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CKN!!! C6'-<,36)(A0-(3.D.3!-7,)(.1!)67,0.1(!O.1*0(!

CK$! C6'-<,'(0!W!3(++9+(0!/9!'*1)(*9!!

C#SKE! C6'-<,'(!/.DD90!W!=7*1/(0!3(++9+(0!8!

C#G! G('-0!/(!/,98+('(1)!/(0!+6'-<,36)(0!

CRP! C9-90!476)<4'*)(95!060)4'.:9(!

CCK! C(93('.(!+6'-<,c/(!3<7,1.:9(!

CCKA$! ;*).(1)0!CCK!W!?=T\!'9)4(!!

CCKA2$! ;*).(1)0!CCK!W!?=T\!1,1!'9)4(!!

-! !

$"CG!! C6'-<,'(!/9!).009!+6'-<,c/(!*00,3.4!*95!'9:9(90(0!!

$";N! $.),=(1A*3).@*)(/!-7,)(.1!O.1*0(0!

$3+A%! $6(+,./!3(++!+(9O('.*!%!

$K;! $,1,36)(0!K<(',!*))7*3)*1)!;7,)(.1!

$#PK! $6(+,./A/(7.@(/!09--7(00,7!3(++0!

'?CA_B! $('87*1!.1)(7+(9O.1!_!7(3(-),7!

$?;! $*37,-<*=(0!?1D+*''*),76!;7,)(.1!

'.B! '.37,"B2!

'.B2"0!! '.37,"B2!

$PK! K(++9+(0!0)7,'*+(0!/(!+*!',(++(!

'GdB!! $(3<*1.0).3!)*7=()!,D!7*-*'63.1!

$6/ee! $6(+,./!/.DD(7(1).*).,1!-7.'*76!7(0-,10(!ee!

.! !

2FAOE! 293+(*7!D*3),7AfE!

2F"G! 293+(*7!D*3),7!,D!*3).@*)(/!GA3(++0!

2N! 2*)97*+!N.++(70!

2CK0! 2970(!C.O(!K(++0!

/! !

;E$K! ;(7.-<(7*+!E+,,/!$,1,193+(*7!K(++0!

;?ZN! ;<,0-<,.1,0.)./(!Z!O.1*0(!

;?;H!! ;<,0-<*)./6+.1,0.),+AXghA8.0-<,0-<*)(!

;?;Z!! ;<,0-<*)./6+.1,0.),+AZgXghA)7.0-<,0-<*)(!

;NK! ;7,)(.1!O.1*0(!K!

;CKYH!! ;<,0-<,+.-*0(!K!=*''*!H!

;B! ;,+6*7)<7.)(!B<9'*),c/(!

;74AE! ;743970(97!/(0!3(++9+(0!E!!

;7,AE! ;7,=41.)(97!/(0!3(++9+(0!E!!

;BB! ;*))(71!7(3,=1.).,1!B(3(-),7!
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;GR2!! ;<,0-<*)*0(!*1/!)(10.1!<,',+,=9(!

;G;2HH!! ;7,)(.1!)67,0.1(!-<,0-<*)*0(!1,1A7(3(-),7!)6-(!HH!

0! !

B"S! B(3,'8.1*).,1!*3).@*).1=!=(1(!

B"2NC! B(3(-),7!*3).@*),7!,D!193+(*7!D*3),7!O*--*AE!+.=*1/!

BGN! B(3(-),7!)67,0.1(!O.1*0(!

1! !

P""! P479'!*'6+,c/(!"!!

PKF! P)('!K(++!F*3),7!

P#FA%! P)7,'*+!3(++!#(7.@(/!D*3),7!

PT?;!! PTH!/,'*.1A3,1)*.1.1=!.1,0.),+!hiA-<,0-<*)*0(!

PT;A%! PTH!/,'*.1A3,1)*.1.1=!-<,0-<*)*0(!

PdKP! P9--7(00,7!,D!K6),O.1(!P.=1*+.1=!Z!

PdP! P,1!,D!0(@(1+(00!!

PP3! P3+47,/(7'.(!060)4'.:9(!!

PG"G! P.=1*+!G7*10/93(70!*1/!"3).@*),70!,D!G7*1037.-).,1!

PjN!! P-+((1!G67,0.1(!N.1*0(!

2! !

G"K?! G*10'('87*1(!*3).@*),7!*1/!K"$C!.1)(7*3),7!

G"$! G9',7!*00,3.*)(/!'*37,-<*=(0!

GKB! B43(-)(97!/(0!+6'-<,36)(0!G!!

GR$! G7*10.).,1!4-.)<4+.,A'40(13<6'*)(90(!!

GD<! G!<(+-(7!D,++.39+*.7(0!

G<! G!<(+-(7!!

G?B";! G?B!/,'*.1!3,1)*.1.1=!*/*-)*),7!-7,)(.1!.1/93.1=!?F2!k!

GN! G<6'./.1(!O.1*0(!!

GCB! G,++A+.O(!7(3(-),7!L!743(-)(970!G,++!C.O(M!

G2Fl! G9',7!1(37,0.0!D*3),7!*+-<*!

G;hZ!! G9',7!-7,)(.1!hZ!

G7(=! C6'-<,36)(!G!74=9+*)(970!

GjN! G67,0.1(!O.1*0(!

aHdP! C.=14(!3(++9+*.7(!/md0)4,0*73,'(!!

3! !

\RSF! \*039+*7!(1/,)<(+.*+!=7,[)<!D*3),7!

\T!! #,'*.1(!@*7.*8+(!/(0!3<*]1(0!+,97/(0!!

\?T! \.790!/(!+m?''91,/4D.3.(13(!T9'*.1(!

\C!! #,'*.1(!@*7.*8+(!/(0!3<*]1(0!+4=>7(0!
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4! !

n";A&^! n()*!3<*.1A*00,3.*)(/!-7,)(.1!&^!

n$! n,1(!'*7=.1*+(!

kH$! kAH!'.37,=+,89+.1(!
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!"#$%&'(#!%")********************************************************************************************************************************)+!

!*! ,-.)/01234506-.)7)8)%9:;:<-)-6)=>?-/422-1-<6)***********************************************************************)+!
!"! #$%&'($)*(+,(*+-./01&2.%(*+3+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!!

!"! #!$%&'()*(*+,-./$%.$012.%*((.'.34$0.-$$%&'()*5&4.-$6$0!3-$%!$'*.%%.$*--.7-.$"""""""""""""""""""""""""""""""""""""""""$8!

9"! #:;''73*(*+,-./$()!-.$0:!54;2!4;*3$07$%&'()*5&4.$6""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<!

5"! #!$2*;.$07$-;=3!%;-!4;*3$07$6>?$0!3-$%:!54;2!4;*3$0.-$5.%%7%.-$6$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$@!
4"! 5&$%(6%(*+07%1&-&'89:(*+;+7-%<=7%8&$*+,(+->&$%&'($)*(+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!?!

!"! #.-$!%41A!4;*3-$5*307;-!34$!7B$(!4)*%*=;.-$!74*C;''73.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$DE!

9"! #.-$!%41A!4;*3-$5*307;-!34$!7B$%&'()*'.-$.4$%.751';.-$5)A*3;F7.-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$DD!

@"! A(*+,8BB<=($%(*+B&$2%8&$*+,(*+-./01&2.%(*+3+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!@!
!"! G.-$5.%%7%.-$(A*0754A;5.-$0:!34;5*A(-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$D<!

9"! G.-$5.%%7%.-$(A1-.34!4A;5.-$0:!34;=,3.$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$D<!

5"! HA*0754;*3$0.$5&4*I;3.-""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$DJ!

!!*! ,-.)/01234506-.)7)9>;@/A6-@9.)***********************************************************************************************)+B!
!"! A(*+,8BB<=($%(*+2(--:-(*+=<':-7%=82(*+,:+*.*%)/(+8//:$8%78=(+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!C!
!"! #.-$%&'()*5&4.-$K$A1=7%!4.7A-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$D@!

9"$$$$$$L74A.-$5.%%7%.-$A1=7%!4A;5.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$8D!

4"! A(*+-./01&2.%(*+3+=<':-7%(:=*+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+4!!
!"! M;-.$.3$12;0.35.$0.-$%&'()*5&4.-$6$A1=7%!4.7A-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$8D!

9"! N30754;*3$0.-$6A.=-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$88!

5"! #:;''73*-7(A.--;*3$$(!A$%!$-15A14;*3$0.$(A*41;3.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$8O!

0"! N''73*CA1=7%!4;*3$(!A$0.-$;34.A!54;*3$5.%%7%!;A.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$8P!
@"! D/0-827%8&$*+,(*+2(--:-(*+=<':-7%=82(*+,7$*+-(*+07%1&-&'8(*+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+@!!

!"! #&'()*5&4.-$6$A1=7%!4.7A-$0!3-$%.-$(!4)*%*=;.-$;''73.-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$Q8!

9"! #&'()*5&4.-$6$A1=7%!4.7A-$0!3-$%.-$5!35.A-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$QQ!

!!!*! ,A),-@5>1:-),01234C=-)(394<:D@-)E,,(F)***************************************************************************)GH!
!"! 57=72%<=8*%89:(*+2-8$89:(*+(%+E8&-&'89:(*+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+@F!
!"! HA1-.34!4;*3$>%;3;F7."""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$Q<!

9"! R!54.7A-$(A*3*-4;F7.-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$QS!

5"! KA!;4.'.34-$0.$%!$##>$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$QP!

4"! A(*+-./01&2.%(*+3+,7$*+-7+AA5+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+F!!
!"! TA;=;3.$5.%%7%!;A.$0.$%!$##>$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<D!

9"! R*354;*3$07$6>?$0!3-$%!$##>""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<8!

5"$$$$$$$#.-$U!54.7A-$!34;C!(*(4*4;F7.-$0!3-$%!$##>$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<J!

@"! A7+AA5+;+:$(+07%1&-&'8(+1<%<=&')$(+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+FG!
!"! #:)141A*=131;41$;34.AC(!4;.34-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<O!

9"! #:)141A*=131;41$;34A!C(!4;.34-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$<P!

!I*! ,-.):<6-9/-@J:<-.)K)-6)+LM)NA56-@9.)5/>.)=-)/O:11@<49>;@/A6:4<)******************************************)PL!
!"! D/0-827%8&$*+01.*8&07%1&-&'89:(*+,(+2.%&H8$(*+0=&I+&:+7$%8I+8$B-7//7%&8=(*+"""""""""""""""""""""""""""""""""""""""""""+J?!
!"! V3.$5&4*I;3.$(A*C;3U%!''!4*;A.$W$%:N#CO$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$JE!

9"! V3.$5&4*I;3.$!34;C;3U%!''!4*;A.$W$%:N#CDE$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$JJ!

5"! V3$1F7;%;9A.$N#COX$N#CDE$Y$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$J@!

4"! A(*+B72%(:=*+(%+K&8(*+,(+*8'$7-8*7%8&$+72%8K<*+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+G?!
!"! R!54.7A-$;'(%;F71-$0!3-$%!$A1=7%!4;*3$0.$5.-$5&4*I;3.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$OE!

!"! Z*;.-$!54;21.-$(!A$5.-$5&4*I;3.-$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$O8!

