+! $.&<H<Y!+.%1")1 (1+)68Y64./(H#)*) L1/ (Y™ 1<#&(A%*IB6ORUSSH)*C " &H+A1 SOUbF=W!

aa! 0&)4&(®)*/W! G3[TD! (*+!'>%! 58I$! (&%! %908&%$$%+C! G3g! #*1%="#)* #F-REH%(!
&%(="#)*1 h$%%! O(&(4MTAICAQ>IHI0&%6$$H)*! ) 1! ">%! 58I$! + &HWHEW! 2@k )<#+%S$!
#1%="0+! =V@B>! 3R] 7 (*+! R"BE 7#-%! $H#A*(ID6*$.&#*41 'SUH&! $.&<H<(/) +.&H*4) 'SHS!
0&)=%$WTI=06//$S! 6>#=H#11%&Y* HEH)! %)&W! 31 =06//$ $>.'1 +)6*1 <H&(/! 4%*%!
69086 $HAP HEIBMYYo*=W! Eil (*+! &%$#+%! ($! &IBHIEMW! 3! =%//$S! 6>H=H&=./(%
'>&).4>!">%)] O%&HO>%BNTHDYEHO>%E& (/! @)f! ). )1! DEE!") DE!:%:)&W! 3! =%//$!
=(&&H%S! CIAYE! #::.%%! SW$'%:1 +)%$! *)'l &%6=)4*#F%! '>%$%! =%//$! @%=(.$%! '>%W! +)! *'
06908&%6$$! (*W! <H& (/! A%6HEINE 31 =8> (' 10&)/H#1P88Y(S! O(&') 11'>%IY8::(/!:%:)&W! 3!
=06//1>):9%)$'($#$69 0 LIS 3[TD!)*/W! h(%o*=W! ailQ>)&/9F8(6$)*! m! I T//+(WSIAEEQ! al!
'S061 /(% W H#+1%="0%-+! :%:)&W! 31 =%//! @#*+$! GHIKH& (/! \W'H=1 WY@ %! #++ =B+



ax'8)+.=H)* |

6>#=>18%6%./"$14#+10&)4%6*WI <#8. $THBMIQ) <IMD) "#3! DF*_0!Q(-(+(S!Df_Bo! MH#Y/I)'+S!
AEENQ!
I

LR#S 717_$0.)#/<>$)>*#+$./88)%./+<%-*)-&/$*V68&;%.=$&($1$?J

0)#I<>$ | I-%.'$*%&)#-1+$./8B/&/1 | \I/<)-&IS&(S,-%. $*%&)#-I+$ 4++8&<-.)#8%
)>*#$ <&8-/;$DJ4+ $ S=rg=. $
asla | G3[TDSIASI'TSI'3SI'REIY (=#<(%! &%$# 41 31 =%//$! ) @%=| N$' 7&(*$O/(*!
58IDSIATSIA3 O&)IH1%&(#+413I @N$'S IW:0>):( !
<HEUH|[TS 1(x+1%)* 7
=)+ 4TS !
ah G3[TD! O&)<H#HIB! =%I/$! 6#>1 *%=%$S(E&W! $.& M)+4-#*C$!
58IDSIATSIA3 SHA*(/$) +.&H*A! A%E:H* (/! =%+ %&! &Y%(=] /W:0>):( !
<H&(VH[TSI(+ %)% 7 | #+.=%SbYM&H11% &Y #('H#)*!'):%:) &W!
=)+#41][TS$ | =%//%
d G3[TD! %' >U8>%! <H&(/! 4%%):%! ) S%! >)$'1 =Y 3.&#"CSIW:0>):( !
<HE&(NVH|[TSI+** 7 | [T %*$.&#*4! =)&&%="1 &%O/H#=("#)*! +.&
=)+ 4TS ! %) &W!31=%//108&)/#1%& (H#)*
El G3g!%*=)+ %+ H][TS$! ()6 1G3g!")! O%&$HS'! #*1:%:)&W! 31 =94 !
=)./+! &%4.1('%! <H#&(/! )&! =%I/./(&! 4%*%
%*$.&%)! #:.%061 %<($H)* )& =%/(&!
$.8<H<(/1.*+%&I$ 8% $S

G3[TH!G3g!™.=/%(&!(*#4%*SI58IH!/('%*':%: @& (*%!0 &) Yo#* S #|[TH! #=&) [T

7BGB®GI?J|.++&<-)#8%'>=*"&=. $
G3g!#$!($$)=#('%+!6#>1+#11%&%*'I/W:0>):($S!6>#=>1=(*1 @%!=>(&(='%&H#F %+ @W!">%#&!/(
0&)4&(:C

!

