
TNTERLEUKTN (tL)_10 RESPONSE

ABNORMALITIES IN
SYSTEMIC LUPUS ERYTHEMATOSUS

lr ,,
BY

ARTHUR ELIA MONGAN

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR

THE DEGREE OF

MASTER OF SCIENCE

DEPARTMENT OF IMMUNOLOGY

UNIVERSITY OF MANITOBA

WINNIPEG, MANITOBA

CANADA

(c) ApRtL, 1996



I*l N,$onaLibrav

Acquisitions and
Bibliographic Services Branch

395 Wellington Street
Ottawa, Ontario
K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell cop¡es of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

Bibliothèque nationale
du Canada

Direction des acquisitions et
des services bibliographiques

395, rue Wellington
Ottawa (Ontario)
K1A ON4

rsBN 0-612-13379-6

L'auteur a accordé une licence
irrévocable et non exclusive
permettant à la Bibliothèque
nationale du Ganada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thèse à la disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d'auteur qu¡ protège sa
thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne
doivent être imprimés ou
autrement reproduits sans son
autorisation.

Yout líle Volrc Élércnce

Out l¡le Notre rélércnce

C-anadä



Díssrtotíon Ahstrads Inlemotíonol c,tÅ ìvlostø¡s Abshæts lnìamotíonol ore orronged by brocd, generol sub¡ecr cotegories.
Pleose select lhe one rubiect wh¡ch rnost neorly describes lhe content of your disse-,totíoi or theiis] Enþr the åorr..poiding
bundigit code in tha spoces prodded.

Nome

Subiecf Cotegories

ÎTIE HUITAÂNTÍIES ÄND SOCI.AI SCIENCES
PÐ +o¡o'gy ..-.O5?5
Rriodinq
RCieirI¡ ...--.0527Sddá€c -.--.-..-O77Á
S€.ìdúy ..----.-..-------. 0533
S*icl Scíencs ....-...-..--...--.O53¡
sæíolocy of -...-.....----...--. 03¿o
spciolli-............---.--,.*-... oszg
Tipcår Trcír¡i¡rq ......-.......---. 0530
TchÉlêq/..-..:-..-...-.-..*-... 07t o
Tas od¡ÇtæumrÈ .....-..... 0288
Væ¡iræ¡ ........ -..... - - - - * -... 07 17

I.AIIGUAGI, UTERÂTURE AHD
UT{GU¡sTC5
Iqqæe

ë€åol .....0679
.Aô€'s¡ .......................-...... 0289
Unqu¡¡dc .......-...............-. 029O
lvldem .............-.-....-...-. 029 I

titsoù*e
Cffol .........................-... otol
Clss¡'col ....OæÁ
C¡rec¡e*ive ...-...........-..... 0295
l'4¡diwol .... --... - -...-... -...oA7
^áê¿.m 

....-........................ 0298
AIni6 .......-.......-.....-.-... 031 ó

^,tn¡ricon....-....................... 
0591

A¡ion ..,.-.......-..........-...... 0305
CooJion {Ernli¡h} ........-.-..0352
CaaJisr {Froi.å} -..-. -...-. 0355
EnEl¡$ ....-...-.----.--.--. 0593
Gõrì€ric ....-..--..-....-... 03l 1

lo¡ín A¡ricq ..--.--..--. O3l 2
¡glldle Ee:¡ern -..-.-----. 031 5
Renænce ..---.....-........-...031 3
S!¡vic od Eæt furopec¡r..-.O3ll

ENGINEER,ING

(otltluiltcÁnoHs Át{D It{E ARTS
Àrchite¿urc ...... -... - - -.... - - -. O7T
Arl Hi:try..-..- .....- -... --...--. OS77
Gmc ............-......--.------ O9OO
Dor¡,....................--,-----. 0378
ñrn A¡tr -...--0357lnionmtbn Scieæe......... -.-..-. 0723
Jømolism...............*------. O39l
lii¡rq:r Sci*e ........-.-...---... 0399
lr{c¡ Cormunkdim¡ ----.--. OTO8
Mu¡i<...-...-..--.......-.-----... o¿l 3
Spsh Comunicotioo ....--..-. O/59
Tf¡ca*...-...-.....-..--.....-.--... O¡ó5

EDUCÅNOH
Gcreol ...........--.....-......---. O5l 5
Adminl¡trotio .......-............--. O5l /
Aduh ond Cætirui¡n ..--..,...... O51 ó
As¡iolturcl ..-.......1..--.....--. oSl Z
Arr ...--.......................-..... - - -. o27 3
Bilirçuol ond Muhicuhurol ....-...Oæz
Bg¡¡ms .---.0ó88
Camur¡iÞ Colle'qe -..------.OÐ 5
Currí<uluni ød l;s¡fl<lþã *--.O72f
Ecrly CtúldlÞd.........--.*--.05¡ I
Beósi|ory -.-.052.4
ñærlce ...-........ -... -..- -..---...Oú7GsiJone q¿ Cður¡linq ..---.O519
Hsa¡A ...--......-.....--- l-..-. o¿eo
Highd ..:.-...--. --- --.- -...----O7ÁSH;r¡oryot ---O52Olfome-Eøpmíq -.-.------O? Alndu¡Hd --.0521
[onguogc onJ tjlmtr¡m --.---.O7glvldhemdic¡ ....-..-...--..-..-. 028O
Mq¡t ..................-----..--... 0522
Philæçåv oI -....-.....------- O99B
PfiF¡cÉil ..:........-.--...--..---. 0523

lHE SCIENCES AND
BIOI,OG¡CflSCHGs
Aqicultso- Grscl --.,-..-------.043

A,g¡oræ¡ny .........-.-----. O285
Aäi¡ml d¡lvrco"J

PHil,oSoPHY, Rfl,tctoil ÁitD
lHE0t0cf
$i1q"pt".......... ......- - - - -. -... aÁ22
l(e¡rqm

ë-sEl ...,.....-....--.....--. 03¡ 8
BiHicd Srudis .....---...-..,. O32l
ClrEy .............-.......-........ O3¡ 9
Hi¡o=í of ......--.....-.......... 0320
Phih¡åphv of .......--.-...-...0322

Tlì€bgf .....:....--...--..--.... o¿ó9

50cÄl s(JEHCts
Amsíø Sþdis ....-..-.-.......,0323
An¡+r¡Ðpo¡ôS/

Aròeibq¡ ...................-..-Og2il
Cvhvral ...11........................ 03Zó
PhÈcol ............. .......-.......-0327

Bu¡imÉ¡ Adminisfrodon
Gosol ....................-........ 03 ¡ o
Anunlí¡rs ...-.. -..,....-... -...0272
Bq*¡-¡rg ..--. -..,.. - . - -.,.... - - -- - O77 O
Monc g,€m.rü....................... 0¿5rl
Martetinq ..,....-.............--. O3Íl8

Cælioo Sþ-díc .......---.-..... 0385
Eæ¡pmic

Gü{ol .......--..............-... oSol
AgdculþrEl ...-..-...--.-..-... 0503
Co¡run*ceBu¡ines ..--..--. 0505
ñærce .........--...--..-...-. 0508
Hi¡¡¡v.,....-.....-...--..--.-. 0509
l¡åor'.........--...----...--. 05¡ O
lhæ¡y.,..--.--------.--. 05¡ t

Fo¡¡do.¡,.:....---...------.--. 0358
Cçsæeþ - --.--...--*-.---. 03éó

---..--..-...0351
ctnnEl ......*-.. ...----.. -. o s7 I

SF..clì Pot$obqy.........-..... O¿óO
Ioxi€losy ....-...,...........-..- 038:l

lhme Ecoæäie ....---.--.-... 038ó

P!{TStGl sctHcs
Pure Scisme¡
CirËtry

Gr¿E¡ _...._.-_..____,-. ^ ia {
AsnÌorlþ81..--- .- - -.- --...o7 Á9
Áñ4¡icol ....-.--.----.--. o¿só
Sjixlis¡r¡¡try ---------- O/az
horEo;€ ..:.-.--...---..--. 0/SS
Nxfeq -....-.-------..- 0738
Orsonic......---..-.----- 0¿9O
Pf¡åmoca¡ticol -------- O¿9 I
Phydcd ....-.--------..--049¿
Po¡¿n¡ ..-----------. O¿95
Roiliobn -..--- ------.O7 5Á

À{dhsndic¡ ..-----------. 0r'O5

l{EÁrIH ÂlrD lHvtRoxìnilTAt
soEt{Gs
E¡¡a'rorrnead Scigrcs ------.07óS
l.le<J¡lr Scics

Gffil -....----------056ó__-___-.0300
Clr¡rÞd;órdey --------. O9-2
Dr¿b¡r --*------.05ó7
E¿'g ba -..---------.0350l'fc¡i¡d rv{anoco.n{t¡ ..-.--.07ê9
Hudg¡ Oq¡loõmmt ------ 0758
lmho¡ocy ..:- *------.Oæ2 r'
lYtrdcir ãñd Sc¡qcry -..--- 05ól
À,t¡ro¡ HslA ..-:-'-----.O3¿7
Nr¡¡¡i¡rc ----------**. 05ó9
Nrrùitiãî -------..---. 0gO
OÈsttis od Gvn¡coloqv ..O3S0
Oærodiond l+:rl¡lì 6"J'

nÉupv ....----....---. 035¡l
G¡¡t¡d¡rcbqv ----.......-.... 038t
Pcidìobsy...i:--------. ogl
¿hffiæãg/ ....-.-....-*. 0¿l 9
Phanns,z .......-.--.......--. 0.f2
PlìFic€¡ lfrrEey ..-.....-...-. 0382
ãÉl¡c HæJth ....--.-..---... 093
Rodo¡ogy - - --.---.-..-..----- O57 Å
Rs¡rim ..-...,.--...--.--. Ots

Emirgím-csrql ......0532
A.¡õp€€o .....-..........-.....-. 0538
Asrio¡lþrsl..-................-... 0539
Arår¡otive .....--...............-. 05dO
Bbmed¡1cal ............-...-........ 05¿¡
Cåsúcol ......-..............,--. 05¿2
cil¡,-....._.......__.-....._-. o5¿3
É¡<ton¡cs ond El€<rric€l ...-.05¿l
Hc¿ cnJ Ttmodr¡æmicr -.03¡8lidml;€ ......--i.--..-..-. os¿s
l¡úJudriol ......---.-....-..-. 05¿ó
Àlsi¡r ...-..-.....- ....-- ---.05Á7.À,|¿ricl¡ Scícæe ..--.-----.079 Á-
l¡l¡clp¡¡icol ..-..-.---.-....... 05,f 8
lrtetdbrqy ...-...-.......----. OZl3
M¡¡rr¡¡q -L.-..- - -.-....----. 0551
Nud.ä -....-.--..----...-- 0552
Po¿gg¡'tìg .....---....----- 05¿9
Pebol¡um....----.--..---. 07ó5
Sqüþry qnd Murúctpdl ---- 055¿
Sy¡em'Scioce ..--.'-...-.--. OZçO

G€tóámbq,/ ......-.-.........--. 0¿2E
Se¡dioæ R-ém¡clì .......----. 079ó
Plàris Tcárcloq¡ ..--.-...- ----079 5TqdL f.4mbsl..-...----.--. Of94

PSYclol,ocY
Gs-E¡ -..--.......-......-.--. oó21
B€tt€virr€¡ --.....----.---..--- 038¿
din¡csl ----...-. -. -. - - -... - -.. -. 0622
Dqniopn¡qúol .......-..............-. Oóæ
E¡p*irirm¡ol .....................-..-. 0ó23
lndcrùiol --.....062,4Peæ¡ditv.........................-.....0ó25
Ptrv¡icJqgícol .........-................. 0989
P¡.iAobóbqr..........-........-...... 03¿9
Èxirrn¡rtË ........................-. Oó32
ftí¡'ol --..-.......................--... o¿St

Phv:¡6
'G-Gl 0óo5
Áê{r¡¡i€ -..-*--------. O9eó
AsremvonJ

Astoplrnic¡.--..-._- OóOó
Atrp+l¡¡iic S<¡c¡rr -----. 0éO8
Abn¡¿ ------- -----*.O7ÁAÉ.<'on¡a 6¿ É¡dictlv ---W7Esilnldy Pøtr:ds oñJ

H¡clì ÉÉ{qy..--- ---.079AÉ¡iJond PLünc . . -*---.O7 59
Itiol¡culc ....-.-.-------. OéO9
Nude€r ..---.-..--.---.--. Oó I O
Opticr .........-.-- - --.....---07 52
R<;diCion .........-..----...... 075ó
Solid Srac ..-..-.....----...0ó¡ I

Stc¡i¡¡Ê¡ ......-...--.-..-----.,. 0¿,(l
Aoo[ed Scierxe¡
AFpI.d MGIE¡k¡ ....-....--.-- O3ló
Còinputer Sciffi c -.......-...-..-. 098¿

WTTFH UMI
SUUECT CODE

Àlciml ....-...-.- -..... -.-...-.O99Mediwol .......-...........---. 0581
Iráod¡m ....,..................__... osgz
Bh€& -.......-.............-...--. 0328
Afríco ...........-....,........-... 0ll I
A¡io, Au:¡rqlic q¡¡d Occo¡¡¡q 0332
Co¡odior¡ ..............-....-...... 033¿
Eurcpeqr ..-........................ 035
Lotin Amicq .-............-.-. 03:ló
l*iJdlr Eclem .................... 03Il3
unilcd 9ote ..--.......-.....,..03:17

Hi¡¡ry of Scisrrce ....-...-.......... O5S5
lÁ{ -..----............................. 0398
PoliËcol So:¡rc

Cffi I -......-................-...0ó¡ 5
lnl*mtbml læonJ

RCabæ.......-...........-..... Oó¡ ó
Public Âd¡ninis¡rcrbn ........... Oól 7

Rsætíon ........081¿Sod'dwø¡( -----O¿SZ

lndivr:dua¡ ond Fomily
Srudis ...,......... ..1............0¿Za

lõdur¡rid øJ Léor
RCaíoro ......-..........-.--. 0ó29

Public ond Soq'd Wdfers....0ó30
Sæid Strudure cnJ

Oerrc¡osnct .......---...-. 07OO
tlræry qiJ U¡rfpå ....-..-.03¿¿

Trqr.¡odåti¡o ....--...--..-..-. 0709
U.b€¡ì qd Reqiqpl Plom¡¡rq ...,0999
Wor¡s¡'¡ Sþds ...-..-.-.-..-I..-. O¿S:

Vcçinqr S<j¡ræ t..-.----.O77 I
^. þ*r .:-.....----..-----ooz
órþanæ'Cåral -..-------..-.--. o7gó

Àt d¡cs¡ --..--* --*-...O7&
URfi SCIEH(E
B¡ogi9c+r.m¡¡¡F/..-----..-.--. (t/25
Geoócrirtry .........-..-.----. 099ó



THE UNTVERSITY OF MANITOBA

FACUTY OF GRADUATE STUDIES

COPYRIGHT PERMISSION

IHTERI.ETIKIìT (It-10 RESPONSE ABNOB}'ALITIES III

SYSTEUIC LUPUS ERYTEE}IATOSUS

BY

^ARIETIR ELIA }IONGAII

A Thesis/Practicum submitted to the Faculty of Graduate Studies of the University of Manitoba in partial
fulfillment of the requirements for the degree of

MASTER OF SCIENCE

A.E. Hongau @ 1996

Permissiou has been gmnted to the LIBRARY OF THE UNwERSITY OF MANITOBA to lend or sell copies

of this thesis/practicum, to the NATIONAL LIBRARY OF CANADA to microfilm this thesis/practicuin and
: fo lend or sell copies of the film, and to UNIVERSITY MICROFILMS INC. to publish an abstract of this
; thesis/Practicum..

'; This reproductiou or copy of this thesis has been made available by authority of the copyright owner solely
i for the purpose ofprivate study and research, and may only be reproduced and copied as permitted by

copyright laws or with express written authoriz¡tion from the copyright owner.



. . . . To My Parents, My Family, and My Friends..



TABLE OF CONTENTS

Table of Contents

Acknowledgements

ABSTRACT

List of Figures

List of Tables

List of Abbreviations

1. INTRODUCTION

2. REVIËW OF THE LITERATURE

2.o sysTEMtc Lupus ERYTHEMATOSUS (SLE)

2.0.0 DEFINITION, HISTORY, and EPIDEMIOLOGY

2.0.0.0 Definition

2.0.0,1 Historical background

2.O.O.2 Epidemiology

2.O.1 ETIOLOGY and PATHOGENESIS

2.0.1.0 ETIOLOGY

2.0.1.0.0 Anti-idiotype network

2.0.1.0.1 Breaking-down of immunologictolerance

2.0.1.0.1.0 Antigenic mimicry

2.0.1.0.1.1 Cross-reactive antigens

2.O.1.O.1.2 Additional new epitopes

2.0.1.0.1.3 Physical insults/trauma

2.0.1.0.1.4 Psychological disturbances

2.O.1.O.2 lnappropriatecostimulatoryactivity

2.0.1.0.3 Escape from apoptosis

2.O.1.O.4 Abnormal cytokine network

Page

i

vi

vii

ix

X

xi

1

3

3

3

3

4

4

5

5

5

6

6

7

7

7

I
I
10

12



2.O.1.1

2.O.1.O.4.O in Autoimmune diseases

2.O.1.O.4.1 in Systemic Lupus Erythematosus

PATHOGENESIS OF SLE

14

14

16

16

16

16

17

17

18

18

18

19

19

19

19

20

20

20

21

21

21

21

21

22

22

23

24

24

25

2.0.1.1.0 Genetic factors

2.O.1.1.1 Envíronmentalimplications

2.O.1.1.2 Sex/hormonal dependency

2.O.2 CLINICAL MANIFESTATIONS

2.o.3 MONONUCLEAR CELL ABNORMALITTES in SLE

2.0.3,0 T cells

2.0.3.1 B cells

2.O.3.2 Monocytes/macrophages

2,O.4 LABORATORY DIAGNOSTIC

2.O.4.O Nonspecific evidence of inflammation

2.O.4.1 Hematologic abnormalities

2.0.4.2 Synovial ftuid anatysis

2.O.4.3 'Urinalysis

2.0.4.4 Demonstration of autoantibodies

2.O.4.4.O Antinuclear autoantibodies

2.O.4.4.1 Other autoantibodies

2.0.4.5 Serum complement determination

2.0.4.6 Other immunologic features

2.0.4.7 Cytokine measurement

2.1 |NTERLEUK|N.G (tL-6)

2.1.O lL-6 sources

2.1.1 lL-6 inducers

2.1.2 lL-6 receptors (lL€R)

2.1.3 Some pleiotropic features of lL-6

2.1.3.O lmmune regutation

2.1.3.1 Hematopoiesis

Tt



2.1.3.2 lL€ and lnflammation

2.1.4 lL-6 and SLE

2.2 TNTERLEUKTN-I0 (tL-l0)

2.2.O lL-10 produced by various cell types

2.2.O.O Mouse (m-tL-10)

2.2.O.1 EBV-virus: BCRF1, (v-lL-10)

2.2.0.2 Human (h-tL-10)

2.2.1 lL-10 receptor (11-10R)

2.2.2 Some pleiotropic features of lL-10

2.2.2.0 As an immunosuppressive cytokine

2.2.2.O.O Etfects on pBMC

2.2.2.0.1 Effects on T cells

2.2.2.0.2 Effects on B cells

2.2.2.0.3 Etfects on macrophages and inflammation

2.2.2.1 As an immunostimulatory cytokine

2.2.2.1.0 Effects on T cells and mast cells

2.2.2.1.1 Effects on B cells

2.2.2.1.2 Effectsonmonocytes/macrophages

2.2.3 lL-10 and lL-6

2.2.4 lL-10 and lnflammation

2.2.5 lL-10 and Autoimmune diseases

2.2.6 lL-10 and SLE

3. SUMMARY OF THE LITERATURE REVIEW

3.0 Systemic Lupus Erythematosus (SLE)

3.1 lnterleukin-6 (11-6)

3.2 lnterleukin-10 (11-10)

4, RATIONALE, HYPOTHESIS, AND OBJECTIVES

4.O Rationale

4.1 Hypothesis

4.2 Objectives

25

31

36

37

37

37

37

38

39

39

39

39

41

41

46

46

47

49

49

51

51

52

54

54

55

55

56

56

56

57

Ir]-



5. MATERIALS

5.0 Human Subjects

5.1 Chemicals, Reagents, and Equipment

5.1.0 Chemicals and Reagents

5.1.1 Equipment

6. METHODS

6.0 MTT dye modified-procedure

6.0.0 MTT solution

6.0.1 Extraction buffer

6.0.2 Assay medium

6.0.3 MTT procedure

6.1 89 cell line culture

6.1.0 89 cell growth medium

6.1.1 Culture procedure

6.2 T24 cell line culture and maintenance

6.2.0 Culture and maintenance

6.2.1 Preparatio n of T24 supernatant [24SN)
6.3 89 cell bioassay

6.3.0 Comparing T24SN and r_hlL_6

6.3.1 The effect of additionat lL-10 on ll-6 assays
6.4 PBMC isolation, T-B-Mø separation

6.4.0 PBMC isolation

6.4.1 T-B-Mø separation

6.4.1.0 preparation of nylon wool column
6.4.1.1 Cell separation

6.4.1.1.0 T and B cells

6.4.1.1.1 Adherent monocytes
6.5 Cell labelling for flowcytometry

6.6 Kinetics of spontaneous lL-6 production by w, T-, B-cell cuttures

58

58

58

58

60

62

62

62

62

62

62

63

a3

63

64

64

64

o5

6s

66

66

66

67

67

68

68

68

69

70

tv



6.7 The assesment of lL-6 production

6.7.O B cell and macrophage culture

6.r.1 89 ceil bioassay using B and M@ curture supernatants
6.1.2 MTT reading

6.8 Neufalization studies using mouse anti-human lL-10 mAb
6.8.0 Direct effect on 89 cell culture

6.8.1 Neuüarization of the endogenous rL-10 production
6.9 ELISA for the residuar rL-10 in ceil supernatants
6.10 ELISA for tL-6

6.1 1 Statistic Analyses

7. RESULTS

7.O MTT colorimetric assay

7.1 89 cell line culture

7.2 T24 cell line culture supernatants C|24SN)
7.3 89 cell bioassay

7.3.0 comparing the growth factor between T24sN and r-hlL_6
2.9.1 Effect òf additionat lL_10 on lL_6 assay

7'4 T, B, Mø isoration technique and frowcytometry anarysis
7.5 Normar r, B, Mp-curture supernatants used for 89 cell assays
7.6 The assessment of lL-6 production

7.7 Neutralization experiments using mouse anti human_ll-10 mAb
7.2.O on the T24SN response of 89 cell cutture

2.7.1 on the residual lL-10 produced by B cell and rnd culture
7.8 EL|SA for the residuar rL-10 ín ceil supernatants
7.9 ELISA for spontaneous lL_6 production

8. DISCUSSION

8.0 lL-6, lL-10, and SLE

8.1 Experimentar procedure and resurt interpretation
8.2 Conclusion

9. REFERENCES

70

70

71

71

72

72

72

73

74

74

75

75

75

75

79

79

79

81

81

85

87

87

89

94

96

98

98

101

114

11s



ACKNOWLEDGEMENTS

I would like to express my deep gratitude to Dr. R. J. Warrington for his

excellent guidance and help. As my adviser, he showed me his competency as a
scientist, teacher, and a fellow physician. His encouragement and confidence in me
for success in my study project was evident to me from the very beginning when I

displayed hesitation and uncertainty in this field of research. I could only repay him

with my thanks and always attempt to live up to his expectation in the future.

I would also like to thank my examiners and teachers: Dr. F. paraskevas and
Dr. E' Sabbadini for their commendable review and invaluable advice for this thesis.

I am thankful to all staff in the Department of lmmunology, and to my former
and present laboratory colleagues for the¡r help and friendship along the way. They

are in particular: Andrew Merry, John Rutherford, Sue Ramdahin, Sun-Keng wong,
Anna Berczi, Michael Sargent, Dwayne Stupack, Dr. J.A. wilkins, Dr Kiem oen, Dr. H.

El-Gabalawy. I would like to thank Ms. Heather Gray for her secretarial assistance

since my arrival in the lab, and to Ms. Lwellyn Armstrong M.Sc., (Statistical Advisory
Service, the University of Manitoba) for consultation and data processing. I am grateful

to Dr. E. S. Rector (Flow Cytometry Laboratory, Faculty of Medicine, University of
Manitoba) for his time and excellent advice.

I am thankful to all friends, and patients with SLE who donated their blood
samples. This work would not have been completed without their help.

Finally, I am greatly indebted to my beloved wife, Beatrix, daughter, Suzanna,

and son, Ariel. The first year and two months of my arrival in Canada plus the time I

spent mostly in the lab is the time that I missed being with them, a social sacrifice that
is difficult to regain. My deepest love is extended to my wonderful parents, my sisters
and brother in lndonesia for their constant support and prayer.

This study was financlally supported by SUDR project, ADB-loan of lndonesian Government no.
1013-lNO' year 1991-1994, and by Dr. R. J. Warrington, RDU Laboratory, Health Science Centre,
Rehabilitation Hospital, Winnipeg, Manitoba.
(The procedure involving human subjects was approved by the Human Ethics Committee of the
UniversiÇ of Manitoba)

v1



ABSTRACT

Two main cytokines discussed in this study that may play an important role

in the pathogenesis of Systemic Lupus Erythematosus (SLE) are interleukin-o (lL-6)

and interleukin-10 (lL-10). lL-6 is one of the major pro-inflammatory cytokines that

exerts its etfects through inflammatory responses and is otten found at elevated

levels in serum or in other bodyfluids of lupus patíents. Conversety, lL-10 is an

anti-inflammatory cytokine that can suppress some prominent etfects of lL-6.

We investigated the effect of (exogenous) lL-10 on the levels of lL-6

production in vitro by B cells and macrophages, either spontaneous or LPS-

stimulated, in healthy individuals and in patients with SLE. The selected hypothesis

was that since lL-10 has a regulatory effect on B cell and macrophage production

of lL-6, the responsiveness to lL-10 in SLE might be abnormal, resulting in

enhanced lL-6 production.

ln order to undertake this investigation, the 89 cell bioassay was used as

the principal method for the study of lL-6 production. Cell separation of T and B
cells by the nylon wool column technique and of monocytes by their adherence to

a plastic surface, was achieved, after which the purified cells were examined using

flow cytometry. ln the preliminary work, the responsiveness of 89 cells to the lL-6

contaín¡ng T24 cell-supernatants (l'24SN) was examined and standardized with

respect to recombinant-human lL-6 responses and the MTT assay was used to
quantitatively measure the 89 cell growth. Then the direct effect of increasing

concentrations of lL-10 on 89 growth, either in the presence of T24SN or in its
absence was observed. ln subsequent experiments, the examination was focused

on the effects of three concentrations of lL-10on B cells or macrophages, either

with prior LPS-stimulation or without prior LPS stimulation, to see after four-
consecutive days in culture if this treatment modified lL-6 production. Further

experiments using anti-lL-10 mAbwere employed, These neutralization experiments

were carried out; firstly, to see the etfect of anti-lL-10 mAb itself on the T24SN - 89
cell response and; secondly, to investigate its effect on both the residual

vil



exogenous and endogenous lL-10 in supernatants from both B cells and

macrophages of normal volunteers or patients with lupus, with or without LPS-

stimulation. Lastly, experiments using an ELISA technique confirmed the results

that were found in the bioassay system.

ln the preliminary experiments, interestingly, we found that lL-10 itself

enhanced the proliferation of the lL-6-dependent 89 cell lines. This enhancement

occured in a dose dependent manner and was highly significant ât p : .0001. The

higher the concentrations of lL-10, the more potent the enhancing effect of lL-10

on 89 cell growth, while without T24SN, the 89 cells died even with lL-10 of

SOng/ml used as the only growth factor. ln experiments using human B cells and

macrophages, we found a significant difference in the lL-6 production between

healthy individuals and lupus patients (p = .OOO1). The differences could be

demonstrated at the level of cell densiÇ, cell type i.e. B cells or macrophages, with

LPS stimulation, and with lL-10 induced suppression using three dose levels of lL-

10 (sng/ml, 1Ong/ml, and 1Sng/ml). ln the neutralízation experiments using anti-lL-

10 mAb, the anti-lL-10 mAb showed a specific neutralization effect on the lL-10

induced enhancenlent of the ll-6-response of 89 cells. Because differences in

residual lL-10 in the B cell and macrophage supernatants between two groups

could influence the lL-6 bioassay, we therefore neutralized this lL-10 using a
specific antibody. lt was then possible to demonstrate that there was a significant

defect in lL-10 induced suppression of lL-6 production by both B ceils and

macrophages from lupus patients, compared to normat controls, and this

abnormality was present when both spontaneous and LPS-stimulated lL-6

production was assessed.

Based on the results of this study, we conclude that lL-10 has an

immunoregulatory role in the production of lL€ by B cells and macrophages. This

regulatory role may be impaired in SLE causing an elevated levelof lL-6 production

and subsequent inflammation and hypergammaglobulinemia.
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I. INTRODUCTION

Cytokines are essential in the regulation of immuníty. Abnormal

cytokine expression in autoimmune diseases have recently become an area

of intense study. The ways in which cytokines that function as soluble

mediators between cells may contribute to the pathogenesis of Systemic

Lupus Erythematosus (SLQ are incompletely understood.

We hypothesized that there may be an immunoregulatoy role for

lnterleukin-10 (lL-l0) in the in vivo production of lnterleukin-6 (lL-6), and in

sLE, this role may be impaired causing an excessive production of lL-6.

lL-10 is a soluble glycoprotein produced by helper T (Th) ceils,

monocytes/macrophages, and B cells. lL-10 exhibits a wide aïay of both

immunosuppressive and immunostimulatory properties. ln humans, there is

experimental evidence that lL-10 has marked suppressive effects on

monocytes/macrophages. The ability of lL-10 to suppress the production of

pro-inflammatory cytokines and to elevate anti-inflammatory cytokines,

suggests a potent-inflammatory role in diseases such as septic endotoxin

shock (70) and inflammatory bowel disease (100). However, the high titer

of lL-10 in some lupus patients may result from an impairment of lL-10

responsiveness in sLE by an unknown mechanism, leading to enhanced

production in order to compensate for the hyporesponsiveness.

lL-6 is a multif unctional cytokine produced by

monocyte/macrophages, T and B cells, and other various types of cells in

the body (103,104,185). There is a positive correlation between increases

of lL€ levels and inflammatory states (162). ln sLE, an íncrease of lL-6

levels is a relatively common finding. lL-6 is believed to be responsible for

the excess production of autoantibodies by inducing polyclonal



differentiation of B cells (167,198). The inflammatory role of lL-6 may also be

seen by its effec{s on the accumulation of immune complexes and their

deposition in the glomeruli, since it was suggested by several investigators,

as described later on, that lL-6 may contribute in the excessive B cell

function and therefore may also have local pathogenic effects such as in

nephritic kidneys (1 15,1 16,137).