@"! A7+K&8(+LMNOPQMQ@+7:+2($%=(+,(+-7+=<':-7%8&$+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+G@!
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!"! #!$2*;.$[L\X]KLKQ$""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$O<!

9"! ]KLKQ$0!3-$%.-$5!35.A-$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$SE!
5"! ]KLKQ$0!3-$%!$##>$"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$SD!

%7QR(#!ST)***************************************************************************************************************************************)UH!

$VT',#W#T)*************************************************************************************************************************************)UK!

!*! (A9A56>9:.A6:4<)=-)NA56-@9.):11@<49>;@/A6-@9.)=A<.)/A),,()**************************************************)UU!
Article 1+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+RC!

!!*! $>;@/A6:4<)=-)/O!,X+L)-6)=-)/O!,XK)=A<.)/A),,()-6)9-/-?A<5-)230.:42A634/4;:D@-)********************)+YB!
Article 2+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!4S!

!!!*! '<-).:;<A6@9-)5064J:<:D@-)5412A9>-)Z)5-//-)=-)5-//@/-.)=-)TT5)***************************************)+PU!
Article 3+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!JS!

!I*! S%[\G):12/:D@>)=A<.)/A)294=@56:4<)=O!,X+L)])*******************************************************************)+UY!

(%"(,'T!%"T)R#)&!T('TT!%")*****************************************************************************************************)+UP!
!"! T$(+E7-7$2(+2.%&H8$89:(+($+B7K(:=+,(+->8//:$&=<':-7%8&$+"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!RG!
4"! UBB(%*+,(+->DAI!?+(%+->DAIG+*:=+-(*+2(--:-(*+3+,(+AA5;+8/0-827%8&$+01.*8&07%1&-&'89:(+""""""""""""""""""""""""""""+!C4!

@"! UBB(%+M:%&2=8$(+&:+V7=72=8$(+,(+->DAI!?+*:=+-(*+2(--:-(*+,(+AA5+""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!CG!

F"! W(*+2(--:-(*+3+(60=8/7$%+X&60@"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""+!CC!

(4<5/@.:4<)************************************************************************************************************************************)+^L!

$VSV$R"(RT)*********************************************************************************************************************************)+^Y!
!
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!
!"#$%&'(')'*+,&-.//&0&12'&2'3"44+%&15"62".1'3&7'-80/9.582&7':!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#!
!"#$%&';')'<+6%%61#&0&12'3&7'=00$1.#-.>$-"1&7!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""$!
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 Immuno-regulatory B-cells are a critical functional subset in 

progressive chronic lymphocytic leukemia 
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IL10, TGFβ1 and FOXP3 CLL expressing cells were first labeled for extracellular staining with anti-

CD19/V500 (HIB19), anti-CD5/V450 (UCHT2), anti-CD24/FITC (ML5), anti-CD25/APC-Cy7 (M-

A251), anti-CD27/PerCP5.5 (M-T271) and anti-CD38/PE-Cy7 (HIT2) mAbs (BD Biosciences) for 

20 min. After washes, cells were fixed (2% PFA in PBS 1X), permeabilized (0.5 % saponin, 1% 

BSA in PBS 1X) and further stained with anti-IL10/APC (JES3-19F1), anti-FOXP3/PE (259D/C7) 

or anti-TGFβ1/PE (TW4-9E7) mAbs or! b6CM! CM260! 021U2LC6O2! 61<C?U21! -=D! =6<1L623L21.!
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Table 2 : Detailed CLL patients’s clinico-biological features 

 

 

UPN Age 

(years) 

SexeA Binet 

stage 

Lympho

cytosis 

(G/L) 

IGHV 

statusB 

Zap70 

expressi

onC 

CD38 

expressi

onC 

MTS 

(NR/R)D 

1 60 F C 19000 UM ND NEG ND 

2 72 F A 107000 UM ND NEG R 

2 74 F C 300000     

3 68 F A 9000 M POS POS NR 

4 78 F A 10450 M NEG NEG R 

5 45 M C 57250 UM ND POS R 

6 48 M C 57000 UM ND POS R 

7 59 M A 13000 ND ND NEG NR 

8 70 F A 13880 UM POS ND R 

8 70 F C 75480     

9 71 F A 56430 M NEG NEG R 

10 64 M A 14000 M NEG ND NR 

11 49 M C 11940 UM POS POS NR 

12 66 M B 90950 M NEG POS R 

13 55 M A 5830 UM ND POS R 

13 56 M A 15000     

14 56 F A 29000 M NEG POS R 

14 58 F A 41000    NR 

15 59 F B 11310 UM NEG NEG NR 

16 48 M A 43000 M POS NEG R 

16 50 M B 120000    NR 

17 74 F C 13000 UM POS POS NR 

18 61 M B 28350 UM POS POS NR 

19 58 M C 25000 UM ND POS R 

20 56 M A 139970 ND NEG NEG NR 

21 75 M A 9250 M NEG ND NR 

22 53 M A 12000 M POS NEG NR 

22 55 M A 15000     

23 63 M A 14900 UM POS POS R 

24 85 F A 8000 M NEG NEG NR 

25 53 M A 61000 M ND ND R 

26 55 M A 41500 M NEG NEG R 

27 49 M B 39930 UM POS NEG R 

28 64 M A 4000 M NEG NEG  

28 68 M A 4500     

29 65 M B 24980 UM ND POS NR 
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30 62 M A 21000 M ND NEG R 

31 81 M A 35100 UM POS ND ND 

32 90 F A 6160 M NEG ND NR 

33 70 M B 39000 UM POS POS R 

34 70 M A 12100 UM NEG POS NR 

35 69 M B 25300 UM POS ND R 

36 75 F A 32900 M ND ND NR 

37 85 M A 146000 M ND ND NR 

38 62 M A 17340 UM POS POS NR 

39 58 M A 18200 M NEG NEG NR 

40 59 F A 47000 M ND NEG NR 

41 67 F A 8190 M NEG NEG NR 

42 71 F A 18100 M NEG NEG R 

 

Footnotes: 

A.$ F: female and M: male 

B.$ UM: unmutated; M: mutated; ND: not determined 

C.$ POS: positive; NEG: negative 

D.$Metabolic activity in response to anti-IgM stimulation; R: Responder� 25%; NR: Non-

Responder <25% 
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Table 3: CLL features and polyfunctional score 
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! ! ! ! ! ! ! ! ! ! ! !

E.$0: no treatment at experiment time; 1: treatment at the experiment 

F.$0: A at the experiment time; 1: B or C treatment at the experiment 

G.$0: Zap70 negative; 1: Zap70 positive 

H.$0: IGVH mutated; 1: IGVH unmutated 

I.$ 0: CD38 negative; 1: CD38 positive 

J.$ 0: del17 and/or del11 negative; 1: del17 and/or del11 positive 

K.$0: TP53 WT; 1: TP53 mutated 
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L.$0: no mutated; 1: at least one mutated gene (NOTCH1, POT1, RPS15, SF3B1, BIRC3, FBW7, ATM, 

MYD88, PLCG2) 
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 IL10 production allows self-activation of Chronic lymphocytic 

leukemia cells 
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Abstract 

Chronic lymphocytic leukemia is a CD5+ B cell lymphoma that presents with a heterogeneous 

clinical outcome. Antigenic stimulation is a major driver of this heterogeneity. A subset of the 

leukemic cells exhibits regulatory properties with the production of IL10. In line with this secretion, 

CLL patients exhibit immune defects toward the recognition and suppression of the leukemic cells. 

This study addressed the potential impact of IL10 production on CLL-B cells survival. IL10+ sub-

population was present in larger proportions in CLL versus healthy donor samples. Cases with the 

highest percentages of IL10+ cells associated a parallel reduction of the IL6+ subset. The cells 

expressed higher levels of the cytokines receptors and responded to exogenous IL10, and in much 

weaker extents to IL6, allowing tyrosine phosphorylation of STAT3. Subsequently, IL10 only, 

induced anti-apoptotic genes expression. Remarkably, IL10 stimulation up-regulated also the IL10 

own-transcription resulting in enhanced metabolic activity. IL6 did not exert such activation. The 

existence of an IL10-driven autocrine loop was demonstrated using anti-IL10R blocking antibody. 

Incubation with the antibody prevented STAT3 activation and inhibited the metabolic activity 

generated under IL10 production. These results shed lights on the self-activation mechanism that 

gives a survival advantage to the IL10+ subset. IL10 production by CLL-B cells is therefore both 

immunoregulatory toward other immune cells but also self-activating for the leukemic clone. 

Therapeutic strategy targeting IL10R in addition to BCR-mediated pathways could foster the IL10+ 

subset triggering. 
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Introduction 

Chronic lymphocytic leukemia (CLL) is a mature B cell neoplasm prevalent in the western countries. 

Elderly-patients present with a heterogeneous clinical outcome ranging from an asymptomatic 

lymphocytosis to lymphoid organs massive infiltration illustrative of indolent or progressive 

diseases, respectively (260). While indolent patients show no decrease of life expectancy, patients 

with an evolving disease need rapid therapeutic options.  

CLL results from the accumulation of quiescent CD5+ CD19+ CD20+ CD23+ B cells with further 

clonal expansion of proliferative sub-populations (261). A number of studies showed that CLL 

survival and expansion in vivo are highly dependent on activation signals provided by the 

surrounding microenvironment in blood, lymph nodes and bone marrow (232). As a result, purified 

CLL-B cells enter rapidly in apoptosis when cultured alone ex vivo. Survival signals are generated 

both by direct cellular contacts within tissues and production of soluble factors including 

chemokines, cytokines and growth factors. Interactions and cross-talks have been described with 

bone marrow and lymph nodes stromal cells, T cells, monocytic-derived cells as well as blood-

derived nurse–like cells and leukemic cells themselves (237, 262-264).  

Pro-survival and growth factors derive from these surrounding cells, upon interaction or not, and, 

from the activated tumor cells. These factors comprise chemokines such as CCL21/19, CXCL12, 

CXCL13, CCL3, CCL4, cytokines such as IL4, IL6, IL8, IL10, IL17, IL21, BAFF and APRIL 

among others. Various combinations of these molecules upon exogenous treatments or in co-culture 

experiments improve survival and growth of the leukemic cells (133, 134, 265-267). Moreover, 

several factors show elevated levels in the serum of CLL patients and proved their survival benefit ex 

vivo. In parallel, elevated levels of several cytokines and chemokines comprising notably CCL3, 

CCL4 and IL10 in the patients’ serum correlated with worst outcome. Reversely, low levels of IL4, 

IL6, IL8 or IL17 were observed in those sera while more abundant in patients with a good prognosis 

(134, 267, 268). These factors are, at least partially, also produced and secreted by CLL-B cells upon 

activation of membrane receptors including Toll-like receptors (TLR), BAFF receptor TACI, 

chemokine receptors, CD40, CD5 and, of outmost importance in the heterogeneous signaling profile 

of CLL-B cells, the antigen receptor (BCR). Importantly, two essential cytokines in the survival 

versus apoptosis of B cells, IL6 and IL10, are regulated in CLL-B cells upon triggering of these 

receptors (145, 150, 196, 198, 243, 269).   

