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Evaluation of CD19+CD5+ B (B1)
Lymphocytes and CD20+ CD38 Low
Preplasmablast Cells in Patients with

Behçet’s Disease

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Beh cet’s di se a se (BD) is a chro nic, re cur rent, inf lam ma tory di se a se.
CD19+CD5+ B cells are cur rently de fi ned as B1 cells and they pro du ce pol yre ac ti ve an ti bo di es.
CD20+CD38 low B cells can ca u se en dot he li al cell ad he si on and are res pon sib le for spe ci fic an ti -
body synthe sis. The aim of this study was to in ves ti ga te the pre sen ce of CD19+CD5+ B cells and B
cells con ta i ning CD20+CD38 low mo le cu le, which plays a ro le in B cell dif fe ren ti a ti on and ac ti va -
ti on. Mo re o ver, the ra ti o of the se cells in BD pa ti ents was al so eva lu a ted. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: In
this study, 20 BD pa ti ents and 20 he althy con trol sub jects we re com pa red. Blo od samp les of the pa -
ti ents and the con trol gro up we re stained with stan dard pro ce du re using CD3, CD19, CD20, CD5,
CD38 mo noc lo nal an ti bo di es with flow cyto met ric met hod, and B lymphocy te sub gro ups we re eva -
lu a ted. RRee  ssuullttss:: The re we re no sig ni fi cant dif fe ren ces bet we en to tal T and B lymphocy te ra ti os of
two gro ups. Ho we ver, CD19+CD5+ B lymphocy tes and CD20+CD38 low prep las mab lasts we re sig -
ni fi cantly hig her in BD pa ti ents com pa red to the con trol gro up. CCoonncc  lluu  ssii  oonn:: It was de ter mi na ted
that high le vels of CD20+CD38low and CD19+CD5+ B lymphocy tes in BD con cerns the pos sib le ro -
le of hu mo ral im mu nity or for ce of T cell in de pen dent res pon se. On the ot her hand, im me di a te
dif fe ren ti a ti on of IgM pro du cing cells in di ca tes B cell ac ti va ti on and all the ot hers sup port the pos -
sib le ro le of CD38 in the eti o logy of vas cu li tis, which is the unc han ge ab le cha rac te ris tic and the ba -
sis of de fi ning BD as an au to inf lam ma tory di se a se.