Several features of abnormal cytokine expression in lupus are

consistent with the view that cytokine production can be induced in a non

specific, T-cell independent manner. These soluble factors, once having

been produced, appear to participate in the effector limbs of immunity

through antigen non-specific mechanisms (163). Moreover, as a result of

polyclonal immune stimulation, there may be an excessive humoral immune

response in SLE. ln this regard, cytokines might be present in excess,

creating an abnormal network and disrupting the regulatory mechanism of

the humoral immune response. Therefore, to elucidate the interaction of

some major cytokines contributing in the pathogeneses of SLE should

further our understanding of this problem.
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2. REVIEW OF THE LITERATURE

This chapter is organized into three main topics. Each topic deals

with each ot¡er and also with related, but distínct, areas which are basic to

the stated problem.

Those topics are: 2.0 Systemic Lupus Erythematosus (SLE)

2.1 lnterleukin-6 (lL-6)

2.2 lnterleukin-1 0 (lL-1 0)

Atter reviewing the related literature of these topics, the general

summary of this overall chapter is concluded in section B.

The intentions of this review are:

1. To illustrate how an autoimmune disease such as SLE is so

multifarious.

2. To illustrate the involvement of lL-6 and lL-10 which may perform

important roles in the pathogenesis of SLE.

2.O SYSTEMTC LUPUS ERYTHEMATOSUS (SLE)

A detailed discussion of sLE is beyond the scope of this review;

however, the writer would like to present a brief account of the many

aspects of this mysterious disease.

2.0.0 DEFINITION, HISTORY, and EPIDEMIOLOGY

2.0.0.0 Definition

system¡c Lupus Erythematosus (sLE) is an autoimmune disease

involving multiple organs characterized by an extensive inflammation of

blood vessels and connective tissues and the presence of a diversity of

circulating autoantibodies (1 8,75, 1 63).
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2.0.0.1 Historical background

The term lupus (Roman: wolf) was fashionable in medicine before the

17th century (162). During that time, it was described as a skin disease with

familiar malar rash found mostly on the faces of young women. Cazenave,

in 1851, coined the medicalterm lupus erythematosus (144). However, such

chronic skin lesions were likely seen as a localized lesion which then was

given the name discoid lupus erythematosus. ln 1872, Moriz l(aposi began

to speak of a dísseminated form of the disease with fever and a number of

'toxic' manifestations (113,129). Osler in 1895, later recognized the systemic

nature of this disease, since he described 'erythema exudativum', a form of

vasculitis that may affect many organ systems (162). The work of Baehr,

Klemperer, and Schifrin, reported in 1935, was to confirm the nature of the

underlying tissue damage in SLE (162). The discovery of "LE cell" in 1948,

changed dramatically the direction of the research into SLE (113). Lupus

had a high rate of mortality before the general use of steroids (76), but at

the present time, mortality appears to be drastically decreased since the

tools for diagnosis and therapy are continually being improved.

2.O.O.2 Epidemiology

The prevalence of SLE is somewhat controversial. lt may vary with

racial characteristics such âs, Black, Caucasian, Chinese, or other

predisposing factors such as genetic (52), and environmental for example;

dietary and toxic materials (51,113). Since SLE is a disease that is so

heterogenous between one patient to another, it makes the classification

criteria usually incomplete (7 4,76).

However, as an illustration, according to the morbidity data, as

summarized by Hochberg M.C. (74), the overall prevalence of SLE in the

continental United States ranges between 14.6 and 50.8 cases per 100,000

persons, and the average annual incidence varies from 1.8 to 7.6 cases per

100,000. Glinical studies have consistently demonstrated a female



predom¡nance approaching gOo/o of SLE cases and a greater incidence in

the United States in Blacks compared with Whites. The greatest age-specific

incidence appears in the 2544 year age group (74).

2.O.1 ETIOLOGY and PATHOGENESIS

2.0.1.0 ETtoLocY

The etiology of SLE is unknown. Like any other autoimmune disease,

it is belíeved that no singlefactor alone is causative (113,150). Nonetheless,

there are a number of etiologic theories that have been seriously

considered:

2.0.1.0.0 Anti-idiotype network

lf an antibody (Ab1) bears a ceftain idiotype which recognizes DNA,

then an anti-idiotypic antibody (Ab2) can be raised. This anti-idiotypic

antibody (antijd) may bind to the DNA binding site of Ab1, but may also

mimic DNA itbeff (internal images). when the Ab2 is generated, the immune

system is prompted to produce a th¡rd antibody (Abg). The anti-anti-idiotypic

antibody (Ab3) may carry the original pathogenic idiotype against DNA

similar to the original Ab1 , or may by themselves resemble the autoantigens

associated with the disease (e.9. DNA). This antibody (Ab3), then, may also

trigger the immune system for the productíon of anti-anti-anti-idiotypic

antibodies (Ab4), creating a loop of an anti-idiotype network. Both of these

mechanisms, either via Ab1 or via AbB can bring about the disease (16s).

Shoenfeld Y. et at. (166), described that 16/6 idiotype (td) is a
representative pathogenic idiotype of anti-DNA autoantibodies, because

either human or mouse antibodies carrying the 16/6 ld could induce a

condition of SLElike disease in naive non-autoimmune mice.

Expansion of the idiotype-anti-idiotypic network may happen because

of monoclonal B cell activation with a possibility for subsequent somatic



mutations or may result from polyclonal B cell activation, leading to the

production of various autoantibodies with diverse specificities (165,166).

T cells also have an essential role in the experimental induction of

SLE. The nude BALB/c mice, as contrasted to normal BALB/c, do not

develop any serological and clinical manifestatíons of experimentally

induced SLE (166). Moreover, it was demonstrated that only in the presence

of T cell lines or clones having a specificity for the pathogenic idiotype (e.9.

16/6 ld) was it possible to induce experimental SLE-like disease (128,1 66),

Also T suppressor cells fis) generated against the pathogenic idiotype 16/6

can prove to be another fac'tor in suppressing the manifestation of

experimentally induced SLE in BALB/c mice (166).

2.0.1.0.1 Breaking.down of immunologic tolerance

Breaking-down or loss of tolerance to self antigens may happen via

numerous pathways, and the alteration may be transient or permanent

(1es).

Some causatíve factors are as follows:

2.0.1.0.1.0 Antigenic mimicry

Viruses or bacteria may express altered self antigens due to a sharing

of amino acid sequence identity, or at least close similarity in the antigenic

determinant expressed on autologous MHC class I and ll molecules

(76,195). Altered-self antigen specific T-cells then arise and become

ac{ivated. T-celltolerance is circumvented (breaking of self tolerance); as a

result, the T cells mount an immune response against the microbial agents,

but in this situation it also directed against self. The theory of antigenic

mimicry extents to many examples of autoimmunoe diseases. For example,

as seen in the next table, which was taken from Harley J.B. et al. (76):
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Table 1. Antlgenlc Mlmlcry (76)

Aqents:

o Klebsiella (nitrogenase)

. Herpes simplex virus

¡ Adenovirus 12 EiB

o Trypanosoma cruzi

o Streptococci (M protein)

Host:

. Hl-A-827

o Acetyl Choline receptors

r A-gliadin

. 48-kD mammalian

o human myosin (heart
tissue)

Diseases:

r ankylosing spondylitis

¡ Reiter's disease

o psoriatic arthritis

o Myasthenia gravis

o Celiac disease

¡ Chagas' disease nervous
tissue

o Rheumatic fever
(myocarditis)

2.0.1.0.1.1 Cross-react¡ve ant¡gens

As in antigen¡c mimicry, the mechanism is similar in that microbial

agents alter self antigens and render them sensit¡ve for immune recognition.

This can be experimentally demonstrated, where investigators use an

ant¡gen to cross-react with self antigens to which T-cell tolerance has been

previously establ¡shed (1 61 ).

2.O.1.O.1.2 New epitopes

Additional epitopes to the tolerated antigens can be induced by

drugs, or by microbial agents (113).

2.0.1.0.1.3 Physical insults/trauma

Mechanical injury, cold weather, burns, chemicals, radiations, may

lead to the sensitization of previously tolerated antigens. This situation may

happen especially for self antigens with hidden epitopes which are

particularly located in sequestered sites of the body such as thyroid,

pancreat¡c islet cells, brain, testicles, collagen. In T cell devetopment and

differentiation, these self antigens are not generally represented in the

thymus for positive and negative select¡on (161). Trauma leads to the

exposure of these previously covered epitopes. The tolerance is then
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disrupted after the sensitization to such self-antigens occurs. ln addition to

that, traumas such as surgical (184,192), orthermal (138) definitely increase

the production of lL€that may lead to systemic inflammatory reactions such

as fever or produc{ion of acute phase proteins (138,184).

2.O.1.0.1.4 Gonceivably psychological disturbances

Numerous studies in this field have begun to generate suppottive

evidence. For example, a prolonged emotional distress may affect the

immune system through endocrine pathways or through other nonspecific

pathways by the activation of immunocompetent cells that can break the

immunologic tolerance (103). The argument is that the hypothalamo-

pituitary-adrenal axis could probably be the main road via whích the immune

system and the endocrine system communicate. Gytokines in this matter,

contribute to the loop of their interactions. However, the involvement of

cytokines may also provoke the risk of the occurence of autoimmune

diseases when the messages among them were disturbed. For example,

interleukin-1 (lL-1), interleukin-6 (lL-6) have been reported to exert their

effects on this axis in vivo by stimulating the secretion of ACTH

(adrenocorticotropic hormone) through the corticotropin-releasing hormone

(9,103). Later, lL€ and ACTH may act synergistícally on the induction of

acute phase proteins (197). However, ACTH also induces glucocorticoids

that in turn inhibit the production of lL-1, lL€, and TNF in various cells

(9,103).

2.O.1.O.2 lnappropriate costimulatory activity

Peripheral tolerance to self antigens can be the consequence of

antigen specific inactivation following the engagement of T cell receptor

OCR) with antigenic peptides presented in the context of major

histocompatability complex (MHC) molecules (118,195). ltwould depend on

the nature of the stimulatory signal carried out by the engagement of the

receptor (primary signal) as well as by costimulatory molecule pathways



(secondary signal) that results in immune activation or inactivativation.

one example of the costimulatory molecules is the 87 membraneAg.
This molecule which is also known as the BTlBBl Ag, has been described
originally as a B cell activation Ag, a costimulator for murine and human
cD4+ T cell actívation. However, 87 is also found to be expressed by
macrophages and dendritic cells (39) and has a role to modulate the state
of activation as described later.

Gilbert and Weigle (66) demonstrated in murine system, that there is
a different mechanism of tolerogenicity displayed by both resting and
activated B cells when they were used as antigen presenting cells (Apcs)
for human gammaglobulin (HGG) to the HGG-specific cD4* Th1 clones,
and this difference may be due to the role of different costimulatory activities
or lack of some other molecules,

It has been previously proved that the lack of 87 and some other B

lineage-associated molecules such as cD2g, cD2s on resting B cells was
likely to be the cause of Th1 unresponsiveness; however, they found later
that lipopolysaccharide (LPS) or anti-lg-act¡vated B cells with an upregulated
expression of 87 molecule still retained their ability to present antigen to Th1

that express GD2B, the ligand tor BT, in a tolerogenic fashion (11g). This
phenomenon of inactivation, which was demonstrated in vitro, may also
occur ín vivo as shown in a separate experiment by Fuchs and MaEinger
(54). They showed that LPs-treated B cells from male mice were similar to
resting B cells in theír capacity to induce H-Y-specific inactivation when
injected into female mice. Unlike the Th1 clones used in the experiment of
Gilbert and weigle (66), the Th2 cell clones Fuchs and MaEinger tested did
not express CD28. As a result, they assumed that it would require another
molecules such as CTLA4 as an alternative ligand for BZ to activate the Th2
cells (1 18).

Therefore, the difference in the requirement of costimulatory
molecules may explain why resting B cells, which cross link the TCR, may



become efficient APC for Ag-induced Th2 cell but not Th1 cell proliferation
(66)' Moreover, it is stated that the suscept¡bility of tolerance induction for
Th1 and rh2 ceils are arso dependent upon other factors such as
lymphokine requirements, early activation events, use of Apcs and pathway
of tolerance induction (15S).

As a conclusion, it is important to note that the presence and activity
of costimulatory signals such as 87 on Apc (B ceils, dendritic cells, and
macrophages) and CD28 or CTLA4 on Th cells are essential for the
determination of tolerance or immunologic reactivity (66,11g,1ss). ln
addition, the costimulatory signals may also arise from any other various cell
networking including their surface molecules such as adhesion molecules,
and their solubre products incruding receptors and rigands as weil as
cytokínes (19s).

2.0.1.0.3 Escape from apoptosis

Apoptosis of any ceil in the deveroping rymphoid system is
preferrably defined as physiological cell death rather than programmed cell
death since ít is not possible to predict which cells will die or which cells wiil
live (30,31). For example, about one third of thymocytes die by apoptotic
process in the thymus (80). ln another instances, apoptosis can also be
considered as programmed cell death (genetic implication); for example,
firstly, when comparing the life span of certain cell types, a neutrophil is
endogenously programmed to die by apoptosis in 24 hours after leaving the
bone marrow; secondly, when looking at the process of organ formation like
the development of fingers or teeth, cells that exist in the interd¡gital spaces
will die (30,179). However, the boundary between physiological processes
and pathological processes leading to apoptosis is somewhat unclear.

The phenomenon of apoptosis is of increasing interest because there
is an accumulation of evidence that apoptosis plays an important role in the
regulation of cells' life span. The requirement of a normal tissue turn over
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is only achieved when there is a balance between the apoptotic process

and the mitotic one (or cell replacement) (30,194), Apoptosis is different
from any other type of cell death, such as ischemic cell death (oncosis).

This type of cell death elicits an inflammatory response while apoptosis
does not (134). ln apoptosis, the nucleus apparenfly becomes pyknotic and
the cell shrinks while the cell membrane ¡s still ¡ntact. At this stage, the
apoptotic cells start budding and attract or stimulate adjacent cells to
phagocytose them, even when they are still alive (90,31 ,1zg). lt is suggested
(134) that the term of programmed cell death which is likely to mean "death
on schedule" is not a synonym of apoptosis, because apotosis specifies

more the means to produce instant suicide. However, both would have two
major but similar determinants. The first is a genetic program, which selects
a given time for the death of certain cells, and the second is extracellular
agents such as hormones, cytokines, killer cells and other environmental

factors: chemicals, physical, viral agents, which may also initiate the death
process.

The eissent¡al role of an apoptotic mechanism contributing to the
balance of normal physiologic cell functions is certain. lf this mechanism is
disturbed, for example by unknown factors, this may disturb normal
regulatory processes, so that cells that were previously programmed for
death may escape from apoptosis. This situation is very important for
lymphocytes, since lymphocytes are subjectto apoptosis at practically every
stage in theír development and maintenance. Failure of normal regulation
of apoptosis will lead to immunologic pathology. For example, in the
thymus, thymoqftes that can be activated by self antigens alone are worse
than useless. These cells should be eliminated by programmed cell death
(clonal deletion or negative selection) or shifted into clonal anergy by other
unclear mechanisms (173). lf the apoptotic process fails to occur in such
cells, the cells would become mature auto-reactive cells in the periphery,

and primed for the initiation of autoimmune diseases (135).
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Studies of apoptosis that focus on the biochemical pathways as well

as the genes involved are relatively few. Recently, in mice it was found that

Fas genes are responsible for the apoptotic transduction signal (31 ,32), This

evidence was demonstrated by experiments showing an accumulation of

lymphocytes seen in the Fas-negative lpr mice, whereas in cD2-fas

transgenic MRL-lpr/pr mice, there were greatly reduced features of

autoimmune diseases (135). ln human SLE, it is believed that there must be

some defects in Fas/APo1 gene expression and its interaction with its ligand

and this defect may alter the apoptotic process; however, decreased

apoptosis has not been found in the peripheral blood of patients with SLE

(44,135,136). ln addition to that, Levy Y. and Brouet J.-c. reported (1og),

that while bcl-2 protooncogene is now thought to play a role in preventing

apoptosis in a variety of cell types, interleukin-1O (lL-10) was found to
prevent the apoptosis of germinal center B cells by induction of the bcl-2.

The bcl-2 protein which is a 25-kD cytoplasmic membrane protein, was

firstly discovered in follicular and diffuse B cell lymphoma, but in normal

tissues, bcl-2 expression is mainly confined to the splenic B cells from

follicular mantle zone (107). From the study of bcl-2 transgenic mice i.e. Ep-

bcl-2-22, Strasser A. et al. (157) confirmed that the prolonged B cell survival

in vivo with autoantibody production is mainly due to the accumulation of

bcl-2 expression in those cells, and that bcl-2, consequenily, may have a

decisÍve role in the pathogenesis of SLE. Nevertheless, any information on

apotosis must still be regarded as tentative (30), since there are unresolved

findings. Moreover, cytokines regulate and may modulate both rn vitro and

in vivo the process of apoptosis (179).

2.0.1.0.4 Abnormal cytok¡ne network

This theory reasons that the cytokine network and its expression is

abnormal in SLE. How the network is disrupted and what this implies in the

disease is unknown. However, this theory describes one of many other
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nonspecific mechanisms (including a broad networking by various cells,

their surface molecules, and their soluble molecules such as adhesion

molecules,) that can lead to the initiation of autoimmune diseases, when
cytokine interactions are out of control or broken (BO). The importance of
nonspecificity was also suggested by opdenakker G. et al. (141) in the
pathogenesis of autoimmune diseases such as multiple sclerosis. They
proposed a model for generating autoantigens called the remnant epitope
generates autoantigen or REGA model. This model, advocating cytokines

and proteinases as mediators of nonspecific mechanisms of autoimmuniÇ,
can also be applied to sLE as another example of a chronic relapsing

disease.

ln the onset of sLE, there is always a trigger mechanism whereby the
cytokines can interplay in its pathogenesis through any pathways of
immunity (163). The production of cytokines can be triggered by antigen-

specific fashion or by any non-specific antigen-independent stimuli
(141,191). once they have been produced, as soluble factors, they then are

free to exert their effects on the same cells from which they originated
(autocrine) or on other cells in the vicinity (paracrine) or in the relatively

remote area which is likely to be hormone-like communication; for example,
interleukin-6 (lL-6) messenger acts between the site of damaged tissues and
the liver cells (130), through a nonspecific mechanism. lt is not possible to
measure the in vrvo amount of c¡okines being secreted by those two routes
as stated above, but certainly there must be such a network through which
the homeostasis can be maintained. Cytokines bind preferentially to their
high affinity receptors in order to display their effects. Some cytokines can

also be regulated by their receptor antagonists as well by other cytokines
(41 ,69,189).

Most of the mechanisms whereby cytokines are essential for creating
the natural immunity have not been established, but it is most likely that the
cytokine network could play an important role as the first line of host
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defense (e.9. interferons) against infectious agents or any other antigens

prior to the initiation of any specific immune response i.e. T-B cell

interactions (141). When certain cytokines are found at high levels in body

fluids, it means that there must be an excessive production with a low

consumption rate. They may gain access to the circulation and may acl as

hormones which atfect other cells or tissues (8). Since it is not known

whether the abnormal expression of cytok¡nes is a prímary event or a
secondary consequence, it is, therefore, suggested that the disruption of the

network is one of the leading factors for the pathogenesis of diseases.

Some evidence for cytokine involvement in imm unologically mediated

diseases are shown by the following examples:

2.O.1.O.4.0 Autoimmune diseases in general

Usually characterized by decreased production of and response to

lL-2 (116,161). lL-1, TNF, lL-6 are important mediators and usually found in

high levels (128,150).

2.0.1.0.4.1 Systemic Lupus Erythematosus (SLE) in particutar

Linker-lsrael M. et al. (114) have reported the defective production of

lL-1, lL-2, lFN7, and TNF-a by mitogen-stimulated pBMC in SLE; on the

other hand, unstimulated PBMC of active SLE patients show an increased

level of lL-2, lL-6, lFN7, and rNF-ø mRNA, and also may contain increased

levels of lL4 (116). Significantly elevated endogenous lL-6 production is
characteristic, whereas TNF-a can be slightly constitutively expressed by

PBMC of SLE patients (102,115,116).

By the same investigators and by some others (1 1 6,107,169), it has

been reported that B lymphocytes from sLE patients spontaneously produce

lL€ and constitutively express lL€ receptors. The presence of tL-1, lL-6, and

TNF-a in nephritic kidneys of complicated lupus suggests that these

cytokines have local pathogenic etfects (116). Excessive expression of

circulating lL-2, lL€, lFN7, and TNF-¿ also have been reported (g).

ln the study of experimental therapy of sLE, lshida H. et al, (94), also
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reported prev¡ously that the treatment of NZBÄff female mice with anti-lL-10

mAb from birth until 8-10 months of age delayed the onset of autoimmunity

in the mice as monitored either by overall survival, or by development of

proteinuria, glomerulonephritis, or autoantibodies, This protection appeared

to be due to the upregulation of endogenous TNF-a, since the anti-sLE

effect of anti-lL-10 mAb was reversed by anti-TNF-ø mAb. Therefore, their

data favored the idea that the sLE was Th2 dependent. conversely, ozmen

L, et al. (142), recently demonstrated that the treatment of female NzB/w

mice with mouse soluble interferonT receptor (slFNTR) inhibits the onset

of glomerulonephritis, while the treatment of NZB^ru-F1 mice with anti-lL-6

also retarded the development of SLE in these mice. These findings, thus,

supported the view that here SLE disease was Th1 dependent.

Recently, Llorente L. et al. (110) have repofted the spontaneous

production of lL-10 by human PBMC of untreated sLE, where B cells and

monocytes, but not T cells, are the major contributors. The serum levels of

lL-10 as well as lL-10 production by PBMC of sLE is also increased,

whereas theie is a significantly decreased production of mitogen-induced

lFNT and TNF in SLE (73,148).

Jordan M. et al. (96) currenily reported that both lL-6 and lL-10 can

upregulate lL-1 receptor antagonist (lL-1ra) synthesis. lnterestingly, in SLE,

there is a strong correlation between serum lL-1ra and the course of the

disease, as recently demonstrated by suzuki H. et al. (22). They suggested

that an elevated serum lL-1ra is a good indicator of the disease activity

since this finding is more significant compared to other major collagen

diseases such as rheumatoid arthritis, and systemic sclerosis. However, this

indicator has not been confirmed, for example, Hsieh s.-c. et al. (1g0),

reported that the lL-1ra production by polymorphonuclear cells (pMN), but

not by mononuclear cells (MNc), of active sLE patients is defective.

Accordingly, these investigators stated that the clinical significance of these

findings míght seem to be relevant in the explanation of disease
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exacerbation after bacterial infections.

Therefore, all these data may appear to indicate that active human

SLE can be mediated by abnormal cytokine expressions.

2.0.1.1 PATHOGENESIS OF SLE

Some risk faclors that may underly the pathogenesis of systemic

lupus erythematosus are:

2.O.1.1.0 Genetic factors

Approximately 10% to 12o/o of patients with lupus will have a first-

degree relative with SLE. A greater concordance rate for SLE is found in

monozygote than dizygotic twin pair. Later, it was proved that the occurence

of SLE in families is high with certain types of HLA-DR2, DR3, or of DQwl

molecules, or some defects either in early complement factor genes such

as C1q, C1 r, C1s, C4, and C2, or complement receptor genes (80-93). The

genetic make-up may account for the high prevalence and incidence by

race, even though the effects of race are somewhat variable (5,21,74).

2.0.1.1.1 Environmental implications

This includes: ultraviolet light, chemicals/drugs (hydralazines,

procainamide, isoniazide, hair dyes/aromatic amines), dietary factors (alfalfa

sprouts), and a number of infectious agents (viruses) have been long

associated with the induction and the perpetuation of lupus (27,74,161).

2.O.1.1.2 Sex/hormonal dependency

Sex hormones can trigger and modify the expression of clinical

manifestations of SLE. These hormones work on many levels of tissues and

cells thus affecting the whole immune system. Estrogens accelerate

experimental SLE induction, whereas testosterone reduces the severity of

the disease (166). Young women with the median age of 29 form the
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majority of patients. The influence of esüogen is very important in triggering

the disease since it is rarely seen before puberty or after the menopause

(1 13,1 61).

2.O.2 CLINICAL MANIFESTATIONS

Systemic Lupus Erythematosus is generally recognized as a

prototype of systemic autoimmune disease as contrasted with the tissue

specific autoimmune disease, Hashimoto thyrotoxicosis (76,161). lts main

triad of clinical manifestations are: arthritis/arthralgias; a skin rash; and

glomerulonephritis (72). Other manifestations in addition to musculo-skeletal

inflammation (myalgia, tenosynovitis) are pericarditis, pleurisy, gastro-

intestinal disease due to inflammation of serous membranes,

autoimmunethrombocytopenia, autoimmune hemolytic anemia, the Anti-

phospholipid Antibody Syndrome, and involvement of the central nervous

system may also occur. These manifestations can occur alone or in
combination (95,161),

The clinical course (disease severity) of SLE is highly variable ranging

from minor onset with minor symptoms that may not require treatment to an

abrupt onset with a complicated course that ends fatally despite intensive

therapy (76,144,161). This diversity is believed to reflec't specific inciting

factors and immune defects. Some pat¡ents may have genetically

conditioned abnormalities, like those found in mice with lupus; others have

a combination of genetic and acquired defects (164).

2.0.3 MONONUCLEAR CELL ABNORMALITIES ln SLE

SLE is characterized by an extensive immune dysfunction, impaired

T cell regulation, polyclonal B activation, hypergammaglobulinemia
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(autoantibodies) and also can result in humoral immunodeficiency disorders

with hypoglobulinemia and high level of serum lL-6 (B). This muttisystem

inflammatory disease of unknown etiology can be interpreted through its

abnormal mononuclear cell functions.

2.0.3.0 T cells

Some reported abnormalities in T-cell function ¡n patients or mice

with lupus as summarized by Handwerger B.S. (71) are: diminished r-cell
proliferative reponses to mitogens, alloantigens, and autologous antigens;

defective generation of cytotoxic T cells following in vitro stimulation with

alloantigens or hapten (trinitrophenol)-modified self;diminished interleukin-2

production following in vitro stimulation with mitogens or antigens;

diminished interferonT production in vitro; diminished responsiveness to

interleukin-2; decreased nonspecific and anti-DNA-specific Ts cell activiÇ;

increased activity of suppressor T cells that inhibit interleukin-2 production

by cD4*Th cells; and increased production of B-cell stimulatory

lymphokines.

2.0.3.1 B cells

According to the study by Handwerger B.s. (77), some reported

abnormalities in B-cell function in patients or in mice with lupus are

polyclonal B-cell activation evidenced by: hypergammaglobulinemia,

increased number of spontaneous immunoglobulin-secreting cells,

increased number of spontaneous antihapten (trinitrophenolidinitrophenol)

antibody-secreting cells, increased number of spontaneous and mitogen-

induced clonable B cells, increased surface lgM-to-lgD ratio on B cells,

decreased numbers of lgD+ B cells, increased numbers of proliferating or

large "activated" B cells; and increased responsiveness to B-cell stimulatory

cytokines.

2.O.3.2 Monocytes/macrophages

Macrophages function not only to digest pathogens, cell debris, and

foreign particles, but also to regulate the immune response via antigen
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presentat¡on and cytokine production (21). Boswel J. and schur p.H.

reported (19), that in lupus, the proportion of monocytes is significantly

higher than normal and the PBMC culture made more lgG, but these factors

appear to be independent of each other. The lupus monocytes are less

phagocytic and this function is not enhanced by in vitro stimulation with

LPS. Moreover, lupus monocytes produce less lL-1 and express decreased

amounts of surface HLA-DR antigens (119).

2.O.4 I.ABORATORY DIAGNOSTIC

summary of the laboratory diagnostic findings presented in the

following section was mainly adapted from the textbook of cassidy J.T et

al., 1995 (27).

2.O.4.O Nonspecific evidence of inflammation

Acute phase proteins indicating an inflammation process include: an

increased erythrocyte sedimentation rate, (polyclonal
hypergammaglobulinemia), a2-globulins and c-reactive protein (cRp).

2.0.4.1 Hematologic abnormalities

1, Anemia may occur and is usually typical of that in chronic disease

(normocytic, hypochromic). Hemolytic-associated anemia: positive lgG

complement-fixing antibodies (Coombs' test), positive anti-l-antigen of

erythrocyte membranes. Hypersplenism, drug sensitívity, and rarely

microangiopathy may also contribute to anemia.

2. Thrombocytopenia may contribute more to anemia and there may

also develop thrombocytopenic purpura.

3. Leukopenia (particutarly tymphocytopenia).

4. Haemostatic function abnormalities include prolonged bleeding

and clotting time, especially abnormalities of the activated partial

thromboplastin time, which is typical of the antiphospholipid syndrome,

2.0.4.2 Synovial fluid analysis

1. the WBC count is low.
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2. the protein content varies from transudative to exudative levels.

2.0.4.3 Urinalysis

1. Proteinuria is the most common urinary abnormality.

2. Hematuria and RBC casts are important for the sign of active

glomerulonephritis.

3. Renal function tests such as the measurement of glomerular

function (e.9. plasma creatinine, urea nitrogen, creatinine clearance)

is important in the evaluation of renal involvement.

2.0.4.4 Autoantibodies (27,76,1 13)

Demonstration of autoantibodies is the (only) basis upon which lupus

is construed to be 'autoimmune'. However, it is known that autoantibodies

are also formed under physiologic conditions, and are directed against both

self and non-self antigens without being necessarily harmful the body. ln

lupus, these autoantibodies appear to have a pathologic potential for the

induction of inflammation and are commonly believed to be crucial in the

expression of its clinical course.

Positive antinuclear antibodies are present in over 95% of patients,

making this a sensitive test but poorly specific test to support the diagnosis.

Examples of autoantibodies having association with SLE are:

2.O.4.4.O antinuclear autoantibodies: anti-ds DNA, anti-ssDNA, anti-

DNP, anti-P, anti-Ro/SS-A, anti-La/Ss-8, anti-Sm, anti-nRNP, anti-histone.

Some of these antibodies have a preferential tissue deposition; for example,

the antidsDNA which is generally recognized as the most sensitive and

specific autoantibody, is likely to be deposited in the kidneys, whereas anti-

Ro is capable of being deposited in the kidneys, skin, and parotid gland.

The specif¡c¡ty of anti-histone autoantibodies is characteristic for drug-

induced lupus, whereas rheumatoid factor as well as anti-ssDNA are not

generally considered to be specific for lupus. Anti-Sm, anti-nRNP, and anti-

Ro are among the most intriguing autoantibodies which bind to the RNA

protein particles and sometimes are found at such high concentrations in
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lupus that precipitins maY form.

2.0.4.4.1 Other autoantibodies: antiphospholipid, ant¡qftoplasmic,

anti-RBC, antiptatelet, antilymphorytotoxic, antitissue-specific, antiviral,

anticardiolipin, and biologic false-positive serologic test for syphilis (5,27).

2.0.4.5 Serum complement determination (27,1131

The measurement of serum complement components is cons¡dered

very important in the evaluation of disease activity in SLE. Complement

components sudr as C3 and C4 are usually depressed in active lupus

2.0.4.6 Other immunologic features (129)

The finding of Lupus Erythematosus Cell (LE Cell) can be regarded

as a diagnostic marker; however, it is currently considered obsolete.

2.0.4.7 Cytokine measurement

This is proposed to be of diagnostic importance as discussed later

2.1 INTERLEUKIN-G (lL-6)

lL-6 is a pleiotropic cytokine with a wide range of biological activities

on various tissues and cells. lt plays important roles in host defense, acute

phase reactions, imm u ne response, immunoregulation, and hematopoiesis.