Recent studies have highlighted the importance of an IL10-producing subpopulation in the 

immunological alterations encountered in CLL patients. Characterization of the subpopulation 
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showed phenotypic features such as CD5 and CD24 markers shared with regulatory B cells named 

B10. Indeed, IL-10+ CLL subset exhibited regulatory properties toward other hematological 

counterparts such as monocytic and lymphoid T cells accounting for the profound immune 

dysfunction observed in CLL patients (101, 102, 237, 243, 264). This sub-population showed biased 

T cell subsets similar to regulatory B cells described in autoimmune diseases with a large decrease of 

CD4+ T cells expressing IFNγ or TNFα and increase of CD25+ CD127 low FOXP3+ regulatory T cells 

further elevating secreted IL10 (50, 52, 102). Of note, the presence of CD5 at the membrane of CLL-

B cells has also been shown accounting for IL10 production (150). 

IL10 is not only considered as an immunoregulatory factor but also allows activation of various 

cellular subsets including B cells through binding to its cognate receptor (IL10R) and subsequent 

activation of the Janus kinase (JAK)/ Signal Transducers and Activators of Transcription (STAT) 

pathway. STAT3 is predominantly associated with IL10 signaling and is found constitutively 

activated in CLL-B cells (269, 270). This activation leads notably to the expression of anti-apoptotic 

genes of the Bcl2 family and promotes B cells proliferation (174). Targeting this pathway using 

blocking antibodies against IL10R has proved an efficient therapeutic strategy in diffuse large B-cell 

lymphoma (DLBCL) (175). An elevated production of both IL10 and IL6 has also been described in 

Mantle cell lymphoma (MCL), another CD5+ B-cell lymphoma, where an autocrine loop, including 

activation of NFκB and STAT3 was demonstrated (271). In CLL, activation of these transcription 

factors was suggested upon in vitro culture with engagement of CD160 leading to the production of 

IL6. This regulation was further correlated with the expression of STAT3 target genes of the Bcl2 

family that accounted for the reduced apoptosis observed under such culture conditions (269, 272).  

In the present study, we investigated in a cohort of patients at various disease stages the relevant 

production of IL6 and IL10 cytokines by malignant B cells in terms of self-activation survival 

mechanisms. We report an inverse-correlation between proportions of cells expressing either one or 

the other cytokine with a prevalence for the IL10+ sub-population. Our results further demonstrate 

the existence of an autocrine loop that allows activation of STAT3 at its tyrosine 705 (Y705), in 

addition to the constitutive activation of its serine 727 (S727). The resultant self-activation leads to 

increased metabolic activity through the expression of anti-apoptotic proteins and, importantly, 

induces IL10 de novo expression. 

 

 



!

! #$%!

 

Results 

CLL-B cells exhibit inverse proportions of IL10+ versus IL6+ cells 

A subset of CLL-B cells has been described to express regulatory cytokines and factors including 

IL10 and TGFβ1 (102). A cohort of CLL patients was screened for IL10 expressing cells and 

compared to healthy donors (HC). A rather dim proportion of CD19+ cells purified from HC 

expressed IL10 (mean 4%, n=17). Comparatively, CD19+ cells from CLL patients exhibited 

significantly higher percentages of IL10+ cells (ranging from 5.3 to 50.6%, mean 27%, n=17). 

Moreover, IL10 expression was increased in CD19+ cells from CLL patients as compared to HC 

(Figure 1A and supplementary Figure 1A). To confirm the prevalence of CLL cells to express 

regulatory cytokines, we investigated the frequency of CD19+ cells expressing the survival and pro-

inflammatory cytokine IL6. Quantification showed an opposite situation with very low proportion of 

cells expressing IL6 in CLL patients (< 3.5%, n=14) as compared to healthy controls (from 1.3 to 

17.5 %, n=14). Indeed, IL6 expression was also very low in CLL-B cells in contrast with normal 

CD19+ cells (Figure 1B and supplementary Figure 1B). CD5+CD19+ tumor cells evaluated for both 

cytokines expression confirmed an inversed link between the percentages of cells expressing either 

IL10 or IL6 in individual patients. The proportion of IL10+ cells was clearly higher than IL6+ cells 

and the latter were very few in CLL samples (Figure 1C, n=6). 

Stimulation of IL10 receptors increased the metabolic activity of CLL-B cells 

 

Expression of IL10 is linked to regulatory properties targeting other immune cells toward decreased 

tumor recognition (101, 102, 174). Meanwhile, a self-activating loop was previously evidenced in 

mantle cell lymphoma and diffuse large B-cell lymphoma leading to the constitutive activation of 

STAT3 transcription factors via the BCR-dependent production and secretion of IL10 and IL6 (175, 

273, 274). PS727 STAT3 is also constitutively activated in CLL cells (207). Therefore, we analyzed 

in CLL cells the expression of the two cytokines receptors. The level of receptors expression was 

compared between IL10+ and IL10- CD5+CD19+ tumor cells from the same patient. We observed a 

significant increase of both IL10R and IL6R expressed at the membrane in IL10+ versus IL10- cells 

(Figure 2A). Likewise, membrane markers, including CD5, IgM and CD40, described as potential 

activator of IL10 expression, were differentially increased in IL10+ CLL B cells compared with 

IL10- (Figure 2B). A differential expression of IL10R and IL6R was also observed when CD19+ 

CLL cells were compared with healthy controls (Figure 2C, n=12).  
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Altogether these results suggest that IL10+ CLL B cells express higher levels of receptors to respond 

to IL10 stimulation and may trigger IL10 production.  

Next, the response of CLL cells to these cytokines stimulation was deciphered. When cells were 

cultured for 24 h in the presence of IL10 (40 ng/ml) a relevant activation of the cells, as measured 

using a MTT assay, was found. In contrast, IL6 triggering drove an irrelevant enhancement of the 

cell metabolic activity. Of note, the IL-10 dependent cellular activation remained at lower levels 

compared with those observed upon CpG triggering (Figure 2D, n=10).  

 

IL10 or IL6 stimulation of CLL-B cells activates STAT3 

 

Since both IL10 and IL6 triggering may activate STAT3, a set of patient samples was examined for 

STAT3 phosphorylation (pSTAT3) at two important activation residues. In unstimulated cells, a 

basal phosphorylation at S727 residue was found for every individual case although at weaker 

extents than two control cell lines. Inversely, Y705 phosphorylation was undetectable from all cases 

analyzed, very weak in the Hg3 CLL cell line and positive in U2OS cells (Figure 3A). Dose-

response stimulation with IL10 or IL6 (5 to 120 ng/ml) was then applied to the cells for 15 min and 

phosphorylation of both S727 and Y705 residues was analyzed. S727pSTAT3 present in 

unstimulated cells was not significantly modified upon triggering by IL10 or IL6 and even high 

doses (120ng/ml) of the cytokines did not improve S727 phosphorylation for several samples (n=3). 

In reverse, IL10 or IL6 stimulation (15 min) led to a dose-dependent phosphorylation at Y705 

residue. Moreover, up to 40 ng/ml a significant difference was observed between the two cytokines 

with a clear advantage for IL10 stimulation (Supplemental Figure 2A-B). A kinetic experiment 

confirmed the dominant effect of IL10 over IL6 and the importance of Y705 phosphorylation. A 

relevant phosphorylation of S727STAT3, already visible after 5 min of IL10 stimulation (40 ng/ml) 

reached more than 10 fold increase at 15-30 min whereas IL6 triggering enhanced S727 

phosphorylation to weaker extents (up to 3 fold, n= 6, Figure 3B). The levels of activation reached 

for Y705pSTAT3 were 10 fold higher upon IL10 stimulation with a very rapid kinetic leading to 

maximal phosphorylation after 5-15 min and sustained over 24 h. Moreover, a very important 

difference was observed upon IL6 stimulation for which less than 25 fold induction was found after 

30 min stimulation with a rapid decrease after 1 h (Figure 3C).  

Altogether, these results argue for an important capacity of CLL cells to activate STAT3 in response 

to IL10-mediated triggering and to a much lesser extent to IL6. 

 

IL10 stimulation induces cytokines and anti-apoptotic genes expression 
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STAT3 is an important transcription factor that regulates cytokines, cell-cycle and pro-survival 

factors expression. Its activation induces both IL10 and IL6 transcription in various lymphoid cells 

(273, 275). Then, STAT3 target genes expression was evaluated upon IL10 or IL6 (40 ng/ml for 24 

h) stimulations in CLL patients’ samples with TLR-mediated CpG stimulation as a positive control.  

As shown in Figure 4, IL10 stimulation induced IL10 gene expression by 2.5 fold, indicative of a 

self-activating loop in malignant B cells.  

Enhanced transcription of two major anti-apoptotic genes was also evidenced in these cells with 

increase of both Bcl-xL (2 fold) and Bcl-2 (2 fold). In contrast, cyclin D1, another target of STAT3, 

and IL6 gene were not induced by IL10 stimulation. When tumor B cells from the same patients 

were stimulated by IL6, none of the various genes was induced to significant levels (n= 10). These 

data show that IL10 stimulation specifically induces several important pro-survival genes and, 

importantly, mediates its own transcriptional activation.  

 

Anti-IL10R treatment antagonizes CLL-B cells activation and survival 

Finally, preventing binding of the cytokine to its cognate receptor was used to challenge the IL10-

mediated cellular activation. Patient samples were pre-incubated with the blocking anti-IL10R 

antibody (Ab) (clone 3F9, 20 µg/ml) prior to stimulation with IL10 (40 ng/ml). Indeed, the levels of 

pS727- and pY705-STAT3 were first analyzed under such conditions. While the blocking Ab did not 

alter the basal level of pS727STAT3, it tended to prevent the activation induced upon IL10 

triggering. Nonetheless, the low levels of induction seen upon stimulation did not allow detecting a 

significant decrease of pS727STAT3 (Figure 5A, graph n=5). Meanwhile, preventing IL10 binding 

to its receptor strongly inhibited induced phosphorylation at Y705STAT3 (Figure 5B n=6). Such 

culture conditions with the blocking Ab prior to stimulation with IL10 during 24 h dramatically 

decreased the survival of the cells as evaluated using a MTT assay (Figure 5C, n=9). These results 

shed lights on the self-activating regulation of CLL cells through the production of IL10 and the 

subsequent activation of its cognate receptor powering survival of the tumor cells. 

 

Discussion 

In this study we demonstrate, for the first time, the existence of an autocrine loop mediated by the 

production of IL10 that serves amplifying the metabolic activity of CLL-B cells and the expression 

of anti-apoptotic mediators. Remarkably, we confirm in a second independent cohort of patients our 

previous findings showing an important increase of an IL10-producing subpopulation in CLL-B cells 
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(A. Mekinian, submitted; (102). In the same time, CLL presented with a rather low percentage of 

cells expressing IL6 as compared to healthy controls. When compared in a single patient, the relative 

proportion of each subset of cells was inversely linked. This is also in agreement with our initial 

study where the levels of IL6 and other pro-inflammatory cytokines secreted in culture supernatants 

of CLL-B cells were very low as compared to healthy donor cells, while IL10 levels were increased. 