KKeeyy  WWoorrddss::  Behçet syndrome; B-lymphocytes; lymphocytes 

ÖÖZZEETT  AAmmaaçç:: Beh çet has ta lı ğı (BH), kro nik, tek rar la yı cı, inf lam ma tu ar bir has ta lık tır. CD19+CD5+
B hüc re le ri ya kın za man da B1 hüc re le ri ola rak ta nım lan mış ve çok ya nıt lı an ti kor lar üret mek te -
dir ler. CD20+CD38 dü şük B hüc re le ri, en do tel yal hüc re ad hez yo nu na ne den ola bil mek te dir ve
spe si fik an ti kor sen te zin den so rum lu dur lar. Bu ça lış ma nın ama cı, B hüc re fark lı laş ma sın da ve ak-
ti vas yo nun da rol alan CD19+CD5+ B hüc re le ri ni ve CD20+CD38 dü şük  mo le kül içe ren B hüc re -
le ri ni araş tır mak tı. Ay rı ca, bu hüc re le rin BH’li has ta lar da ki ora nı nı de ğer len dir mek ti. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr:: Bu ça lış ma da BH’li 20 has ta ve sağ lık lı 20 kon trol ol gu su kar şı laş tı rıl mış tır. Has ta la rın
ve sağ lık lı kon trol gru bu nun kan la rı, flow si to met rik me tod la CD3, CD19, CD20, CD5, CD38 mo -
nok lo nal an ti kor lar kul la nı la rak stan dart yön tem ler le bo yan mış ve B len fo sit alt grub la rı de ğer -
len di ril miş tir. BBuull  gguu  llaarr:: Her iki gru bun T ve B hüc re oran la rı ara sın da an lam lı fark yok tu. An cak,
BH’ li has ta lar da CD19+CD5+ B len fo sit le ri ve CD20+CD38 dü şük prep las mab last lar kon trol gru -
buy la kar şı laş tı rıl dı ğın da an lam lı ola rak yük sek idi. SSoo  nnuuçç:: CD20+CD38dü şük  ve CD19+CD5+ B
hüc re le ri nin BH’li has ta lar da ki yük sek dü ze yi, hü mo ral im mü ni te nin ola sı ro lü nü ve ya T hüc re ba -
ğım sız ce va bın gü cü nü  et ki le di ği ni dü şün dür müş tür.  Di ğer ta raf tan, Ig M üre ten hüc re le rin doğ -
ru dan fark lı laş ma sı, B hüc re ak tif leş me si ni ve tüm di ğer le ri nin CD38’ in oto im mün bir has ta lık
ola rak BH’ nın ta nım lan ma sın da esas ve de ğiş mez bir özel lik olan vas kü li tin eti yo lo ji sin de ki ola -
sı ro lü nü des tek le di ği ni gös ter mek te ol du ğu be lir len miş tir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Behçet sendromu; B-lenfositler; lenfositler 
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eh cet’s di se a se (BD) is a mul tisy ste mic and
chro nic inf lam ma tory di se a se. All com po -
nents of im mu ne system may chan ge du r-

ing inf lam ma ti on pro cess.1 Alt ho ugh the re are
stu di es eva lu a ting the ro les of im mu ne system
cells such as T lymphocy tes, mo nocy tes, mac rop -
ha ges and ne ut rop hils in BD, investigations on the
func ti on of B lymphocy tes in BD are very li mi -
ted.2-4 It is known that im mu nog lo bu lin (Ig) sec -
re ting B cell co unt and Ig le vels in cre a se in BD.5,6

Me anwhi le, in cre a sed im muno comp lex le vels and
pre sen ce of an ti-lymphocy te, an ti-in ter me di a te fi -
la ment, an ti-en dot he li al cell, and an ti-HSP 65 an-
ti bo di es in di ca te an in cre a sed B cell ac ti vity in
BD.7-10

In au to im mu ne di se a ses such as rhe u ma to id
art hri tis, Sjog ren’s syndro me and syste mic lu pus
ery the ma to sus, the re la ti ons hip bet we en the in cre -
a se of au to an ti bo di es and CD5+ B cells was es tab -
lis hed.11,12 CD5+ B cells (B1 lymphocy tes) cons-
ti tu te 15-25% of B cell po pu la ti on in se con dary
lympho id tis su es in adults. Lar ge num bers of B1
cells are fo und as a self-re ne wing po pu la ti on in the
pe ri to ne um and mu co sal si tes.13 Alt ho ugh they are
fo und in fe tus extensively, a dec re a se in cell co unts
oc curs by in cre a sing age. CD5+ B cells dif fer from
T de pen dent an ti gens by pro du cing low-af fi nity
pol yre ac ti ve na tu ral an ti bo di es in res pon se to poly-
clo nal ac ti va tors.11-14 B1 cells ge ne rally me di a te T
cell in de pen dent res pon se to cir cu la ting pat ho gens,
they res pon se and dif fe ren ti a te short-li ved IgM
pro du cing cells.13

CD19 is a mem ber of Ig su per fa mily and is ex-
pres sed by most of B cells. CD19, together with
CD20 and CD22 are the ma in mar kers cur rently
used to identfy hu man B cells.15 B cell ac ti va ti on
forms a co re cep tor comp lex with CD21 and CD18
to de li ver sig nals that syner gi ze B cell an ti gen re-
cep tor comp lex.16