Based on the type of biological responses shown at previous studies, lL-6

was named interferon ß2 (|FN-ßZ),26-kÐaprotein, B-cell ditferentiaton factor

(BCDÐ/B-cell stimulatory factor-2 (BSF-2), hybridoma/plasmaq¡toma growth

factor (HGF,HPGF), hepatocyte stimulating factor (HSÐ, cytotoxic T cell

differentiation factor (CDF), and macrophagegranulocyte inducing factor 2A

(MGl-24). The sources or the producers of lL€ as well as their inducers

have become important since lL-6 shows vast biological activities on a large

number of targets and can be induced by a wide variety of physiological

and nonphysiological stimuli (181,191). The human lL-6 protein is active on

murine cells, but not vice versa (41).



2.1.O lL€ sources

lL€ is produced by human normal and transformed lymphoid and

nonlymphoid cells, including hepatocytes, vascular endothelial cells, and

various tumor cells such as EBV-transformed B cells, myeloma cells, Kaposi

sarcoma. As seen in the following table (modified from Kishimoto T.) (103):

Table 2. PRODUCER CELLS OF IL.6

Normal Celle Gell Llnes Tumor Cells

T cells

B cells
Monocytes
PMN cells (granulocytes,
Eosinophils) (133)
Fibroblasts
Keratinocytes
Endothelial cells
Astrocytes
Bone manow stroma cells
Mesangial cells
AJveolar cells (zltl,86)
Chondrocytes (132)

T cell lines (HTLV-1 transformed)

U937 (Monocyte cell lines)
P388D1
MG63 osteosarcoma cell line
T24 bladder carcinoma line
4549 lung carcinoma line
SK-MG-4 glioblastoma line
U373 astrocytoma line
FL amnion derived cell line (197)
Cervical carcinoma cell line (80)
Epidermoid carcinoma line (A4f!1,K8)
(105)

Cardiacmyxoma
cells
Myeloma cells
Hypernephroma

ln addition, endocrine organs, such as, pituitary, ovary, thyroid and

testis, have been shown to produce lL-6, as descr¡bed by Syed V. et al. in

(172).

2.1.1 lL-6 inducers

ln a review article by Wolvekamp M.C.J. and Marquet R.L. (191), the

stimuli inducing lL€ gene expression can be divided into physiological and

non physiological stimuli. For example, LPS (bacterial products), trauma

(thermal, surgical), cytokines (lL-1, TNF, lL4) are among the physiological



stimuli, whereas TPA, PMA, cycloheximine, poly(l)poly(C) are some of the

non-physiological stimuli.

2.1.2 lL€ receptors (lL-6R)

As expected from its pleiotropic function, lL€ receptors are widely

expressed on various cells and tissues as previously indicated in a detailed

study by Taga et al. (177).The following examples are taken from Kishimoto

T. (103):

Table 3. lL-6 Receptor E:<pressed on Varlous Cells

Cells

Activated B cells
Resting B cells
Resting T cells
EBV-transformed B-cel lines
Burkitt's lymphoma lines
Myeloma cells.and cell lines
Hepatoma cell lines
Myeloid leukemia cell lines
Rat pheochromocytoma (PC1 2)

No. of Receptor/cell

-500
Nondetectable
-300
200-3,000
Nondetectable
100-20.000
2,000-3,0O0
2,O0o'3,000
-1000

The lL€ receptors are also detectable on hepatocytes, and on normal

bone marrow cells (BM). ln a recent study by Wognum A.E. et al. (193)

using a flow cytometric method with biologically active biotinlabeled human

lL€, they found that lL-6R in peripheral blood are readily detectable on

monocytes/macrophages, granulocytes, CD4* T lymphocytes, a small

frequenry of CD8* T lymphocytes, but negative on resting CD19* B

lymphocytes and CD56+ natural killer (Nl$ cells. They also found lL-6R on

CD34* BM blast cells, which are the precursor of most, if not all, BM-derived

blood cells.
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2.1.3 Some pleiotropic features of lL-6

2.1.3.0. lmmune regulation

lL€ was originally identified as a T cellderived lymphokine and was

called the B cell differentiation factor (BCDÐ or BSF2 (1O4). lL-6 is

responsibte for the final differentiation of normal activated B cells into

antibody producing cells (9,80,1û3), since lL€ has only little etfect or none

at al¡ on the proliferation of normal resting human B cells (40,81,83) which

lack lL€ receptor expression (9). lL€ appears to perform its etfects on in

vivo B-cell ditferentiation in an autocrine-paracrine fashion (9,85,102,153).

ln addition, lL-6 has been reported (9) to show in vitro effects on mitogen-

activated B cells to induce lgM, lgG, and lgA production. The induction and

regulation of lL-6 production by normal human B cells as well as by B

lymphoblastoid cell lines (BLCL) (85) and EBV-transformed B cells (199) can

be directed either by lL-6 alone as an autocrine-inducible factor or in

combination with various cytokines such as lL-1, lL4, and mitogens (85).

Although, it does not have an effect on the proliferation of resting B cells,

lL-6 supports the growth of B-cell hybridomas (1,2), murine plasmarytomas

(2,151), human myeloma cells (200), hairy cell leukemia (HCL) (22), nerve

cells (103), epidermal keratinocytes (105) and renal mesangial cells (152).

Conversely, lL-6 can inhibit growth of myeloid leukaemic cell lines and

certain carcinoma cell lines (1O4).

Among peripheral blood mononuclear cells (PBMC), it has been

demonstrated in in vitro study that monocytes/macrophages are the most

potent lL€ producers compared to B cells and T cells which are usually

required to be activated by appropriate mitogens (3,82).

It is believed that the signal transduction mechanism is carried out

atter the engagement of lL€ to with high atfinity receptor (lL-6R) associated

with 9p130, a membrane glycoprotein signal tranducer (&1).
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The structure of genomic DNAs of lL€ is símilar to granulocyte

colony-stimulating factor (G-CSF), both are composed of five exons and four

introns (84,197). This similariÇ also occurs between the lL-6R associated

signal-transducing protein, 9p130, and the G-CSF receptor (84,104),

lL-6 induces the proliferation and differentiation of cytotoxic T

lymphocytes (CTL) in the presence of lL-2 (9), and is an essential accessory

factor for T-cell aclivation and proliferation (83). lt was shown that lL-6 can

induce lL-2 receptor as well as lL-2 production by T cells (83).

Burdin N. et al. (14), investigated the repertoire of cytokine produced

by tonsillar human B cells using an activation system through CD40 Ag, with

or without AgR (antigen-receptor) cotriggering and they suggested that this

in vitro model may mimic the B cell differentiation that occurs in secondary

lymphoid organs. They found that the most conspicuously secreted

cytokines are lL-6 and lL-10, and these cytokines are most likely to have

autocrlne roles in the growth and differentiation of B cells activated through

such system.

2.1.3.1 Hematopoiesis

lL-6 acts synergistically with lL-3 in suppoft¡ng the formation of

multipotent¡al progenitors (103). lL-6 is involved in the processes of

megakaryocyte maturation, neural differentiation of PClZ
(pheochromocytoma) cells (103,104). lL-6 is suspected of having a direct

role in leukemogenesis since it was mostly expressed in acute myeloid

leukemias (9).

2.1.3.2 lL.6 and lnflammation

It is common in studies of the relationship between lL-6 or any other

protein products of cells which may be involved in an inflamation reaction

and the inflammatory process itself, to investigate the sources or specimens

where the abnormalities occur or are in question. Also, investigators can
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man¡pulate cells or tissues w¡th certain substances that can mimic the rn

vivo inflammatory processes or at least, can trigger an inflammatory

response in vitro. One frequently used mediator of inflammation reactions

is lipopolysaccharide (LPS). LPS is the protein-free form of endotoxin

derived from the cellwall of gram-negative and some gram-positive bacteria

following bacterial lysis (1s4,194), Lps can stimulate monocytes or

macrophages (mononuclear phagocytes = MPs), fibroblast, and endothelial

cells to release a vast aray of proteins, free radicals, and lipids involved in

the inflammatory response and hence trigger the development of this

response (97,154,194). The inflammatory process itself can either take place

on the endothelium in the tissue or in the blood stream, lt has been

recognized that circulating LPS binds preferentially to LPS-binding protein

(LBP), and this binding forms a complex molecule which can attach to MPs

through the cD14 receptors expressed on the cells (g9). Following this

interaction, MPs dictate the release of a vast array of proinflammatory

medíators that lead to the acute inflammatory response. The mediators

released can be divided into three groups (88,1s4,194) : the reactive oxygen

íntermediates (o2-, Hzoz, .oH, and singlet oxygen), the proinflammatory

cytokines (TNF, lL-1, lL-6, and lL-B), and a number of arachidonic acid

metabolites, including prostaglandins and leukotrienes. Further, ¡f the

inflammatory reaction occurs in excess, it will lead to a number of
pathologic events in the coagulation cascade, the complement system, and

the bradykinin system, causing a collapse of the cardiovascular system

(endotoxemic shock) (88). whether one will succumb or will not to an

excessive inflammatory reaction depends on the host response to the

effects of endotoxin.

Among the proinflammatory cytokines released, TNF appears to be

important in the development of immune responses to bacter¡al products,

as it has a positive feedback on Mps (194). TNF can direc,ily stimulate

endothelial and mononuclear cell biosynthesis and release of lL-1. TNF and

26



lL-1 share a number of proinflammatory properties, and the toxic effects can

be amplified by IFNT (173). Both TNF and lL-1 induce gene expression for

other proinflammatory cytokines produced by MPs (11,194). The most

characterized of these cytokines is lL-6 (23,64). The release of this acute-

phase cytokine lL€ by macrophages occurs following stimulation with LPS

and TNF/|L-1 and is cAMP dependent (63). Bauer J. et al. (21) ctaimed that

the monocytes in the blood and the resident macrophages in tissue sites

appears to be the main sites of lL€ synthesís.

ln addition, as lL-1 exhibits lethal effects which are similar to that of

TNF in responding to endotoxemia or bacteremia, Alexander H.R. et al. (1 1)

investigated in mice whether the recombinant form of the receptor

antagon¡st to lL-1 (lL-1ra) produced by lgG-adherent human monocytes has

in vivo etfects against the lethality of endotoxin. They found a striking effect

of lL-1ra protection against LPS lethality which remains effective when

treatment is initiated even after LPS challenge. Surprisingly, a recent finding

by Jordan M. et al. (96) indicated that lL-6 may part¡c¡pate in the generation

of lL-1ra in cultures of macrophages and polymorphonuclear leukocytes

(PMN).

Other investigators found that there ís a relationship among lL-6, lL-1

and TNF. This relationship is evident in that lL-1 can induce the production

of TNF and lL-6, while TNF does the same for the production of lL-1 and lL-

6. However, lL-6 does not induce lL-1 or TNF (9,41,83). ln contrast, it has

been demonstrated that lL-6 can provide a negative signal by suppressing

lL-1 and TNF production by LPS- or PHA-induced human PBMC (170). tn

addition to that, lL-6, lL-1, and TNF are each capable of índucing their own

production (autoregulation) (9).

Recently, the pathway of signal tranduction of LPS-induced TNF-a

and lL-6 production in human monocytes was studied by Beaty c.D. et al.

(23). According to their data, it is suggested that tyrosine kinase and

phosphatase are involved in the signaltransduction cascade by which LPS
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induces production of TNF-a and lL-6 by human monocytes, and that

members of the src family of tyrosine kinases such as Lyn and Hck may be

involved in that process.

Thefindings byJordan M. etal. (96), Schindler R. et al. (170), and

others (9,65) as described above and later on, suggested that lL-6 may

provide a negative feedback relationship with the produclion of lL-1 as well

as TNF either directly or indirectly by the participation of lL-1ra expression

or by the induction of glucocorticoid products. This regulation may then

balance or promote a termination of the inflammatory response. ln general,

these proinflammatory cytokines in one situation may exhibit synergism, but

in another situation may exhibit antagonism or overlapping biologic effects,

Therefore, understanding their interactions in a normal physiologic condition

versus abnormal cytokine networking in disease states is critical.

Studies on lL-6 alone in some pathological conditions have been

realized by a number of investigators, for example, Hollen C.W and others

(as reviewed in [152]) found that there is a strong correlation between

elevated levels of lL-6 in serum, plasma, or synovial fluid which frequently

associated with inflammatory disorders, infectious diseases or malignancies,

This abnormal accumulation of lL-6 production commonly exerts its

deleterious effects along the course of the disease.

lL-6 and the nuclear factor for lL-6 gene expression (NF-|L-6) are

more involved when compared to lL-1 and TNF, in the induction and

regulation of the 'acute phase response' by liver cells, releasing high levels

of acute phase protein such as C-reactive protein (CRP), serum amyloid A,

haptoglobin, fibrinogen, complement components e.g Cg, causing

erythrocyte sedimentation rate (ESR) to increase, and fever (9,ffi,160). For

this purpose, lL-6 (also lL-1 and TNF) can be carried via the blood to d¡stant

sites as hormone-like messengers (41). However, Castell et al. (28) claimed

that only lL-6, not lL-1ß or TNF-a, prompted CRP synthesis in human

hepatocyte primary cultures. ln other words, it is only lL€ which is capable



of induction of the full spectrum of acute-phase proteins (29). probably the

distinct expressions of the type of acute phase proteins induced by these

cytokines depends on at least different pathways of signal transduction
associated with regulatory elements among lL-6 and lL-1 or TNF (9). on the

other hand, the finding of Feder L.s. et al. (53) indicated that liver

endothelial cells as well as Kupffer cells of the rats can spontaneously
produce both lL-1 and lL€, whereas the production of rNF-ø does not seem

to be dominant. Accordingly, they suggested that both liver cell types may
play a role in pathophysiologic processes underlying hepatic inflammatory

disease. ln addition, Andus T. et al. (1ss) reported that in the peritoneal

cavity of patients with hepatic or malignant ascites, lL-6 but not lL-1 was
persistently present in high amounts even in the absence of infection. The

existence of high lL-6 level but not lL-1 and TNF in hepatic ascites is

probably the only reason that may explain the frequent occurence of fever

during retransfusion techniques.

still, the systemic effects of lL-6 as a major mediator of acute phase

reaction werê also studied by Van oers M.H.J. et al. (194). what they found
is that in renaltransplant patients, high levels of lL-6 activity can be detected
in serum as well as in urine. These findings confirmed that the increased-

activities of lL-6 are not specificfor renaltransplantation, especially for those

experiencing rejection episodes, which do not merely reflect renal

dysfunction, but also acute phase reactions with increased production of the

lL-6 in the body. ln addition, wortel c.H. et al. (192) reported that abdominal
surgery causes acute release of significant levels of lL-6, but not TNF, in the
portal circulation. ln this condition, lL-6 seems to be a major endogenous

mediator of fever, and the acute-phase response. However, the presence of
endotoxin might be synergistic but is not obligatory for the host defence

response after surgical trauma.

Hence, lL€ activities can be considered as a multifunctional cytokine
which has many effects depending upon the target cells or tissues and the
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host response status during which the activities of lL-6 may persist locally

as well as systemically as a major part¡c¡pant for both immunity and

inflammatory processes. ln spite of that, an investigator should also be

cautious since a controversy may arise after an interesting finding by May

L.T et al. (131) which demonstrated that in human peripheral blood i.e. in

serum or plasma, the lL€ is mostly found, if not all, in a complexed form

together with other plasma proteins, such as with serum albumin, or cRp.

The additional protein molecules on the lL-6 itself may affect the properties

of lL-6 by altering its biochemical and biological status.

The relationship between lL-6 and human inflammatory disorders or

diseases had also been studied in a number of ways, straneva J.E. et al.

(171) reported in their study on human lung transplantations that while there

was no inverse relationship between serum lL-6 levels and circulating

platelet numbers, increased lL-6 levels were more closely related to the

existence of an ongoing inflammatory process. This study was supported

by a number of previous studies which demonstrated a direct relationship

between lL-6 levels and disease severity. For example, not all patients with

active inflammation had elevated serum lL-6, but increased serum lL-6 was

found in patients with sepsis and the highest levels were limited to those

who sutfered from septic shock (90,171). ln addition, Humbert M. et al. (86),

reported that in human lung allografts, the in situ lL-6 production only

markedly elevated when there was a complication with cytomegalovirus

(cMV) infection, and to a lesser extent, during allograft rejection, whereas

the serum lL-6levels did not correlate with alveolar lL-6 concentration. Study

of cardiac myxoma and castleman's disease suggested that abnormal

expression of lL€ may contribute to a generalized autoimmune disease, as

seen by the induction of a polyclonal B-cell activation resulting in

hypergammaglobulinemia and autoantibody production (Bo,1og). ln both

cases, removal of the lL-6-producing hyperplastic lymphadenopathy

normalizes the increased lg titers in peripheral blood (103). Finally, as it can
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be concluded, based on the evidence discussed above, that the produc{ion

of lL€ can be initiated and enhanced by a wide variety of stimuli, and that

its etfects might also be modified by other factors. However, this, in fact,

may have further implications for the role of lL-6 in either local or systemic

inflammatory processes, for example, in the pathogenesis of vasculitis and

autoimmune diseases such as SLE where a disruption of lL-6 regulation

may take place.

2.1"4 lL-G and SLE

lL-6 can be considered to be a major inflammatory mediator (41,149),

and SLE is the prototype of systemic autoimmune disease where the

occurence of chronic inflammation is one of the common manifestations.

The activities of lL-6 in diseases with a predominant feature of chronic

inflammation have been investigated intensively by a number of

investigators. According to a review of lL-6 by Hirano T. et al. (81), it was

suggested that an abnormal regulation of lL6 production can cause a

polyclonal B-cell activation and appears to be involved in the pathogenesis

of a number of autoimmune diseases. However, in this review, SLE was not

clearly defined as one of autoimmune diseases in which there is a direct

cause and effect relationship with lL€. The reason for this might be due to

the fact that data were not sufficient to prove a correlation between

abnormal lL-6 expression and the manifestations of SLE.

The following table was taken from Hirano T. et al. (81) to illustrate

the relationship between ll-6 and autoimmune diseases.
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Table 4. lL-6 and dlseases (81)

Polyclonal B-cell abnormalities or autoimmune diseases:
o Cardiac myxoma
o Rheumatoid arthritis
¡ Castleman's disease
o A]DS
¡ Alcoholic liver cirrhosis

Proliferative diseases :

¡ Mesan gial proliferative g lomerulonephritis
o Psoriasis

Malignancies:
o Plasmacytoma and myeloma
o Lymphoma and leukemia
o Renal cellcarcinoma

Linker-lsraeli et al. (115), demonstrated that in SLE there is an

elevated endogenous lL-6 product¡on by PBMC. Furthermore, sera of

pat¡ents with active SLE contain higher titres of lL-6 than those of inactive

SLE, but the latter were st¡ll significantly higher than healthy controls. lL-6

mRNA was detected in freshly isolated PBMC of 11 of 11 patients but not

in normal PBMC, whereas lL-1 mRNA was detected only in patients with

active diseases.

Moreover, the production of a wide range of autoantibodies,

especially lgG anti-DNA antibodies, is a hallmark of human SLE and the

main cause of tissue damage via immune complex-mediated destruction.

However, the mechanisms by which cytokines upregulate polyclonal lgG as

well as lgG anti-DNA antibodies production are unknown (1S7). ln the

mouse system, the cellular mechanisms for the production of lgG anti-DNA

antibodies were studied by Alarcon-Riquelme M.E. et al. (6). They found that

direct cell contact of T and B cells was partly necessary for the production

of lgG anti-DNA antibodies and that (human) lL-6 can stimulate small

'resting' B cells from an SlE-prone old (NZB x NZtr)F1 m¡ce to produce lgG

(1)

(21

(3)
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ant¡-DNA antibodies. Nothwithstanding, in humans, the occurence of

discrepancies in the concentrations of lL-6, CRP, total lgG and anti-dsDNA

antibodies in SLE were observed and reported by investigators. For

example, Spronk P.E. et al. (168) found that elevated plasma concentrations

of lL-6 during exacerbations of SLE correlated with disease activity and

concentration of CRP, but there was no correlation found between

concentrations of lL-6 and concentrations of anti-dsDNA antibodies or total

lgG. lt was suggested that the rise in concentrations of anti-dsDNA during

an exacerbation in SLE is due to a restricted B cell response and not due

to elevation of lL€ concentrations resulting in polyclonal B cell activation.

Also, in the study of Swaak A.J.G. et al. (167) during the flare-ups in 12

patients with SLE, they found that the correlation between lL-6 levels and

acute phase proteins was not clear cut. There were discrepancies either in

the levels of lL-6 or in the type of acute phase proteins expressed. lL-6

levels as wellas C-reactive protein (CRP), a1-antitrypsin (AAT), did not show

a sustained increase. They postulated that the disease process itself might

evoke the inability to show an lL-6 response as well as inhibit the ínjury or

inflammatory response.

But, recently, Alarcon-Riquelme M.E. et al. (7), reinforced their

previous work and demonstrated that the role of macrophages as the main

sources of lL-6 and lL-6 itself are crucial in the production of lgG anti-DNA

autoantibodies in B/1ff mice, and in a more recent study, Linker-lsrael M.

also demonstrated that lL-6 can modulate lgG production by SLE-

mononuclear cells (MNC) (116). ln addition to that, lL-1 and TNF-ø may also

contribute to the augmentation of lgG production while lL4 could suppress

the lL€ dependent lgG production by SLE PBMC (115). Nagafuchi et al.

(137) demonstrated that human SLE-PBMC without any stimuli had

markedly elevated levels of lL-6 compared to normal donors. Also, highly

purified B cells of SLE, produced a large quantity of polyclonal lgG and lgG

anti-DNA antibodies spontaneously, while normal B cells neither secreted
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polyclonal lgG nor lgG anti-DNA ant¡bodies spontaneously. Since it has

been confirmed by many investigators that B-cell tropic cytokines such as

lL-2, lL-1, and lL4, as well as other stimuli may play an important role in B

cell proliferation and differentiation, they further investigated whether the lL-

2llL-2R system could also have decisive roles in the same processes. They

found that only on B lymphocytes of patients with sLE, lL-6 receptor gp8O

with orwithout the associated signaltransduction molecules 9p130, and lL-2

receptors are found, whereas fresh normal B cells expressed neither lL-6R

nor lL-2 receptors. This finding did not exclude the obligatory roles of lL-

2/L-zR along with lL-6/lL-6R circuits since treatment with anti-lL-2R mAb

could efficiently abrogate spontaneous lgG productions by SLE B cells.

However, culture supernatant of highly purified B cells of SLE patients

without any in vfiro stimuli contained significant amounts of lL-6 but not lL-2,

indicating the autocrine loop of lL-6 remains for B maturation and

modulation in SLE. Based on this evidence, Nagafuchi et al. (1s7) claimed

that B cells of SLE patients must have a continuous activation by their

autoantigens rendering the high lL-6 responsiveness and high lgG

production rather than the lL-z,|L-2R route which is commonly used for

normal lgM and lgG production by normal B cells. Therefore, in vítro

inhibition of this autocrine loop by anti-lL€ receptor antibodies decreases

the spontaneous production of autoantibodies. These findings are somewhat

analogous to a previous study by warrington R.J. (190), using the lL-6-

responsive cell line (human lymphoblastoid CESS cells) in which it was

found that the suppression of lL-6-dependent lgG production is impaired or

deficient in lupus patients compared to normal controls. This abnormality

might reflect the failure of a normal B-cell regulatory pathway resulting in the

B-cell hyperactivity and autoantibody production. ln addition, the study of

l(ashman D.J. et al. (101) comparing the functional response of induced

SLE lymphoblastoid cells with that of endogenous SLE lymphoblastoid cells

and with that of induced normal lymphoblastoid cells, with regard to lL-6



and CD23-associated factor signals, showed that no significant differences

were found between both SLE lymphoblastoid cells and induced normal

lymphoblasto¡d cells in term of activation status. All three population of cells

appeared to require lL-6 for antibody production, but elevated in yrfro levels

of lL€ in supernatants were obtained from cultures of T-depleted peripheral

blood lymphocytes (PBL) from SLE patients indicating the poor response of

the SLE cells to exogenous lL-6.

ln conclusion, SLE B cells, as compared to normal controls,

regardless of the presence or absence of T cells, spontaneously produce

lL€ and its receptor causing SLE B cells to spontaneously proliferate and

differentiate into lg-producing cells by an autocrine mechanism (80,102,1 53).

The factors leading to the constitutive expression of lL-6 in SLE have not

been elucidated yet; however, they may include other regulatory cytokines

(116). ln this regard, lL-10, as reported by Llorente L. et al. (110,111), may

play a major role. Firstly, lL-10 is highly produced by B cells and monocytes

but not by T cells of lupus patients; secondly, the rlL-10 strongly increases

the spontanèous in vitro production of lgM, lgG and lgA by PBMC-SLE,

which is affected only weakly by rll-6 (111).

ln addition, Emmendorffer A. et al. (45) recently reported that in the

SlE-prone NZB^/V mice, there is an early expansion of the liver-associated

macrophage system. Particularly in relatively young NZB/W mice, an

increase in number of Kupffer cells as well as the pool of nonadherent,

nonphagocytic precursor cells of the macrophage lineage is consistently

observed and this finding is also similar to that observed in MFìL lpr/pr

mouse. The cause of liver enlargement is not known, but this fact results in

an overall high level of lL-1, TNF-a and lL€ which may contribute to the

dysregulation of the immune system in SLE in mice.

The expression of systemic manifestations of SLE have been

demonstrated. As described earlier, Linker-lsrael M. et al. (115,116) and

several others (8,137), reported a striking elevation of lL-6 levels in the sera
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of lupus patients as well as the excessive B cell function in SLE. However,

these elevations otten vary with the clinical manifestations of the disease

suggesting an immunoregulatory mechanism that ditfers with different

immune status of patients.

SLE, on the other hand, can be locally expressed in the skin which

is typical (discoid lupus); but, little is known about the abnormal cytokine

expression in this skin disorder. The study of Kirnbauer R. et al. (105),

suggested that the in vivo lL-6 production by epidermal cells (EC) is crucial,

since lL€ may also be involved in the pathogenesis of delayed type

hypersensitivity reactions in the skin.

The constitutive expression of lL-6 by PBMC of lupus patients

(115,116), elevated lL-6 levels in lupus sera (8,167), a marked increase of

lL-6 activity along with some or all of the cerebrospinalfluids CSF- lgM, lgA,

and lgG indices in CNS-complicated SLE patients as compared to either

normals or lupus without CNS involvement (79), and a high lL-6 content in

urine of patients with proliferative mesangial glomerulonephritis (103,152)

which may develop as a renal manifestation of lupus (lupus nephritis)

(27,142,152), suggests that the abnormal expression or the dysregulation

of lL-6, in particular, has an important pathogenic role in SLE.

2.2 INTERLEUKTN-1 o (tl-l0)

lL-10, initially designated as cytokíne synthesis inhibitory factor

(CSIF), was described as a product of murine T helper 2 ln4 clones that

inhibited the cytokine production by Th1 clones, which is dependent upon

stimulation with antigen in the presence of antigen presenting cells (APGs)

(46,48,120).
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Studies in mice system have revealed that (33,46,119):

¡.

¡i.

¡¡i.

Cross regulatory effects are exhibited by Th1 and Th2 cells and

mediated by various cytokines.

|FNT ffhl) inhibits proliferation of Th2 cells.

lL-10 [fh2) inhibits cytokine synthesis of Th1 cells.

2.2.O lL-10 produced by var¡ous cell types

2.2.O.O Mouse (m-ll-10)

Mouse-lL-10 producers are ThO and Th2 (but not by Th1) (46,125),

conventional B cells (1), Ly-1* B cells (57,121,140), and B cell lymphomas

(126), macrophages (34,48), mast cell lines (125), keratinocytes (42,147),

and endothelial cell lines (159).

Mouse lL-10 is species-specific, does not act on human cells but

human lL-10 and viral lL-10 is active on mouse cells (183).

2.2.0.1 EBV-virus: BCRF1, (v-lL-10)

Viral-lL-10 shares strong homology in the DNA sequence with m-lL-10

and h-lL-10. ln addition, it has many biological activities on human cells and

mouse cells. V{L-10 is similarto m-lL-10 and h-lL-10 in that it also has CSIF

activity in some assays, but in other assay systems such as the induction

assays for murine mast cells, thymorytes, and class ll MHC, its effect are

ditferent or even greatly diminished or absent as compared with both m-lL-

10 and h-lL-10 which may have a comparable aclivity (183). lt is suggested

that v-lL-10 has at least two functional epitopes, one of which has been

conserved by EBV for its survival advantages (68,183).

2.2.0.2 Human (h-lL-10)

Human lL-10 had been cloned from a cDNA library made from a

tetanus toxoid-specific CD4+ T cell clone that produced multiple cytok¡nes



after aclivation (183). Later, h-lL-10 was demonstrated to be produced by

all subsets of T helper cells ( ThO, Th1 and Th2{ike CD4+ T cell clones)

(37,196), but the levels of lL-10 production by Th2like clones tended to be

higher than that of Th1 (158). Also, if based on the functional maturity of T

cells, 'naive'CD4+ T (CÙ15R4*) cells produce significant amounts of lL-10,

with no lL-4 or lFNy, while 'memory'CD4* T (CttSRO*) cells produce 10-

fold higher levels of lL-10 than CD4SRA+ T cells (158). ¡L-10 is also

produced by some cytotox¡c T cells (CD8*T cells) (196),

monocytes/macrophages (which appear to be the prominent producers)

(34), endothetial cells (159), normal and tranformed B cells (13,110), and

some transformed and tumor of non-hematopoietic cell lines (4,58).

2.2.1 lL-10 receptor (lL-l0R)

The human and mouse lL-10 receptor clones show approximately

75% homology at both protein and DNA levels, and are structurally related

to the class ll cytokine receptor gene family which includes the receptors for

IFNø,ftft (121). However, human cells expressing lL-10R only bind human

but not mouse lL-10 (121). Recently, Liu Y. et al. (106) confirmed that the h-

lL-10R they have identified is a functional receptor for h-lL-10, because it

binds h-lL-10 specifically, and mediates transduction of a biologic response

to h-lL-10. This differential specificity of binding suggests that the receptor

of lL-10 on human cells is more complex than that of expressed on COS

cells where the m-lL-10 could bind as well (126). Nevertheless, lL-1 O-binding

chains of lL-10R have been identified (126). They are expressed by a wide

variety of cells consistent with the response of many cell type to lL-10.
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2.2.2 Some pleiotropic features of lL-10

1L-10 is a pleiotropic cytokine, expressed by various normal and

malignant cell types of hematopoietic origin, and can exert either

immunostimulatory or immunosuppressive effects on a variety of cell types

(33,67,68).

2.2.2.0 As an in vitro immunosuppressant

2.2.2.O.O Effects on PBMC

It had been shown that lL-10 suppressed lFN7, GM-CSF, and TNF

produc{ion by mitogen (PHA), lL-Z, or anti-CD3 mAb-stimulated human

PBMC (108,183).

Recently. Wang P. et al. reported (186) that lL-10 inhibits at the level

of gene trancription of lL-1ß, lL-6, and TNF-ø by human LPS-activated

PBMC, when lL-10 is added either 2 h before or at the same time as LPS.