These results support the analysis of serum levels in CLL patients that allowed clustering of 

differentially expressed cytokines. The unsupervised analysis showed that IL6 and IL10 belonged to 

two separate clusters of cytokines. Furthermore, the opposite representation of the clusters correlated 

with the patients overall survival and time to first treatment. Patients with the highest levels of “IL10 

cluster” of serum cytokines experienced the worst outcome. Reversely, patients with indolent disease 

had more pro-inflammatory cytokines (134). Our results underline the presence of a regulatory sub-

population in CLL, expressing IL10 rather than IL6, as described in several immunosuppressive 

pathological contexts (68, 102). Moreover, IL10 secreting regulatory B cells are important 

facilitators of progression for the malignancy (101, 276, 277). Indeed, immunosuppression and 

immune dysfunction have been demonstrated in CLL patients and the actual therapies tend to target 

such regulatory functions of the B cells in order to restore immune recognition of the leukemic cells 

(195, 201, 237, 278). 

IL10 production in CLL-B cells was complemented by an increased expression of several receptors 

that were shown to promote IL10 induction. Comparison between IL10- and IL10+ cells showed in 

the latter more membrane IgM, CD40 and CD5. All these B- and CLL-cells specific markers are 

important IL10 inducers upon triggering (150, 196, 227, 243, 279, 280). We also found a differential 

expression of both IL10R and IL6R in favor of IL10+ versus IL10- cells. This disparity was also 

found and even reinforced between CLL and healthy control cells. These results suggested that CLL 

cells might develop a better answer to IL10 and IL6 stimulation by up-regulating their cognate 

receptors that still share some downstream effectors. This hypothesis was confirmed since incubation 

with exogenous IL10 or IL6 triggered an increased phosphorylation of STAT3. Moreover, a better 

survival response was observed for IL10, which further suggested an important role for this cytokine 

on the expansion of the tumor clone.  

The differential effect of the two cytokines was nevertheless more profound when activation of 

STAT3, was analyzed in more details. While some S727 phosphorylation of the transcription factor 

was observed in all samples studied, Y705 phosphorylation was only modulated upon cytokinic 

stimulation. Stimulation with exogenous IL10 or IL6 strengthened the discrepancy between the two 

signals. In spite of some transient effect of the cytokines on pS727STAT3, although more visible for 
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IL10 than IL6 triggering, a major difference of pY705STAT3 was seen between IL10 and IL6. The 

distinction was both in terms of duration and magnitude of the signal. Moreover, pre-incubation of 

the cells with a blocking Ab directed against IL10R proved the importance of the Y705 residue in 

this strong activation mediated by the cytokines. While the blocking Ab did not affect significantly 

S727 phosphorylation, it almost completely prevented Y705 phosphorylation.  

These experiments proved the dominant effect of IL10 toward IL6 in the activation of STAT3 in our 

pathological model. Duration and intensity were in agreement with studies showing a differential 

activation pattern of STAT3 for both cytokines (188). It gives also credit for an opposite role of the 

cytokines in cell survival and tumor growth as seen in cellular models in which IL10 might exert its 

regulatory function (278). Meanwhile these data indicate that S727 phosphorylation is not the main 

target of cytokine-mediated signals; a previous report showing increase of pS727STAT3 upon CpG 

incubation of indolent CLL-B cells (243). Another study indicated that BCR-mediated signal, as 

IL10 or IL6, allows Y705 phosphorylation in CLL-B cells, but with a delayed kinetic beginning at 4-

5 h stimulation while cytokine-mediated signal is already maximal after 15 min (196). These results 

suggested the necessity of production of additional intermediates to potentiate the BCR-mediated 

signal in terms of STAT3 activation and the subsequent cell survival. Indeed, several transcriptional 

partners of STAT3, among which NFκB, were described as responsible for both cytokine and anti-

apoptotic proteins expression in CLL cells (269). Our results are in agreement with this sequential 

kinetic of activation but the constitutive and inducible activation of STAT3 seen in CLL-B cells and 

their impact on transcriptional regulation still remain to be further investigated.  

The analysis of STAT3 gene targets upon IL10 activation showed the impact of the cytokine on the 

expression of the Bcl2 family anti-apoptotic proteins, which play an important role in CLL-B cells 

survival. Our data also indicate a role for CpG/pS727STAT3 pathway in their expression. 

Interestingly, IL10, but not IL6, stimulation potentiated IL10 expression by the cells as well. This 

important finding argues for the existence of an autocrine loop in IL10+ CLL-B subset that further 

potentiate IL10 production by the cells and therefore its regulatory impact toward the tumor 

microenvironment. Interrupting this autocrine loop by blocking the IL10R resulted in a drop of 

metabolic activity not only in the presence of exogenous IL10 but also in conditions where only 

CLL-derived IL10 was present. This result shows that the production of IL10 by CLL-B cells is 

oriented both toward the regulation of the surrounding immune cells and to self-activating 

mechanisms that potentiate tumor cell survival over normal counterparts by synthesis of anti-

apoptotic proteins and by further increasing its own expression. These data are in agreement with a 
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recent study showing a biased T cell repertoire where increased Treg/Th17 ratios were correlated 

with disease progression (277). 

Altogether, these results argue for a synergy between BCR- and IL10R-mediated survival signals in 

the maintenance of the tumor cells. IL10R targeting has already shown improved therapy for 

DLBCL (175). Therefore, since targeting BCR pathways is actually a promising therapy, interrupting 

self-activation mechanisms might further impact long term relapse.  

Patients and Methods 

B cells isolation and culture  

CLL blood samples were obtained from untreated patients, after informed consent and validation by 

the local research ethics committee of the Avicenne Hospital (Bobigny, France), in accordance with 

the Declaration of Helsinki (Supplementary Table 1). Healthy controls (HC) peripheral blood was 

obtained from the « Etablissement Français du Sang » (Saint-Antoine Hospital, Paris, France). CLL 

and HC B cells were purified by negative selection using the magnetic isolation kit II from Miltneyi 

Biotec (Paris, France). B cells were cultured freshly or after viable thawing in RPMI 1640 

supplemented with 10 % FBS, 100 U/mL penicillin, 100 µg/mL streptomycin and 2 mM L-

glutamine (PAA, Les Mureaux, France).  

CLL B cells (107 cells/well/12-wells plate) were incubated with either purified recombinant human 

premium grade Interleukin-6 (IL-6), research grade Interleukin-10 (IL-10) at the concentration 

indicated in legend figures or in the presence of CpG (ODN 2006, 10 µg/ml), purchased from 

Miltenyi Biotech. IL10 receptor neutralization was performed using a blocking IL10 receptor 

antibody (Rat anti-CD210, clone 3F9, Biolegend) or a control isotype (Rat IgG2a,κ, 20 µg/ml) for 1 

h prior to IL10 stimulation for 24 h. 

Flow cytometry analyses 

HC or CLL purified B cells (1×106 /ml) were treated with Phorbol Myristate Acetate (PMA, 50 

ng/ml), 1 µg/ml Ionomycin and Brefeldin A (BFA, 1 µg/ml) (Sigma-Aldrich) for 4 h at 37°C. Cells 

were then stained with a viability marker using BD510 Live/Dead staining (BD Biosciences) and 

with the following Abs: anti-CD3 (REA, PerCP-Vio700), anti-CD5 (clone UCHT2, APC-Vio770), 

anti-CD19 (REA, PE-Vio770) from Miltenyi Biotech, anti-CD40 (clone 5C3, FITC, BD 

Biosciences) and anti-IgM (F(ab’)2, PE) from DAKO. Interleukin 10 and 6 receptors were 

respectively stained with anti-human CD210 (clone 3F9, PE, BD Biosciences) and a biotinylated 

anti-IL-6Rα (clone UV4) followed by Streptavidin-coupled BV421 Ab from Biolegend.  
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Intracellular analysis was performed after membrane staining of the cells that were fixed and 

permeabilized using Cytofix/Cytoperm kit (BD Biosciences). Cells were further stained with anti-

human IL10 (JES3-19F1, APC) or IL6 (MQ2-6A3, PE) from BD Biosciences. Flow cytometry was 

performed using a FACS Canto II (BD Biosciences) and data were analyzed using FlowJo software 

(Tree Star, Ashland, OR, USA). The gating strategy was based on isotype controls staining. 

 

Metabolic Activity 

Two million CLL B cells were cultured for 24 h in 24-well plates stimulated or not with IL10 (40 

ng/ml), IL6 (40 ng/ml), CpG (ODN 2006, 10 µg/ml) or treated first with anti-IL10R Ab as described 

above. Metabolic activity was determined using CellTiter 96AQueous One Solution Cell 

Proliferation Assay (Promega) according to the manufacturer's instructions. Metabolic fold increase 

([percentage of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium], inner salt [MTS]) was determined as follows: [(absorbance stimulated t = 24 hours) – 

(absorbance unstimulated t = 24 hours)]/(absorbance unstimulated t = 24 hours) × 100 (144). 

Western Blot 

After stimulation or treatment as indicated in figure legends, B cells were lysed in 1% Nonidet P-40 

lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 % NP-40, 10 % Glycerol), 

supplemented with proteases inhibitors (Sigma-Aldrich). Proteins were separated by SDS-

polyacrylamide gel electrophoresis (PAGE) and transferred to nitrocellulose membrane.  

After transfer, equal loading was checked by Ponceau staining. Membranes were blocked with 5 % 

skim milk in Tris-buffer saline and incubated with the following antibodies: mouse anti-phospho-

Tyr705 STAT3 (clone 3E2), rabbit anti-phospho-Ser727 STAT3, mouse total STAT3 (clone 79D7) 

from Cell Signaling Technology. Anti-β-Tubulin (Sigma-Aldrich) or anti-Actin (Santa Cruz) were 

used as controls. Detection was achieved using chemi-luminescence (ECL, GE Heathcare, Velizy-

Villacoublay, France) and visualized using the ChemiDoc MP Imaging System (BioRad, Marnes-la-

Coquette, France). Densitometric analysis of immunoblots was performed using the ImageLab 

software (Bio-Rad). 

RNA isolation, reverse transcription and Q-PCR 

Total RNAs were isolated from cells using Trizol reagent (Invitrogen, Saint Aubin, France), purified 

(QIAGEN, Courtaboeuf, France) and quantified by spectrophotometry. Total RNAs (500 µg) were 
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retro-transcribed using the iScriptTMcDNA Synthesis Kit (Bio-Rad) following the manufacturer's 

protocol (5 min at 25°C, 30 min at 42°C, 5 min at 85°C). Quantitative real-time PCR (Q-PCR) was 

performed using a StepOnePlus Real Time PCR SystemTM (Applied Biosystems, Saint Aubin, 

France). Complementary DNAs, 3 µM gene-specific sense and anti-sense primers (Supplementary 

Table 2), and PCR Master Mix containing 1x Power SYBR Green PCR Master Mix were mixed in a 

10 µL volume. The reactions were performed in triplicates as follow: 40 cycles at 95°C for 15 sec 

and 60°C for 60 sec. Actin was used as internal gene control.  