CD38 mo le cu le is a 45-kDa type II in teg ral
mem bra ne pro te in fo und in ac ti ve B and T cells,
na tu ral kil ler (NK) cells, mo nocy tes, plas ma cells,
and me dul lary thymocy tes. CD38 mo le cu le is pre-
sen ted to B cell li ne in early pha ses of B cell de ve l-
op ment, di mi nis hes du ring ma tu ra ti on pha se, and

pre sen ted aga in to plas ma cell du ring the fi nal dif-
fe ren ti a ti on pha se. As it is not fo und in ma tu re
res ting lymphocy tes, it is used as an ac ti va ti on
mar ker. Ho we ver, its ro le in B cell dif fe ren ti a ti on
is not comp le tely un ders to od.17-19 CD38 mo le cu le
is al so  an enz yme that has ac ti vi ti es such as ni co -
ti ne amic acid (NAD) glycohy dro la se, ade no si ne
dip hosp ha te (ADP) ri bosyl cycla se, and cyclic
ade no si ne dip hosp ha te (cADP) ri bo se hydro la se
(cADPR). The most im por tant func ti ons of CD38
are Ca++ mes sen ger pro duc ti on such as cADPR
and ni co ti nic acid-ade ni ne di nuc le o ti de phosp ha -
te (NA ADP), Ca++ re le a se from in tra cel lu lar
chan nels vi a cADPR and as a re sult in cre a se in in-
tra cel lu lar Ca++ le vels, and en dot he li al cell ad he -
si on.20-24

CD20 is an in teg ral non- glycoly sa ted mem-
bra ne pro te in. It has thre e iso forms with mo le cu lar
we ights of 33, 35, 37 kDa. Alt ho ugh it is fo und in
all B lymphocy tes, it is not se en in plas ma cells.
Thus, plas ma cells are de fi ned as CD38high CD20-
/low, and plas mab lasts as CD20+ CD38low.25 Prep las -
mab lasts are de fi ned as CD20+ CD38low CD138-.26

MATERIAL AND MET HODS
The study pro to col was ap pro ved by the Lo cal Et -
hics Com mit te e of Fi rat Uni ver sity Me di cal Fa c-
ulty. A to tal of 20 (ma le/fe ma le 9/11) BD pa ti ents,
clas si fi ed ac cor ding to in ter na ti o nal cri te ri a27 as ac-
ti ve (10 pa ti ents) or inac ti ve (10 pa ti ents), and 20
(ma le/fe ma le 12/8) he althy con trols we re included
in the study (Tab le 1). 

All BD pa ti ents ful fil led the cri te ri a of the In-
ter na ti o nal Study Gro up for BD.27 At the ti me of
the cli ni cal as sess ment, pa ti ents we re inc lu ded in
the ac ti ve gro up if they had at le ast two of the fol-
lo wing cli ni cal fin dings: oral ul cers, ge ni tal ul ce -
ra ti on, ac ti ve uve i tis, re cent ar tri tis, pa pu-
lo pus tu lar or pse u do fol li cu lar cu ta ne o us le si ons,
ne u ro lo gi cal in vol ve ment and pat hergy test po si -
ti vity. 

Pe rip he ral blo od samp les of ac ti ve pa ti ents
who were not taking any im mu no sup pres si ve
drugs, con trol gro up and inac ti ve pa ti ent gro up we -
re stained ac cor ding to stan dard pro ce du res, and B
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lymphocy te sub gro ups we re eva lu a ted by flow cy-
to met ric met hod using CD3, CD19, CD20, CD5,
CD38 mo noc lo nal an ti bo di es. CD20+CD38low cells
we re eva lu a ted as prep las mab last cells. The blo od
samp les ob ta i ned for flow cyto metry we re eva lu a -
ted within two ho urs. All mo noc lo nal an ti bo di es
used for the analy sis we re purc ha sed from Beck-
man Co ul ter (Mi a mi, USA). Analy tic flow cyto -
metry was per for med by using Co ul ter EPICS
XL-MCL (Beck man Co ul te re USA). A to tal of 10
000 cells we re co un ted and in ter pre ta ti ons we re
ma de af ter ad just ment of re qu i red vol ta ge and by
using isoty pic con trols for each pa ti ent. Sta tis ti cal
analy ses we re car ri ed out by emp lo ying the Sta tis -
ti cal Pac ka ge for So ci al Sci en ces soft wa re 11.0 for
Win dows pac ka ge soft wa re (SPSS, Inc., Chi ca go,
IL). The Mann-Whit ney U and Krus kal-Wal lis
tests we re used and a p va lu e less than 0.05 we re
con si de red as sta tis ti cally sig ni fi cant. The cor re la -
ti on bet we en da ta was eva lu a ted by using Spe ar -
man’s cor re la ti on test. 