Further studies by these investigators (187), showed that the inhibiting effect

of lL-10 on LPS-stimulated production of inflammatory cytokines, lL'1ß, lL-6,

lL-8, and TNF-a by human monocytes, may be mediated via the inhibition

of the activation of one of the transcription faclors, i.e. Nuclear Factor rB
(NFrB).

Briere F. et al. (15) also currently reported that the additon of lL-10

to CD4O/SAO-cultured PBMC of lgA-deficient patients enhances the

production of lgM and lgG and most strikingly induced the production of

high amounts of lgA.

2.2.2.0.1 Effects on T cells

lL-10 strongly reduced antigen specific proliferative responses by

human Th [fhO, Th1- and Th-2 like T cell clones) when monocytes were

used as APCs, which is considered to occur in part through the
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downregulation of Hl-A class ll on monocytes (34,35,37). Taga and Tosato

(176), reported that lL-10 inhibited the proliferation of peripheral blood T

cells after activation by PHA, Con A, and anti-CD3 mAb when monocytes

were used as APC. This indirect inhibitory effect of lL-10 on T cell

proliferation has been previously demonstrated in the mouse system (38,46).

As demonsfated later by Ding L. et al. (39), lL-10 inhibits the costimulatory

activity of murine macrophages by selectively inhibiting the up-regulation of

87 expression and has no effect on the up-regulation of ICAM-1 expression

or the induction of MHC class ll expression.

ln addition, lL-10 also have direct inhibitory effects on human T cell

proliferation and lL-2 production induced by either mitogens or triggering of

CDS directly with specific monoclonal Ab in the absence of antigen (36,175).

Thus, lL-10 can be considered as a general immunosuppresor since it can

inhibit T cell activation either indirectly via monocytes/macrophages or

directly on T cells as described (33).

lL-10 also exhibits a cytokine synthesis inhibitory activity (CSIF),

inhibiting lFN7, GMCSF, lL4, and lL-5 production by human T cells

(37,183,196). As it has been shown previously in the mouse system by

Fiorentino D,F. et al. (46), lL-10 particularly inhibits the synthesis of

inflammatory cytokines (lFN7,lL-z, LT,) by Th1 cells. Unlike h-lL-10, even

though m-lL-10 gives similar results by inhibiting the ability of macrophages

to stimulate Th1 cell clones to produce IFNT and lL-2, the production of lL4

and lL-S by Th2 in mouse, were not significantly affected (46,48). ln addition,

Hsieh C.-S. et al. (71) used a useful transgenic model to show that naive T

cells expressing aß T-cell-receptor (aßTCR) clonotype can differentiate to

both Th1 and Th2 phenotypes under certain cytokine and APC (splenic non

B cells) conditions when stimulated by fixed levels of peptide antigen in

vitro.They demonstrated that lL4 and lL-10, which appear to acl through

different cellular mechanisms, as well as the initiating APC, can influence

phenotype emergence. lL-4 directly promotes Th2 development, whereas



lL-10 acts to inhibit the capacity of some APC to drive Th1 development.

lL-10 inhibits allogeneic T-cell responses in primary one-way mixed

leucocyte cultures (MLR) when allogeneic purified monocytes were used as

stimulator cells, and the reduced proliferation in the presence of lL-10 was

only partially restored by high concentrations of exogenous lL-2 (33).

2.2.2.0.2 Effects on B cells

ln the system in which mononuclear cells were cultured in the

presence of lL-4, both h-lL-10 and v-lL-10 can inhibit lgE synthesis through

an indirect inhibition of human monocytes, which is a prerequisite for the

activation of CD4+ T cells to produce lL-4 required for lgE synthesis (33).

ln a mouse system, lL-10 does not affect the APC function of B cells,

and only with a macrophage cell line does the lL-10 act to suppress |FNT

production by Th1 clones (48).

Recently, Clinchy B. et al. (26) demonstrated that lL-10 inhibits

motility in vitro of both murine splenic B cells and human tonsil-derived B

cells, whereâs the expression of adhesion molecules involved in adhesion,

such as CD2, CD1 1alCD18, CD44, CD54 or L-selectin, on B cells were not

adversely altered.

2.2.2.0.3 Effects on monocytes/macrophages and inflammation

lL-10 has direct inhibitory etfects on APC (non T cells) from human

PBMC as reported by Del Prete G. et al. (37).

ln additíon, lL-10 strongly inhibits constitutive, and lL4 or IFNT-

induced HI-A-DR/DP and HLA-DO) expression, which results in a reduced

capacity of these cells to present Ag, but did not inhibit antigen processing

(34,35). The down-regulatory effect of lL-10 on MHC class ll Ag expression

may account, at least in part, for the reduced T cell proliferation and

cytokine synthesis (34,35).
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It has been demonstrated by de Waal Malefyt R. et al. (34) that LPS

or IFNT activated human macrophages produce high levels of lL-10. The

kinetics of this production are relatively late, 7 h atter activation, reaching

maximal levels after 2448 h, compared with that of lL-1, lL€, lL-8, TNF-a,

GM-CSF, G-CSF which were all secreted at high levels 4-8 h after activation.

On the other hand, the inhibition of IFNT expression by endogenous lL-10

can be seen in a reciprocalfashion, in that the exogenous |FNT inhibíts the

monocytedependent production of human 1L-1O (24,37).

As an antiinflammatory cytokine, lL-10 inhibits the synthesis of

proinflammatory cytok¡nes such as lL-1a, lL-1ß, TNF-ø, lL-6, lL-8, GMCSF,

and GCSF, by LPS, lFN7, or combination of LPS with IFNT preactivated

human monocytes both at the protein and transcriptional levels as well as

Hl-A class ll expression (34,146); however, the production of lL-10 by

monocytes was inhibited by lL-4, in a similar manner to lL-1, lL-6, lL-8, TNF-

ø, GM-CSF, and CSF, as well as by its own lL-10 production, via an

autoregulatory negative feedback mechanism (34,35). Thus, it is interesting

to note that the subsequent effect of the production of lL-10 is to
downregulate a set of proinflammatory cytokines which were initially

synthesized, including itself. This suppression was clearly demonstrated by

the use of neutralízing anti lL-10 mAb along with the activation of monocytes

by the same culture system. When neutralized by anti-lL-10 mAbs, the

above proinflammatory cytok¡nes were restored more significantly (34). lL-10

does not completely suppress all monocyte/macrophage protein synthesis,

since it has no effect on transforming growth factor ß OGF-ß), and it also

upregulates expression of the lL-1ra (33,34),

Collectively, lL-10 is a powerful anti-inflammatory agent (34,68).

However, as currently studied by Wanidworanum C. et al. (188), it appears

that there are more complex regulatory pathways involved in the synthesis

of lL-10 by human monocytes. Surprisingly, they found that TNF-ø alone,

but not lL-1a, lL-1ß, or lL-6, induces substantial lL-10. ln addition, LPS
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induces a large amount of lL-10 secretion and is augmented by TNF-a.

Accordingly, this high level of LPS-induced lL-10 production is mainly

inhibited by anti-TNF-a but not by antibodíes to other inflammatory

cytok¡nes. They suggested that TNF-a and lL-10 are components of an

¡mportant regulatory feedback loop. Another observation by Gruber M.F. et

al. (61) was demonstrated that while M-CSF is a survival and differentiation

factor for mononuclear phagocytes and its production is strongly

augmented by lL-1ß in an anti-cD4s mAb culture system, both lL-4 and lL-

10, in contrast, show strong inhibitory etfects on M-csF transcript

expression and protein secretion by human monocytes in this system.

ln a mouse system, Fiorentino et al. (47) demonstrated that similar

inhibitory effects were displayed by m-lL-10 on the production of lL-1a, lL-6,

and TNF-ø by both activated-macrophage cell lines and activated-normal

peritoneal macrophages. They also found that IFNT enhanced lL-6

production by LPS-stimulated peritoneal macrophages, and this could be

explained by its suppression of lL-10 production, in their culture system, by

the same cell population. ln addition, blocking studies with neutralizing anti-

lL-10 mAbs indicated that endogenous lL-10 production by macrophages

suppresses lL-6 production. The same conclusion is derived Írom in vitro

data and supported by in vivo experiments, that neutralization of lL-10 using

specific mAbs leads to elevated levels of circulating TNF-a and lL-6 in mice

(67). Recently, Howard M. et al. (70) tested whether the ability of lL-10 to

suppress production of TNF-a and lL-1 together with its ability to increase

lL-1ra, renders this cytokine capable of protecting mice against endotoxin-

induced shock (bacterial sepsis). lndeed, their results indicated that lL-10

is highly effective in doing so. Gerard c. et al, (6s) atso reported that

administration of lL-10 before LPS challenge markedly reduces TNF release,

prevents hypothermia and lethality in mice.
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Bogdan C. et al. reported (12) that mouse lL-10 strongly suppresses

TNF-a release, and also has the capacity to reduce HrO. and to suppress

the release of nitric oxide by macrophages. In addition to that, it has been

demonstrated (12) that lL-10, TGF-ß, and another factor known previously

as MDF (macrophages deactivating factor) are identified as three major

proteins which appear to act independently in macrophage deactivation.

Gazinelli et al. (59), demonstrated later, that at high concentrations of m-lL-

10 (10G200 u/ml), the production of nitric oxide by |FNT activated

macrophages is totally inhibited. ln another assay system, oswald l.p. et al.

(139), claimed that lL-1O-regulatory properties are unique and exert effects

through a separate pathway to that shown by Bogdan, Malef1fi, and

Fiorentino (12,35,47) and described above. The work presented by Oswald

involved the use of thioglycollate-elicited murine peritoneal macrophages

that were stimulated in vitro with recombinant |FNT in the absence of

detectable LPS. Under these conditions, they found that the cells exhibited

substantial larvicidal activity, readily detectable by the secretion of nitrogen

oxide, and detectable amounts of rNF-a but not mRNAs for lL-1, lL-6 and

GM-CSF. Finally, they concluded that lL-10 acts to inhibit the cytotoxicity of

lFNT-treated cells by blocking intrinsic production of rNF-a, which is
required as an autocrine costimulatory signal for production of the toxic

effector molecule nitric oxide.

Recently, Frei K et al. (55) reported a similar finding, already shown

previously concerning the inhibitory etfects of lL-10 on

monocytes/macrophages or on cells of the macrophage lineage (39,47,49),

that in the brain-derived APC culture system, lL-10 also supresses the MHc

class ll- and Ag-dependent proliferative response of T cells ín the presence

of either astrocytes or microglial cells as APC. ln this system, lL-10 also

inhibits the production of inflammatory cytokines such as lL-6, GM-csF, and

M-CSF by both murine astrocytes and microglial cells, and this inhibitory

effect is dependent on inducing signals such as LPS, protein-A, SEA, ppD,



lnterest¡ngly, a recent finding by Lí L. et al. (1Og) reinforced the cross-

regulatory properties of Th1 and Th2 cells in mice which are negatively-

regulated through their cytokines. They found that indeed lL-10 can inhibit
Th1 cell-induced detayed type hypersensitivity (fhl-induced DTH). The

manifestations of DTH after injection of Th1 cell clones and Ag into footpads
of naive mice were a delayed (peaking at24h), edematous, nonindurated

inflammatory reaction. Footpad swelling can be suppressed by
approximately 4Oo/" through lL-10 administrations, and vascular leakage
(Evans Blue extravasat¡on) can be suppressed by up to 5o%. Moreover, lL-

10 treatment markedly reduced the production o,t lL-2, lL-6, lFN7, and

TNF/LT as observed in footpad extracts. These findings suggested that the
effect of lL-10 on DTH may be mediated through supression of cytokine

synthesis. ln addition, as an important regulator of the T cell-mediated

immune response (DTH), lL-10 was also studied by Ferguson T.A, et al. (49)

in contact hypersensitivity (CHS) responses in mice. What they found is that
not only was lL-10 produced locally at the site of antigenic challenge,

reaching a peak at 1o-14 h, but also this endogeous lL-10 could modulate
the duration of the response. lnjecting exogenous rlL-10 into the skin before

antigenic challenge, prevented the elicitation of CHS in previously sensitized

mice.

Also in a mouse system, powrie F. et al. (149) demonstrated an

interesting finding, that systemic administrations of both lL-4 and lL-10

maximize or have synergistic effects on the inhibition of Th1 effector function

in vivo, assesed by cytokine production and DTH reactivity in BALB/c mice

infected by Leishmania major.

All these findings provide additional evidence favoring the cross

regulatory effect of lL-10 on the downregulation of Th1 lymphokine
production as discussed above. Another example of this negative regulation

between cytokine pattern of rh1 and rh2, is show when parasites such as

Toxoplasma gondii, an intracellular protozoan and Schistosoma mansoni,



an extracellular helminth, can evade the |FNT dependent cell mediated

cytotoxicity (59), through macrophage deactivation, downregulation of the

expression of MHC class ll, and inhibition of pro-inflammatory cytokine

production, by lL-10, even in the presence of lFNa, which also may

contribute to the inflammatory regulation of lL-10 (12).

Table 5. lmmunosuppressive Properties of lL-10 in vitro (adapted from Howard et al.) (67)

- lnhibits monocytes/macrophages-dependent cytokine synthesis by PBMC, NK cells,
and Thl clones

- lnhibits monocytes/macrophagedependent ThO,Th1, and Th2" proliferation

- lnhibits cytokine synthesis by activated macrophages/monocytes

- lnhibits monocyte class ll MHC expression

- lnhibits macrophage production of reactive nitrogen oxides

- lnhibits macrophages intracellular and extracellular killing of parasites

- lnhibits monocyte/macrophag+dependent lgE synthesis by B cells in PBMC culture
(33)

"So far shown only in human system.

2.2.2.1 As an immunostimulatory cytokine

2.2.2.1.0 Effects on T cells and mast cells

Mouse lL-10 (m-ll-10) acts as a growth stimulatory factor on mature

and ¡mmature thymocytes cells, and on Ly1+ B cells (140), together with lL-2

and lL4 (a growth costimulator) (67,124), as well as on mast cells and their

progen¡tors if added together with lL€ and/or lL-4 (174), and also is an

enhancer of c¡otoxic T cell development (25), and for viability and class ll

MHC expression on small splenic B cells (57).
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2.2.2.1.1 Effects on B cells

Burdin N. et al. (13) reported that h-lL-10 and v-lL-10 have important
roles in stimulation of growth and transformation of human B cells by EBV.

It has also been shown that m-lL-10 can atfect B cells to enhance

theÍr viability, cell proliferation, lg seøetion, and class ll MHc expression

(33,57). ln contrast to lL-4, which also induces MHC class ll expression, lL-

10 does not upregulate the expression of cD2B (s7). ln addition, lL-4 can

show normal upregulation of MHC class ll on B cells from X chromosome-
linked immunodeficiency (XlD) mice, whereas lL-10 does not (s7). Thus, in

these assays, the two cytokines appear to act differenily. Go N.F. et al. (sz)

also reported that BCRFI protein (v-lL-10) enhances in vitro mouse B cell

activity, but does not induce class ll MHc antigens on B cells. Recenily,

Levy Y. and Brouet J.-C. (108) reported that lL-10 prevents the spontaneous
death of human splenic B cells in vitro, and suggested that this protective

effect of lL-10 is associated with the induction of the synthesis of the bcl-2
protein which is known to play a key role in the rescue of germinal center

B cells from apoptosis.

Rousset F. et al. (14s), demonstrated that h-ll-10 as well as v-ll-10
enhanced the growth, and the lg secretion of SAC or anti-p preactivated

human B cells, but this enhancement was somewhat weaker than that of lL-

2 or lL4. Also, in this system, no co-stimulatory effects by h-lL-10 and v-ll-
10 were found when B cells were cultured in the presence of lL-2 or lL-4.

However, comparable results for the B-cell growth-promoting etfects of I L-1 O

and lL4 were observed when B cells were activated through anti-CD4O

mAbs crosslinked to CDw32 transfected L cells, whereas tL-2 were virtually

inactive. ln this CD40 system, a strong costimulatory effect of h-lL-10 or v-lL-

10 was obtained when it was used in combination with either lL-2 or lL4.
ln addition, h-ll-10 and v-lL-10 were also demonstrated to stimulate

immunoglobulin production of activated B cells as reported (14s). ln the

SAO-preactivated B cells, h-lL-10 and v-lL-10 gave similar results in inducing
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the production of high levels of lgM, lgG, and lgA. An interesting finding was

that lL-10 appeared to be more potent than either lL-Z or lL4 in this culture

system. Moreover, comparable effects on the production of lgM, lgG, and

lgA, were also seen in the CD40 system. However, unlike lL-4, in this system

1L-10 was not able to induce the production of lgE, but could enhance the

lL4 induction of lgE synthesis. A recent finding by Briere F. et at. (16)

showed that in humans, lL-10 induced anti-CD4O activated tons¡llar surface

lgD+ (slgD*) naive B cells to secrete large amounts of lgM, lgG1, and lgG3

but neither lgG2 nor lgG4. Moreover, they also found that cord blood

purified B cells and lymphocytes from Hyper-tgM patients also induced lgGl

and lgG3 after culture with ant¡-cD4O and lL-10, whereas slgD-isotype-

commited B cells produce lgG1, lgG2, and lgG3 in the same culture

condition. These findings indicate that lL-10 may represent a switch factor

for lgGl and lgG3.

ln the study by Levy Y. and Brouet J.-c. (108) as mentioned earlier,

it had been demonstrated that lL-10 prevents the spontaneous death of

human splenic B cells in vitro, and this protective effect of lL-10 on splenic

B cells is associated with the induction of the synthesis of the bcl-2 protein

which is known to play a key role in the rescue of germinal center B cells

from apoptosis. However, ltoh K and Hirohata s.(gg), recenfly reported that

lL-10 has unique biphasic effects on human B cell responsiveness in

determining the outcome of humoral immune response. These researchers

reexamined in detailthe regulation of the survival of human peripheral blood

B cells by lL-10 and its relevance to lg production. Their data indicate that

the effects of lL-10 are different depending on the state of activation of B
cells after ligation of Ag receptors. What they found was that lL-10 facilitated

the apoptosis of Staphylococcus aureus (SA)-activated B cells when lL-10

was present during the initial activation of B cells with SA. During this initial

activation, lL-2 was found to prevent the lL-1O-mediated progression of the

apoptosís. Conversely, lL-10 rescued SA-activated B cells from apoptosis
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when ¡t was added after 72 h of culture and thus supported

differentiation of these B cells in to lg secreting cells without

requirement for lL-2.

2.2.2.1.2 Effects on monocytes/macrophages

lL-10 is capable of enhancing FCyR expression on human monocytes

as well as ADCC activity (178). These etfects were comparable to that of

|FNT induced FCÎ,R and ADCC by monocytes. Based on this study, te Velde

A. et al. (178) reported that lFN7, lL4, and lL-10 have different regulatory

effects on both monocyte Ag-presenting capacity and ADCC activity,

because MHC class ll Ag is upregulated by both IFNT and lL-4, but only

lFN.y can stimulate Fc/R axpression and ADCC whereas lL4 has opposite

etfects on Fcy-R expression, and lL-10 downregulates constitutive and lFNT

and ll-4-induced MHC class ll Ag expression (34,178).

Table 6. lmmunostimulatory Properties of lL-10 in vitro (modified from Howard et al.) (67)

- Enhances B-cell class ll MHC expression

- Enhances B-cell vhbility
- Enhances activated B-cell proliferation and lg secretion

- Enhances cytotoxic T-cell thymocytes

- Enhances cytotoxic T-cell development

- Growth costimulator for mast cells

- Stimuhtes monocyte FcyR surface expression and cytotoxic activity (178)

- Enhances lgE production when lL-4 was present by B lymphocytes activated either
via their antigen receptor or via their CDUIO antigen (58)

2.2.3 ll-l0 and lL-G

ln humans, lL-10 is not strictly aTh? specific cytokine, and its pattern

of expression resembles lL€ more than lL4 and lL-S (126). lL-10 is usually

co-expressed with lL6 in both lymphoid cells and in macrophages

(34,99,120). In addition, in a recent study by Kim et al. (99), it was shown

the

any
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that lL€ and lL-10 share certain upstream non-coding-region sequences

associated with transcriptional regulation. Gastl G.A. et al. (SB) reported that

certain non-hematopietic human cancer cell lines such as those from renal

carcinoma, colon carcinoma, malignant melanoma, neuroblastoma,

constitutively synthesize and release measurable amounts of lL€ and lL-10.

However, lL€ secretion was maximal and most frequent in renal-cancer cell

lines, whereas lL-10 was found to be highest and most common in colon

carcinomas. This finding suggested a role of these cytok¡nes in tumor

biology. The role of non-lymphoid tumorderived lL-10 was recenfly

investigated by Alleva D.G. et al. (4). These investigators indicated that

tumors escape immunosurveillance by favoring macrophage-suppressor

activity and decreasing macrophage-induced cytotoxicity, and that the

tumorderived lL-6 and lL-10 may contribute to tumor-induced inhibition of

macrophage cytotoxicity during tumor growth.

Recently, sironi M. et al. (107) reported that there is a dichotomy of

etfects of lL-10 on lL-6 production in endothelial cells versus macrophages.

Human-lL-l0 markedly suppressed Lps-induced lL-6 production by human

PBMC and by mouse macrophages; conversely, it induced low levels of lL-6

release by both murine and human endothelial cells, and amplified LpS-

induced production by those endothelial cells under the same experimental

condition.

A current interest¡ng finding by Tumpey T.M. et al. (179) is that tL-10

treatment can locally suppress acute inflammation induced by Herpes

Simples virus type t infection on murine cornea. They found that three

cytokines, lL-1a, lL-2, and lL-6 are markedly increased in the mice with

herpetic stromal keratitis. Administration of lL-10 has protected these mice

from blindness and was associated with a reduction of lL-2 and lL-6

concentrations whereas lL-1a levels were not reduced.
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2.2.4 lL-10 and inflammation

ln view of the host defense mechanism against trauma and infection,

macrophages orchestrate antigen-nonspecific ant¡m¡crobial defenses or

nonspecific inflammatory functions, as well as specific immunologic

functions, i.e. as professional antigen-presenting cells for the aclivation of

T cells. Their uncontrolled activation represents a central component in the

pathogenesis of acute and chronic inflammatory diseases (60). Evidence of

the importance of lL-10 in diminishing inflammatory responses is

accumulating, for example, as discussed above, lL-10 is a potent monocyte

deactivator and inhibits transcriptionally LPS-|nduced expression of

proinflammatory mediators (12,34,179). Antibody neutralization of lL-10, in

vivo, increases the susceptibility to LPS-induced shock whereas the

administration of lL-10 suppresses lethal endotoxemia (70). lL-1O-deficient

mice developed chronic enterocolitis (100). Because lL-10 and LPS are

important and antagonistic regulators of monoc¡e activation, Geng Y. et al.

(60) studied the intracellular signaling pathways of these regulators. They

indicated that lL-10 does not globally inhibit monocyte activation and that

it preferentially atfects protein tyrosine kinase (PTl{)-dependent cytokine

mRNA expression but not the PTK independent induction of c-jun and c-fos

mRNA in LPS activated macrophages.

The action of lL-1O in vivo can be a two-edged sword. Firstly, as a

macrophage deactivation factor to red u ce i nf lamatory respon ses (resp i ratory

burst), and secondly, as a means to impair the bacteriocidal activity of

macrophages, thus rendering the host more susceptibile to infection (179).

2.2.5 lL-10 and autoimmune diseases

As discussed earlier, it has been described by some investigators

that patients with SLE and rheumatoid arthritis (HA) develop high titres of lL-
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10 in their sera compared to the normal controls (79,149). lGtsikis p.D. et

al. (98), in their recent study, described the presence of high levels of lL-10

mRNA and protein in RA and osteoarthritis (oA) synovial membrane

biopsies. They also reported spontaneous lL-10 production in RA and oA
synovial membrane culture and suggested the ¡mportant role of lL-10 as

regulator of production of the inflammatory cytokines: TNF-a and lL-1.

However, in the study of Kuhn R. et al. (1oo), it was suggested that
for some patients with other autoimmune disorders such as inftammatory

bowel diseases, this was due to a diminished production of lL-10.

2.2.6 lL-10 and SLE

ln the mouse model of lupus, cytokines play a pathogenic role that
is not clearly understood, as demonstrated by lshida H. et al. (94) in studies

of experimental therapy for sLE with anti-lL-10 mAb, and by ozmen L. et al.

(142) with soluble |FNT receptor as described earlier. ln human SLE there

is no such clear cut polarization of cytokine abnormalities toward Th1- and

Th2-dependent SLE,

so far, very little is known about the role of lL-10 in human sLE. The

capacity of lL-10 to enhance the proliferation of B cells as well as the
production of immunoglobulin (gg,14s), and its relationship to diseases

characterized by excessive B-cell proliferation and differentiation, such as

in SLE, is not known.

some recent data regarding the relationship between lL-10 and

human sLE have now begun to accumulate, in the two years since the

writer begun this study.

Llorente L. et al. (55) reported that the spontaneous production of lL-

10 by cultured peripheral blood mononuclear cells (PBMC) of untreated SLE

is 33 times higher than normal individuals, and monocytes and B cells of
sLE patients are the potent producers while T cells do not produce
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significant amounts. This overproduction of lL-10 in SLE of non-T cell origin

supports the T-independent pattern of B cell hyperactivity with an overall T

cell hyporesponsiveness during this autoimmune disease. The etfects of lL-

10 overproduction on B cells, which is mainly contributed by monocytes in

a paracrine manner, and by B cells themselves in an autocrine manner, may

perpetuate the ongoing expansion of B cells with autoreactive B cells, and

also promote the synthesis of autoantibodies.

Other investigators also supported the findings by Llorente L. et al.,

for example, that the increased production of lL-10 was also demonstrated

in newly diagnosed, untreated sLE patients (14g), and found high serum

levels of lL-l0 in SLE (73).

A further study by Llorente L. et al. (112) examined the in vivo and in

vitro dysregulation of lL-10 gene expression using RT-pcR and ELISA. This

study was performed on freshly isolated PBMC as well as PBMC culture

supernatants respectively from patients w¡th rheumatoid arthritis (RA),

primary sjogren's syndrome (ss), and systemic lupus erythematosus (sLE),

ln this study, the dysregulation of lL-10 production occuring in those three

types of díseases became evident, since this abnormality was again seen

in all patients and particularly in the contribution of both B cells and

monocytes.

Finally, Llorente L. et al. (111), analyzed whether the increased
production of lL-10 by B cells and monocytes of SLE patients contributed

to the abnormal production of immunoglobulin (lg) and of autoantibodies.

The role of lL-10, then, was compared with that of lL€, another cytokine

suspected to play a role in these abnormalities. This recent study
demonstrated, firstly, that lL-10 is highly produced by B cells and

monocytes but not by T cells of lupus pat¡ents; secondly, that the
spontaneous in vitro production of lgM, lgG, and lgA by pBMc from sLE
patients was weakly increased by recombinant-human lL (r-hll)-6, but

strongly by r'hlL-10, and this production was not signif¡canfly affected by an



anti-lL€ mAb but was decreased by an anti-lL-10 mAb. Moreover, when

tested, the in vivo effec't of these antibodies in severe combined

immunodeficiency mice injected with PBMC from SLE patients, the anti-lL-6

mAb did not significantly affect the serum concentration of total human lgG

and of antidouble-standed DNA lgG in the mice, in contrast, the anti-ll-10

mAb strongly inhibited the production of autoantibodies, and, to a lesser

extent, that of total human lg. Therefore, they claimed that the lg production

by SLE B lymphocytes is largely lL-10 dependent. These findings are in line

with what have been shown severalyears ago by Hashimoto C. (ZB) whose

data indicated that lL-6 may not be the only factor that has a critical role in

the induction of hypergammaglobulinemia in SLE.

3. SUMMARY OF THE LITERATURE REVIEW

3.0 Systemic Lupus Erythematosus (SLE)

is a multi system inflammatory disease characterized by

immune system dysfunclion of unknown etiology.

is defined by its typical but diverse clinical features and

laboratory findings, such as butterfly appearance and

autoantibody production.

is a disease with a variety of expressions between one patient

to another.

has a high morbidity and significant mortality rate with no

certain curative treatments.

1.

3.

4.
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3.1 lnterleukin-G (lL-6)

is a multifunction cytokine with a major role in host defense,

infiammatory response, and hematopoiesis.

is produced by almost all cells in humans especially when the

cells are being activated, and may act locally at the site where

they originated or may behave as hormone-like messengers.

is spontaneously produced by SLE B cells and usually found

in high levels in the circulation of SLE patients .

is considered to be an important inducer for autoantibody

productlon and disease perpetuation.

3.2 lnterleukin-10 (lL-1 0)

b.

c.

d.

b.

is also a pleiotropic cytokine with immunosuppressive and

immunostimulatory properties.

is similar to lL-6 whereby it can be produced by a wide varíety

of cells in humans, but also may display preferrable

production sources depending on a dominant immune

response, whether in T helper-1 [fh1) or T helper-z (Th2)

compartment,

is abnormally expressed in some autoimmune diseases.

is now considered a factor that is responsible for the longevity

and the promotion of autoantibody production of autoreactive

SLE B cells.

c.

d.
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4. RATTONALE, HYPOTHES|S, AND OBJECTTVES

4.O Rationale

Little is known about the interactions between lL-10 and lL-6 in
immunity and in inflammatory processes. since pBMc may provide a
convenient vehicle for assessment of cytokine production and

responsiveness, mainly because of their accessibility (50), studies of both

spontaneous and activated lL-6 and lL-10 production in vitro is of particular

relevance, because this is a reflection of cell function that can be studied in

a controlled way (189), rather than measuring simply the circulating levels

of both lL-6 and lL-10 in body fluids, which can be influenced by many

internal and external factors. we therefore employed macrophages and B
cells since these two type of cells represent an appropriate tool for
analysing the patterns of the cytokine production and responsiveness.

Macrophages are as the main source of lL-6 and lL-10 while B cells are the

cells responsible for the autoantibody production and are considered to be

dysfunctional in systemic lupus erythematosus.

4.1 Hypothesis

The primary hypothesis of this work is that lL-10 has a regulatory

effect on B cell and macrophage in the in vivo production of lL-6.

Responsiveness to the cytokine synthesis inhibitory effects of lL-10 in SLE

might be impaired, resulting in an excessive production of lL-6.
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4.2 Objectives

The present study was conducted with the following objectives:

to evaluate the levels of lL-6 production by B cells and macrophages,

either spontaneous or LPS-stimulated, in healthy individuals and in
patients with SLE.

to test the ability of exogenous lL-10 to suppress rh vrfro production

of lL-6 by B cells and macrophages.

to measure the levels of residual lL-10 in cell supernatants following

the admininistration of lL-10 to B cells and macrophages of normal

controls versus SLE patients.

1.

2.