Relative quantification of each gene expression was determined using the ∆∆Ct method and values 

are expressed as relative fold change 2-∆∆Ct 

Statistical analysis 

All analyses were carried out using Prism 6 (GraphPad, La Jolla, CA, USA) with statistical 

significance defined as: * P≤0.05, ** P≤0.01, *** P< 0.001; **** P< 0.0001, ns, not significant 

P>0.05. 

Figure legends 

 

 

Figure 1: Inversely associated production of IL10 and IL6 in CLL-B cells 

Expression of IL10 (A) or IL6 (B) in purified blood CD19+ B cells from Healthy Donors (HC) or 

CLL patients (CLL) by flow cytometry. Purified B cells were stimulated with PMA (50 ng/ml), 

Ionomycin (1 µg/ml) and Brefeldin A (1 µg/ml) for 4 h before staining.  

Graphic representation of the percentage of IL10- (n=17) or IL6- (n=14) positive cells are shown on 

the left. Mean of fluorescence intensity (MFI) of IL10+ (A) or IL6+ (B) relative to respective control 

isotypes are presented (Right).  

(C) Graphic representation of the percentage of IL10+ and IL6+ cells in tumor CD5+CD19+ cells. 

Dotted lines link individual patient samples (n= 6). Means SEM are depicted. (A-B) Mann-Whitney 

U test. (C) Wilcoxon signed-rank test. * P≤0.05, ** P≤0.01, *** P< 0.001. 

Figure 2: Stimulation of IL10 receptors increased the metabolic activity of CLL-B cells 

 

(A-B) Purified CD5+CD19+ tumor cells were stained for the indicated membrane markers and for 

IL10. MFI of IL10R, IL6R (A), CD5, IgM, CD40 were compared between IL10+ and IL10- cells 

(n=15). Ratio of membrane markers MFI between positive and negative cells are graphed. (C) 

CD19+ cells from CLL patients or HC were stained for IL6R and IL10R (n=12). Ratio of receptors 
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MFI between CLL and HC cells are graphed. (D) Metabolic activity was performed on patient 

purified B cells by MTS assay upon IL-6 (40 ng/mL), IL-10 (40 ng/mL) or CpG (10 µg/mL) 

stimulation for 24 h. Means SEM are depicted. (A-B and D) Wilcoxon signed-rank test; (C) Mann-

Whitney U test. * P≤0.05, ** P≤0.01, *** P< 0.001; **** P< 0.0001, ns, not significant P>0.05. 

 

 

 

 

Figure 3: IL10 or IL6 stimulation of CLL-B cells activates STAT3 

 

Phosphorylation of STAT3 at two activating residues (S727 and Y705) in patient purified B cells 

was analyzed by western blotting. (A) Basal phosphorylation in 5 CD5+CD19+ B cells from CLL 

patients (UPN) and in two cell lines (Hg3 and U2OS). 20 µg protein extracts were analyzed by 

western blotting using the indicated Abs; β-tubulin is used as loading control. (B-C) Purified CLL B 

cells were stimulated or not (-) with IL10 or IL6 for the indicated period of time and further analyzed 

by western Blotting as described in A. One representative experiment (UPN 17) is shown. 

pS727STAT3 (B) or pY705STAT3 (C) levels relative to total STAT3 and unstimulated conditions 

are graphed (n=6). 2 way-Anova test. * P≤0.05, ** P≤0.01, ***P< 0.001; ns, not significant P>0.05. 

Figure 4: IL10 stimulation induces its own expression and anti-apoptotic genes expression 

(A-B) mRNA levels of IL10, IL6 (A) or Bcl-xL, Bcl2 and Cyclin D1 were analyzed by Q-PCR in 

purified CLL B cells in culture for 24 h in absence (-) or presence of IL10, IL6 or CpG. Fold 

induction relative to unstimulated conditions are graphed (n=9). Wilcoxon signed-rank test. * 

P≤0.05, ** P≤0.01, ns, not significant P>0.05. 

Figure 5: Anti-IL10R treatment antagonizes activation and survival of CLL-B cells 

Phosphorylation of STAT3 at S727 (A) and Y705 (B) was analyzed in patient purified B cells by 

western blotting. Cells were left untreated (-) or pretreated for 1 h with either a blocking anti-IL-10 

receptor Ab (anti-IL10R, 20 µg/mL) or control IgG (20 µg/mL). Cells were then stimulated or not (-) 

with IL-10 (40 ng/mL) and cultured for 24 h. One representative experiment is shown (left). 

pS727STAT3 (A) or pY705STAT3 (B) levels relative to total STAT3 and unstimulated conditions 

are graphed pS727STAT3 (n=5) and pY705STAT3 (n=6). (C) Metabolic activity was performed on 

the same patients purified B cells by MTS assay with similar conditions after 24 h and graphed 

relative to untreated and unstimulated conditions. Wilcoxon signed-rank test. * P≤0.05, ** P≤0.01, 

ns, not significant P>0.05. 
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Supplementary Figure 1: Intracellular IL10 or IL6 staining in purified B cells 

(A) Gating strategy purified B cells from CLL patients or HC were stained with a viability marker 

altogether with anti-CD19 and anti-CD3 Abs to verify purity. After permeabilization cells were 

labeled with anti-IL10 Ab or control isotype. (B) Purified B cells from CLL patients or HC stained 

for CD19 were permeabilized before staining for IL10, IL6 or their respective control isotypes. 

Representative dot plots of the IL10+ or IL6+ subpopulations are presented with the percentage of 

cells observed. 

 

Supplementary Figure 2: IL10 and IL6 dose-dependant activation of STAT3 

Phosphorylation of STAT3 at S727 (A) and Y705 (B) residues in patient purified B cells was 

analyzed by western blotting. Purified CLL B cells were stimulated or not (-) with IL10 or IL6 at the 

indicated doses for 15 min. One representative experiment (UPN 17) is shown. 20 µg protein 

extracts were analyzed by western blotting using the indicated Abs; β-tubulin was used as loading 

control. pS727STAT3 (A) or pY705STAT3 (B) levels relative to total STAT3 and unstimulated 

conditions are graphed (n=3). 2 way-Anova test. * P≤0.05, *** P< 0.001; ns, not significant P>0.05. 
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Supplementary Table 2. Primer sequences used for quantitative RT-PCR experime

Gene Primer Forward Primer Reverse  

IL-10 5'-CCAAGCCTTGTCTGAGATGA-3' 5'-TGAGGGTCTTCAGGTTCTCC-3' 

IL-6 5'-GGTACATCCTCGACGGCATCT-3' 5'-GTGCCTCTTTGCTGCTTTCAC-3' 

BclxL 5'-TCCTTGTCTACGCTTTCCACG-3' 5'-GGTCGCATTGTGGCCTTT -3' 

Bcl2 5'-GGGTATGAAGGACCTGTA-3' 5'-CATGCTGATGTCTCTGGAATC-3' 

CyclinD1 5'-ACCTGGATGCTGGAGGTCT-3' 5'-GCTCTTTTTCACGGGCTCCA-3' 

β−Actin 5'-TCCCTGGAGAAGAGCTACGA-3' 5'-AGCACTGTGTTGGCGTACAG-3' 
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Scleroderma Peripheral B Lymphocytes Secrete Interleukin-6
and Transforming Growth Factor b and Activate Fibroblasts

Nicolas Dumoitier,1 Benjamin Chaigne,2 Alexis R�egent,2 S�ebastien Lofek,3 Maissa Mhibik,4

Peter Dorfm€uller,5 Benjamin Terrier,2 Jonathan London,6 Alice B�erezn�e,7 Nicolas Tamas,3

Nadine Varin-Blank,8 and Luc Mouthon9

Objective. To study the role of B lymphocytes in

systemic sclerosis (SSc).

Methods. Peripheral B cell subpopulations and

the production of interleukin-6 (IL-6) and transforming

growth factor b (TGFb) were analyzed using flow cytome-

try and multiplex assay. The fibroblast proliferation rate

upon incubation with supernatants from B cells isolated

from SSc patients or healthy controls was assessed using

XTT, bromodeoxyuridine, and Ki-67. Collagen production

was assessed using a collagen assay.

Results. Ninety untreated patients (12 males) fulfill-

ing the American College of Rheumatology/European

League Against Rheumatism criteria for SSc (23 with dif-

fuse cutaneous SSc [dcSSc] and 67 with limited cutaneous

SSc [lcSSc]) and 30 healthy controls were recruited.

Increased proportions of B cells expressing CD69 andCD95

were identified among the patients with SSc. B lymphocytes

from dcSSc patients versus lcSSc patients and healthy con-

trols expressed increased proportion of cells positive for

CD5 (mean6SD 24.126 7.93% versus 14.096 6.58% [P5

0.03] and 14.216 5.34% [P5 0.01]), CD86 (39.89622.11%

versus 17.726 13.98% [P5 0.0007] and 11.686 11.09%

[P< 0.001]), IL-6 receptor (IL-6R; 33.646 23.12% versus

17.916 13.62% [P< 0.0001] and 12.086 8.68% [P5

0.0009]), or IL-21R (32.556 20.19% versus 5.766 4.40%

[P< 0.0001] and 5.936 3.29% [P< 0.0001]). In addition,

the levels of IL-6 (mean6SD 314.36 317.8 pg/ml versus

6.106 2.58 pg/ml; P5 0.0007) and TGFb (mean6SD

1,0206 569 pg/ml versus 163.86 98.69 pg/ml; P5 0.001)

secreted by B lymphocytes from patients with SSc were

increased compared to healthy controls. Fibroblast prolifer-

ation and collagen production were also significantly

increased in the presence of B cell supernatant from SSc

patients as compared to healthy controls.

Conclusion. The numbers of activated B cells

were increased in SSc patients, and the up-regulation of

CD5, CD86, IL-6R, and IL-21R discriminated between
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patients with dcSSc and those with lcSSc. Peripheral B

lymphocytes from SSc patients secreted both IL-6 and

TGFb, and they activated fibroblasts in vitro.

Systemic sclerosis (SSc) is a connective tissue dis-
ease characterized by fibroblast activation, increased extra-
cellular matrix synthesis, and vascular remodeling (1).
Activation of fibroblasts and endothelial cells, together
with increased oxidative stress, represent the hallmarks of
SSc pathogenesis. SSc is classified according to the extent
of skin involvement as either limited cutaneous SSc
(lcSSc), with skin lesions essentially limited to the hands
and face, or diffuse cutaneous SSc (dcSSc), with skin
lesions occurring proximal to the elbows and knees and
with frequent visceral involvement. Although auto-
antibodies have been detected in the serum of patients
with SSc and are helpful in the diagnosis and evaluation of
the prognosis, the role of B lymphocytes in the pathogene-
sis of SSc is still poorly defined (2,3).

Circulating B lymphocytes from SSc patients differ
from those from healthy controls by the presence of
increased proportions of naive B cells and decreased num-
bers of memory B cells and plasma cells (4). In addition,
signaling alterations, including overexpression of both
CD19 and CD21, two activating coreceptors of the B cell
antigen receptor, have been detected both in the TSK-1
mouse model of SSc and in naive and memory B lympho-
cytes from patients with SSc. Moreover, the activation
receptors CD80, CD86, and CD95 are up-regulated in
memory B cells from SSc patients, suggesting their partici-
pation in the pathogenic process (4).