63(00™"2(8#"20§9:8;38'3#,*/"0,./)<,(I'(/ )=6>?@A

Q5" 1 )F'/W! )==.&$! #*I#::.%)=):08&):#3%+!  O(#%*'E! 2.00&%$$#)*! )1! '>%! #::.*%!
SWSH'%E=(*! @%! =(.$%+! ' @&/4! '&%(":%*" (1'%&! ) &A(*!'&(*SO/(*' ('#)*! ) O&%<%*'1 ) &4 (*!
&%Z%="#)* ) @W.. (*!#:..%*)+%1#=#%*=W! <#&.$! hMBgil%="#)MD5" | =(*! (&#$%! 1&):!
$%<%&(/! 3! =%l//! +#11%&%*"#('#)*! $'(4%3$! (*+! SH)BBHW! aaa! 0>%*)'WO%C! ".%! ")! '>%!
$.008%%$$%+! #::.%%! SWSSQ! =%//$! =(**)'! &% (D&)O%E&/W!G3g! (*'#4%*B (*+! '>%!
O&)#1%&('#*4!GBYLY="%+!3!=%//$!$.&<#<%C

!

B3<!C,2D())#9:8;3:")=B?A

BEp!)1!M5!=($%8*!">%! +%<%/)O%+!6)&/+! (&%! ($$)=#('%+!6#'>1 G3gC!a*| R%*'&(/! (*+!?).">!
T:%&#=(! >#$! 1&(="#)*! #=&%($%3$! .O! ")! fEp! #*! O%+#('&HHNMBB%ESS! AEEQ>%!
)¥)*.=1%('%+! M)+4-#*1=0%/I$! (*+!'>%! ../H#*.=/%('Yo+] %%e® % &* @ %&4! =bIF2! =%//$i!
(&%!">%!4%* #*%! M5! =%//$) &#4#* (#*411&):1">%! 3! =%//' [#*% (4% C! M5! #3$! @ Yo/#%<%o+!")! (&#
LRI3!=%//$S!6>#=>! *+%&6%*'|$): (‘#=1>WO%&..'(‘#)*C!a*' % &Y $SREHPR! =&#0 0/%+!M5!

AA!



ax'8)+.=H)* |

31=%//%>("1 (&%! . *(@/%!")! BO&%$$! (! 1.*="#)H3R] ! (&%! G3g! O)$##<%C! G3g! =(*! &%$=.%!
'>06$%! =%I//$! 1&):! (0)O")$#S! @W! O&)<#+#*4] '>%! 3R]! :#:#=! 5SATEWMIS! $>)6! (!

(' %*=VIaaD&) 1#/%! (*+! (=e.#&%0! :(*W! ..'(‘#)*$S6>#=>E(*1 =(.$%! '>%! /)$$! J1>%#&! 3! =%//!
0>%*)'WOBN.00%&$S! AEESi

!

%&'C,00D()#9:8;3:")=%A

G3g! #$! O&%$% (14 ($%H 1! 35!) @$%&<Yo+! #*1 =>#+&%* 1&):| T1&H#=(! (*+![%6! L. #*%(! @."
)*IW! #*1 DVp! )1l =($%$! ) @$%&<%o+! #*1 =>#/+8&%*! 1&):! ">%! +%<%/)QHp+1 BjsiH+!
[#=-#*$)* AEEBCQ>%)! :(2)&! 1%('.&%! )1! 35! #$! &Yt#O&)ZRI*$/)=("#)*! )11 '>%! :9- |

08&)") N*=)4%*%! ")) *%! )11 '>%k(8&H#).$ #::. %) AN @. 144 )=t 1=(.$#*4 #'3! ) <% &I &Y SSH#)*!
(+] S)RSH . H<%! (Z'H<HW BW=! #$! (1 '&(*$=&HO'H)*! 1(=)&! =)*&)/[H*4! :(*¥9b//./(&!
O(">6(WS! YD%=#(//W! =%//! =W=/%! O&)48&%$$#)*S! O&)/#1WDIVHIHEC! T@%&EY*"!!
%908&%$$H#)*! 1% (+$! ) =%//! 4&)6'>S! *&%$'&H#H='Vo+! OKFHINAUI#=! #*$'(@H#/H# W!
hQ>)&/9F8(6$)*!m!! T// +(WSIAEECIG3g!:#4>%*+#&%="W!=)*&#@ .90V I'&(*$/)=(‘#)*!
@W!#*+ =#*41 $):(‘#=) SWO%E&:.'(#)IE#=>E(.$%$! 4%*%'H#=! #*$'( @ I # V=& % ($VsH!
S#$-1) L1 4% &(*$/)=("#)*$C! a*1*)&: (/! 31 =%//FB(*! (@ Y%&&(*' (='#<(#)*)1D- 1#*+.=%$!">%!
%908%$$#)*!) 110K O)O')#=13#:! O&)'%#*C!".&#*413510(">)4%*9BEHES! ($$.:%+!">('!
(0)O)$H#S! #$! #*>H@#' %+ @W! G3[T T! (*+!"'R! &% 0 &% $HF#+498&')" /0) "#3! AEE AD>%!