3.
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5. MATERIALS

5.0 Human Subjects

Human-peripheral blood mononuclear cells (PBMC) were obtained

from SLE patients and normal volunteers. The initial phase of the study consisted

of 10 SLE patients (9 females) and 12 healthy individuals (2 females) as normal

controls. The second phase was conducted 6 months later and consisted of 6 SLE

patients (all females), 5 of these were the same patients as from the first phase,

and an equivalent number of healthy individuals (1 female). The age of both study

groups ranged Írom 24 to 40 years old. Diagnostic standards as well as clinical

evaluations for SLE on the patient groups were based on the 1982 American

Rheumatism Association (ARA) criteria and the SLE disease activity index (SLEDAI)

(17). The lupus patients were heterogenous in terms of disease activity, with a

mean age of 43.6 = 15.1 years and only 2Oo/o oÍ patients were judged to have

active disease. Three patients were receiving prednisone 20 mg per oral, daily or

less, two of whom were also taking azathioprine and one was on

hydroxychloroquine. All patients enrolled in the study were registered at and under

the management of the Rheumatology Clinic and General Hospítal, Health

Sciences Centre, Winnipeg, Manitoba. Normal controls were obtained from healthy

graduate students of the University of Manitoba and laboratory personnel working

at the Health Sciences Center.

5.1 Chemicals, Reagents, and Equipment

5.1.0 Chemicals and Reagents

Acetic acid, Hydrochloric acids, Sodium Hydroxide solution, EDTA
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(ethylenediamine tetraacetate acid disodium salt), Paraformaldehyde, were

purchased from Fisher Scientific Co. (CanLab, Winnipeg, MB). Potassium

Chloride, Potassium Phosphate Monobasic, Sodium Azide, Sodium

Phosphate Dibasic Anhydrous, Sodium Chloride, were purchased from

Mallinckrodt, lnc. (Pointe-Claire, Quebec). MTT (3-[4,S-dimethylthiazol-2-yll-

2,5-diphenyl tetrazolium bromide), 2-Mercapto Ethanol, N-N-Dimethyl

Formamide, Trypan Blue, Lipopolysaccharides (LPS), Histopaque-1 077 were

purchased from Sigma Chemical Co. (St Louis, MO). Sodium Azide was

from Mallinckrodt Baker, lnc. (CanLab, Winnipeg, MB); DMSO (dimethyl

sulfoxide) was from Fisher Scientific Co (Ottawa, ON). HBSS (Hank's

balanced salt solution) was from Flow Laboratories (McLean, Vl). Fetal Calf

Serum, RPMI-1&10, SDS (sodium dodecylsulfate)werefrom Gibco BRL, Life

Technologies (Grand lsland, NY, and Gaithersburg, MD). Bovine Serum

Albumine cat.no. 70195 was obtained from United States Biochemical Corp.

(Cleveland, Ohío). Recombinant human-lL-10 (batch no. 3-1L10-1007) was

a kind gift from Dr. Satwan Narula (Schering-Plough Research lnstitute,

Kenilworth, New Jersey); Recombinant human-lL-6 (cat.no. H lL-6) was

purchased from Genzyme Corporation (Boston, MA). Mouse anti-human

CD2 monoclonal antibody with a matching isotype control (lgG1); mouse

anti-human CD19 monoclonal antibody with a matching isotype control

(lgc1), mouse anti-human CD14 monoclonal antibody with a matching

isotype control (lgc-2a) were purchased from Cedarlane Laboratories Ltd.,

(Hornby, ON); Biotin-labelled goat anti-human lgc+lgM (h+l) was

purchased from ClonTech Laboratories (Palo Alto, CA), Avidin-FITC was

from Becton Dickinson lmmunocytometry Systems, (San Jose, CA); goat

F(ab')2 anti-human lgG+lgM (h+l) FITC was obtained from Cedarlane

Laboratories (Hornby, ON); mouse anti-human lL-10 monoclonal antibody

(lgc1 kappa) batch no. P930701 was obtained from Serotec Ltd, (Oxford,

England); mouse anti-human CD29 monoclonal antibody (3S3), lgGl kappa,

was kindly provided by Dr. J.A. Wilkins (RDU Research Lab, Winnipeg, MB);



ELISA-kit for lL-10 (literZyme lL-10 Enzyme lmmunoassay l(t, Cat. No.

4D6610) was purchased from Cedarlane Laboratories Ltd., (Hornby, ON).

ELISA-kit for lL-6 (Quantikine*, Human lL-6 lmmunoassay Cat. No. D6050)

was purchased from R&D Systems, lnc., (Minneapolis, MN). Bg cell line

(mouse B cell hybrodoma) was a kind gift from Dr. Lucien A. Aarden (Dutch

Red Cross Laboratory Armsterdam The Netherlands),T24 cell line (human

bladder carcinoma) (ATCC No. HTB4) was purchased from American Type

Culture Collection (Rockville, Maryland).

5.1.1 Equipment

A laminar flow biological safety cabinet (model vbm-600) was a

product of the Baker Co. lnc. (Sanford Maine). Water-jacketed COz

incubators (model 3325 dual chamber) were products of Forma Scientific,

Division of Mallinckrodt, lnc. (Marietta, OH). A dry type bacteriological

incubator was a product of Blue-M Electric Co. (Blue lsland, lllinois).

Biomek-1000 Automated Laboratory Workstation and computer software,

Beckman lnstruments, lnc. (Fullerton, CA). Centrifuges:centra-7 and Centra-

7R were products of Damon/lEO Division (Needham HTS, Mass); a

multiwell-plate centrifuge CRU-5000 was purchased from Damon/lEO

Division (Needham HTS, Mass). Vortex-Genie was produced by Fisher

Scientific Co. (Ottawa, ON). A binocular microscope was a product from

Nikon Japan, and a microscope for cell-culture observation was from

American-Optic Scientific lnstrument Division (Buffalo, NY). Neaubauer-

improved hemocytometer was a product from Buffalo NY, USA. pH-meter

(Acumet 910) was a product of Fisher Scientific Co. (Ottawa, ON). Plastic

petri dishes (100 x 15 mm standard, cat.no. 8-757-13) were purchased from

Fisher Scientific Go. (Ottawa, ON). Syringes: 60 cc, 30 cc, 20 cc, 10 cc, 5

cc, 3 cc, 1 cc, and24 well flat-bottom plates (Falcon-3B7);50 ml, 15 ml,
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Falcon-conical tubes and 12x75 mm round-bottom tubes were obtained

from Beckton Dickinson & Co. (Lincoln Park, NJ), sterile 15 ml round-bottom

tubes Cf406-2) were from Simport Plastic Ltd. (Beloeil, Quebec). Nunc

cryotubes (cat.no. 3-63401) made from Denmark were purchased via Gibco,

(Grand lsland, NY). 96 U-shaped multiwell culture plates cat.no 76-042-05

(Flow Laboratories) were purchased from ICN-Biomed (Costa-Mesa, CA).

Nunc 96 flat-bottom multiwell culture plates cat.no. 1 67008 were purchased

from Gibco (Grand lsland, NY), and (non-sterile) 96 V-shaped multiwell

plates cat.no. 76€.21-05 were purchased from Flow Laboratories lnc.

(Mclean, Virginia). Corning 25 cm2 tissue culture flasks were purchased from

Corning lnc. (Corning, New York). Falcon€O24 75cm2 tissue culture flasks

were from Becton Dickinson Co. (Oxnard, GA). Millipore O.22 ¡rm filters were

from Millipore Product Division (Bedford, MA); 0.45 ¡rm syringe filter, \AruR

Scientific (West Chester, PA). Falcon-7106 (150m1) .45¡rm filters were from

Becton Dickinson Co. (Lincoln Park, NJ). Needles, size of 22G1,18G112,

25G5/8 were from Becton Dickinson Canada (Mississauga, ON). Pasteur

pipettes in boxes were obtained from Canlab (Winnipeg, Manitoba). Nylon

wool scrubbed fiber in packages (code 4C2906) or leuko-pak leukocyte

filters were purchased from Fenwal Laboratories, Division of Travenol

Laboratories lnc. (Deerfield lllinois). Carbon Dioxide (gaseous), Liquid

Carbonic lnc., was routinely provided by Canlab (Winnipeg. MB). Liquid

Nitrogen, Canadian Liquid Air Ltd., was routinely supplied by Canlab

(Winnipeg, MB). FACS analysis was kindly performed by Dr. E. S. Rector,

Flow Cytometry Laboratory, Faculty of Medicine, University of Manitoba.
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6. METHODS

6.0 MTT dye modified.procedure (Hansen M.B. et al.) (92)

ln order to measure the survival or the proliferation of cells in a
bioassay system, the colorimetric MTT assaywas applied because it is efficient and

reproducible (123).

6.0.0 MTT solution

This was prepared as follows: MTT (.25 g) was dissolved in 50

ml (1N) PBS sterile solution (pH 7.4) at room temperature. Avoid light

exposure while stirring by wrappíng the bottle with aluminum foil. Sterilize

the solution using .22 pm millipore filter. Tighten up the cap and store in the

cold room (4'C). The solution is usable for approximately 2 months.

6.0.1 SDS/DMF solution (the extraction buffer)

This solution was composed of 20% SDS (Sodium Dodecyl

Sulphate) in 50% DMF (N,N-dimethylformamide) (w/v), pH : 4.7 (critical),

and the preparation of this solution was as follows: work in a fume hood,

weigh 20 gram SDS powder, add 30 ml distilled water, stirr up, add 50 ml

DMF, keep stirring, then adjust pH to 4.7 using a few drops of 1N HCl, and

80% acetic acid solution, keep in a cold room (at 4'C). This solution would

be available for use for about 6 weeks.

6.0.2 Assay medium (or T24SN-deprived medium)

The assay medium (100 ml) contained RPMI-1640, 5 % FCS,

and 1 x 1os 2-ME (v/v).

6.0.3 MTT Procedure

A suspension of RPM|-washed 89 cells with a viability of more
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6.1

than 95% as determined by trypan blue exclusion, was prepared using an

assay medium. The adjustment of cell density in quadruplicates was

achieved with a two-fold serial dilution on a ster¡le Nunc 96 flat-bottom

culture plates with a 200 pl of final volume per well. Then 25 pl of the 5

mg/ml stock solution of MTT was added into each well. The plate was

incubated tor 2 h at 37'C in a dry type incubator. After incubation, it was

needed to examine the reaction between the cells and the MTT under

microscope to observe a dark blue formazan producl that was produced

only by the live cells. Then, a 100 ¡rl of the extraction buffer was added to

each well. An overnight incubation was required to obtain a homogeneously

dissolved formazan product, but sometimes, mixing by pipetting up and

down for at least four times was also needed. Optical density was

measured on a Biomek-1000 computerized plate reader, using a wavelength

of 600 nm.

89 cell line culture

6.1.0 89 cell growth medium

The growth medium was composed of RPMI-1640, 5% FCS,

1 x 1O-s 2ME, 2.5o/oT24 cell supernatant (l-24SN).

6.1.1 Culture procedure

A continuous line of 89 cells were cultured in Falcon 24 well

culture plates and ín Corning 25 cmz tissue cutture flasks using the growth

medium as described above. The maintenance of CO2 pressure at a range

of 5 to 6 % with a humidified atmosphere was critical for this type of cell

culture. Cells were split 3 times a week. Usually the starting cell density was

.2 x 106 cells/ml per well in the plate, and .8 x 1Oo cells/4 ml per flask. Cells

will quickly die out when they grow in confluence for too long (e.9. a day



longer than the splitting day).

6.2 T24 cell line culture and maintenance

6.2.0 Culture and maintenance

The T24 cell line which constitutively produced lL-6

(6,56,103,151)was cultured and maintained in a Falcon 24flat-bottom well

plate and in two 75 cmt tissue cutture flasks in a humidified atmosphere

containing 5 o/o CO2. The growth medium consisted of RPMI-1 640 and 10%

FCS (v/v) (for the flow of cell handling, culture and maintenance, see figure

4). lnitially, after bringing up from frozen state (liquid nitrogen stock), cells

were cultured in a 24 well plate. After the cells recovered and grew

confluently, the cells were removed using a stripping buffer (as described

later), washed by using the growth medium, counted and dispensed at a

concentration of .4 x 106 cells/ml per well in another new 24 well plate, and

at 1 x 1Oo cells/3Oml in the flasks. Every three consecutive days the cells

were replenished. After cells were grown to confluence in monolayers, which

usually takes 2 weeks from the first day of culture, and when the

supernatants appeared yellow, these could be harvested at routine passage.

6.2.1 Preparation ot T24 supernatant (I24SN)

Every three consecutive days, cultured-T24 supernatants

O24SN) were harvested from the 75 cmz flasks. To sterilize as well as to

obtain a cell-free supernatants, the supernatants were filtered using .45¡rm

syringe filters. The supernatants were collected in 15 ml round-bottom

tubes, labelled, and stored at -70"C.

The activity of T24SN based on the time-length of culture was tested

on 89 cells. ln this experiment, the purpose of the examination was to see

to what extent the ability of T24SN as 89 cell growth factor was optimal. The

procedure was briefly as follows: The collected T24SN of day one, two,
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three, four, and five in culture were used respectively. These supernatants,

all with 10 o/o concentration diluted in assay medium (v/v) were set up in

triplicates in rows of the Nunc 96 flat-bottom well culture plates. ln each

well, the final assay volume was 200 pl including the 89 cell suspension of

1 x 104 cells/1@pl. Assay medium alone served as blank. Cultures were

maintained at 37"C in a humidified atmosphere containing 5 o/o CO2 tor 4

days. Then the MTT staining procedure as described above was employed.

This experiment was repeated for 6 times (see figure 5 and result 7.2).

6.3 89 cell bioassay

6.3.0 Comparing the T24 cell supernatant (t24SN) and the recombinant

human-lL-G (r-hlL-G), as the 89 cell growth factor

Briefly, the procedure was as follows: Nunc 96 flat-bottom well culture

plates were used. The plate was divided by columns into two parts. Half the

upper plate was prepared for the r-hlL-6 and the lower half of the plate was

used for the T24SN. These assays were prepared in quadruplicates. The

first upper and lower columns contained only 200 pl of assay medium; this

was the control for the media (blanks). ln the second column, 100 ¡rl assay

medium was added to each well; only 89 cells will be added here, and this

was the cell control. Then, 200 pl of r-hlL-6 (containing 40 units/ml) was

added to each well of the third (upper) column. Accordingly, with the same

volume as r-hll-6, the T24SN (containing 4Oo/o vlv) was added to each well

of the third (lower) column. To the remaining wells in the subsequent

columns, 100 pl of assay medium was added into each well. Then, a two-

fold serial dilution was carried out by transfering 100 pl of the solution (with

10 times up and down pipetting) from the third column which contained

either the T24SN or the r-hlL-6 and diluted all the way down to the last

column. The remaining solution in the pipette tips was discarded. The 89

cells were prepared by 3 times washing with RPMI, resuspended in assay
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med¡um and counted. Finally, all prepared wells, as described above,

except the blank wells, were then added with 89 cell suspension of 1 x

1O4cellsi10O ¡rl, making up the final volume of all wells was 200 ¡rl. The

plates were incubated for 3 days, and the MTT staíning assay as described

previously was employed afterward.

6.3.1 Examining the effects of exogenously added recombinant human-

lL-l0 (r-hlL-l0) on the lL-6 assays

ln this experiment, r-hll-10 at 4 different concentrations: 50 nglml,25

ng/ml, 12.5 ng/ml, and 5 ng/ml were included to see if there was any etfect

of lL-10 on the growth of 89 cells in culture. The setting up of the plates was

the same as the described method 6.3.0 above. The only difference was

that triplicates were used, and the r-hlL-10 was given after the titration of

T24SN concentrations (v/v) ín percent was completed. Since the medium

control and the cell control always gave us a similar result, an average value

from one of them was selected, either medium or cell control as blank. The

negatíve control was drawn from the mixture of 89 cells, assay medium and

r-hll-10 alone without any T24SN, while the positive control was from one

set of a serially diluted T24SN without any additional r-hlL-10.

6.4 lsolation of PBMC, and separation of T cells , B cells, and adherent

monocytes

To assess lL-6 production by human PBMC, the supernatants of

cultured T-cells, B-cells and macrophages from healthy human donors were

employed. The procedure of obtaining purifíed cells was divided into two steps as

follows (see also figure 10):

6.4.0 Step 1: PBMC isolation

An EDTA solution was prepared as the anticoagulant. lt was

composed of 2.7o/" EDTA (w/v) in 100 ml solution of (1 N) PBS and double-



dístilled H2O. lts pH was adjusted to 7.4 betore it was f¡lter-sterilized. This

anticoagulant was used when the venous blood sample was to be drawn

directly from the donor into a 60cc or 30cc disposable syringe. The ratio of

the blood and the anticoagulant was 10 ml : .5m1. Otherwise, the blood

samples were obtained from hospital whereby they were drawn into EDTA-

containing vacutainers.

At least, 30 ml of peripheral blood was required for each blood

sample. The collected venous blood was diluted 2 times with isotonic saline,

and the peripheral blood mononuclear cells (PBMC) were isolated on

histopaqu e-1O77 gradient centrifugation at 1500 rpm tor 20 min. This distinct

mononuclear leucocytes (MNL)-rich layered was gently removed with a

Pasteur pipette and transferred into a 50 ml conical tube. The PBMC were

washed 2 times with (1N) PBS, and 2 times with HBSS solution. Cells were

counted and resuspended in RPMI-1640 supplemented with 20 % FCS. The

cells were dispersed in 6 or I plastic-petri dishes, each dish contained 6 to

1 0 x 1 OB cells, and then incubated overnight (approxim alely 24 hours) at 37'

C in the incubator contain¡ng 5"/" COz and humidified atmosphere.

6.4.1 Step 2: B-cells, T-cells, and monocytes separation

Monocytes were obtained by means of cell adherence on the plastic-

petri dishes, while B-cells and T-cells were separated using a modification

of nylon wool separation technique described by Henry C. et al. (91).

6.4.1.0 Preparation of the nylon wool column

The preparation was as follows: use powder-free gloves to wash and

dry the nylon wool. Remove nylon wool from one or two packages (35 g

each) and place in a baker of distilled water. Boil the nylon wool for

approximately 10 minutes, drain the nylon wool, decant water in a funnel

until cool to room temperature. Repeat the washing procedure a total of 6

times, squeeze out excess water, spread the wet nylon wool on a lab pad,



and let it dry in a laminar flow cabinet with the air flow that was on for 1 or

2 days. Weigh nylon wool, use 25 g for a 60cc syringe. Tease part, separate

the strands, and gently place the fold nylon wool into the syringe. Wrap

individual syringe containing nylon wool with aluminum foil, and place into

autoclaving bags separately from its plunger, Autoclave at 200"C for 45

minutes.

6.4.1.1 Cell separation (see also figure 10)

6.4.1.1.0 T cells and B cells

Briefly, after an overnight incubation, the nonadherent PBMC were

collected by 4 cycles of rinsing the dish using a Pasteur pipette with a

prewarmed medium of RPM|-containing 5%FCS. The cells were washed,

and resuspended in RPMI with 10% FCS at a concentration of about 40 x

106 cells/10m1. This suspension of nonadherent PBMC were poured into the

nylon wool column that was mounted onto a ring stand with a 3-way

stopcock attàched to it and a capped 22-gauge needle. The nylon wool was

previously rinsed with 50 - 100 ml of prewarmed medium. The column was

incubated in the CO2 incubator for t hour. The nonadherent T cells were

collected in 50 ml conical tubes by passing 80 ml of prewarmed medium

through the column. Elute at about 1 drop per second. The B cell rich-

adherent cells were collected by pouríng 40 ml cold-saline (4"C), and an

additional 20 ml of cold saline for forcibly pushing fluid out of the column

with the plunger. Both the T cell and B cell suspensions were centrifuged

(1500 rpm, 15 minutes), and the cells were resuspended in the medium of

RPMI with 10% FCS (v/v). The percentage of cell purity was determined by

flow cytometry as described later.

6.4.1.1.1 Adherent monocytes

An essential step in obtaining this cell population utilized one of its



6.5

characteristic features, adherence to a plastic surface. After more than 18

hours of incubation as described above, the adherent monocytes were

removed using a stripping buffer. The stripping buffer was composed of a

1O0 ml solution (pH 7.4) of EDTA 0.02M, 10ml FCS, and 2ml (1N) PBS.

About 6 ml of stripping buffer was required to be added to each dish after

the non-adherent PBMC had been removed from the dish. After adding the

buffer, the dish was put back into the CO2 incubator for t h incubation.

Each dish was examined under microscope to see if the cells were

detached from the plastic surface or at least their shape became more

spherical. A rigorous four circular rinsing on each dish using a prewarmed

medium as described above was needed to recover the monocytes. The

purity was examined by flow cytometry.

Cell labelling for flow cytometry analysis

Purified T cells, B cells, and monocytes were obtained by means of

adherence and the nylon wool separation technique as described above. To label

the cells with specific monoclonal antibodies for flow cytometry analysis, the

recovered T, B cells and monocytes were plated into a 96 V-shaped bottom

multiwell plates. The wells were set up to give a pair of test wells and control wells.

Each well contained a síngle cell suspension of .5 or 1 x 106 cells in 200 pl RPMI

supplemented with 10 "/o FCS. For anti-lg labeling, cells were suspended in PBS.

Ant¡-CD2-FlTC, anti-lg-Biotin, or anti-CD14-RPE was added (50 ¡rl) to appropriate

wells and incubated for 45 m¡nutes at 4oC, and washed twice with cold PBS-azide

buffer by centrifugation at 1000 rpm for 5 minutes. Cells labeled with anti-lg-biotin,

received 50 ¡rl streptavidin-FlTO, were incubated for an additional 45 minutes at

4"C, and washed twice with PBS-azide. Control samples consisted of cells

incubated with lgGl-FITC, lgGl-biotin and lgG2a-RPE respectively, in lieu of

specifíc antibodies. All cells were fixed by the addition of 1"/" paraformadehyde in

PBS, sealed and covered with aluminum foil, and were then ready to be brought
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to the FACS facility for analysis.

6.6 Kinetics of spontaneous lL-6 production by purified W, T-, and B-cell

cultures

ln order to evaluate the kinetics of lL-6 production, the purified

macrophages, T- and B-cells from two healthy individuals were cultured for six

days in U-shaped multiwell culture plates with a medium consisting of RPMI and

10% FCS. Each well contained ã104 cells per 200 ¡rl medium. The culture

supernatants were collected each day, and stored at -70"C. The activity of lL-6 of

these supernatants was tested on 89 cells. The seüing of this experiment was very

similar to method 6.2.1.

6.7 The assessment of lL-6 production by healthy human B-cell and

macrophage cultures, compared to lupus patients, using 89 cell

proliferation assay

ln this first study group, human PBMC from 10 SLE patients and 12

healthy volunteers were used. Because it was found later after the kinetic study on

lL-6 production, as described in method 6.6, that the normal B cell as well as

normal macrophage cultures produced a significant amount of lL-6, in contrast to

T cell cultures, which did not; B cells and monocytes were employed for the

subsequent investigations. Both cells obtained from either lupus patients or normal

controls were cultured using the same treatment and condition. The procedure was

as follows: (see also figure 10)

6.7.0 Step-1: B cell and macrophage cultures

At least 30 ml of peripheral blood was taken from SLE patients or

normal donors. The blood was processed to isolate the PBMC and to

subsequently separate the T, B cells and monocytes as previously
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described, which were then set up in 96 U-bottom microwell plates. B cells

and monocytes were seeded in triplicates in the 96 U-bottom microwell

plates by a two-fold serial dilution start¡ng with 1 x 1Oa cells/well using the

assay medium as previously mentioned. One set of either B cells or

monocytes were added with 10 ug/ml of LPS per well leaving the other set

without LPS, lnto those triplicates, four sets of the two-fold serially diluted

cells were also treated with additional (exogenous) r-hlL-10. There were

three concentrations of lL-10 dose added: 5 ng/ml, 1Ong/ml, and 15 ng/ml,

while there was one set without any r-hlL-10 at all. The final volumes of each

cell suspension per well was 200 pl. Plates were covered with their lids and

incubated for 4 days in the CO2 incubator.

6.7.1 Step-2: 89 cell bioassay using the supernatants from B cell and

macrophage cultures

Set up 96 F-bottom multiwell plates for SLE and normal controls.

These plates were to be used for 89 cell bioassay. Transfer 100 pl of the

cultured B cells and macrophage supernatants into the 96 F-bottom plates.

Adjust the plates so that triplicates containing the assay medium alone were

used as blanks, while triplicates containing 89 cells and assay medium were

used as the cell control (negative controls). There was one triplicate set

containing 1Oo/o T24SN (v/v) that was used as the positive control or the

control standard. 89 cells were washed, making a 89 cell suspension of 104

cells/100p1 using the assay medium, and added into each well. The final

volume of all wells were again 200¡rl per well. The plates were incubated in

the CO2 incubator for another 3 days.

6.7.2 Step 3: MTT reading (as described in method 6.0)

Measured values from triplicate cultures were expressed as

percentage of the triplicate T24SN (1Oo/.) control standard + SEM,
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6.8 Neutralization studies using mouse anti.human 1L.10 mAb

The neutralization studies can be divided into two experiment groups as

described below:

6.8.0 Direct effect on 89 cell culture

The purpose of this study was to determine whether or not the etfect

of lL-10 on the lL-6 response of 89 cells (as illustrated in method 6.3.1 or

in figure 6) could be specifically abrogated by using anti-lL-10 mAb. The

procedure was slightly modified from method 6.3.1 in that there were:

- one set of serially diluted-T24SN triplicates with additional lL-10 (12.5

ng/ml) only,

- one set of serially diluted-T24SN triplicates with a mixture of lL-10 (12.5

ng/ml) and anti-lL-10 mAb (7.5 ¡rg/ml). The anti-lL-10 of 7.5 pg/ml in this

case was the recommended dose for neutralizing 50% of the activity of lL-

10 as an inhibitor of lL-6 production by PBMC, according to protocol

(Serotec, lnc., Oxford England). Therefore, the dose was 600 times more

than the dose of lL-10 used.

- one set of serially diluted-T24SN triplicates with a mixture of lL-10 (12.5

ng/ml) and 3S3 (7.5 pg/ml). 3S3 mAb is specific for CD29 and was used

as the isotype control (mouse lgGl kappa).

- one set of serially diluted-T24SN triplicates alone as positive controls.

6.8.1 Neutralization of the endogenous production of 1L.10 by B cell

and macrophage cultures

This was the second study group and additional blood samples were

obtained from 6 SLE patients, five of them being the same patients used in

the first study (atter 6 months ínterval) and 6 healthy donors. The method

used was similar to method 6.7. The only difference was that the dose of lL-

10 used was only 5 ng/ml. There were also sets of B cell and macrophage
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culture supernatants that were treated subsequently either with 3SS (5

l¡g/ml) or by anti-lL-10 mAb (5 pg/ml) before mixing them with 89 cells for

the 89 cell lL-6 bioassay (for clarification see figure 13). The doses of anti-

lL-10 mAb given (above) are more than that of the doses, which are

supposed to be 3 pg/ml, required for neutralizing 51o/o of the activity of lL-1 0

as an inhibitor of lL-6 production by PBMC (Serotec lnc., Oxford England),

as stated earlier in method 6.8.0. ln our observations, using these doses of

anti-lL-10 mAb, the effects of lL-10 given to enhance the 89 cell proliferation

in the presence of lL-6 was always abrogated. Excess cell supernatants that

were not used for 89 cell bioassay were transferred into microtubes/vials

and stored at -70'C for further ELISA determinations.

ELISA for the residual lL-10 containing in the cell culture supernatants

Cell culture supernatants used for this determination were taken from

the previous experiment (method 6.8.1, see figure 14, second bars). TiterZyme lL-

10 EIA Kit (a product of PerSeptive Diagnostics lnc., Cambridge MA, cat. no. 8-

6610) was used. This kit contained sutficient reagents for 96 determinations

including standard curves. The assay employed a quantitative sandwich enzyme

immunoassay technique. The provided microtiter plate was coated with a

monoclonal antibody. 100 ¡rl of standards and samples were added to the antibody

precoated wells in duplicates leaving one duplicate empty as blank. The plate was

covered with a sealer and incubated for 60 minutes at room temperature on a

horizontal rotator set at 150 rpm. After washing away any unbound proteins, a

biotinylated antibody specific for lL-10 was pípetted to the wells to bind (sandwich)

the lL-10 captured during the first incubation. After a second incubation, excess

antibody was removed by washing. All wells were then added with 100 pl of HRP-

conjugated streptavidin and incubated for 30 minutes. Following a wash to remove

any unbound conjugate, TMB substrate was added to the wells and color

developed in proportion to the amount of lL-10 bound in the initial step. A stop
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solut¡on ended the reaction and the intensity of the color was measured using

Biomek-1000 reader at 450 nm. The absorbance was correlated with concentration

through a standard curve (see the result).

6.10 ELISA for lL-6

Samples from cell culture supernatants were obtained from the

experiment as described in method 6.8.1. The purpose of this experiment was to

verify the lL'6 content of the same source as used in the 89 bioassay system,

However, in this experiment, the selected samples were only assessed the

spontaneous lL-6 production of normal or lupus B cells and macrophages in the

presence or absence of lL-10, with anti-lL-l0 antibody and control antibody. This

selection was decided, because the lL-6 ELISA kit had only available space for 96

determinations including the standard curve. Samples from spontaneous lL-6

production were preferred, because the amount of lL-6 from this source in both

groups was significantly less in comparison to LPS-stimulated as already shown

in the previous experiments, and could be predicted to be within the limits of the

lL-6 standard curve.

The Quantikineru human lL-6 lmmunoassay from R&D systems, lnc.,

Minneapolis MN, cat.no. D6050 was used. As in method 6.9, the kit contained a

coated-microtiter platefora quantitative sandwich enzyme immunoassaytechnique.

The principle of the assay was also the same as described above. The only

difference was that a reference wavelength of 540 nm and a test wavelength of 450

nm were used for measuring the absorbance.

6.11 Statistic Analyses

Normally distributed data are presented as mean values r- SEM.

Multifactorial analysis of variance using SAS system were mainly used for most

analyses to determine the statistical significance. For the smaller sample data,

student T test was empfoyed.
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7. RESULTS

MTT colorimetric Assay

When the MTT colorimetric assay was employed, a proportional

absorbance curve resulting from the production of formazan and the absolute 89

cell numbers (p < .0001) was demonstrated (figure 1). Only viable cells have active

mitochondriaf dehydrogenase that can convert the tetrazolium salts to blue

formazan (123). Following dissociation of mitochondria by the extraction buffer, the

intensity of the color extracted could be efficiently detected by this colorimetric

assay. This assay was simple, efficient and reproducible and was employed in all

subsequent experiments.

7.1 89 cell line culture

The proliferation of murine B cell hybridomas (Aarden L. et al., 1985)

is dependent on the addition of either murine or human lL-6. This cell line does not

respond to human lL-1alß, ll-2, lL€, lL-4, GM-CSF, G-CSF, TNF-ø, lFN7, and

murine lL-2, lL€, lL-4, and ll-s (1,2,ffi), and in our findings, to r'hlL-1O, as

described later in result 7.3.1.

7.2 T24 cell line culture supernatants

The T24 cell line were grown and maintained as a continuous cell

line, as a substitute for the commercial r-hll€, against which it was standardized.

The cell free supernatants O24SN) were harvested and stored for further use (as

described above). The tested T24SN in 89 cell proliferation assays demonstrated

an optimal activity from a 3 day culture (see figure 4 and 5). Results represent

mean values + SEM of triplicate cultures from six experiments.
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Absorbonce wos determined of 600 nm. Doto shown ore meons of quodruplicotes * SEM
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FIGURE 3

The relatlonshlp of exponential function between
T24SN (%) and recombinant-human lL-6 (U/ml)
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Where: b0 :.constant; b1, b2
natural log.