RE SULTS
The me an age of ac ti ve pa ti ent gro up was 33± 2 ye -
ars (ran ge 24 – 44), of inac ti ve pa ti ent gro up was
32 ± 1 ye ars (ran ge 28 – 43). The me an age of he -
althy con trol gro up was 30 ± 1 ye ars (ran ge 25 –
38). The me an du ra ti on of di se a se was 6 ± 1 ye ars in
ac ti ve pa ti ent gro up and 6 ± 1 ye ars in inac ti ve pa-
ti ent gro up (Tab le 2).

CD3+ T lymphocy tes (to tal T lymphocy te) and
CD19+ cells (to tal B lymphocy tes) de ter mi ned as to
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No Age Gender OA GU UV ACN PT AT ATG CNS GUS GIS DVT EN

1 30 M 2 2 0 2 0 0 0 0 2 0 0 0

2 28 F 2 0 2 0 2 0 0 0 0 0 0 0

3 37 M 2 2 0 2 0 0 0 2 0 2 2 0

4 43 F 2 0 0 2 2 2 0 0 0 0 0 0

5 29 F 2 2 0 2 0 0 0 0 0 0 0 0

6 32 F 2 2 0 0 2 0 0 0 0 0 0 0

7 34 M 2 0 0 0 2 0 2 0 0 0 0 0

8 29 F 2 2 2 0 0 0 0 0 0 0 0 2

9 28 M 2 2 2 0 2 0 0 0 0 0 0 0

10 31 M 2 2 0 0 0 0 0 0 0 0 0 0

11 32 F 1 1 2 1 0 1 1 0 0 0 0 1

12 34 M 1 0 0 0 1 0 0 0 1 0 0 0

13 33 F 1 2 1 0 1 0 1 0 0 0 0 0

14 44 F 2 1 0 1 0 0 0 1 0 0 0 0

15 42 M 1 0 0 1 0 1 1 0 0 0 1 0

16 34 F 2 1 1 0 0 0 0 0 0 0 0 1

17 41 M 1 0 1 0 1 0 0 0 0 0 0 0

18 29 F 1 2 1 1 0 1 1 0 0 0 0 0

19 26 M 2 1 0 1 0 0 0 0 0 0 0 0

20 24 F 1 2 0 1 0 1 1 0 0 0 0 0

TABLE 1: Clinical values of patients with Behcet’s disease.

OA: oral aph tha e, GU: ge ni tal ul cer, UV: uve i tis, ACN: ac ne i form le si ons, EN: ery the ma no do sum, PT: Pat hergy,  AT: Art hri tis, ATG: Art hral gi a, CNS: cen tral ner vo us system symp-
toms, GUS: ge ni to u ri nary system symptoms,  DVT: De ep ve in throm bo sis, GIS: Gas tro in tes ti nal system symptoms.
0 - Unob ser ved  1-Inac ti ve  2- Ac ti ve

Active Patient Inactive Patient Control

n 10 10 20

Gender (M/F) 4/6 5/5 12/8

Age (years) 33 ± 2 32 ± 1 30 ± 1

Duration of the disease 6 ± 1 6 ± 1 _

TABLE 2: Demographic characteristics of Behcet’s pa-
tients and control subjects. 