High levels of BAFF have been measured in the
serum of SSc patients, as well as overexpression of BAFF
receptor at the surface of peripheral B cells from the same
patients (5). BAFF acting through the NF-kB pathway
promotes B cell survival and participates in autoreactive B
cell differentiation (6). B cell infiltrates have also been
detected in the dermis of SSc patients (7,8), and serum lev-
els of interleukin-6 (IL-6) have been shown to be increased
and to correlate with the extent of skin fibrosis both in
humans with SSc and in the TSK-1 mouse model (9,10).
IL-6 stimulates collagen secretion by fibroblasts and might
therefore be an intermediate for fibroblast activation (11).

Recent studies in which a chimeric anti-CD20
monoclonal antibody was used to deplete B cells, showed
that this treatment allowed for the improvement of skin
fibrosis and prevented the loss of pulmonary function in
patients with SSc (12). In a prospective randomized trial in
which the IL-6 receptor (IL-6R) was targeted with
tocilizumab, there was a promising effect of this treatment
on skin involvement (13,14).

In the present study, we found abnormal phenotype
patterns of peripheral B lymphocytes in patients with SSc,
notably between those with lcSSc and those with dcSSc.We
also identified increased cytokine production leading to
fibroblast activation.

PATIENTS AND METHODS

Patients. Peripheral blood was obtained from 90
patients with SSc who fulfilled the American College of Rheuma-
tism (ACR)/European League Against Rheumatism (EULAR)
criteria for the diagnosis of SSc (15) and whose cases were fol-
lowed at Cochin Hospital in the Department of Internal Medi-
cine. The clinical characteristics of the study patients are available
upon request from the corresponding author. Skin thickening in
areas solely distal to the elbows and knees, with or without facial
involvement, was defined as lcSSc. Skin thickening proximal as
well as distal to the elbows and knees, with or without facial or
truncal involvement, was defined as dcSSc (16). Patients evaluated
during the first 12 months after the first non–Raynaud’s phenom-
enon symptomof SSc were defined as having early SSc. Peripheral
blood was obtained from 30 healthy blood donors (controls)
whose samples were included at the Etablissement Français du
Sang (St. AntoineHospital, Paris, France).

All patients and healthy controls gave written informed
consent. Sera and peripheral blood mononuclear cells were col-
lected with the approval of the ethics committee of the Groupe
Hospitalier Piti�e-Salpêtrière. The study conforms to the princi-
ples outlined in the Declaration of Helsinki. The work was per-
formed within the D�epartement Hospitalo-Universitaire,
Autoimmune and Hormonal Diseases.

Fibroblast culture and functional studies. Biopsies
of involved skin of 4 patients with SSc were performed. Normal
human dermal fibroblasts were cultured from skin biopsy samples
obtained from 4 healthy controls. Biopsy specimens were cut into
small pieces and seeded into petri dishes and then into 175-cm2

plastic flasks. Patients and healthy control fibroblasts were grown
at 378C in Dulbecco’s modified Eagle’s medium (DMEM; Gibco)
with 10% heat-inactivated fetal calf serum (FCS; Eurobio) in an
atmosphere containing in 5%CO2.

At the third passage, fibroblasts from healthy controls or
SSc patients were plated in 96-well plates at a concentration of 5
3 104 cells/ml. After 24 hours, fibroblasts were synchronized by
replacing the FCS-supplemented DMEM with DMEM without
FCS. After 24 hours of synchronization, media were replaced
with FCS-supplemented DMEM with or without 8 representa-
tive supernatants of B lymphocytes obtained from 4 healthy con-
trols or 4 patients with dcSSc (performed in triplicate). After 3
days of culture, the viability of fibroblasts was measured using a
Colorimetric Cell Viability Kit III (XTT) from (PromoKine),
proliferation was quantified using a bromodeoxyuridine cell pro-
liferation enzyme-linked immunosorbent assay (Roche), and
indirect immunofluorescence of Ki-67 was evaluated using anti–
Ki-67 antibody (Abcam) and fluorescein isothiocyanate–coupled
anti-rabbit secondary antibody (Jackson ImmunoResearch). Col-
lagen content was quantified after 5 days of culture using a Sircol
assay kit (Biocolor) according to the manufacturer’s protocol.

Real-time polymerase chain reaction (PCR) was per-
formed using 2.5 3 104 fibroblasts cultured in a 24-well plate at
the same concentration as described above. RNA was extracted
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using an RNeasy Mini kit (Qiagen) according to the manufactur-
er’s protocol and then quantified using NanoVue (GE Health-
care Life Science). Four hundred nanograms of total RNA was
retrotranscripted in complementary DNA (cDNA) using an
iScript cDNA synthesis kit (Bio-Rad) and following the manufac-
turer’s protocol. Expression of mRNA for a-smooth muscle actin
(a-SMA), type I collagen, Snail, and vimentin was quantified in
comparison to b2-microglobulin as the housekeeping gene. Real-
time PCR was performed using a Power SYBR Green quantita-
tive PCR (qPCR) kit on a StepOnePlus Real-Time PCR system
(Applied Biosystems). Primers were obtained from Eurogentec
(list of primers available upon request from the corresponding
author).

Immunohistochemical study. Immunohistochemistry
was performed on paraffin-embedded lung samples: 4-mm sec-
tions were dewaxed and rehydrated progressively. EDTA buffer
(pH 9.0) or citrate buffer (pH 6.0) was used for antigen retrieval;
endogenous peroxidase was quenched with hydrogen peroxide.
Sections were blocked with 5% bovine serum albumin and incu-
bated for 32 minutes with polyclonal antibody against CD20 (ref-
erence BSB5195; Bio SB) or CD69 (reference ab202909;
Abcam), as recommended by themanufacturer. After incubation
with a biotinylated secondary antibody, detection was performed
with horseradish peroxidase–streptavidin and diaminobenzidine
solution.

Statistical analysis. All analyses were carried out using
GraphPad Prism 6 software, with 4 levels of statistical

significance: P, 0.05, P, 0.01, P, 0.001, and P, 0.0001. Non-
parametric tests, including the Mann-Whitney U test, were used
for 2-group independent comparisons. Correlations of protein
expression were performed using Spearman’s correlation coeffi-
cient. Comparisons between fibroblast responses to B lympho-
cyte stimulation were analyzed using paired t-tests.

RESULTS

Differential peripheral B lymphocyte maturation

in patients with SSc. The overall number of B cells and
T cells was similar between healthy controls and SSc
patients, despite a larger dispersal of T cells, which was
mainly observed in patients with lcSSc (data available
upon request from the corresponding author). Similarly, B
lymphocyte subpopulation counts, including naive cells,
effector memory cells, Breg cells, and plasmablasts, were
equivalent among the healthy control, total SSc, dcSSc,
and lcSSc patient groups (Figure 1). In contrast, the pro-
portion of IgD–CD271 memory B lymphocytes was sig-
nificantly decreased in patients with SSc as compared to
healthy controls (P5 0.04) (Figure 1), with a similar distri-
bution between SSc subsets. An additional differential
proportion of marginal zone B cells was found between

Figure 1. Maturation status of B lymphocyte populations derived from healthy controls (HC) and patients with systemic sclerosis (SSc). B lym-
phocyte subsets were analyzed in 21 healthy controls (HC) and 34 patients with SSc, including 9 with diffuse cutaneous (dcSSc) and 25 with lim-
ited cutaneous (lcSSc) disease. The percentages of the following B lymphocyte subpopulations were quantified: memory/plasmablasts (IgD–
CD191CD271 cells), naive B lymphocytes (IgD1CD191CD27– cells), plasmablasts (CD191CD38highCD2711 cells), effector memory B cells
(IgD–CD191CD27– cells), Breg cells (CD191CD24highCD38high cells), and marginal-zone B cells (IgD1CD191CD271 cells). Each symbol rep-
resents an individual subject; horizontal lines with bars show the mean6 SD. *5P, 0.05, by Mann-Whitney U test.
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the dcSSc and lcSSc subgroups, but not between the total
SSc group versus healthy controls. Specific analysis of
mature B (Bm) cells showed the IgD–CD381 early Bm5
subpopulation as a predominantly decreasedmemory B cell
subset, irrespective of SSc subset origin (P5 0.001) (data
available upon request from the corresponding author).

Activated peripheral B lymphocytes from SSc

patients. Patients with SSc exhibited increased propor-
tions of B lymphocytes expressing activation markers

CD95 (P5 0.0004), CD69 (P5 0.002), and CD86 (P5

0.001) as compared to healthy controls (Figure 2A). Simi-
lar results were obtained when the mean fluorescence
intensity was quantified (data available upon request from
the corresponding author). We also identified a B cell sub-
population expressing both CD69 and CD95 in SSc
patients that was absent in healthy controls (P5 0.0002)
(Figure 2B). Interestingly, subpopulations expressing
CD69 were correlated with those expressing CD95 in SSc

Figure 2. Activation markers of peripheral B lymphocytes from healthy controls (HC) and patients with systemic sclerosis (SSc). B lymphocyte activation
markers were analyzed in 21 healthy controls and 43 patients with SSc, 11 with diffuse cutaneous (dcSSc) and 32 with limited cutaneous (lcSSc) disease.A,Per-
centages of CD951, CD691, CD861, and CD51 cells in total CD191 B lymphocytes. B, Percentages of CD691CD951 double-positive cells in total
CD191B lymphocytes.C,Correlation betweenCD69 andCD95 expression on peripheral CD191 B lymphocytes from patients with dcSSc (broken line) and
patients with lcSSc (solid line), as determined by Spearman’s correlation coefficient.D, Percentages of CD951 andCD691 B cells in patients with early-onset
SSc (,1 year after the first non–Raynaud’s phenomenon symptom of SSc) versus those without early-onset SSc, by SSc subtype (CD951 and CD691 cells),
as well as percentages of CD691CD951 double-positive B cells in patients with or without early SSc versus healthy controls. Each symbol represents an indi-
vidual subject; horizontal lines with bars show themean6 SD. *5P, 0.05; **5P, 0.01; ***5P, 0.001; ****5P, 0.0001, byMann-WhitneyU test.
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patients, both in those with dcSSc and those with lcSSc
(r5 0.76, P, 0.0001) (Figure 2C).

The percentages of CD951 B cells were higher in
patients with early lcSSc as compared to patients without
early lcSSc (P5 0.0027) (Figure 2D). In contrast, the pro-
portion of peripheral CD691 B lymphocytes was higher in
patients with early dcSSc as compared to those without
early dcSSc (P5 0.048). Furthermore, when we analyzed
these 2 activation markers in combination, the percentage
of CD691CD951 B cells was higher in early SSc patients
than in those without early SSc (P, 0.0001). No associa-
tions between other activation markers were found for the
SSc patients and the healthy controls.