: slope; e = exponential function; ln :

It was found that:

a. ^T24SN

b. ^ lL-6

= bO + b1 X 
" 

Gzxcononbdon)

: .916g521U4 -.554707615 x e ç17eno7æTxoononùdior')

: b0 + b1 X g Þ2xænonùdion)

= .77 1 61 U7 1 2 - . 569681 2 24 X e Cí 71.784{r8er x oononÙdion)

Then, set function that relates between ^lL-6 : ^T24SN.

bO(a) + b1(a) x e tb2(cxænc'(a)l : bo(b) + b1(b) x e tb2(b)xcorrc'þ)l

It gives:

Ø n â t L-6= .--:|,=== I n [. 2 I gg2 1 1 2 + .gl 31 1 gg1 s -rn.not æt @ttzæ nt1

-171.7846891

The result is that the concentration of T24SN (1O%) will be equal to 8.84 U/ml of
lL€ or 0.88 ng/ml.
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7.3 89 cell bioassays

7.3.O Comparing the growth factor activity between T24SN and r-hll-6

T24SN and r-hll-6 were used in a 89 culture assay to assess their

growth activity. Not surprisingly, both factors show a comparable result, This

result, as can be seen in figure 2, showed that even though the T24SN

activity was somewhat lower than that of the r-hlL-6, the T24 culture

supernatant can be used as a reasonable replacement for the r-hlL-6. Data

arc reported as mean 'f SEM of quadruplicate cultures. The dose

relationship between the r-hlL-6 and the T24SN can þe calculated by using

an expqnential function (curve fitting), which generated equations from

T24SN used in "/" (vlv) and r-hll-6 in U/ml. The concentration of T24SN was

expressed into mg/ml of r-hll-6 (see figure 3 for the application of the

equations), and was shown to contain .88 ng/ml of lL-6 for the T24SN 10%

(v/v). Recombinant human lL-6 (Genzyme) was supplied with 20,000 units

per vial. The specific activity of 107 units was equal to 1mg of protein, and

1 unit corresponds to the amount of r-hlL-6 required to increase fg

production by CESS cells to half the ma;<imum level. After being aliquoted,

the r-hlL-6 of 10 units was equivalent to 1 ng/ml.

7.3.1 Effect of exogenous r-hlL-10 on the T24SN response of 89 cell

growth

lnterestingly, adding r-hll-10 into a two-fold serial dilution of T24SN

(v/v) as described in method 6.3.1 enhanced the 89 cell proliferation. This

enhancement showed a dose dependent relationship (p = .0001) (as shown

in figure 6). ln contrast, r-hlL-1O itself in any concentration without the

presence of T24SN d¡d not support the proliferation of Bg cells.

Recombinant Human-lL-10 (Schering-Plough Research lnstitute) has a

specific activity of 15x1Oo RU/mg. Doses of 50 ng/ml, 25 ng/ml, 12.5 ng/ml,

and 5 ng/ml were tested, and data are reported as mean + SEM of triplicate

cultures.
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7.4 T, B cells, and monocytes isolation technique and flow cytometry

analysis

The nylon wool column procedure for obtaining the T cells and B

cells was chosen for economical as well for practical reasons. The purity of cells

isolated by the nylon wool separation technique described by Henry et al. (199)

was improved atter some of its major steps were modified (see also method 6.4).

The etficacy of this modified procedure was demonstrated by flow c¡ometry (see

also method 6.5). Flow cytometry analysis was performed using a Coulter

Electronics, lnc. EPICS 753 cell sorter with laser excitation set at 488 nm (500mW).

F|TO-derived or R-PE-derived fluorescence sígnals were detected through 525 nm

or 575 nm band pass filters respectively. Forward versus side light scatter

histograms were collected in order to identify and set bit map gates for either

lymphocytes or monocytes. All fluorescence histograms were gated and were

based on 5000 gated events. Control histograms were derived from cells treated

with isotype matched reagents. The integration range was established such that

approximately 2% of the cells were scored as being positive in the control

histograms. Purified T cells contained 90% ot CD2-positive cells and purified B cells

contained more than 94% of slgG and slgM-positive cells. The recovered cells

removed from plastic petri dishes, used as purified monocytes contained more than

95% of CD14-positive cells (see figure 7).

7.5 Normal T cell-, B cell-, macrophage-culture supernatants used for 89

cell assays

ln these preliminary experiments, as shown also in the experiment of

the kinetic lL€ production (figure 8), the supernatants of B cells and macrophages

contained significant amount of lL-6 as determined in the 89 cell assay in 4

repeated experiments. However, in this system, the T cells did not appear to

produce lL€, even after repeating the assays 6 times (see figure 9). Results were

expressed as mean + SEM percentage variation of lL-6 standard which contains

0.88 ng/ml.
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7.6 The assessment of lL-6 production by B cells, and monocytes of healthy

donors or patients with SLE

The procedure for this investigation was described in method 6.7, and

was also illustrated in figure 10, the data is presented in figure 1 1, and the

following are the statistical results:

Table Z. Summary of ANOVA table-l

ANALYS¡S OF VARIANCE REPORT

Source DF Sum of Squares F Value P>F
(a) Cell Number 1 177233.OO753 374.72 .0001

(b) Health Status 1 2976827.85271 629.38 .0001

(c) LPS stimulation (-i+) 1 1603607.23240 339.05 .0001

(d) lL-10 (0,5,10,15n9/ml) 3 494145.38774 34.83 .0001

(e) Celltype 1 304299.07179 64.34 .0001

lnteraction: (b) and (c) 1 142527.39779 30.13 .0001

lnteraction: (c) and (e) 1 45498.55216 9.62 .0020

Legend: The spontaneous and LPS-stimulated production of lL-6 afier 4 days incubation by B cells
and macrophages from normal donors (N = 12) and lupus patients (N = 10) analyzed for
increasing cell densities from 0.625 x 103 to 1O x 103 cells per well by multivariate ANOVA.

Cell LPS (+/4 (c) %lL-6 standard

B cell

B cell

macrophage

macrophage

1¿18.93

78.10

165.13

114.72

Health etatus (b)

Lupus

Lupus

Normal

Normal

207.37

128.67

106.70

64.15
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Cell number seeded (a), health status (lupus versus normal) (b), LPS-

stimulated versus spontaneous lL-6 production (c), four levels of lL-10 treatments

(d), and cell type (e), are grouped as the main effec{s, since these variables gave

a significant ditference at p : .0001. The interaction between stimulation status and

cell type was significant ât p = .0O2, whereas between health status and LPS

stimulation was significant at p - .0001 (see the table 7). One of the main effects

demonstrated was that macrophages were a more potent producer of lL-6 than B

cells, the interaction between cell type and stimulation demonstrated that

unstimulated macrophages produced more lL-6 than the unstimulated B cells. On

the other hand, the interaction between health status and stimulation etfects

showed that lL-6 levels were significantly higher at p = .0001 following LPS

stimulation compared to spontaneous production in SLE patients than in normal

controls. Results are means of triplicate cultures + SEM and expressed as

percentage of T24SN (10%) control or the lL-6 standard (figure 11).

7.7 Neutralization experiments using mouse anti human-lL-i0 mAb

7.7.O The neutralizing effect of the anti-|L.10 against ll-l0 on the T24SN

response of 89 cell culture

Obviously, the anti lL-10, as shown in figure 12, had a direc't effect to

inhibit the enhancing activity of lL-10 on lL€ dependent 89 cell proliferation.

Both the lL-10 and the anti-lL-10 mAb were added simultaneously into a

serially diluted T24SN, which was set up previously in the wells before

seeding the 89 cells. ln the same setting as above, the monoclonal antibody

(3Sg), as the isotype control, in contrast, appeared not to have any effect.

Each point on the curve represents the mean of triplicate cultures.
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FIGURE 12
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7.7.1 Neutralization of lL-10 that were produced by B cells and

macrophages during culture

ln contrast to method 6.7, in this second study group (method 6.8.1)

the main purpose was to observe whether neutralization of residual lL-10

with anti-ll-10 would affect the analysis of lL€ produc{ion by the lL-6 Bg

assay (see figure 14lor clarification). The source'treatment' in this case was

ditferent from method 6.7 (see also figure 1 1), because lL-10 (5 ng/ml) was

used as a single dose before the culture began. ln addition to that, the

applied 'treatment'was to ascertain whether the culture supernatants from

B cells or macrophages either without any mAb at all [1), or with control

antibody 3S3 O2), orwith anti-lL-10 O3), had ditferent effects on the lL-6

estimates from the subsequent 89 cell proliferation assay. Examining at the

three levels of lL-10 treatment by comparing the set of cells that had no lL-

10 (5 ng/ml) pre-treatment (as control treatment or T0), the data were

analysed. Figure 14 demonstrates the findings, each poínt on the curue

representing the mean of triplicate cultures -r SEM was expressed as

percentage of the lL-6 standard. The following results of statistical analyses

as shown in table I (below), retained some of the main effects previously

shown in result 6, for example: the effects of health status (normal versus

lupus), cell-type (B cells versus macrophages), and stimulation etfect (with

LPS versus spontaneous); and as well presented one additional significant

interaction í.e. between health status and 'treatment' at p : .002 in which

the response of lupus cells to the suppressive effects of lL-10 on the

production of lL€ was shown, after neutralization of residual lL-10, to be

significantly less, compared to normal controls (see table 8). lt is to be

noted that the dose of anti-lL-10 antibody added was greatly in excess of

that required to neutralize residual lL-10 levels (see result 7.8).
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Table 8. Summary of ANOVA table-2 for the neutralization of lL-10 experiment

by B cells and M@ using anti lL-10 mAb

Note: t Treatments were referred to different values of sets from without mAb (I1), with 3S3

Cf2), with anti-lL-10 (t3), as compared to a set without lL-10 (sng/ml) pretreatment (T0). Health
status (lupus vs normal); CellType (B vs nV); and LPS st¡mulat¡on (+/-).

Note: There were no different etfects between T1 (without mAb) and T2 (with 3S3), whereas T3
(with anti-ll-10) showed a greater etfect than T1 or T2.

Note: ** The magnitude of lL-10 suppression using anti lL-10 ín lupus patients was less than the
response in normals, and this interaction is signiñcant at p = .002, Apparently, the residual lL-10
content in lupus cell cuJture supernatants was increased, resulting in lL-10 enhancement of the
lL-6 response of 89 cells as demonstrated in result 7.3.1.

ANALYSIS OF VARIANCE REPORT

Source DF Sum of Squares Mean Square F-Ratio P>F
(a) Heatth Status

(b) CellType

(c) LPS Stimulation

(d) Treatments *

1

1

1

2

4807.506

21921.23

2267.993

2&84.26

¿187.506

21921.23

2267.993

12042.',13

9.37

42.71

4.42

23.Æ

.oo27

.0001

.0376

.0001

Means and Standard Errors Analyses for:

Source Count % lL-6 standard
lMean)

Standard Error

Treatment-1 fi1): without mAb

Treatment-2 (T2): with 3So

Treatment-3 (T3): w¡th anti-ll-10

¿18

ß
ß

33.19817

33.06211

60.66185

3.269992

3.269992

3.269992

INTERACTION between Health Status and Treatments * is significantly different at p = .692

Source Count % lL-G standard
lMeanì

Standard Error

Normal cells + Treatment-1 (no mAb)

Normal cells + Treatment-2 (3S3)

Normal cells + Treatment-S (anti-ll-10)

Lupus cells + Treatment-1 (no mAb)

Lupus cells + Treatment-2 (3S3)

Lupus cells + Treatment-3 (anti-lL-10)

24

24

24

24

24

24

31.24925

31.031¿18

47.24555 **

35.14709

35.09274

74.07915 **

4.624ß7

4.624467

4.624467

4.624467

4.62Æ7

4.6244ß7
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This finding suggested that the levels of residual lL-10 may be greater in the

cell supernatants of lupus patients than normals, which may obscure a ditference

in lL-10 induced suppression of lL-6 production (because of the enhancement of

89 response to lL-6 by the presence of lL-10), and when this residual lL-10 is

neutralized, the defective response to lL-10 in lupus is apparent. A further

breakdown of this ditference in lL-10 induced suppression in normal subjects and

lupus patients, comparing B cell, nrp, and normal subjects is shown in table 9.

Table 9. % suppression of lL-6 production by lL-10 (sng/ml) in B cell and M@ from

normal donors (n=6) and lupus patients (n=6)

Cells Donors Spontaneous or LP$stimulated 96 suÞpression p Value

Normal

B Lupus
Spontaneous
Spontaneous

58.8+5 p<O.OO1
24.9 -'- 10.5

55.7+8.7 p<0.001
n +9.3

Normal LPS

Lupus LPS

Mø

Normal
Lupus

Normal
Lupus

Spontaneous
Spontaneous

61.7 t 6.8
31.3 + 9.9

9.1 r 10.1
%A + 9.7

p < 0.001

p < 0.001LPS
LPS
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7.8 ELISA for the residual lL-10 containing in the B cell and macrophage

culture supernatants

Figure 15, and table 10 below, confirmed that the residual lL-10

content was high in lupus cell culture supernatants when compared to the normals

at p < .005. Results represent means of duplicate samples + SEM. However, these

levels of residual lL-10 would be completely neutralized by the concentration of

anti-lL-10 antibody used in the previous experiments (as described in7.7.1).

Table 10. Residual lL-10 secretion in culture supernatants of lL-10 (5 ng/ml)

pretreated B cell and M@ from normal donors (n=6) and lupus patients (n=6)

Cells Donors Spontaneous or LPS-stimulated lL-10 (po/ml) p Value

Normal

B Lupus

Normal
Lupus

MÓ

Normal
Lupus

Normal
Lupus

Spontaneous
Spontaneous

LPS
LPS

Spontaneous
Spontaneous

LPS
LPS

5+2.5
30 -'- 6.8

33.7 -r 3.6
81.2 -t- 8.3

21.2 + 4.4
66.2 + 8.1

62.5 + 2.7
101.2 Ê 9.4

p < 0.014

p < 0.003

p < 0.002

p < 0.017
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FIGURE 15
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7.9 ELISA for spontaneous lL-6 production by B cells and macrophages

As in the previous experiments, the finding which is presented in table

1 1 below and also illustrated in figure 16, showed that lL-10 (Sngiml) consistently

suppresses the produc{ion of lL-6, but that suppression is significantly greater in

normal controls than in lupus patients.

Table 11. lL-10 (Sng/ml) induced suppression of spontaneous lL-6 production by B

cells and macrophages in lupus patients (N=4), compared to normal control donors (N=4)

Donors

Normal B cells

Normal r@

SLE B cells

SLE rnø

lL-10 +/-

+

;

lL-6 po/ml

11.08
5,20

62.8
14.7

44.5
32.06

126.9
98.7

o/o suPÞression

53.0

76.6

33.9

22.2

p Values

P = 0.026

P = 0.048

P = 0'410

P = 0.254

+

+
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ELISA FOR SPONTANEOUS IL-6
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8. DTSCUSSTON

lL-6, 1L.10, and SLE

Gytokines are known as protein messengers that communicate between

ditferent tissues and cell types. They are produced by a variety of cell types that

may be either of hematopoietic or non-hematopoietic origin. lt is thought that

cytokines regulate immune responses through an action which is mainly

compartmentalized and the interpretation of signals from a single cytokine or a
group of c¡okines that are produced by one cell to act on another cell as the

cyokine receiver is dependent on the nature of the stimuli and the receptor on the

cell. The same message from one cell may be intepreted ditferently by another cell

type.

ln a systemic autoimmune disease, such as SLE, in which the symptoms

results from a spectrum of pathological manifestations, the degree of the

compartmentalization and localization of the cytokine network is poorly understood.

The nature of the cytokines released in SLE is not clearly defined either. Very litile

is known and what has been discovered is controversíal concerning the

accumulation of cytokines that probably directly cause tissue injuríes during the

inflammatory course of SLE. For example, lL-6, lL-1 and rNF-a are among the

many cytokines which are usually reported to be present in increased levels in the

serum, or locally in inflammed joints in this disease. These cytokines are released

from the site of tissue injury or inflammation but also may regulate the system¡c

responses such as fever, intravascular coagulation, and leukopenia (1gg).

lL-6 is unique in that it can operate as a messenger-like hormone that

circulates systemically causing fever or the acute phase response (63,1 67,192). lL-

6 is believed to be a major cytokine that has an important role in B cell

differentiation and was named originally B cell stimulatory factor-2 (BSF-2) which

is involved in terminal B cell maturation (80,109,197),
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ln human SLE, there are numerous studies which reported an increased

level of lL€ production. Those reports contain supportive evidence that lL-6 is a
major cytokine with a pivotal role in SLE. For example: lL-6 may be responsible for
the CRP response (167); elevated levels of lL-6 may be found in several major

body fluids such as serum, CSF and urine (8,1 1 5,1 16); the elevation of lL-6 levels

correlates with disease activity, such as with CNS and with kidney invotvement

(79,102); in vitro levels of lL-6 are high in supernatants obtained from cultures of
T-depleted peripheralblood lymphocytes (101); autocrine lL-6 drives the polyclonal

aclivation of B cells leading to the generation of anti-DNA antibody as well as

hypergammaglobulinemia (102); lL-6 and lL-6 receptors are spontaneously
produced and constitutively expressed by hyperactive SLE B cells and these may

spontaneously differentiate into lg-producing cells (1O2,114,180); in vitro inhibition

of this autocrine loop by anti lL-6 receptor antibodies decreases the spontaneous
production of autoantibodies (137); increased serum lL-6 content is significan¡y

associated with disease activity (8,114,168); monocytes are a major source of lL-6

in sLE PBMO, and the spontaneous production of lgG by sLE PBMC can be

enhanced by exogenous lL-6 (114,11S).

However, there is an exception to the correlation between the plasma levels

of lL-6 and the concentration of anti dsDNA antibodies or total lgG as reported by

Spronk P.E. et al. (168). These investigators found that even though there was a
clear indication of a relationship between increased lL-6 serum levels and disease

activity, there was no correlation between lL-6 levels and the autoantibody
production which is one of main diagnostic features of SLE. Some of these
discrepancies perhaps may reflect differences in associated factors such as:

patient disease status, and research methodology.

The concept that lL-10 regulates the immune response by its suppressive

or stimulatory effects, was introduced several years ago with the findings of several

investigators such as Mosmann, and Fiorentino (46,119). Originally, in studies in

mice, lL-10 was defined as a product of cloned Th2 lymphocytes which inhibits the
production of IFNT by Th1 cells (121 ,122,156). However in humans this restriction



is inappropriate since it was subsequently shown by several investigators that Th1

cell clones (37), monocytes/macrophages (34,110), B cells (110), keratinocytes

(42), and the placenta also produce this cytokine in vitro (112). Macrophages

appear to be a major source of lL-10 (34) and synthesis occurs in response to

activation by e.g. LPS which also induces synthesis of other cytokines such as lL-1,

TNF, and lL-6 (121),

The inhibiting effects of lL-10 were shown by many investigators. For

example, inhibition of cytokine production by macrophages and T helper-1 çrh1)
lymphocytes (47), to k¡ll larvae of Schistosoma mansoni (59); to decrease antigen

presentation by dendritic cells (43); to decrease lL-6 production by

monocyte/macrophage (34), to markedly suppress LPS-induced lL-6 production in

human PBMC (159); to inhibit expression of MHC class ll expression on monocytes

(35), and as an exception, to stimulate the expression of FcyR on human

monocytes (178).

ln mouse and human B cells, lL-10 has exhibited mostly stimulatory effects

e.g it induces MHC class ll expression on resting B cells, and enhances survival

of small resting mouse B cells in tissue culture (57). lt induces in vitro a strong

human B lymphocyte proliferative response and results in vitro in human B cell

differentiation with the secretion of large amounts of lgG, lgA, and lgM (111,14s).

The role of lL-10 in the pathogenesis of human SLE was also investígated

by Llorente et al (1 1 1 ,1 12). They found that lL-1 O production was increased in SLE

and suggested that this cytokine may play a role in lymphocyte hyperactivity and

in the development of autoimmunity. Studies in NZBi1ru Fl by lshida H, et al, also

showed that administration of lL-10 accelerated the onset of the disease, whereas

administration of neutralizing ant¡-lL-10 antibodies delayed the manifestation of

autoimmunity (94).

Because lL-6 is one of several inflammatory cytokines including TNF-a, lL-1,

GMCSF, and lL-Swhose secretion is inhibited by lL-10, the possibilitythen may

exist, that enhanced lL€ secretion in SLE is the result of either reduced lL-10

production or deficient lL-10 responsiveness.
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Based on this notion as well as by considering all facts that have

mentioned above, the proposed aim of this study was to determine the

responsiveness in terms of its effects upon lL€ production by B cells

macrophages in SLE patients compared to normal controls.

8.1 Experimental procedure and result interpretation

ln this study, we applied an in vitro culture system using human B cells, and

monocytes, purified in a cell separation process, and incubated for 4 days,

Morphologically the cells become large with extended cytoplasm, especially the

macrophages which are larger than B cells and showed long processes on their

surface. The cell culture was performed in the presence or absence of respectively

LPS, lL-10, anti-lL-10, and 3S3 as described earlier. After 4 days of culture, the cell

culture supernatants were collected in order to investigate the presence of

endogenous lL-6 in the cell culture supernatants, An ultra sensitive assay for lL-6

determination using the lL-6 dependent 89 cell line was then employed to

determine the effects of lL-10 on spontaneous and LPS-induced lL-6 production by

these cells, prepared from normal control donors and lupus patients.

The application of the 89 cell proliferation assay for the detection of lL-6 was

well-established by Aarden L. A. et al. in 1985 (1), and has been used in recent

years by a number of investigators such as Feder L.S. 1993 (53), Humbert M. 1993

(86), Barut B. 1993 (22), Mal{czyk J. 1992 (132), Andus T. 1992 (10), Straneva J.E.

1992 (171), Terebuh P.D 1992 (182), May L.T. 1992 (131), Duits A.J. 1992 (40),

Wortel C.H. 1992 (192), Hollen C.W. 1991 (87), Lopez M. 1991 (117), Gan H. 1991

(62), Linker-lsrael M, 1991 (115), Warrington R.J. 1990 (190), Ruef C. 1990 (152),

Schindler R. 1990 (170), Hutchins D. 1990 (85), Hack C,E. 1989 (90), Kirnbauer R.

1e8e (105).

been

lL-10

and
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The sensitivity of this 89 cell line is such that the product of a single

monocyte in 100 pl can be detected (Aarden L.A. et al., 1987) (2). This amounts

the production of less than 1 pg/ml lL-6 (Helle M. et al., 1988) (83). The specificity

that exists in this assay is that no other cytokine, other thân lL-6 present in cell

supernatants or biological fluids is able to promote the proliferation of the 89 cells

(83).

To achieve cell purity, a successful modification of the nylon wool column

procedure from the method introduced by Henry et al. (91) was made. This

enabled us to study the PBMC subpopulations in terms of their cytokine

production. The modification made was mainly in terms of the wool fibre size as

well as the volume of media used in washíng. Hashimoto C. et al 1990 (78),

modified the column with approximately 19.5 cm long and 6 mm in diameter wíth

which succesfully purified CD5-positive T cells to more lhan92o/o purity and purified

CD19-positive B cells to more than 95% purity. However, obtaining a device with

such a small diameter was quite difficult for us, and therefore, we used 25 gram

of the nylon wool packaged in a syringe (6Occ) as an effective modification. This

method is inexpensive, practical and simpler. One advantage of this cell separation

technique is the lack of cell manipulations required, since ¡t avoids any

unnecessary stimulation from chemicals or reagents such as AET (2-amino

ethylisothiuronium bromide hydrobromide) used for T-cell rosetting, that may

influence the metabolic status of the cells. However, the disadvantages are i)

labour-intensive, mainly manual (hand-operated), and with high risk of bacterial or

fungal contamination. ii) it is possible to obtain two common cell populations: T

and B cells, but not NK cells or other cell subsets. iii) the cell purity will be

dependent upon the mass or size of the nylon wool column, which will be modified

only by the experimenter after empiricaltrial and error with no consensus between

laboratories.

The MTT assay offered a simple but precise quantitative colorimetric assay

for cell proliferation. This is a rapid measurement which correlates well with visual
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examination of the cells at the end of the culture system. ln our system it exhibited

standard deviations which are low or less lhan 4o/o both at minimal and maximal

levels, Some precautions have to be taken to avoid false positives or high

background. Firstly, the MTT solution should be kept sterile and without light

exposure. Wrapping the bottle containíng MTT with aluminum foil and storing it in

a cold room at 4'C is very helpful. This can prevent the solution from being

degradable for approxímately 6 weeks. Secondly, the exlraction buffer (SDS/DMF

solutíon) should be at pH 4.7 (not higher than 5) (92), The pH is crucial because

significantly etfects the solubility of the formazan dye. Lastly, the incubation time

and temperature for the MTT are critical. When the plates are placed in the dry

incubator, an overnight incubation with a similar evaporation rate for each well in

the plate would be enough, otherwise, about a day of incubation at the room

temperature would be required. Sometimes, small dye grains resulted from

formazan and protein aggregation which may occur at the bottom of the wells.

Pipeüing without creating any bubles can overcome the problem.

We employedT24 cell culture supernatants (I24SN) as a r-hlL-6 substitute.

This was reasonablè since we could optimize lL-6 production as a natural product

of T24 cell line culture. The quantity of T24SN can be standardized by using r-hlL-

6. The T24SN of 10 V" (vlv) equals to.88 ng/ml of the lL-6. The f24 cell line that

we used consistently produces only lL-6, and the supernatants was free from lL-1,

lL-2, IFN-a, and |FNT activity (56,151).

Taken altogether, our devised bioassay system otfers certain advantages:

i) Cost; in comparison to commercial assays the 89 cell assay is very

sensitive as well as being much cheaper to use than commercial ELlSAs.

ii) Using selectively cultured T cells, B cells, macrophages is a reflection

of each individual cell populations function, since the cells are independent, and

can be induced without stimulifrom other systems that can influence their function

in vivo.

iii) The MTT colorimetric assay for measuring cell proliferation is simple,
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reproduc¡ble, etficient and safer than the radioisotope nucleotide incorporation

assay.

iv) T24SN as a surrogate for the commercial lL-6 can be used with

convenience since it was produced abundantly in our cultured system and was

considered homogeneous and stable (see the result and the previous explanation).

v) Murine B hybridoma cells, 89 cells, are the only cell line that are

strictly dependent on the addition of lL€ for their in vitro growth. Therefore, this
bioassay system is sensitive since the degree of the 89 cell proliferation is direcfly
proportional to the amount of lL-6 in the unknown supernatants. ln contrast to
immunochemical assays, this assay measure actual biological activity.

v¡) Using a mitogenic or polyclonal stimulation such as that of LPS gives

us a strong, rapid, and convenient response. We observed the response of each

cell subpopulation as a whole, thus we did not need to determine the ant¡gen¡c

response or specificity as in a cognate cell interaction. The proliferation measures

the intensity of cell activation by LpS.

ln addition io the bioassay system as described, w€ also utilized

immunoassay (i.e. ELISA) procedures with commercial kits of high sensitivity. The

advantage is that we were able to detect with high accuracy the cytokine content

in culture supernatants by using monoclonal or polyclonal antibodies directed

aga¡nst it and calculate its amount based on the standard provided. This method

was crucial for us to confirm the amount of cytokine being measured in our

bioassay system.

However, there are certain shortcomings, such as:

¡) To obtain a more precise calculation, the T24SN 10% (v/v) used as

the lL-6 standard in the experiments would ideally be applied in the form of a
standard curve instead of a single point from triplicates. However, this would make

the procedure much more complex since each individual plate will require a set of
serially diluted standards. We chose to compromise by incorporating a single
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standard on each plate and use a dose/response with decreasing cell densities.

ldeally, the T24SN standard should also be run with the r-hlL-6 on every individual

experiment, but clearly this would eliminate the need for the T24SN surrogary for

the commercial lL€. Stable production and standardization in terms of r-hll-6

avoids the need to use expensive recombinant cytokine, and the confirmation of

the amount of lL€ and lL-10 being produced has been achieved using ELISA

methods.

ii) The strategy that we used of culturing B cells and monocytes for

approximately 5 days as a primary bulk culture provides a picture of cell reactivity

that is far from what happens physiologically in vivo. The cell supernatants only

contain the net cytokine production rather than the total cytokine production. The

net production will also be influenced by, for example, either specific or non-

specific inhibitors such as enzymes or other polypeptides which may degrade the

cytokine. Therefore, we can not draw conclusions about the total cytokine

production or the cell reactivity in vitro as being indícative of the ongoing activity

in vivo. We observed the production in response to several varíables, for example,

lupus vs normal, stimulated vs spontaneous, B cells vs macrophages etc., and this

would be sufficient to determine if there is a difference between the groups being

compared.

iii) lt also should be remembered that the use of mitogenic or polyclonal

stimulation such as LPS does not mimicthe physiological stimulations that actually

occured ín vivo. Accordingly, the results are not representative of a true antigen¡c

response. Finally, the ELISA methods that we used only otfer us a measurement

of antibody binding to the cytokine but not necessarily the biological activ¡ty.

Consequently, the application of the above procedures may be fairly

complemented by the evaluation of cytokines in a more specific context. Two

reasons may underly this objective, firstly, the produclion as compared to the

consumption rate of the cytokines of interest may be low, leaving a very reduced

amount of the net cytok¡ne production to be measured, and secondly, the cytokine
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gene express¡on (mRNA) analysis or in situ analysis may provide a more accurate

measure of the nature of the cytokine response since, this can be measured

directly ex vivo in specific cell types or tissues following an exacerbation or after

treatment of the disease.

The techniques for studying cytok¡nes that can be used for these purposes

will be described below. These techniques have one major advantage over the

method that we used in that they do not require a cell culture stage.

¡) lmmunoblots, e.g. Northern Blot. These techniques involve the isolation of

cytokine at RNA level (23). However, to obtain a sufficient level of the cytokine

mRNA expression, a strong polyclonal stimulation will usually be required. Unless

there was a strong in vivo antigenic stimulation that is manifested by the severity

of the disease (SLÐ, the differences may not be substantial compared with the

normal controls or with SLE patients in remission.

ii) tn situ hybridization (lSH). This technique is qualitative and may be rendered

quantitative for the specific mRNA or DNA expression. lt requires a minimum

manipulation of the sample, but at the same time it also requires a relatively high

frequency of the cell of interest. An experienced and skilful experimenter is also

required.

iii) Reverse-Transcription Polymerase Chain Reaction (RT-PCR) techniques. This

allows detection of DNA or mRNA sequences only minimally represented in a given

sample or specimen. This is a very recent technique for detecting cytokine mRNA,

It employs a synthetic RNA as an internal standard and appropriate cytokine

primers for PCR; therefore, it would be possible to determine semi-quantitatively

the number of copies of cytokine genes in total cellular RNA extracted from cells

or tissues (189). However, one major limitation of this tool still is the impossibility

to correlate the presence of a PCR signal with a particular pathologic feature.

iv) lmmunohistochemical techniques (lHC). These methods provide a visual

localization of molecules in question in cells or tissues. The principle of the test is

based on the specificity of antigen-antibody reaction. ldentification of antigen¡c

specificity, the quality of antibody with or without enzymatic, fluorochrome, or gold-
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part¡cle conjugation (labelling), and the adequacy of treatments on tissues or cells

being studied are very decisive in determining the overall result.