be nor mal in all gro ups and the re we re no sta tis ti -
cally sig ni fi cant dif fe ren ces bet we en gro ups. On
the ot her hand, CD19+CD5+ B lymphocy tes we re
sig ni fi cantly hig her in ac ti ve and inac ti ve pa ti ents
com pa red to he althy con trols (the p va lu es ob ta i -
ned by the com pa ri son of ac ti ve / con trol and inac -
ti ve / con trol gro ups we re p = 0.001, p = 0.008,
res pec ti vely) (Tab le 3). 

CD20+CD38low B lymphocy tes we re fo und to
be hig her in ac ti ve BD pa ti ents com pa red to inac -
ti ve BD pa ti ents and he althy con trols (the p va lu es
ob ta i ned by the com pa ri son of ac ti ve / inac ti ve and
ac ti ve / con trol gro ups we re p = 0.009, p = 0.03, re-
s pec ti vely) (Tab le 3). 

The re was a sig ni fi cant cor re la ti on bet we en
CD19+ B lymphocy tes (to tal B lymphocy tes) and
CD19+CD5+ B lymphocy tes, and CD19+ B lym-

phocy tes and CD20+CD38low B lymphocy tes (r =
0.027 and r < 0.001, res pec ti vely) but not a sig ni fi -
cant cor re la ti on we re fo und bet we en CD19 and di -
se a se ac ti vity or du ra ti on (Fi gu re 1, 2).

CONCLUSION
BD is not clas si fi ed in clas si cal au to im mu ne di se a -
ses, as the re are no fe ma le do mi nan ce and no an ti-
nuc le ar an ti body po si ti vity.28 Th-1 type cyto ki ne
pro fi le do mi na tes in BD similar to many ot her au-
to im mu ne di se a ses. T cells pro du cing Th-1 type
pro inf lam ma tory cyto ki nes such as in ter le u kin
(IL)2, IL-12 and in ter fe ron-gam ma (IFN-gam ma)
are shown to be in cre a sed in BD and cor re la ted
with the ac ti vity of the di se a se.29,30 Mo re o ver, the -
se cyto ki nes re le a sed by Th-1 cell li ne we re fo und
to be dec re a sed fol lo wing tre at ment and re ma i ned
high in pa ti ents that are re sis tant to tre at ment.31
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Active patient n=10 Inactive patient n=10 Control n=20

CD3* (Total T  lymphocyte ) 68.87 ± 3.25 62.04 ± 3.83 67.39 ± 0.76

CD19+* (Total B  lymphocyte ) 15.56 ± 2.39 14.73 ± 1.49 12.91 ± 0.89

CD19+CD5+B* (Total B1 lymphocyte) 2.52 ± 0.61a 2.06 ± 0.53b 0.86 ± 0.13a,b

CD20+CD38 low preplasmablast* 4.32 ± 0.37c,d 4.11 ± 0.75c 2.78 ± 1.29d

TABLE 3: Laboratory values of Behcet’s disease  patients and control subjects.

*(Mean ± SD)
a p= 0.001 active patients vs healthy controls
b p= 0.008 inactive patients vs healthy controls
c p= 0.009 active patients vs inactive patients
d p= 0.03 active patients vs healthy controls 

FI GU RE 1: Cor re la ti on bet we en CD19+ B lymphocy tes and CD19+CD5+ B
lymphocy tes.

FI GU RE 2: Cor re la ti on bet we en CD19+ B lymphocy te and CD20+CD38 low
B- lymphocy tes.