The proportions of cells expressing CD86 differed
significantly between dcSSc and lcSSc patients (P5

0.0007) as well as for cells expressing CD5 (P5 0.03) (Fig-
ure 2A). CD86 and CD5 B cell subsets were not associated
with autoantibody status (data not shown). Since these 2
receptors play a critical role in the B lymphocyte/T lym-
phocyte synapse, we investigated potential correlations
between the proportions of CD51 and CD861 B lympho-
cytes and the proportions of Th1 (CD31CD41IFNg1),
Th2 (CD31CD41IL-41), Th9 (CD31CD41IL-91),
and Th17 (CD31CD41IL-17A1) cells (data available
upon request from the corresponding author). No correla-
tion of the percentage of CD51 or CD861 cells with these

Figure 3. Receptor expression at the membrane of peripheral CD191 B lymphocytes from healthy controls (HC) and patients with systemic sclero-
sis (SSc). A and B, Percentages of CD221 (inhibitory), CD321, and CD721 receptors (A), as well as interleukin-6 receptor (IL-6R)–positive and
IL-21R1 receptors (B) at the surface of CD191 B lymphocytes from 20 healthy controls and 43 patients with SSc, including 11 with diffuse cutane-
ous (dcSSc) and 32 with limited cutaneous (lcSSc) disease. Typical dot plots of IL-6R and IL-21R expression are shown. Each symbol represents an
individual subject; horizontal lines with bars show the mean6 SD. *5P, 0.05; ***5P, 0.001; ****5P, 0.0001, by Mann-Whitney U test.
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T cell subsets was found, except for a correlation between
CD86 and the percentage of Th2 cells. Similar results were
obtained when patients with dcSSc and lcSSc were ana-
lyzed separately.

In contrast, the proportions of cells expressing the
inhibitory receptors CD22, CD32, and CD72 did not differ
significantly between healthy controls and SSc patients,
except for the comparison of CD321 cells between dcSSc
and lcSSc subsets (P5 0.02) (Figure 3A). Regarding mem-
brane expression, B lymphocytes from SSc patients showed
increased levels of the constitutively expressed activating
coreceptor CD20 as compared to those from healthy con-
trols (P5 0.001), whereas no significant variation was
found for the expression of the inhibitory receptors CD22,
CD32, or CD72 or of HLA–DR (data available upon
request from the corresponding author). Concerning the
crosstalk of B cells with the microenvironment, a slight
decrease in BAFF receptor (BR3)–expressing cells was
detected in SSc patients as compared to healthy controls
(P5 0.04); however, this difference was not significant at
the cellular level (data available upon request from the
corresponding author). It is noteworthy that a remarkable
increase in the populations expressing either IL-6R
(P5 0.01) or IL-21R (P5 0.02) was observed in SSc
patients versus controls, with major differences for IL-21R
expression between dcSSc and lcSSc patients (P, 0.0001)
regarding both subpopulation percentages (Figure 3B)
and mean fluorescence intensity (data available upon
request from the corresponding author).

In order to identify clinical manifestations of SSc
that could be associated with B cell subsets, expression of
activation markers and receptors were evaluated in the
presence or absence of pulmonary arterial hypertension
(PAH), interstitial lung disease (ILD), arthralgia (joint),
and digital ulcers (data available upon request from the
corresponding author). There was an increased proportion
of B cells expressing CD86, which showed a slight associa-
tion with PAH and digital ulcers in patients with SSc, while
an increased subpopulation of CD951 B cells was associ-
ated with arthralgias. More interestingly, patients with
either arthralgias or PAH with or without ILD had
increased proportions of B cells expressing the IL-6R. For
these 2 late manifestations of SSc, similar proportions of B
lymphocytes expressing IL-6R were observed, which
allowed us to discriminate between patients with PAH and/
or ILD and those without documented pulmonary involve-
ment, who had a lower proportion of peripheral IL-6R1 B
cells (data available upon request from the corresponding
author).

Overall, we found no significant difference in B cell
phenotypes based on autoantibody specificity (data not
shown).

Detection of B lymphocytes in the lungs of patients

with SSc-associated PAH. Weperformed immunostaining
in lung samples from 3 patients with SSc-associated PAH
and 3 healthy controls (normal lung tissue from patients
with non–small cell lung carcinoma). In patients with SSc, a
number of lymphoid follicles (mostly near bronchioles/
small airways) were observed, whereas only scattered B
lymphocytes were seen in the lung parenchyma of the con-
trol subjects, as assessed by anti-CD20 immunostaining. In
lymphocyte-rich areas, scattered CD691 cells were
observed, whereas only faint staining of sparse cells was
seen in control subjects (data available upon request from
the corresponding author).

Consistency between phenotype characteristics

of peripheral B cells and higher production of IL-6

and TGFb in SSc patients. A major increase in IL-6–
producing cells was seen in SSc patients as compared to
healthy controls (P, 0.0001) (Figure 4A). This difference
was also found for both IgD1IL-61CD27– naive B cells
(1:2 ratio; P, 0.0001) and IgD–IL-61CD271 memory B
cells (1:1.8 ratio; P5 0.0003) but not for marginal-zone or
double-negative effector B cells (data not shown). We fur-
ther analyzed the intracellular staining of IL-6 in both T
lymphocytes (defined as CD271CD19– cells) and mono-
cytes (using forward scatter/side scatter parameters in
CD19–CD27– cells) (data available upon request from the
corresponding author). No difference in the percentages
of IL-61 T cells was observed in patients with SSc versus
healthy controls, whereas a decreased proportion of mono-
cytes expressed IL-6 in SSc patients as compared to
healthy controls (data available upon request from the
corresponding author). Thus, in patients with SSc, we
identified B cells as the main source of IL-6 as compared
to T lymphocytes and monocytes, which was not the case
in healthy controls (data available upon request from the
corresponding author).

We also investigated IL-10 and TGFb (Figures
4B and C) production by purified B lymphocytes after 3
days of culture with or without CpG stimulation. The
number of IL-10–producing B cells did not differ signifi-
cantly between the various samples under these condi-
tions, and their phenotype corresponded to CD191
CD24highCD271/–CD38high, predominantly CD5– (data
available upon request from the corresponding author).
More interestingly, peripheral B cells isolated from
patients with SSc expressed increased proportion of
TGFb1CD191 B lymphocytes as compared to healthy
controls, even in the absence of further stimulation of
Toll-like receptor 9 through incubation with CpG
(P5 0.0002) (Figure 4C). TGFb-expressing B lympho-
cytes were CD191CD5–CD24lowCD271CD38high both
in healthy controls and in patients with SSc, and did not
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overlap with IL-101 B lymphocytes (data available
upon request from the corresponding author).

Secretion of higher amounts of IL-6 and TGFb

and lower amounts of IL-10 by stimulated B cells from

SSc patients. We detected higher levels of IL-6 in the
serum of SSc patients as compared to healthy controls
(P5 0.01) (Figure 5A). No significant differences in the
levels of IL-10 or TGFb were found (Figure 5A). Inter-
estingly, purified B cells obtained from SSc patients
and incubated for 3 days with CpG or for 4 hours with a
mix of phorbol myristate acetate (PMA)/ionomycin
secreted increased amounts of IL-6, whereas those
from healthy controls remained low (P5 0.0007)

(Figure 5B). We also detected slightly increased con-
centrations of IL-10 in B cell supernatants from the SSc
patients as compared to the healthy controls after cell
stimulation with PMA/ionomycin (P5 0.01) (Figure
5C). Unexpectedly, while CpG stimulation promoted a
weak increase in IL-10 secretion in SSc patients, a
strong increase was observed in healthy control cells
under these conditions. According to the increased pro-
portion of TGFb-producing cells, we noted increased
amounts of TGFb in the supernatants of CpG-
stimulated B cells from SSc patients as compared to
healthy controls (P5 0.001) (Figure 5D), while PMA/
ionomycin treatment did not significantly affect the

Figure 4. Intracellular cytokine staining of peripheral B lymphocytes from healthy controls (HC) and patients with systemic sclerosis (SSc). A, Intra-
cellular interleukin-6 (IL-6) was analyzed in 18 healthy controls and 32 patients with SSc, including 10 with diffuse cutaneous (dcSSc) and 22 with
limited cutaneous (lcSSc) disease. Percentages of IL-61 cells were quantified in total B lymphocytes (CD191), naive B cells (IgD1CD191CD27–),
and memory B cells (IgD–CD191CD271). A typical dot plot of IL-6 expression is shown at the right. B and C, Intracellular IL-10 (B) and trans-
forming growth factor b (TGFb) (C) were analyzed in 11 healthy controls and 12 patients with SSc, including 4 with dcSSc and 8 with lcSSc. Per-
centages of IL-101 cells were quantified in unstimulated total B lymphocytes or in CpG-containing oligonucleotide–stimulated B cells. Typical dot
plots of IL-10 (B) and TGFb (C) staining are shown. Each symbol represents an individual subject; horizontal lines with bars show the mean6SD.

*5P, 0.05; **5P, 0.01; ***5P, 0.001; ****5P, 0.0001, by Mann-Whitney U test. NS5not significant.
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release as compared to unstimulated cells (data avail-
able upon request from the corresponding author).

We found a correlation between the modified
Rodnan skin thickness score and the concentration of
TGFb in culture supernatants from B cells stimulated
with CpG (r5 0.60, P5 0.04) (Figure 5E). A similar cor-
relation between the modified Rodnan skin thickness
score and the concentration of IL-6 in supernatants from
B cells stimulated for 4 hours with PMA/ionomycin
(r5 0.71, P5 0.01) was also noted, suggesting a potential
profibrotic role of B lymphocytes in SSc patients.

Increased proliferative and fibrotic phenotype

after in vitro stimulation of B lymphocytes derived from

the dermal fibroblasts of healthy controls and SSc

patients. Fibroblasts from healthy control subjects or
from the involved skin of SSc patients were cultured for 3
days in the presence of supernatants from B cells obtained
from healthy controls. We found no significant influence of
culture on the metabolic activity (Figure 6A) or the prolif-
eration rate of the fibroblasts, as assessed by immunofluo-
rescence using Ki-67 labeling (data available upon request
from the corresponding author). A random increase in

Figure 5. Cytokine concentrations in sera and supernatants of stimulated B cells from the peripheral blood of healthy controls (HC) and systemic
sclerosis (SSc) patients. A, Levels of interleukin-6 (IL-6), IL-10, and transforming growth factor b (TGFb) in sera from 10 healthy controls and 22 SSc
patients, 7 with diffuse cutaneous (dcSSc) and 15 with limited cutaneous (lcSSc) disease. B–D, Levels of IL-6 (B), IL-10 (C), and TGFb (D) in super-
natants of purified B cells after 4 hours of stimulation with either CpG (4 healthy controls and 12 SSc patients, 4 with dcSSc and 8 with lcSSc) or phor-
bol myristate acetate (PMA)/ionomycin (6 healthy controls and 11 SSc patients, 4 with dcSSc and 7 with lcSSc). Each symbol represents an individual
subject; horizontal lines with bars show the mean6 SD. *5P, 0.05; ***5P, 0.001, by Mann-Whitney U test. E, Correlations between the modified
Rodnan skin thickness score (MRSS) and concentrations of IL-6 in purified PMA–stimulated B lymphocyte supernatants (left) and concentrations of
TGFb in purified CpG–stimulated B lymphocyte supernatants (right) from 11 patients with SSc, as determined by Spearman’s correlation coefficient.
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viability was observed in all fibroblasts cultured in the pres-
ence of supernatants of B cells isolated from SSc patients,
but the difference did not reach statistical significance (Fig-
ure 6A). Prior stimulation of B cells from healthy controls
or SSc patients did not provide any additional effect on via-
bility. However, supernatants from CpG- or PMA-
stimulated SSc B cells significantly enhanced to various
extents the proliferation of both healthy and SSc fibroblasts
(Figure 6B). Consistent with their increased proliferation
rate, fibroblasts from both healthy controls and SSc
patients showed poor production of collagen in the pres-
ence of PMA-stimulated B cell supernatants from SSc

patients as compared to those from healthy controls (Fig-
ure 6C). When supernatants of CpG-stimulated purified B
cells from healthy controls and SSc patients were used to
stimulate fibroblasts in culture, collagen production was
differentially increased in fibroblasts from both healthy
controls and SSc patients (Figure 6C).