Using one of these techniques or a combination of techniques, efforts to

establish a clear-cut relationship between different patterns of major cytokine

production and disease activity in SLE might be achieved. The present study might

also be extended, for example, to look into the lL-10 receptor expression and the

message it transmits, or to study the enzymatic alterations involving in the

transmembrane signal transduction pathways that may be important in the

generation of cell reactivity in SLE. Finally, the model of cell interaction via surface

adhesion molecules mediated by cytokine is probably another area of investigation

in SLE for which the above methods may be of considerable use.

Another limitation of our research was that the f¡ndings of this study are

restricted only to the B cells and macrophages. We found in our preliminary work

that the T cell subset did not appear to produce lL-6 under the condltion that we

utilized. An explanation for this is perhaps that T cells need a more complex

regulation to secret lL-6, such as a collaboration with macrophages (81,185), or

require different polyclonal stimulators such as PHA, Con A (82). We did not

proceed to study the T cells and their responses since i) the T cell abnormalities

appear to be diverse and undefined in the pathogenesis of SLE, although, T cells

appear to regulate B-cell differentiation in the production of most autoantibodies

(f-cell dependenl) (77,113); ln SLE there are certain decreased T cell-mediated

responses (110). ii) our work was mainly based on the hypothesis of the

abnormalities of lL-10 and lL-6 expression by autoreactive B cells and

macrophages in SLE (as described earlier).

The results of this investigation showed that lL€ synthesis was enhanced

on stimulation by endotoxin both in monocytes and B cells, whereas T cells did not

produce a significant amount of lL-6, either spontaneously or with LPS stimulation.

The production of lL-6 that we found, was significantly different between normal
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controls and lupus patients being enhanced in the latter group, and macrophages

were more potent in the production of lL€ compared to B-cells.

To verify the inherent reactivity of these cells, we used LPS stimulation. But

it should be remembered this can trigger cells with much stronger signal than

those evoked by stimuli in vivo, as mentioned earlier.

ln our study, cells were cultured in the absence or the presence of LPS (S

minnesota). A single dose of 10 pg/ml for the LPS was used. The LPS was

incorporated simultaneously in the cell suspensions with other treatments as

needed, such as with exogenous lL-10, or the control antibody 3S3, at the time that

the culture began. After a 4 day culture period, the supernatants were harvested

and employed for the subsequent 89 proliferation assay. The results revealed that

the 89 cells responded well to the lL-6 in the culture supernatants but not to LPS'

The findings of Helle M. et al. (83) showed that LPS, Con A, PHA or PMA have no

direct stimulation of 89 growth either alone or in combination with lL-6.

There are similarities and differences between our findings or methods in

terms of LpS stimulation compared to other investigators. For example: Bauer J.

et al. (21) used several doses of endotoxin (S minnesota): 1 . 10, and 100 ng/ml for

the treatment of freshly isolated monocytes as well as cultured macrophages. They

found that the higher the dose of LPS the stronger the induction of the lL-6;

monocytes produced more lL-6 and required less endotoxin as compared to the

g days cultured macrophages. According to their observations, the time kinetics

for lL-6 mRNA synthesis with endotoxin treatment peaked around three hours after

stimulation. Gan H et al. (62) also found that in the absence of LPS stimulation, lL-6

activity was near or below the limit of detection in normal macrophages, whereas

with Lps at a dose 1¡rg/ml (s minnesota) the lL-6 secretion was remarkably

increased ¡n both normal and HIV-1 infected macrophages. lnterestingly, the

studies by Horii Y. et al. (82) showed that macrophages expressed a high level of

lL-6 mRNA at S h culture even in the absence of mitogenic stimulation, while T cells

and B cells did not express any detectable level of lL€ mRNA at 5 h of culture.

However, when cultured with PHMPA or SAC, respectively, both T cells and B

108



cells expressed high levels of lL-6 mRNA at 48 h of culture while macrophages did

not respond to this mitogenic stimulation. Further examinations by Horii et al. (82)

on active lL-6 production by macrophages, T cells, B cells using lL-6 dependent

MH6O.BSF2 cetl line, after a culture period of 60 h, showed that T cells produced

lL,6 when costimulated with both PHA and TPA whereas stimulation with either

PHA or TPA alone, with lL-1 alone or lL-1 with PHA did not induce lL-6 production.

The B cells stimulated with SAC also produced lL€. The macrophages in this

culture system produced lL-6 even in the absence of mitogens. Using LPS 10

l¡g/ml strongly enhanced the lL-6 production by macrophages, but only induced

low levels of lL-6 production by T cells and B cells.

The study by de Waal Malefyt R. et al. (34) showed that LPS stimulation of

monocytes leads (initially) to the synthesis of the inflammatory cytokines TNF-4, lL-

1 , lL-6, GM-CSF and G-CSF and later to the synthesis of lL-10; the latter cytokine

then downregulates the production of the former set of cytokines as well as its own

production. The findings by Matthes T. et al. (127) on B cells showed an interesting

result for lL-6 and lL-10, in that the purified B cells can produce lL-6 during the first

few days of culture, whereas lL-10 secretion may persist longer in lg-secreting

cultures. ln our study, we could also demonstrate that B cells produced both

cytokines. Another interesting finding was a demonstration by Wanidworanum C.

et al. (188). They found that TNF-ø would be the only cytokine among other

inflammatory cytokines that can augment the LPS-induced cytokine secretion.

While TNF-a itself may induce lL-10 expression by monocytes, LPS is a much more

potent inducer of lL-10 protein secretion than is TNF-ø. Using anti-TNF-a, they

demonstrated a diminished lL-10 mRNA produclion as well as lL-10 protein

secretion suggesting that LPS stimulates monocyte lL-10 production indirectly via

the induction of TNF-ø. However, we can not state with certainty that our bioassay

system produces TNF-ø as well, and accordingly whether our cell culture

supernatants contained detectable amounts of TNF-a or other soluble cytokines

that in return, may act in collaboration with the lL€ produced by the cultured cells.

We did show that lL-10 was present in the cell supernatants, and as shown
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in our previous experiments, lL-10 augmented 89 cell growth only in the presence

of lL-6, while in the absence of lL-6, the lL-10 itself can not support the growth of

89 cells. This phenomenon needs more examination in the future.

The mechanisms whereby the events leading to augmented lL-6 response

to LPS in our bioassay system are unknown. At least two potential mechanisms of

LPS induced lL€ release as well as of other proinflammatory cytokines, have been

proposed by several investigators. Firstly, priming could occur in an autocrine or

paracrine manner through the release from cells, particularly in SLE cells, of certain

molecules or mediators that are capable of upregulating lL-6 expression. The

released molecules may facilitate the engagement of LPS to attach to the cell

surface or may by themselves stimulate the cells for cytokine release (89,154).

Secondly, after attachement on the cell surface, the LPS could directly induce lL-6

gene expression in monocytes through the activation of tyrosine kinases and

phosphatases that involve in the signaltransduction cascade, as shown by Beaty

C.D. et al. (23).

ln our investigation we observed the suppressive and the stimulatory effects

of lL-10.

Firstly, lL-10 enhanced the lL-6 response of 89 cell proliferation whereas by

itself ít had no effect on the proliferation of 89 cells, This may be a secondary

effect on mouse B hybridoma cell survival, a possibility supported by the reports

of Go N. F. et al., and others (57,67). To our knowledge, we were the first to show

the lL-10 enhancing effect on the lL-6 response of 89 cells. Another potential

explanation includes lL-10 being a costimulatory molecule for lL-6 in the DNA

replication of 89 cells. The fact that by using anti-lL-10 mAb, this enhancement by

lL-10 can be neutralized, suggests that lL-10 must bind itself to the sudace of 89

cells via its own receptors. Therefore, differences in the levels of lL-10 in cell

culture supernatants assayed using the 89 cells, may lead to the appearance of

higher lL€ concentrations and therefore reduced lL-l Ginduced suppression of lL-6

production. lL-10 itself, without lL-6, can not prevent the death of 89 cells. ln our

110



exper¡ments, we found that 89 cells were completely dependent on lL-6 as its only

growth factor. Accordingly, the 89 cells needed to be split out and replenished

right after the log phase growth occurs. lf not, the cells will die very quickly. This

fact lead us to the conclusion that there was no lL-6 remaining in the culture

supernatants. The lL€ appears to be completely consumed up by the proliferating

cells, and leaves no residual growth factor after the peak of the log phase.

ln addition to the stimulatory etfect of lL-10 on the lL-6 response of the 89

cells, lL-10 is also to be a potent growth and ditferentiation factor on human B cells

as reported by Rousset F. et al. (145), as discussed earlier.

Secondly, there is a suppresive effec't of lL-10. ln the present study, we

found that in the presence of lL-10, the lL-6 production by B cells and

macrophages of either lupus patients or normal controls, spontaneous or with LPS

stimulation, was supressed in a dose dependent manner, but initially it could not

be shown that there was a significant difference in the level of suppression

between lupus patients and normal controls (figure 11). lt was consistently shown

that there were significant ditferences in the production of lL-6 by lupus patients vs

normals, macrophages vs B cells and with LPS stimulated vs spontaneous release.

ln relation to this, however, it was also shown that when both SLE cells and normal

controls are stimulated with LPS, the SLE cells produce significantly more lL-6 than

the normal cells. This, despite the fact that only a small population of the lupus

patients studied had active disease, may suggest that the enhancement of lL-6

production appears to be unrelated to disease activity, and would indicate that the

SLE cells, either B cells or macrophages, are more reactive and constitutively able

to secrete greater amounts of lL-6 than are the cells of normal controls. This finding

of increased lL-6 production confirms that reported by many investigators, who also

showed increased levels of lL-6 production in SLE as described earlier. What the

underlying factor for this abnormality is not clear, but we hypothesized that it might

relate to an lL-10 response abnormality, since lL-10 can downregulate lL-6 as well

as its own production.
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Because it had been previously shown that lL-10 enhances the lL-6

dependent response of 89 cells, we wondered if our failure to show a statistically

significant difference in lL-10 induced suppression of lL€ production in lupus B

cells and macrophages compared to normal controls could be due to enhanced

spontaneous or LPS induced lL-10 production in SLE, resulting in higher residual

levels of lL-10 being present.

Our subsequent experiments showed that when an anti-lL-10 mAb in excess

was used to neutralize the residual lL-10 in B cell and macrophage culture

supernatants, we found that the magnitude of lL-10 induced suppression of lL-6

production was significantly less in lupus patients when compared to normal

controls. This would suggestthat differences may occur in residual lL-10 in the B

cell and macrophage supernatants of lupus patients as compared to normal

subjects, and this could influence the 89 cell assay for residual lL-6. Therefore, the

concentration of lL-10 in the culture supernatants was measured by an

independent experiment using an ELISA method. lL-10 was detected in all

supernatants of B cells and macrophages and a significant difference at p < .005

was found in the level of lL-10 between lupus patients and normal controls, in that

the lupus patients produced more lL-10. There were too few patients in our

population with active disease to determine if a relationship existed between the

defect in lL-10 induced suppression of lL-6 and disease activity. lt appears that the

lL-6 and lL-10 abnormalities are consistent within the lupus group. This result was

in accordance to the study of lL-10 production in SLE by Llorente L. et al, (110).

ln fact, our investigations on lL-10 were performed simultaneously to theírs. They

demonstrated that among PBMC, only monocytes and B lymphocytes contribute

to the production of lL-10 and this is enhanced in lupus. Unfortunately, we did not

perform an assesment of lL-10 production by T cells since at the beginning of our

bioassay system, we found no lL-6 in our T cell culture supernatants. Thus, taken

altogether, these findings indicate that in SLE, lL-10 is overproduced by B cells and

monocytes. This suggests a role for lL-10 in the production of autoantibodies

through pathways involving both paracrine lL-10 produclion by monocytes and
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autocrine production by B cells (111). ln contrastto our results, however, these

investigators did not observe an increased lL-6 production by SLE B cells and

macrophages either spontaneous or LPS-stimulated. Our present study shows not

only that the lL-10 was present in excess, but that the production of lL-6 was also

enhanced in the same manner as lL-10. Why this dysregulation occurs for both

cytokines in lupus patients needs to be elucidated in the future, but it is possíble

that the lL-10 defect is primary since it normally inhibits both its own and lL-6

production by B cells and macrophages. Our results showed that the inhibition of

lL-6 production by lL-10 also occured in the presence of LPS stimulation, but with

1L-10 pretreatment, either spontaneous or LPS-stimulated production of both lL-6

and lL-10 are significantly higher in lupus patients than in normal controls. This

suggests that there may be a defect in the regulatory mechanisms by which lL-10

regulates cytokine synthesis. As described earlier lL-10 downregulates production

of several proinflammatory cytokines by monocyte and B cells and the enhanced

production of these, as well as lL-10 itself, may represent a failure of lL-10

mediated suppression, leading to its implication for the autoimmune response. The

abnormalities of lL-ìO responses may occur at several points, for example, failure

in the inhibition of inflammatory cytokine production mediated through NFrB, a

transcription factor involved in cytokine gene expression (1 86,1 87), the lack of lL-1 0

control in regulating the expression of bcl-2 which is important for B cell survival

and apoptosis (108,157), enhancement of B cell activation and differentiation

(16,93,145), other unknown factors which may inhibit lL-10 activity in the regulation

of nitrogen oxide production (59), which may influence nuclear antigen expression

in apoptosis (173), and the failure of lL-10 in the maintaining tolerance through

regulation of antigen-presenting dendritic cells (43).

Our overall results may indicate that in SLE, the selective abnormalities may

arise primarily from the B cell compartment and the monocyte lineages following

an excessive lL€ and lL-10 production which leads to the expansion of B cell

autoreactivity.
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8.2 Conclusion

ln the present study, we confirmed interactions between cytokines and

distinct cell populations in patients with systemic lupus erythematosus and normal

controls. ln lupus we concluded that there is probably an alteration in the

responsiveness of B cells and macrophages to lL-10, since endogenous lL-10

production by these cells is increased, while the suppressive effects of lL-10 on lL-

6 production are significantly reduced. This finding confirms the complementary

reports of other investigators (1 10,1 1 1), and suggests that the pathogenesis of SLE

clearly involves abnormal cytokine communication and responsiveness. The

enhanced produc{ion of lL-6 and the elevated levels of lL-10 produced bythose

cells may suggest an impaired immunoregulation in vivo. As a central regulator, lL-

10 appears not to balance its suppressive and stimulating effects on the immune

response of SLE. lL-10 may itself be produced excessively by autoreactive B cells

and influence the function of both B cells and T cells. Thus, this defect may be

thought of as one of the major reasons leading to the persistence of this disease.

ln the future,'the elucidation of why abnormal cytokine expression such as

lL-6 and lL-10 occurs in SLE will be very intriguing, Both cytok¡nes are pleiotropic

and might be considered to be major contributors in the pathogenesís of SLE

through their overproduction. The precise mechanisms of lL-10 action and its role

in SLE are worthy of further pursuit.

114



REFERENCES



REFERENCES

1. Aarden L,4., Lansdorp P., De Groot E. 1985. A growth fac{or for B cell
hybridomas produced by monocytes. Academic Press lnc. Lymphokines
'l0:175-223.

Aarden L.4., De Groot E.R., Schaap O.L., Lansdorp P.M. 1987. Production
of Hybridoma Growth Factor by human monocytes. Eur. J. lmmunol.
17:1411-1416.

Aarden L.A., van Kooten C. 1992. The action of lnterleukin 6 on lymphoid
population. Ciba Found. Vmp 167:68-79.

Alleva D,G., Burger C.J., Elgert KD. 1994. Tuomor-induced regulation of
suppression macrophage nitric oxide and TNF-a production; Role of Tumor
Derived lL-10, TGF-beta, and Prostaglandin 8". J. lmmunol. 153:1674-1686.

Arnett F.C., Reveille J.D. 1992. Genetics of Systemic Lupus Erythematosus.
Rheum. Dis. CIin. Notth Am. 18:865-892.

Alarcon-Riquelme M,E., Moller G., Fernandez G. 1992. Age-dependent
responsiveness to lnterleukin-O in B lymphocytes from a Systemic Lupus
Erythematosus-Prone (NZB X Nã/V) F1 Hybrid. C I in. I m mu nol. I mm un op atho I.

62:2il-269.

Alarcon-Riquelme M.E., Moller G., Fernandez C. 1993. Macrophage
depletion decreases lgG anti-DNA in cultures from (NZB X NA/V)F1 spleen
cells by eliminating the main source of lL-6. CLin. Exp. lmmunol. gl:220-225.

Al-Janadi M., Al-Balla S., Al-Dalaan 4., Raziuddin S. 1993. Cytokine profile
in Systemic Lupus Erythematosus, Rheumatoid Arthritis, and other
Rheumatic Diseases. J. Clin. lmmunol. 13:58-67.

Akira S., Hirano T., Taga T., l(shimoto T. 1990. Bíology of the multifunctional
cytokines: lL-6 and related molecules (lL-1 and TNF). Faseb J. 4:2860-2862.

Andus T., Gross V., Holstege 4., Weber M., Ott M., Gerok W., Scholmerich
J. 1992. Evidence for the production of high amounts of lnterleukin-G in the
peritoneal cavity of patients with ascites. J. Hepatol. 15:378€81.

3.

4.

5.

o

10.

7.

115



11.

12.

13.

14.

1s.

16.

17.

18.

19.

Alexander H.R., Doherty G.M., Buresh c.M., Venzon D.J., Norton J.A. 1gg1.
A recombinant human receptor antagonist to lnterleukin 1 improves survival
after lethal endotoxemia in mice. J. Exp. Med. 179:1029-10íi2.

Bogdan G., vodovoÞ Y., Nathan c. 199i. Macrophage deactivation by
lnterleukin 10. J. Exp. Med. 174:1549-1SSS.

Burdin N., Peronne c., Banchereau J., Rousset F. 1993. Epstein-Barr virus
transformation induces B lymphocytes to produce human interleukin 10. J.
Exp. Med. 177:N53O4.

Burdin N., Van Kooten c., Galibert L., Abrams J.s., wijdenes J., Banchereau
J., Rousset F. 199s. Endogenous lL-6 and lL-10 contribute to the
differentiation of cD4Gactivated human B lymphocytes. J. lmmunol.
154:2533-2544.

Briere F., Bidon J-M., chevet D., souiilet G., Bienvenu F., Guret c., Martinez-
valdez H., Banchereau J, 1994. lnterleukin 10 induces B lymphocytes from
lgA-deficient patients to secrete lgA. J. ctin. tnvest.94:97-io4.

Briere F., servet-Delprat c., Bridon J.-M., saint-Remy J.-M., Banchereau J.
1994. Human lnterleukin 10 induces naive surface lmmunoglobulin D*
(slgD*) B cells to secrete tgGl and tgGB. J. Exp. Med. 1zg:Tsi-262.

Bombardier C., Gladman D.D., Urowitz M.8., Caron D., Chi H,C., and the
Committee on Prognosis Studies in SLE. 1992. Derivation of the SLEDAI.
Afthritis Rheu m. 35:630-640.

Blank M,, Ben-Bassat M., schoenfeld y. 1992. The Etfect of cyclosporin A
on early and late stages of experimental Lupus. Afthrit¡s Rheum.35:13s0.

Boswell J., schur P.H. 1989. Monocyte Function in systemic Lupus
Erythematosus. C I i n. I mmu noL I m mu nopathot. 52:22 1 -ZT g.

Billiau A. 1986. BSF-2 is not just a differentiation factor. Nature 824:415.

Bauer J., Ganter u., Geiger T., Jacobshagen u., Hirano T., Matsuda T.,
Kishimoto T., Andus T., Acs G., Derok w., Giliberto G. 1999. Regulation of
lnterleukin-6expression in cultured human blood monocytes and monoc¡e-
derived macrophages. B/ood lZ:1194-1 140.

Barut 8., chauhan D., uchiyama H., Anderson KC. 1ggg. lnterleukin-6
functions as an intracellular growth factor in Hairy Cell Leukemia in vitro. J.
C I i n. I nvest. 92:2346-2352.

21.

22.

116



24.

23.

25.

26.

27.

29.

34.

Beaty c.D., Franklin T.L., uehara Y., wilson c.B. 1994. Lipopolysaccharide-
induced cytokine production in human monocytes: role of tyrosine
phosphorylation in transmembrane signal transduction. Eur. J. tmmunol.
24:1278-128r'.

chomarat P., Rissoan M.-c., Banchereau J., Miossec p. 1ggg. lnterferonT
inhibits interleukin-10 production by monocytes. J. Exp. Med. 127.528- 527.

Chen W.F., Zlotnik A. 1991. lL-10: a novel cytotoxic T cell diffrentiation
factor. J. lmmunol. 142:528-534.

clinchy 8., Bjorck P., Paulie s. & Moller G. 1994. tnterleukin-10 inhibits
motility in murine and human B lymphocytes. lmmunot. gz:st6-392.

cassidy J.T., and Petty R.E. (3rd Ed.). 1995. Textbook of pediatric
Rheumatology W .B. Saunders Company, p.260-299.

castellJ.V., Gomez-Lechon M.J., David M., Fabra R., Trullenque R., Heinrich
P.c. 1990. Acute-Phase Response of human hepatocytes: Regulation of
Acute Phase Protein synthesis by lnterleukin 6. Hepatology 121129-1196.

castell J.v., Andus T., Kunz D., Heinrich p,c. 1999. lnterleukin-6 the major
regulator of Acute-Phase Protein synthesis in man and rat. Ann. N. y. Acad.
Sci. 557:87-99.

cohen J.J. 1993. Apoptosis: The physiological pathway of cell Death.
Hospital Practíce 28:3543.

cohen J.J. 1994. Apoptosis: Physiologic cell Death. J, Lab. ctin. Med.
124:761-765.

Gheng J., Zhou T., Liu C., Shapiro J.p., Brauer M.J,, Kiefer M.C., Barr p.J.,
Mountz J.D. 1994. Protection from Fas-mediated Apoptosis by a soluble
form of the Fas molecule. Scrence. 263:1759-1762.

de waal Malefyt R., Yssel H., Roncarolo M.G., spits H., De Vries J.E. 1992.
lnterleukin-1o. current opinion in lmmunology Number 4:314€20.

de waal Malefi¡t R., Abrams J., Bennett 8., Figdor c.G., de Vries J.E. 1991.
lnterleukin 10 (lL-10) inhibits cytokine synthesis by human monocytes: an
autoregulatory role of ll-l0 produced by monocytes. J. tup. Med.1z4:12o9-
1220.

30.

31.

117



35.

37.

39.

44.

40.

41.

42.

de waal Malefyt R., Haanen J., spits H., Roncarolo M,-G., te velde A.,
Figdor c., Johnson K, lGstelein R., yssel H., de vries J.E. 1991. lnterleukín
10 (lL-10) and Viral lL-10 strongly reduce antigen-specific human T ce¡
proliferation by diminishing the antigen-presenting capacity of monocytes
via downregulation of class ll major histocompatibility complex expression.
J. Exp. Med. 174:915-924.

de waal Malefyt R., Yssel H., de vries J.E. 1999. Direct etfects of lL-10 on
subsets of human CD4+ T cells clones and resting T cells; specific inhibition
of lL-2 Production and proliferation. J. lmmunot. 1so:42544165.

Del Prete G., De carli M., Almerigogna F., Giudizi M.G., Biagiotti R.,
Romagnani s. 1993. Human tL-10 is produced by both type t hetþer Oh1)
and type 2 helper Oh2) T cell clones and inhibits their ant¡gen-spècific
proliferation and cytokine production. J. lmmunol. 1s0:BSg€60.

Ding L., shevach E.M., 1992. lL-10 lnhibits mitogen-induced r cell
proliferation by selectively inhibíting macrophage costimulatory function. J.
lmmunol. 1 48:31 33€1 39.

Ding L., LinsleyP.s., Huang L.-y., Germain R.N., shevach E.M. 1999. lL-10
inhibits macrophage costimulatory activity by selectively inhibiting the up-
regulation of 87 expression. J. lmmunol. 151:1224-1284.

Duits A.J., vah Puijenbroek 4., Vermeulen H., Hofhuis F.M.A., van de winkel
J.G.J., capel P.J.A. 1993. lmmunoadjuvant Activity of a liposomal lL-6
formulation. Vaccine 1 1 (7):TZ7 -81 .

Durum s.K., oppenheim J.J. Proinframmatory cytokines and lmmunity. ln:
Paul w.E. (Ed). 1993. Fundamental lmmunotogy Raven press, Ltd., New
York, p.801 , 812-814.

Enk 4.H., Katz S.l. 1992. ldentification and induction of keratinocyte-derived
lL-10. J. lmmunol. 149:92-95.

Enk 4.H., Angeloniv.L,, udey M.c., l(atz s.l. 1999. lnhibition of Langerhans
cell Antígen-Presenting Funclion by lL-10. J. lmmunol. 1s1:2390-2ã98.

Emlen w., Niebur J., lGdera R. 1g94, Accelerated in vitro Apoptosis of
lymphocytes from patients with systemic Lupus Erythematosus. J. immunot.
152:3685€691.

EmmendortferA., Muller M., wedekind D., Hartung K, Lohmann-Matthes M.-
L. 1993. Expansion of the liver-associated macrophage system in Systemic
Lupus Erythematosus-PRoNE NZB/W mice. J. Leukoc. Biot. 99:49-62.

45.

118



46.

47.

50.

51.

48.

49.

54.

Fiorentino D.F., Bond M.w., Mosmann T.R. lg8g. Two types of mouse T
helper cell. J. Exp. Med. 17O:2O81-209S.

Fiorentino D.F., Zlotnik A., Mosmann T.R., Howard M., o'Garra A. 1991. lL-
10 inhibits cytokine production by activated macrophages. J. lmmunol.
147:381 5f,822.

Fiorentino D.F., Zlotnik A., Vieira P., Mosmann T.R., Howard M., Moore KW.,
O'Garra A. 1991 . lL-10 acts on the antigen-presenting cell to inhibit cytokine
production by TH1 cells. J. lmmunol. 146:3444€451.

Ferguson T.4,, Dube P., Griffith r.s. 1994. Regulation of contact
hypersensitivity by lnterleukin 10. J. Exp. Med. 179:1597-1604.

Friberg D., Bryant J., shannon w., whiteside T.L. 1994. ln vitro cytokine
produclion by normal human peripheral blood mononuclear cells as a
measure of immunocompetence or the state of activation. Clin. Diag. Lab.
lmmunol.l:261 -268.

Fessel w.J. 1988. Epidemiology of systemic Lupus Erythematosus.
Rheumatíc clinics of North America. J.H. l(ippel (ed). philadelphia, w.B.
Saunders. pp 15-23.

Fronek 2., Timmerman L.4., Alper c.A., Hahn 8.H., Kalunian K, peterlin
8.M., McDevitt H.o. 1990. Major Histocompatibility complex Genes and
susceptibility to Systemic Lupus Erythematosus. Arfår?is Rheum. 38:1542-
1553.

Feder L.S., Todaro J.4., Laskin D.L. 1993. Characterization of lnterleukin-1
and lnterleukin-6 production by hepatic endothelial cells and macrophages,
J. Leukoc. Biol. 53: 1 26-132.

Fuchs E.J., MaEinger P. 1992. B cells turn of virgin but not memory T cells.
Scrence 258:1 156-1 158.

Frei K, Lins H., schwerdel c., Fontana A. 1994. Antigen presentation ln The
Central Nervous System. The lnhibitory effect of lL-10 on MHC class ll
Expression and Produc{ion of cytokines Depends on the lnducing signals
and the Type of Cell Analyzed. J. lmmunol. 1SZ:212O-ZZZB.

Gallagher G., christie J.F., stimson w.H., Guy K & Dewar A.E. 1ggr.T-24,
B-Cell Differentiation Faclor induces lmmunoglobulin Secretion in human B
cells without prior cell replication. Immunotogy 6O:S2B-529.

55.

119



58,

57.

59.

60.

Go N.F., Castle 8.E., Barrett R., Kastelein R., Dang W., Mosmann T.R.,
Moore KW., Howard M. 1990. lnterleukin 10, a novel B cell stimulatory
factor: unresponsiveness of X chromosome linked immunodeficiency B cell.
J. Exp. Med. 172:1625-1631.

Gastl G.4., Abrams J.S., Nanus D.M,, Oosterkamp R., Silver J., Liu F., Chen
M., Albino 4.P., Bander N.H. 1993. lnterleukin-10 production by human
carcinoma cell lines and its relationship to lnterleukin-G expression. lnt. J.
Cancer 55:96-101 .

Gazzinelli R.T., Oswald 1.P., James S.L, Sher A. 1992. lL-10 inhibits parasite
kiling and nitrogen oxide production by lFNT-activated macrophages. J.
lmmunol. 1 48: 1 792-1796.

Geng Y., Gulbins E., Altman 4., Lotz M. 1994. Monocyte deactivation by
lnterleukin 10 via inhibition of tyrosine kínase aclivity and the RAS signaling
pathway. Proc. Natl. Acad. Sci. USA 91:8602-8606.

Gruber M.F., Williams C.C., Gerrard T.L. 1994, Macrophage-Colony-
Stimulating Factor expression by anti-CD45 stimulated human monocytes
is transcriptionally up-regulated by lL-1ß and inhibited by lL4 and tL-10. J.
lmmunol. 1 52: 1 354-1 360.

Gan H., Ruef C., Hall 8.F., Tobin E., Remold H,G., Mellors J.W., 1991.
lnterleukin-6 expression in primary macrophages infected with Human
lmmunodeficiencyVirus-1 (Hlv-1). A/DS-Res. Hum.-Retroviruses. 7:671-679.

Gauldie J., Richards C., Harnish D., Lansdorp P., Baumann H. 1987.
lnterferon ß2lB-Cell Stimulatory Factor Type 2 shares identity with monocyte-
derived hepatocyte-stimulating factor and regulates the major acute phase
protein response in liver cells, Proc. Natl. Acad. sci. u.s.A 4:72s1-72ss.

Gauldie J. Richards C., Northemann W., Fey G., Baumann H. 1989.
IFNß2/BSF2/IL-6 is the monocyte-der¡ved HSF that regulates receptor-
specific acute phase gene regulation in hepatocytes.,4nn. N. Y. Acad. sci.
557:47-59.

Gerard C., Bruyns C., Marchant 4., Abramowicz D., Vandenabeele p.,
Delvaux 4., Fiers w., Goldman M., velu T. 1993. lnterleukin 1o reduces the
release of Tumor Necrosis Factor and prevents lethality in experimental
endotoxemia. J. Ex. Med. 177:547-550.

Gilbert KM., weigle w.o. 1994. Tolerogenicity of resting and activated B
cells. J. Exp. Med. 179:249-258.

61.

62.

63.

&1.

65.

oþ.

120



70.

67.

68.

73.

74.

77.

Howard M., O'Garra 4., lshida H., de Waal Malefyt R., de Vries J. 1992.
Biological properties of interleukin 10. J. clin. lmmunol. 12:239-242.

Howard M., o'Garra A. 1992. Biological properties of interleukin 10.
lmmunol. Today 1 3: 1 98-200.

Howard M.c., Miyajima 4., cotfman R. 1993. T-cell-derived cytokines and
their receptors. ln: Paul w.E. (Ed). Fundamental lmmunology Raven press,
Ltd., New York, p.763, 770-772.