Th-1 res pon se can ca u se ma jor au to im mu ne di se a -
se and tis su e da ma ge such as di a be tes mel li tus and
rhe u ma to id art hri tis.32 Furt her mo re, co unts of B
cells that are sec re ting Ig and se rum Ig le vels are
re por ted to be in cre a sed and so me au to an ti bo di es
are shown to be po si ti ve in BD.5,6

Ba sed on the se sci en ti fic da ta and de fi ni ti on of
BD as an au to inf lam ma tory di se a se, eva lu a ti on of
B lymphocy te pro fi le, par ti cu larly B1 and prep las -
mab last cell ra ti os and ex hi bi ti on of the dif fe ren ce
bet we en pa ti ents we re ai med in this study.

Ek si og lu et al.32 eva lu a ted hu mo ral im mu nity
in BD pa ti ents, and des pi te the ir fin dings that to tal
B lymphocy te co unts we re nor mal, and au to an ti -
body pro du cing CD5+CD19+ B lymphocy te le vels
we re low, they sho wed that CD80 and CD28 mo le-
cu les, which are the mar kers of B lymphocy te ac-
ti va ti on we re in cre a sed. In this study, alt ho ugh we
fo und that T lymphocy te and to tal B lymphocy te
ra ti os we re nor mal, in con tra dic ti on to pre vi o us
stu di es, we de ter mi ned an in cre a se in CD5+CD19+
B lymphocy te le vels in both ac ti ve and inac ti ve BD
pa ti ents. Si mi lar investigations we re ma de on ot -
her au to im mu ne di sor ders li ke SLE be ca u se B1
cells con si de red to be in vol ved in IgM au to an ti -
body pro duc ti on, however no di rect evi den ce for
the de ve lop ment of SLE has be en pro vi ded. Pat ho -
ge nic IgG au to an ti body pro duc ti on by B1 cells may
be ini ti a ted in the thymus in the pre sen ce of au to -
re ac ti ve CD4+ T cells and ma tu re mye lo id DCs.33 B1
cells ex pres sed hig her le vels of cos ti mu la tory mo l-
e cu les and sho wed a po tent an ti gen-pre sen ting ac-
ti vity. In te res tingly, B1 cells sti mu la ted pro li fe -
ra ti on of au to lo go us thymic CD4+ T cells in the pre -
sen ce of IL-2. The se re sults in di ca te that aber rant
B1 cell traf fic king in to the thymus du e to ec to pic
high ex pres si on of BLC (B lymphocy te che mo ki ne)
may re sult in an ac ti va ti on of self-re ac ti ve T cells in
the de ve lop ment of mu ri ne lu pus.34

CD38 in mem bra ne rafts is ab le to ini ti a te and
pro pa ga te se ve ral ac ti va ting sig na ling path ways,
pos sibly by fa ci li ta ting cri ti cal as so ci a ti ons wit hin
ot her raft sub sets, for examp le LAT rafts, vi a its ca-
pa city to in te ract with Lck and CD3ζ .The se in cre -
a ses are not spe ci fic for T cells be ca u se  the B and

the NK cell com part ments sho wed sig ni fi cant dif-
fe ren ces in CD38 ex pres si on bet we en SLE pa ti ents
and he althy con trols when eva lu a ted in PBMC by
du al sta i ning for CD38 and CD19 (B cells), or CD38
and CD56 (NK cells).35

The CD38 cell sur fa ce re cep tor is a po tent ac-
ti va tor for B lymphocy tes.  In one re se arch of CD38
sig na ling which re gu la tes B lymphocy te ac ti va ti -
on, it was de mons tra ted that CD38 ini ti a ted a no -
vel sig na ling cas ca de le a ding to Btk-, phosp ha-
tidyl cho li ne (PC)-me ta bo li zing enz ymes, (PC-PLC
and phosp ho li pa se D), PC-PLC-, and phosp ho li pa -
se D-de pen dent, PLC-gam ma2-in de pen dent, B
lymphocy te ac ti va ti on.36

CD3- CD20+CD38low prep las mab lasts are cells
ca u sing en dot he li al cell ad he si on, which plays a ro -
le in vas cu li tis eti o logy and res pon sib le for pro duc -
ti on of spe ci fic an ti body synthe sis.17-19 Se con dary
ro les of the se mo le cu les are B cell ac ti va ti on mar k-
ers. In this study, we de ter mi ned that CD38 ex pres-
si on and prep las mab last cell ra tes in cre a se pa ral lel
to the ac ti vity of BD at cli ni cal pre sen ta ti on. 