[(H#A* (1 =%I/$! #*1 351)&H#A#* (%! 1&) LRI =%6HS! 6>#=>1 =(**)'l +#11%8Y%* #('%! #*)! (| &%$ #*4!
:%:)&W!31=%//$! ">%W! %90&B$$=)*$'(*'/W C35!=%//B6908%3$$!">%!/('%*=W!al O>%*)'WO%
2).,.30al

!

1%=%*/WS! g%&%#+%! (*+! 2.+4%*! #*+ =%+ '>0%! /)$$! )1! '>%! G3g! 4%*):%! #*! +#11%&
IW:0>):(! =%/ [#*%S$! (*+! +%'%&:#*%>Vo! $.&<#<(/! )1! '>%! =VGFAD>):(! =%//! [#*%$S!
6>#=>1 %908%$$! 1%6! <#H&(/! 4%*%$S! )*/WS! )/%&('%! '>%! #*+.=%+! [)$$! )1! '>%! G3g! 4%
6>%8&%($! =%//$S! 6>#=>! %90&%$P! ;) &P BELO%*+! )*! GIg%&%0o#+%! m! ! 2.4+%*S!
AEDDCA*! %$$%*S80/6! +%OW0*=W!)*| G3g! #$! >HA>%&! #*! IBEH<Yo+! =%0//! [#*%S$! > (¥ #*]
35A%&H<Yo+! *HBH=(#*A"> ("1 ">%! +#11%8%*'| <#& (/! O&)'%#*! %90 &YSSHF HP(*Ph&*

&% 1/%="1+#11%&%*"/(%*=W!$'(4%$! @."1$>)6!">%! +% OMI Y& MY BIC!  R%6//$S!6>#=>
>(<%! (=& #&Yo+ #*=&Yo($#*41 (). ¥ SDRH (@/%! (#)*$! +.&#*4! >SU#& +%<%/)O:%*'S! (&%!
1%$$!+%0%*+%*')*1<#&(/'4%*%! %9 OBIKE$HXS=> #+'SIAEDDE



ax'8)+.=H)* |

7BGBLU"#3$")#/)$=#=R%./#$*%&)#-/$34$C01234E$S

1.3.4.1 Composition of the LMP2A gene locus
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1.3.4.2 LMPZ2A signaling
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1.3.4.3 Studying LMP2A’s function - the LMP2A:mCD69 construct
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a-hlgG/M
(25ug/ml)

a-mCD69
(1pg/ml)
a-hamster
(5pg/ml)

a-mCD69
(15ug/ml)
a-hamster
(15ug/ml)

a-higG/M
(25ug/ml)

a-mCD69
(Tpg/ml)
a-hamster
(Spg/ml)

a-mCD69
(15pg/ml)
a-hamster
(15pg/ml)

wit CMV-LMP2A:mCD69 LMP2A:mCD69
(bulk) (clone 7) (bulk)
et 12.2 et 10.2 ] 11.9
1 54.0 ] 35.2 * 56.2
80 60 &0
40 404 401
20 20 20
DI AR P 4 T T 4 T T 4
0% 10" 10?2 10® 10 100 10" 102 10* 10 100 10" 102 100 10
x4.4 x3.5 x4.7
e 122 ™ 102 ™ 11.9
*1 11.5 ] 57.2 *1 13.9
601 601 60
40 404 401
20 20 20
0 - R ey 0 . ey 0 -
0% 10 102 10® 10f 10° 10 10 0® 10f 10° 100 102 10® 10t
x0.9 x5.6 x1.
é 100 9.9 1009 74 1009
s “ 10.1 ] 43.9 ”
u— 601 60 601
o
L “ 40 404
20 20 20
0 0 : v T 0 - e
104 100 10" w0 10 10t 100 10" 102 10® 10f
x5.9 x1.0
b 23.00 ™ 10.3] ™ 19.7
] 117.0 ” 66.4 * 108.0
601 60 60
404 40 40
20 20 20
o 12 3 4 O T 4 o 123 a
10° 10" 10 10° 10 10° 10" 10 10° 10 10° 10" 102 10° 10
x5. x6.4 x5.5
bt 23.0 bt 10.3 e 19.7
g 24.8 1 138 g 27.8
601 601 60
404 40 40
20 20 20
0 o i ... 0 L Bt a 0 e
100 10" 102 10®  10f 10° 10" 102 10*  10f 100 10" 102 10® 10t
x1.1 x13.4 x1.4
< " 19.3 1 10.9 o0 25.5
S ¥ 217 ® 90.8|  *] 32.8
u— 60 60 80
o
L 40 40
20 20 201
T T T T T T A A P 4
10° 10" 10 10® 10 10° 10" 10 10* 10 10° 10" 102 10° 10
x1.1 x8.3 x1.3