Howard M., Muchamuel T., Andrade S., Menon S. lggg. lnterleukin 10
protects mice from lethal endotoxemia. J. Exp. Med. 1ZT:12ùS-12O9.

Hsieh S.-C, Heimberger 4.8., Gold J,S., O'Garra 4., Murphy KM. 1992.
Differential regulation of T helper phenotype development by lnterleukin 4
and 10 in an aß T-cell-receptortransgenic system. Proc. Nail. Acad. sci.
USA 89:6065-6069.

Hsieh S.-C., Tsai C.-Y., Sun K-H., Tsai Y.-Y., Tsai S.-T., Han S.-H., yU H.-S.,
Yu C.-L. 1995. Defective spontaneous and bacterial lipopolysaccharide
stimulated production of lnterleukin-1 receptor antagonist by
polymorphonuclear neutrophils of patients with active systemic Lupus
Erythematosus. Br. J. Rheumatol. 94:107-112.

Hilliquin P., Bordene D., Fradelizi D., Wijdenes J., Menkes C.J., Weill B,J.
1994. serums levels of lnterleukin 10 (lL-10) in systemic Lupus
Erythematosus (SLE). Arthritis Rheum. 37:5381 (1921).

Hochberg M.c. 1990. systemic Lupus Erythematosus. Rheum. Dis. ctin.
North Am. 16:617-639,

Hardin J.A. 1986. The Lupus Autoantigens and the pathogenesis of
Systemic Lupus Erythematosus, Arthritis Rheum. 29:45745g.

Harley J.8,, scofield R.H. 1991. systemic Lupus Erythematosus: RNA-
protein Autoantigens, Models of Disease Heterogeneity, and Theories of
Etiology. J. Clin. lmmunol. 11:297€16.

Handwerger B.s. 1990. Lymphocyte Biology in Lupus. current opinion in
R h e u mato I ogy 2:7 49 -7 61 .

Hashimoto C. 1990. Studies on synthesis of lnterleukin and Gammaglobulin
in Peripheral Blood Mononuclear Cells of Patients with Systemic Lupus
Erythematosus, Tohoku J. Exp. Med. 162:020€35.

71.

72.

76.

78.

121



80.

81.

79.

87.

89.

Hirohata S., and Miyamoto T. 1990. Elevated levels of lnterleukin-o in
Gerebrospinal Fluid from patients with systemic Lupus Erythematosus and
Central Nervous System lnvolvemenl. Arthritis Rheum. 98:644.

Hirano T., Yasukawa K, Harada H., Taga T., Watanabe y., Matsuda T.,
lGshiwamura s.-1., Nakajima K, Koyama K, lwamatsu A., Tsunasawa s.,
sakiyama F., Matsui H., Takahara y., Taniguchi r., Kishimoto T. 1996.
Complementary DNA for a novel human lnterleukin (BSF-2) that induces B
lymphocytes to produce imm unoglobulin. N atu re 824:ZB-Z 6.

Hirano T., Akira s., Taga T., Kishimoto T. 1ggo. Biological and clinical
Aspects of lnterleukin-6. lmmunol. Tod. 11:443449.

Horii Y., Muraguchi 4., suematsu s., Matsuda T., yoshizaki K, Hirano T.,
Kishimoto T. 1988. Regulation of BSF-2/IL-6 production by human
mononuclear Gells. J. lmmunol. i41:1529-1S35.

Helle M., Boeije L., Aarden L.A. 1988. Funtional Discrimination between
lnterleukin 6 and lnterleukin 1. Eur. J. lmmunol. 1g:1595-1S40.

H¡bi M., Murakami M., Saito M., Hirano T., Taga T., Kishimoto T. 1ggO.
Molecular cloning and Expression of an lL-6 signaltransducer, gp1B0. ce//
63:1149-1157.

Hutchins D.,'cohen 8.8., steel c.M. 1990. production and Regulation of
lnterleukin-6 in human B lymphoid cells. Eur. J. lmmunol.20:961-96g.

Humbert M., Delattre R,M., Fattal s., Rain 8., cerrina J., Dartevelle p.,
simonneau G., Duroux P., Galanaud p., Emilie D. 1ggo. tn situ production
of lnterleukin-6 within human lung allografts displaying rejection or
cytome g alovi rus pn eu m on i a. T ran s p I antatio n 56:623-627 .

Hollen c.w., Henthorn J., Koziol J.A., Burstein s.A. 1991. Elevated serum
lnterleukin-6levels in pat¡ents with reactive thromborytosis, Br. J. Haematol.
79:286-290.

Helfgott D.c., May L.T., sthoeger 2., Tamm 1., sehgal p,B. 19g7. Bacterial
Upopolysaccharide (Endotoxin) enhances expression and secretion of l)2
lnterferon by human fibroblasts.J. Exp. Med. 166:1300-1309.

Heumann D., Glauser M.P. i994. pathogenesis of sepsis. scientific
American 1:28-37.

82.

83.

84.

85.

86.

88.

122



90. Hack C.8., De Groot E.R., Felt-Bersma R.J.F., Nuijens J.H. Strack Van
Schijndel R.J.M., Eerenberg-Belmer A.J.M., Thijs L.G., Aarden L.A. 1989.
lncreased plasma levels of lnterleukin-6 in Sepsis. Blood 74:1704-1110.

91. Henry c., chen Y-h u., stout R., swain s.L. 1980. cell separation: Nylon
Wool Column. Se/ected Methods in Cellular lmmunology, edited by Mishelt
B.B and ShiigiS.M. 182-185.

92. Hansen M.8., Nielsen S.E., Berg K 1989. Re-examination and further
development of a precise and rapid dye method for measuring Cell
Growth/Cell K¡ll. J. lmmunol. Methods 119:203-210.

93. ltoh K and Hirohata S. 1995. The role of lL-10 in human B cell activation,
proliferation, and differentiation. J. lmmunol. 154.43414950.

94. lshida H., Muchamuel T., Sakaguchi S., Andrade S., Menon S., Howard M.
1994. Continuous administration of anti-lnterleukin 10 antibodies delays
onset of autoimmunity in NzB/w F1 mice. J. Exp. Med. 179:805-310.

95. lsenberg D., in Roitt 1.M., and Delves P.J. (Eds.). 1988. systemic Lupus
Erythematosus (SLE), Human, Encyclopedia of lmmunolog¡y Academic
Press, San Diego, p.1418,

96. Jordan M., otterness 1.G., Ng R., Gessner 4., Rollinghoff M., Beuscher H.u.
1995. Neutralization of endogenous lL-6 suppresses induction of lL-1
receptor antagonist. J.lmmunol. 154:4081 -4090.

97. Jirik F.R., Podor T.J., Hirano T., l(shimoto T., Loskutotf D.J., carson D.4.,
Lotz M. 1989. Bacterial lipopolysaccharide and inflammatory mediators
augment lL-6 secretion by human endothelial cells. J. Immunol. 142:144-
147.

98. Katsikis P.D., chu c.Q., Brennan F.M., Maini R.N., Feldmann M. 1994,
lmmunoregulatory role of lnterleukin 10 in Rheumatoid Arthritis. J. Exp. Med.
179:1517-'1527.

99. Kim J.M., Brannan C.1., Copeland N.G., Jenkins N.A., Khan T.A., Moore KW.
1992. Structure of the mouse lL-10 gene and chromosomal localization of
the mouse and human genes. J. lmmunol. 148:861g€629.

100. Kuhn R,, Lohler J., Rennick D., Rajewsky K, Muller W. 1993. lnterleukin-10-
deficient mice develop chronic enterocolitis. cel/ 15:263-224.

123



101 . Klashman D.J., Martin R.A., Martinez-Maza O., Stevens R.H. 1991 . ln vitro
Regulation of B cell differentiation by lnterleukin-G and soluble CD23 in
Systemic Lupus Erythematosus B cell subpopulations and antigen-induced
normal B cells. Arthritis Rheum.34:276-286.

1O2. Kitani 4., Hara M., Hirose T., Harigai M., Suzuki K, l(awakami M.,
l(awaguchiY., Hidaka T., lGwagoe M., Nakamura H. '1992. Autostimulatory
effects of lL€ on excessive B cell ditferentiation in patients with Systemic
Lupus Erythematosus: analysis of lL€ production and lL-6R expression.
Clin. Exp. lmmunol. 88:75-83.

1q3. Kishimoto T. 1989. The Biology of lnterleukin-6. Blood 74:1-1O.

1U. Kishimoto T., Hibi M., Murakami M., Narazaki M., Saito M., Taga T. 1992.
The molecular bilogy of lnterleukin 6 and its receptor. Ciba Found.Symp.
167:5-23.

105. l(rnbauer R., Kock A., Schwatz T., Urbanski A., Krutmann J., Borth W.,
Damm D., Shipley G., Ansel J.C., Luger T.A. 1989. IFN-ß2, B Cell
Differentiation Factor 2, or Hybridoma Growth Factor (lL-6) is expressed and
released by human epidermal cells and epidermoid carcinoma cell lines. J.
I m m u nol. 1 42: 1 922-1 928.

106. Liu Y., Wei S.-H.-Y., Ho A.-S.-Y., de Wad Malefl4 R., Moore K.W. 1994.
Expression cloning and Characterization of human lL-10 receptor. J.
I mmunol. 1 52:1 821 -1 829.

1O7. Liu Y.-J., Mason D.Y., Johnson G.D,, Abbot S., Gregory C.D., Hardie D.L.,
Gordon J., MacLennan l.C.M. 1991. Germinal center cells express bcl-2
protein after activation by signals which prevent their entry into apoptosis,
Eur. J. lmmunol. 21:1905-1910.

108. Levy Y. and Brouet J.-C. 1994. lnterleukin-10 prevents spontaneous death
of germinal center B cells by induction of the bcl-2 protein. J. Clin. lnvest.
93:424428.

109. Li L., Elliott J.F., Mosmann T.R. 1994. lL-10 inhibits cytokine production,
vascular leakage, and swelling during T helper 1 cell-induced Delayed-Type
Hypersensitivity. J. lmmunol. 153:39673977.

110. Uorente L., Richaud-Patin Y., Wijdenes J., Alcocer-Varela J., Maillot M.-C.,
Durand-Gasselin 1., Fourrier 8.M., Galanaud P., Emilie D. 1993. Spontaneous
production of lnterleukin-10 by B lymphocytes and monocytes in Systemic
Lupus Erythematosus. Eur. Cytokine. Netw. 4:421-430.

124



1 1 1 . Llorente L., zou w., Levy Y., Richaud-Patin Y., wijdenes J., Alcocer-varela
J., Morel-Fourrier 8., Brouet J-C., Alarcon-Segovia D., Galanaud p., Emilie
D. 1995. Role of lnterleukin 10 in the B lymphocyte hyperactivity and
autoantibody production of human Systemic Lupus Erythematosus. J. Exp.
Med. 181:839-844.

112. LLorente L., Richaud-Patin Y., Fior R., Alcocer-varela J., wijdenes J.,
Fourrier 8.M., Galanaud P., Emilie D. 1994. ln vivo production of lnterleukin-
10 by non-T cells in Rheumatoid Arthritis, Sjogren's syndrome, and
Systemic Lupus Erythematosus. Arfhrit s Rheum. 37: 1 647-1 655.

113. Lahita R.G. 1992. Systemic Lupus Erythematosus. ed 2. NewYork, Churchitt
Livingstone.

114. Linker-lsraeli M. and Deans R. 1989. Dysregulated Lymphokine Production
in systemic Lupus Erythematosus (sLE). Ann. N.y. Acad. sci. ss7:s6z-s69.

115. Linker-lsraeli M., Deans R.J., wallace D.J., Prehn J., ozeri-chen T.,
l(inenberg J.R. 1991 . Elevated levels of endogenous lL-6 in Systemic Lupus
Erythematosus. J. lmmunol. 1 47 :1 lZ -129.

116. Linker-lsraeli M. 1992. Cytokine abnormalities in human Lupus. Ctin.
lmmunol. lmmunopathol. 63:10-1 1 .

117. Lopez M., Màroc N., Kerangueven F., Bardin F., courcour M,, Lavezzi c.,
Birg F., Manonni P. 1991. Coexpression of the genes for lnterleukin 6 and
its receptor without apparent involvement in the proliferation of Acute
Myeloid Leukemia Gells. Exp. Hematol. t9:797-Bß.

118. Linsley P.S., Ledbetter J.A. 1993. The role of the CD28 receptor during T
cell responses to antigen. Annu. Rev. lmmunot. 11:191 -212.

119. Mosmann T.R., schumacher J.H., street N.F., Budd R., o'Garra A., Fong
T.A.T., Bond M.w., Moore KW.M., sher 4., Fiorentino D.F. 1991. Diversity
of cytokine synthesis and funclion of mouse CD4+ T cells. lmmunol. Rev.
123:2@-229.

12O. Mosmann T.R., Moore KW. 1991. The role of lL-10 in crossregulation of Th1
and Th2 responses. lmmunol. Today 12:449-ASB.

121. Mosmann T.R. 1994. Propert¡es and Functions of lnterleukin-1O. Adv. in
lmmunol. 56:1-19.

125



122. Mosmann T.R. 1991. Regulation of immune response by T cells with
ditferent cytokine secretion phenotypes: role of a new cytokine, cytokine
synthesis inhibitory faclor (lL-10). lnt. Arch. Allergy Appl. lmmunol. 94:110-
1 15.

123. Mosmann T. 1983. Rapid Colorimetric Assay for Cellular Growth and
Survival: Application to Proliferation and Cytotoxicity Assays. J. lmmunol.
Methods 65:55-63.

124. MacNeil 1.4., Suda T., Moore KW., Mosmann T.R., Zlotnik A. 1990. lL-10, a
novel growth cofactor for mature and immature T cells. J. lmmunol.
145:41674173.

125. Moore KW., Vieira D., Fiorentino D.F., Trounstine M,L., Khan T.4., Mosmann
T.R. 1990. Homology of c¡okine synthesis inhibitory factor (lL-10) to the
Epstein-Barr virus gene BCRFI. Scænce 248:1230-1234.

126. Moore KW., O'Garra 4., de Waal Malefyt R., Vieira P., Mosmann T.R. 1993.
lnterleukine-1O. Ann. Rev. lmmunol. 11 :1 65-190.

127. Matthes T., Werner-Favre C., Tang H., Zhang X., Kindler V., Zubler R.H.
1993. Cytokine mRNA expression during an in vrfro response of human B
lymphocytes: l(netics of B cell TNF-a, lL-6, lL-10, and TGF-ß1 mRNAs. J.
Exp. Med. 178:521-528.

128. Mozes E., Mendlovic S., Kalush F., Waisman 4., Shoenfeld Y., Fricke H.
1990, lmmunoregulation of Autoimmune Diseases. /sr. J. Med. Sci. 26:688-
690.

129. Miescher P.4., Riethmuller D. 1965. Diagnosis and Treatment of Systemic
Lupus Erythematosus. Seminars in Hematol. 2:1-28.

130. May L,T., Ghrayeb J., Santhanam U., Tatter S.8., Sthoeger 2., Helfgott D.C.,
Chiorazzi N., Grieninger G., Sehgal P.B. 1988. Synthesis and Secretion of
multiple forms of ß2{nterferon/B-Cell Differentiation Factor 2/Hepatoq¡te-
Stimulating Factor by human fibroblasts and monocytes. J. Biol. Chem.
263:7760-7766.

131. May L.T., Viguet H., Kenney J.S., lda N., Allison A.C., Sehgal P.B. 1992.
High levels of "complexed" lnterleukin-6 in human blood. J. Bíol. Chem.
267:19698-197U.

132. Malejczyk J., Malejczyk M., Urbanski A. Luger T.A. 1992. Production of
Natural l(ller Cell activity-augmenting fac{or (lnterleukin-6) by human
epiphyseal chondrocytes. Afthritis Rheum. 35:706-71 3.

126



133. Melani C., Mattia G.F., Silvani A,, Gare 4., Rivoltini L., Parmiani G., Colombo
M.P. 1993. lnterleukin-6 expression in human neutrophil and eosinophil
peri pheral blood gran ulocyte s. Blood 81 :27 44-27 49.

134. Majno G., Joris l. 1995. Review: Apoptosis, Oncosis, and Necrosis. An
Overuiew of Cell Death. Am. J. Pathol. 146:3-15.

135. Mountz J.D., Zhou T., Wu J., Wang W., Su X., Cheng J. 1995. Regulation of
Apoptosis in human immune cells. J. Clin. lmmunol. 15:1-16.

136. Mysler E., Bini P., Drappa J., Ramos P., Friedman S.M., Krammer P.H.,
Elkon KB. 1994. The Apoptosis-1/Fas protein in human Systemic Lupus
Erythematosus. J. CIin. lnvest. 93:1029-1034.

137. Nagafuchi H., Suzuki N., Mizushima Y., Sakane T. 1993. Constitutive
expression of lL-6 receptors and their role in the excessive B cell function
in patients with Systemic Lupus Erythematosus. J.lmmunol. 151:6525-6534.

138, Nijsten M.W.N,, de Groot E.R., ten Duis H.J., Klasen H.J., Hack C.E,, Aarden
L.4,, 1987. Serum levels of lL-6 and Acute Phase Responses. Lancet (ii):921.

139. Oswald 1.P., Wynn T.A., Sher A., James S.L. 1992. lnterleukin 10 inhibits
macrophage microbicidal activity by blocking the endogenous production
of Tumor Necrosis Factor-ø required as a costimulatory factor for interferon-
7 induced activation. Proc. Natl. Acad. Sci. USA 89:8676-8680.

140. O'Garra 4., Chang R., Go N., Hastings R., Haughton G., Howard M. 1992.
Ly-1 B (B-1) cells are the main source of B cell-derived lnterleukin-1O. Eur.
J. lmmunol. 22:7 1 1 -7 17.

141. Opdenakker G., Van Damme J. 1994. Cytokine-regulated proteases in
Autoimmune Diseases. lmmunol. Today 15:1 03-106.

142. Ozmen L., Roman D., Fountoulakis M., Schmid G., Ryffel 8., Garotta G.
1995. Experimental Therapy of Systemic Lupus Erythematosus: The
Treatment of NZBÄtV mice with mouse soluble interferonT receptor inhibits
the onset of Glomerulonephritis. Eur. J. lmmunol.23:6-12.

143. Powrie F., Menon S., Coffman R.L. 1993. lnterleukin-4 and lnterleukin-10
synergize to i n h ibit cell-mediated immuni$ i n vivo. Eur. J. I m mu nol. 23:2223-
2229.

144. Panush R,S., Greer J.M,, Morshedian KK 1993. What is Lupus? What is not
Lupus? Rheum. Dis. Clin. No¡th Am. 19:223-232.

127



145. Rousset F., Garcia E., Defrance T., Peronne C., Vezzio N., Hsu D.-H.,
l(astelein R., Moore KW., Banchereau J. 1992. lnterleukin 10 is a potent
growth and diffrentiation fac{or for activated human B lymphocytes. Proc.
Natl. Acad. Sci. USA 89:1890-1893.

146. Ralph P., Nakoinz 1., SampsonJohannes 4., Fong S., Lowe D., Min H.-Y.,
Un L. 1992. lL-10, T lymphocyte inhibitor of human blood cell production of
lL-1 and tumor necrosis factor. J. lmmunol. 148:808-814.

147. Rivas J.M., Ullrich S.E. 1992. Systemic suppressíon of Delayed-Type
Hypersensitivity by supernatants from UV-irradiated keratinocytes; an
essential role for keratinocyte-derived lL-10. J. lmmunol. 149:3865€871.

148. Rengaraiu M., Gray J.D., Horwitz D.4., Kubin M., Trínchien G, 1994.
Cytokine production in newly diagnosed, untreated SLE patients: evidence
for increased production of lL-10. Afthritis Rheum.37:3378 (1300).

149. Romagnani S, 1994. Lymphokine production by human T cells in disease
states. Ann. Rev. lmmunol. 12:227-57.

150. Rose N.R. 1989. Pathogenic mechanisms in Autoimmune Diseases. C/in.
lmmunol. lmmunopafhol. 53:S7-S1 6.

151. Rawle F.C., Shields J., Smith S.H., lliescu V., Merkenschlager M., Beverley
P.C.L., Callard R.E. 1986. B cell growth and differentiation induced by
supernatants of transformed epithelial cell lines. Eur. J. lmmunol. 16:1017-
1019.

152. Ruef C., Budde K, Lacy J., Northemann W., Baumann M., Sterzel R.8.,
Coleman D.L. 1990. lnterleukin 6 is an autocrine growth factor for mesangial
cells. Kidney lnt. 38:249-257 .

153. Rieckmann P., D'Alessandro F., Nordan R.P., Fauci A.S., Kehrl J.H. 1991,
lL-6 and TNF-a: Autocrine and Paracrine Cytokines lnvolved in B cell
Function, J. lmmunol. 146:3462€468.

154. Rietschel E.T., Brade H. 1992. Bacterial Endotoxins. Scientific American
267:54-61.

155. Romball C.G., Weigle W.O. 1993. ln vivo induction of Tolerance in murine
CD4* cell subsets. J. Erp. Med. 178:1637-1644.

156. Street N.E., Mosmann T.R. 1991. Functional diversity of T lymphocytes due
to secretion of different cytokine patterns. Faseþ J. 5:171-177.

128



157. Strasser 4., Whittingham S., Vaux D.L., Bath M.L., Adams J.M., Cory S.,
Harris A.W. 1991. Enforced bcl2 expression in B-lymphoid cells prolongs
antibody responses and elicits Autoimmune Disease. Proc. Natl. Acad. Sci.
USA 88:8661€665.

158. Spits H., de Waal Malefyt R, 1992. Functional characterization of human lL-
10. lnt. Arch. Allergy lmmunol.99:8-15.

159. Sironi M., Munoz C., Pollicino T., Siboni 4., Sciacca F.L., Bernasconi S.,
Vecchi 4., Golotta F., Mantovani A. 1993. Divergent effects of lnterleukin-10
on cytokine production by mononuclear phagocytes and endothelial
cells. Eur. J. lmmunol. 23:2692-2695.

160, Suzuki H., Takemura H., lGshiwagi H. 1995. lL-1 receptor antagonist (lL-1ra)
in patients with Systemic Lupus Erythematosus (SLE). Faseb J. (Abtract il).
9:41029.

161 . Schwartz R.S., Autoimmunity and Autoimmune Diseases. ln: Paul W.E. 1993.
Fundamental lmmunology ed 3. Raven Press, Ltd., New York.

162. Smith C.D., Cyr M. 1988, The History of Lupus Erythematosus from
Hippocrates to Osler. Rheum. Dis. Clin. North Am. 14:1-21.

163. Steinberg 4.D., Klinman D.M., 1988. Pathogenesis of Systemic Lupus
Erythematosus. Rheum. Dís. Clín. North Am. 14:2541.

1æ. Steinberg A.D. 1991. Systemic Lupus Erythematosus. Ann. lntern. Med.
115:548-559.

165. Shoenfeld Yehuda, 1994. ldiotypic induction of Autoimmunity: a new aspect
of the idiotypic network. Faseb J. 8:1296-1301.

166, Shoenfeld Y., Mozes E. 1990. Pathogenic ldiotypes of Autoantibodies in
AutoÍmmunity: Lessons from new experimental models of SLE. Faseb J.
4:2&6-2651.

167. Swaak A.J.G., van Rooyen 4., Aarden L.A. 1989. lnterleukin-O (lL-6) and
Acute Phase Proteins in the disease course of patients with Systemic Lupus
Erythematosus. Rheumatol. I nt. 8:26ß.268.

168. Spronk P.E,, ter Borg E.J., Limburg P.C., Kallenberg C.G.M. 1992, Plasma
concentration of lL€ in Systemic Lupus Erythematosus; an indicator of
disease activity?. Clin. Exp. lmmunol. 90:106-1 10,

129



169, Sehgal P.8., May L.T., Tamm 1., Vilcek J. 1987. Human ß2 lnterferon and B-

Cell Differentiation Factor BSF-2 are identical, Science 235:731-732.

17O. Schindler R., Mancilla J., Endres S., Ghorbani R., Clark S.C., Dinarello C.A.

1990. Correlations and interactions in the production of lnterleukin-6 (lL-6),

lL-1, and Tumor Necrosis Factor CfNÐ in human blood mononuclear cells:
lL€ suppresses lL-1 and TNF. B/ood 75:4047.

171. Straneva J.E., van Besien KW., Derigs G., Hoffman R. 1992. is lnterleukin
6 the physiological regulator of thrombopoiesis? Exp. Hematol. 2O:47-5O.

172. Syed V., Gerard N., Kaipia 4., Bardin C.W., Parvinen M., Jegou B. 1993,
ldentification, Ontogeny, and Regulation of an lnterleukin-6-like factor in the
rat seminiferous tubu le. Endocrinology 132:293-299.

173. Squier M.K.T., Sehnert A.J., Cohen J.J. 1995. Apoptosis in Leukocytes. J.

Leukoc. Biol.57:2-19.

174. Thompson-Snipes L.4., Dhar V., Bond M.W., Mosmann T.R., Moore KW.,
Rennick D,M. 1991. lnterleukin 10: a novel stimulatory factor for mast cells
and the¡r progenitors. J. Exp. Med. 173:507-510.

175. Taga K, Mostowski H., Tosato G. 1993. Human lnterleukin-10 can directly
inhibit T-cellL growth. Blood 81:2964-2971.

176. Taga K, Tosato G., 1992. lL-10 inhibits human T cell proliferation and lL-2
production . J. lmmunol. 148:1 143-1 148.

177. Taga T., l(awanishi Y., Hardy R.R., Hirano T., Kishimoto T. 1987. Receptors
for B Gell Stimulatory Factor 2: Quantification, Specificity, Distribution, and
Regulation of their Expression . J.Exp.Med. 166:967-981.

178. te Velde 4.4., de Waal Malefyt R., Huijbens R.J.F., de Vries J.E., Figdor C.G.
1992. lL-10 stimulates monocytes FcyR surface expression and cytotoxíc
ac'tivity. J. lmmunol. 1 49:4M84052.

179. Tumpey T.M., Elner V.M,, Chen S.-H., Oakes J.E., Lausch R.N. 1994.
Interleukin-10 treatment can suppress Stromal Keratitis induced by Herpes
Simplex virus type 1. J. lmmunol. 153:2258-22&.

180. Tanaka Y., Saito K, Shirakawa F., Ota T., Suzuki H., Eto S., Yamashita U.

1983. Produc{ion of B Cell-Stimulating Factors by B cells in patients with
Systemic Lupus Erythematosus. J. lmmunol. 141:3043€049.

130



181. Tosato G., Seamon KB,, Goldman N.D., Sehgal P.8., May L.T,, Washington
G.C., Jones KD., Pike S.E. 1988. Monocyte-derived human B-Cell Growth
Factor identified as lnterferon-9? (BSF-2, lL-6). Science 239:502-504.

182. Terebuh P.D., Otterness LG., Strieter R.M., Lincoln P.M., Danforth J.M.,
Kunkel S.L., Chensue S.W. 1992. Biologic and lmmunohistochemical
analysis of lnterleukin-6 expression in vivo. Am. J. Pathol. 140:649-657.

183. Vieira P., de Wad Malefyt R., Dang M.-N., Johnson KE., Kastelein R.,

Fiorentino D.F., de Vries J.E,, Roncacolo M.-G., Mosmann T.R., Moore KW.
1991. lsolation and expression of human cytokine synthesis inhibitory factor
cDNA clones: homology to Epstein-Barr virus open reading frame BCRFI,

Proc. Natl. Acad. Scr. USA 88: 1172-1176.

1U. Van Oers M.H.J., Van Der Heyden A.A.P.A.M., Aarden L.A. 1988. lnterleukin
6 (lL-6) in serum and urine of transplant recipients. C/rn. Exp. lmmunol.
71:314€19.

185. Van Snick J. 1990. lnterleukin-6: an overview. Annu. Rev. lmmunol. S:253-78.

186. Wang P., Wu P., Siegel M.1., Egan R.W., Billah M.M., 1994. lL-10 inhibits
transcription of cytokine genes in human peripheral blood mononuclear
cells. J. lmmunol. 153:811-815.

187. Wang P., Wu P., Siegel M.1., Egan R.W., Billah M.M., 1995, lnterleukin (lL)-10
inhibits nuclear factor rB (NFrB) activation in human monocytes. J.

I m mu nol. 270: 9558-9563.

188. Wanidworanun C., Strober W. 1993. Predominant role of Tumor Necrosis
Factor-¿ in human monocyte lL-10 synthesis. J. lmmunol. 151:6853-6861.

189. Whiteside T.L, 1994. Cytokine measurements and interpretation of cytokine
assays in human disease. J. CIin. lmmunol. 14:327339.

1 90. Warrington R.J., Rutherford W.J. 1990. Normal mitogen-induced suppression
of the lnterleukin-O (lL€) response and its deficiency in Systemic Lupus
Erythematosus. J. Clin. lmmunol. 10:52-60.

191. Wolvekamp M.C.J., Marquet R.L. 1990. lnterleukin-6: Historical Background,
Genetics and Biological Significance. lmmunol. Lefters 24:1-10.

192. Wortel C.H., van Deventer S.J.H., Aarden L.4., Lygidakis N.J., Buller H.R,,
Hoek F.J., Horikx J., ten Cate J.W. 1992. lnterleukin-6 mediates host
defense responses induced by abdominal surgery. Surgery 114:5&-570.

131



193. Wognum 4.W., van Gils F.C.J.M., and Wagemaker G. 1993. Flow cytometric
detection of receptors for lnterleukin-6 on bone marrow and peripheral
blood cells of humans and rhesus monkeys. Blood 81:2036-2043.

194. Watson R,W.G., Redmond H.P., Bouchier-Hayes D. 1994. Role of Endotoxin
in mononuclear phagocyte-mediated inflammatory responses, J. Leukoc.
Biol. 56:95-100.

195. Weigle W.O. 1995, lmmunologic Tolerance: Development and Disruption.
Hospital Practice 30:81 -92.

196. Yssel H., de Waal-Malefyt R., Roncarolo R-M., Abrams J.S., Lahesmaa R.,

Spits H., de Vries J.E., 1992. lL-10 is produced by subsets of human CD*
T cell clones and peripheral blood T cells. J. lmmunol. 149:2378-23U.

197. Yasukawa K, Hirano T., Watanabe Y., Muratani K, Matsuda T., Nakai S.,

l(shimoto T. 1987. Structure and expression of human B cell Stimulatory
Factot-z (BSF-2/L€) gene. EMBO J. 6:2939-2945.

198. Yamasaki K, TagaT., HirataY., Yawata H., KawanishiY., Seed 8., Taniguchi
T., Hirano T., Kishimoto T. 1988. Cloning and Expression of the human
I nterleukin-6 (BSF-2/IFNß2) receptor. Science 241 :825-828.

199. Yokoi T., Miyawaki T., Yachie 4., Kato K, JGsahara Y., Taniguchi N. 1990.
Epstein-Barr virus-immortalized B cells produce lL-6 as an autocrine growth
faclor. I mmunology 70:100-1 05.

2OO. Zhang X,G., Kein 8., Bataille R. 1989. lnterleukin-G is a potent myeloma-cell
growth faclor in patients with aggressive Multiple Myeloma. BloodT4:11-13.

132