In conc lu si on, in ac cor dan ce with the stu diy
of Do nis-Her nan dez et al.,19 in which it was shown
that CD38 played a ro le in en dot he li al cell ad he si -
on, and stu di es of Bjil et al.37 and Ar ce et al.,38 in
which they ob ta i ned a higher CD38+ cell co unt in
SLE, a di se a se vas cu li tis is the ma in un derl ying ca -
u se, this study al so shows the ro le of CD38 in the
eti o logy of vas cu li tis in BD pa ti ents. De ter mi na ti -
on of high le vels of CD20+CD38 low B lymphocy te
le vels in BD, which is ba si cally a vas cu li tis-trig ge -
red by im mu ne system, sup ports the pos sib le ro le
of CD38 in the eti o logy of vas cu li tis, which is the
unc han ge ab le cha rac te ris tic and the ba sis of de fi -
ning BD as an au to inf lam ma tory di se a se. We al so
strongly be li e ve that the ro le of CD38 in B cell ac-
ti va ti on as a po tent ac ti va tor both en zi ma ti cally
and by sig na ling mo le cu les and/or  en dot he li al cell
ad he si on must be furt her eva lu a ted in ex pe ri men -
tal mo dels of the di se a se. 

AAcckk  nnooww  lleedd  ggee  mmeennttss
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trans la ti on.

Turkiye Klinikleri J Med Sci 2011;31(6) 1525

Dermatology and Venerology Kandi et al



Turkiye Klinikleri J Med Sci 2011;31(6)1526

Kandi ve ark. Deri ve Zührevi Hastalıklar

1. Emmi L, Brugnolo F, Salvati G, Marchione T.
Immunopathological aspects of Behçet's dis-
ease. Clin Exp Rheumatol 1995;13(6):687-91.

2. Hasan A, Fortune F, Wilson A, Warr K, Shin-
nick T, Mizushima Y, et al. Role of gamma
delta T cells in pathogenesis and diagnosis of
Behcet's disease. Lancet 1996;347(9004):
789-94.

3. Esin S, Gül A, Hodara V, Jeddi-Tehrani M,
Dilsen N, Koniçe M, et al. Peripheral blood T
cell expansions in patients with Behcet's dis-
ease. Clin Exp Immunol 1997;107(3):520-7.

4. Charteris DG, Barton K, McCartney AC, Light-
man SL. 4+ lymphocyte involvement in ocular
Behçet's disease. Autoimmunity 1992;12(3):
201-6.

5. Suzuki N, Sakane T, Ueda Y, Tsunematsu T.
Abnormal B cell function in patients with Be-
hcet's disease. Arthritis Rheum 1986;29(2):
212-9.

6. Taylor PV, Chamberlain MA, Scott JS. Au-
toreactivity in patients with Behçet's disease.
Br J Rheumatol 1993;32(10):908-10.

7. Günaydin I, Yazici H, Ozbakir F, Hamuryu-
dan V, Yurdakul S. Lymphocytotoxic anti-
bodies in the healthy children of patients with
Behçet's syndrome. J Rheumatol 1992;19
(12):1996-8.

8. Akoğlu T, Kozakoğlu H, Akoğlu E. Antibody to
intermediate filaments of the cytoskeleton in
patients with Behçet's disease. Clin Immunol
Immunopathol 1986;41(3):427-32.

9. Direskeneli H, Keser G, D'Cruz D, Khamashta
MA, Akoğlu T, Yazici H, et al. Anti-endothelial
cell antibodies, endothelial proliferation and
von Willebrand factor antigen in Behçet's dis-
ease. Clin Rheumatol 1995;14(1):55-61.