pPLCy2

not cross-linked
cross-linked with a-hlgG/M

cross-linked with a-mCD69 + a-hamster
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5.2.1.2 Strategy of NP-mIgM expression in EBV-infected B cells
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5.2.1.3 Expression of the NP-mIgM in LCLs
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5.2.1.4 Signaling capacity of the NP-mIgM in LCLs compared to splenic B cells from

the quasi-monoclonal mouse
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+%00%*+U3R]!IS#A* ([H*4TH#4% ) &! (*'# @) +VEV0+#('%+BR]!=&) SH#*- #*A#*+.=%$!3R]!
=1.$'%&H#* 4 (*+1#* &(=%/1./(&! O &) %#*! O>)$0>) & WHpH® | ($! ?WH $% %! $%=BLAIC! Q>%!
%*+)4%*).$!>.:(*I3R]!16($!1=&)$S  TH*-%0+H#((*! " 7>ad4Lb8!(*#@)+WHT SBIATI(*+![I 7
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ALMP2A NP-migM Quasi-monoclonal
(bulk) (clone 10) mouse
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uninfected lymphocytes
number of cells in LCL gate: 2844 1501 15467 174806

total number of transformed cells: 1.1 x 104 6.0 x 103 6.2x 104 7.0x 10
(= 4 x number of cells in LCL gate)
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number of transformed cells

days post infection

—# wt no additives

wt no additives

NP2g-BSA
infecteg~2ddition | ¢ yq/m| 0.2 pg/ml 2 pg/ml 20 pg/ml
with
wt EBV
ALMP2A EBV X X X
NP-migM EBV X X X
unsorted cells 105 unsorted cells
105 |
104 |
108 |
0 5 10 16 20 25 0 5 10 15 20
CD37, L 7/x" cells 105 CD3", A/ cells
104
103
102
5 10 15 20 25 0 5 10 15 20

25

25

ALMP2A no additives
ALMP2A 0.2 ug/ml NPog-BSA
ALMP2A 2 pg/ml NPg-BSA
ALMP2A 20 pg/ml NPog-BSA

NP-mIgM no additives
NP-migM 0.2 pug/ml NPyg-BSA
NP-mIgM 2 ug/ml NP5g-BSA
NP-migM 20 pg/ml NP>5-BSA

EERE

——
—
—_—
——
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A hCD32 expression

| L929
L-cells (hCD32™)
40
204

A
0% 10" 102 10° 10t

@ o
o =3

% of Max

hCD32
B capacity of antibody binding
L-cells
L929 (hCD32+) coupling antibody:
100+ 100+
(>\§ 80 801
= 60 60
G a-mCD69
X 40 40
201 20
0 oo T T T 0 LA i s e ™
10° 10" 102 10® 10 10 10! 102 10° 0t
mCD69
100+ 100
X 0] ]
© 80 80
?_ 60 601 a-migM
o
o\o 40+ 40
20 20
0 T G T g 0 T e e T
10 10" 10° 10® 10 1 10" 10? 10° 10
migM

2nd antibody only
coupling antibody + 2nd antibody

\- %61 TL_B-/8-/:$8($+)-=:".)8%>$./)-R&E#+$)&S @Y GIPI<#"+B
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coupling
infected antibody none a(bn;lgl;/l a-mCD69
with
wt EBV X X X
ALMP2A EBV X
NP-migM EBV X X
LMP2A:mCD69 EBV X X
108 unsorted cells
107
108
10°
104
0 5 10 15 20 25
®
8 CD3", A/x" cells
T 406
[0]
£ —m— wt
B 105 —a— wt+ a-mCD69
g —e— wt+ a-migM
‘g 104 - ALMP2A
@ LMP2A:mCD69
T 0 LMP2A:mCDB9 + o-mCD69
2 —=—  NP-migM
102 d NP-migM + a-migM
0 5 10 15 20 25

days post infection
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5.3.3.1 Rescue of BCR-negative B cells from apoptosis
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