The expression of mRNA for a-SMA, type I colla-
gen, Snail, and vimentin in stimulated fibroblasts from
healthy controls and SSc patients was analyzed by qPCR
and immunofluorescence. There was no consistent detec-
tion of a-SMA in fibroblasts from either healthy controls
or SSc patients with either technique (data not shown).

Figure 6. Effect of purified B lymphocyte supernatants from healthy controls (HC) and patients with systemic sclerosis (SSc) on fibroblast pro-
liferation and collagen production. Fibroblasts from 4 healthy controls and 4 patients with SSc were cultured for 3 days in the presence of super-
natants from 3-day cultures of unstimulated (UNS) purified B lymphocytes, 3-day cultures of CpG-stimulated purified B lymphocytes, or 4-hour
cultures of phorbol myristate acetate (PMA)/ionomycin–stimulated purified B lymphocytes from 4 healthy controls and 4 patients with diffuse
SSc (nonautologous). A, Viability of fibroblasts was quantified using an XTT reduction assay kit, and the results were expressed as the percent-
age of XTT reduction in stimulated versus unstimulated fibroblasts. B, Proliferation of fibroblasts was quantified using a bromodeoxyuridine
(BrdU) incorporation assay. Results were expressed as the percentage of BrdU incorporation by stimulated versus unstimulated fibroblasts. C,
Collagen production by fibroblasts was quantified using a Sircol assay. Results were expressed as the percentage of collagen production by stimu-
lated versus unstimulated fibroblasts. All experiments were performed twice, and the results were similar. Values are the mean6SD.

*5P, 0.05; ***5P, 0.001, by paired t-test.
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However, when fibroblasts from each group were stimu-
lated with either CpG- or PMA/ionomycin-stimulated
purified B cell supernatants from SSc patients, we
observed increased expression of vimentin. Increased
expression of mRNA for the transcription factor Snail and
for type I collagen was also detected when fibroblasts from
either healthy controls or SSc patients were stimulated
with CpG-stimulated B cell supernatants from SSc
patients. These increases were abrogated when super-
natants were preincubated with anti-TGFb antibody (for
CpG supernatants) or anti–IL-6R antibody (for PMA
supernatants). Incubation with anti-TGFb antibody or
anti–IL-6R antibody induced a drastic decrease in fibro-
blast proliferation without any difference in cell viability,
thus reinforcing the potential pathophysiologic role of B
lymphocytes in SSc (data available upon request from the
corresponding author).

DISCUSSION

In the present work, we found evidence of an
increased peripheral B cell subpopulation in SSc patients
as compared to healthy controls that expresses both activa-
tionmarkers and cytokine receptors as well as high levels of
intracellular IL-6 and TGFb. We also established that
supernatants of B lymphocytes from SSc patients activate
both normal and scleroderma fibroblasts at higher levels
than do those from healthy controls.

In the SSc patients, we observed increased expres-
sion of CD86 and CD95 on B cells, together with a lower
proportion of peripheral memory B cells, which is consis-
tent with the results reported by Sato et al (4). This
decrease was found to be restricted to the early Bm5 mem-
ory peripheral B cell subpopulation, as previously noted in
the peripheral blood of patients with Sj€ogren’s syndrome
(17). Interestingly, we found increased expression of
CD69, IL-6R, and IL-21R on peripheral B lymphocytes
from SSc patients, and we further correlated the increased
proportions of CD691 cells with a decreased proportion
of CD951 B lymphocytes. We also showed a major differ-
ential proportion of CD51, CD861, IL-6R1, or IL-
21R1 B cells in the subgroups of patients with dcSSc and
lcSSc. Indeed, patients with dcSSc had a higher proportion
of these B cells as compared to both lcSSc patients and
healthy controls. In contrast, both lcSSc and dcSSc patients
showed increased proportions of CD691 and CD951 B
cells as compared to healthy controls.

We found several correlations between B lympho-
cyte activation and disease duration in SSc patients, with
higher expression of CD95 in the subgroup of patients with
early lcSSc and an increased percentage of CD691 cells in
patients with early dcSSc. In addition, we detected a

double-positive subpopulation of CD691CD951 periph-
eral B cells in patients with early SSc, suggesting a possible
link betweenB cell activation at an early stage of the disease
and disease severity.

Of note, IL-6R expression was strongly associated
with arthralgia, PAH, and/or ILD. There were similar pro-
portions of B lymphocytes expressing IL-6R in patients
with PAH and ILD. This finding allowed the discrimina-
tion of patients with versus those without lung involve-
ment, the latter group exhibiting lower proportions of
peripheral IL-6R1 B cells. In lung tissue from patients
with SSc-associated PAH, we observed important numbers
of B cells, with a number of lymphoid follicles, mostly in
the vicinity of bronchioles/small airways, whereas only
scattered B lymphocytes were seen in the lung parenchyma
of control subjects, which provides further evidence impli-
cating B cells in the lung involvement in SSc.

Taken together, our data support an activation pro-
file of B lymphocytes in SSc patients, probably due to B cell
receptor engagement via autoantigens, both for lcSSc and
for dcSSc (18,19). Our data also suggest differential activa-
tion between dcSSc and lcSSc B lymphocytes, as was found
for patients with PAH and/or ILD versus those without
lung involvement. This differential activation could poten-
tially occur through cytokine modulation, as suggested in a
recent clinical study (20).We found no correlation between
B lymphocyte activation and autoantibody status, probably
because they represent additionalmarkers of disease activity/
severity. Since B cells from dcSSc patients with PAH
and/or ILD are activated, these cells could be proposed
as biomarkers.

Our findings also provide novel evidence of the
production and secretion of cytokines. We identified both
naive and memory B lymphocytes derived from SSc
patients as major IL-6–secreting cells. However, a direct
correlation between IL-6 levels in culture supernatants
and IL-6R expression at the membrane of B lymphocytes
was not observed. This result does not support an auto-
crine activating loop in SSc B lymphocytes, similar to the
autostimulatory IL-6–driven B cell differentiation in
patients with systemic lupus erythematosus (21). The
mechanisms leading to B lymphocyte overactivation might
instead be due to the increased concentration of IL-6 in
the serum of SSc patients versus healthy controls, as previ-
ously reported by Needleman et al (22). Moreover, we
showed that IL-6 levels in supernatants of purified B cells
from SSc patients also correlate with the modified Rodnan
skin thickness score, suggesting a critical role of B lympho-
cytes in the induction of fibrosis. Monocytes have been
proposed as the unique immune cells producing IL-6 in
patients with SSc (23,24). We provide herein new evidence
of the characterization of IL-6–producing B lymphocytes
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in patients with SSc. These B lymphocytes might represent
interesting treatment targets in these patients, since ele-
vated levels of IL-6 in SSc patient sera have been shown to
correlate with disease severity (9).

In contrast to the results of a previous study, we
found elevated TGFb production and release by peripheral
B lymphocytes from SSc patients as compared to healthy
controls, both under steady-state conditions and upon spe-
cific TLR stimulation (25). These high levels of TGFb in
supernatants of sorted B cells also correlated with themod-
ified Rodnan skin thickness score, suggesting a role of B
cells in the development of fibrosis. Indeed, Hasegawa et al
(25) reported a lack of substantial increase in the release of
TGFb by regulatory B cells, as well as activated T cells (26)
or monocytes (27) in SSc patients, consistent with a nonim-
mune production of TGFb in those patients. In the present
study, we identified a specific B lymphocyte subpopulation
that secretes high levels of TGFb and exhibits a phenotype
similar to those recently described in patients with graft-
versus-host disease (28). The absence of IL-10 secretion by
SSc B lymphocytes might also contribute to the loss of
immunoregulation observed in SSc (29,30). Unfortunately,
because of the limited amount of biologic samples avail-
able, we were not able to perform coculture experiments
using B cells and T cells in order to evaluate these immuno-
modulatory roles or their potential interplay with T cells.

The pathogenic effects of the B lymphocytes in
SSc remain poorly understood (2). Recent reports have
addressed interesting therapeutic targeting, both in
mouse models and in open studies of limited popula-
tions of patients with SSc (31–34). Notably, François
and colleagues (35) reported a direct implication of nor-
mal B cells in increased proliferation and extracellular
matrix production by fibroblasts from healthy controls
and SSc patients. In the present study, we demonstrated
that supernatants of B lymphocytes purified from SSc
patients induce fibroblast activation even in absence of
direct cell-to-cell interaction or autoantibody secretion,
but more as a consequence of an increased secretion of
IL-6 and TGFb. We also found that supernatants of
purified B lymphocytes with the higher level of TGFb
(CpG supernatant) induced an increased expression of
vimentin and the transcription factor Snail, 2 proteins
that have been associated with the differentiation of
fibroblasts into myofibroblasts (36–38). Moreover, incu-
bation with either anti-TGFb or anti–IL-6R antibodies
induced a dramatic decrease in fibroblast proliferation
without any difference in viability, which suggests an
implication of these pathways in B cell/fibroblast cross-
talk in SSc.

These data further underscore a possible interplay
between B lymphocytes and fibroblasts through new

secretory pathways that need to be further investigated in
the pathogenesis of SSc. Furthermore, the recent results
obtained with IL-6–targeted therapy in the mouse model of
bleomycin-induced scleroderma and in patients with SSc
highlight the prevalent role of this cytokine in the pathophys-
iology of SSc and reinforce interest in evaluating the IL-6
secretion capacity of peripheral B cells (22,34,39,40). Finally,
these data also support interest in investigating the effects of
IL-6–targeted therapy in patient with SSc, as the faSScinate
study has shown interesting results using amonoclonal anti–
IL-6R antibody (tocilizumab) (41). Our study, based on a
consistent number of phenotypically characterized SSc
patients who did not receive treatment with glucocorticoid
or immunosuppressive drugs, provides new insights into the
functional implication of B lymphocytes in SSc.

In conclusion, clinical studies have shown promis-
ing results for anti-CD20– and anti–IL-6R–based therapies
in patients with SSc (22,40,41). We observed an increased
activation of peripheral B cells in patients with dcSSc as
compared to those with lcSSc. In vitro, B lymphocytes
from SSc patients secreted high amounts of IL-6 and
TGFb, which induced fibroblast proliferation, collagen
secretion, and differentiation into myofibroblasts in fibro-
blasts from both healthy individuals and SSc patients. Our
findings are the first to highlight differential B lymphocyte
subpopulations in the two different SSc subtypes.
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