10. Direskeneli H, Hasan A, Shinnick T,
Mizushima R, van der Zee R, Fortune F, et al.
Recognition of B-cell epitopes of the 65 kDa
HSP in Behçet's disease. Scand J Immunol
1996;43(4):464-71.

11. Smith HR, Olson RR. CD5+ B lymphocytes in
systemic lupus erythematosus and rheuma-
toid arthritis. J Rheumatol 1990;17(6):833-5.

12. Zeher M, Surányi P, Nagy G, Szegedi G. B
cells expressing CD5 in minor labial salivary
glands of patients with primary Sjögren's syn-
drome. Arthritis Rheum 1990;33(3):453.

13. Abbas AK, Lichtman AH, Pillai S. Lmphocyte
Development and the rearrengement and ex-
pression of antigen receptor genes. Cellular
and Molecular Immunology. 6th ed. St. Louis:
Saunders Elsevier; 2007. p.153-87.

14. Dono M, Cerruti G, Zupo S. The CD5+ B-cell.
Int J Biochem Cell Bio 2004;36(11):2105-11.

15. Male D. T cell receptors and major histocom-
patibility complex molecules. In: Roitt I,
Brostoff J, Male D, eds. Immunology. 6th ed.
New York: Mosby; 2001. p.87-103.

16. Abbas AK, Lichtman AH, Pober JS. B cell ac-
tivation and antibody production. Cellular and
Molecular Immunology. 4th ed. Philadelphia:
WB. Saunders Company; 2000. p.182-207.

17. Ferrero E, Saccucci F, Malavasi F. The mak-
ing of a leukocyte receptor: origin, genes and
regulation of human CD38 and related mole-
cules. Chem Immunol 2000;75:1-19.

18. Campana D, Suzuki T, Todisco E, Kitanaka A.
CD38 in hematopoiesis. Chem Immunol
2000;75:169-88.

19. Donís-Hernández FR, Parkhouse RM, San-
tos-Argumedo L. Ontogeny, distribution and
function of CD38-expressing B lymphocytes
in mice. Eur J Immunol 2001;31(4):1261-7.

20. Lee HC, Munshi C, Graeff R. Structures and
activities of cyclic ADP-ribose, NAADP and
their metabolic enzymes. Mol Cell Biochem
1999;193(1-2):89-98.

21. Howard M, Grimaldi JC, Bazan JF, Lund FE,
Santos-Argumedo L, Parkhouse RM, et al.
Formation and hydrolysis of cyclic ADP-ribose
catalyzed by lymphocyte antigen CD38. Sci-
ence 1993;262(5136):1056-9.

22. Lee HC, Graeff RM, Walseth TF. ADP-ribosyl
cyclase and CD38. Multi-functional enzymes
in Ca+2 signaling. Adv Exp Med Biol
1997;419:411-9.

23. Santos-Argumedo L, Teixeira C, Preece G,
Kirkham PA, Parkhouse RM. A B lymphocyte
surface molecule mediating activation and
protection from apoptosis via calcium chan-
nels. J Immunol 1993;151(6):3119-30.

24. Deshpande DA, White TA, Dogan S, Walseth
TF, Panettieri RA, Kannan MS. CD38/cyclic
ADP-ribose signaling: role in the regulation of
calcium homeostasis in airway smooth mus-
cle. Am J Physiol Lung Cell Mol Physiol
2005;288(5):L773-88.

25. Arpin C, Banchereau J, Liu YJ. Memory B
cells are biased towards terminal differentia-
tion: a strategy that may prevent repertoire
freezing. J Exp Med 1997;186(6):931-40.

26. George A, Cebra JJ. Responses of single ger-
minal-center B cells in T-cell-dependent mi-
croculture. Proc Natl Acad Sci U S A
1991;88(1):11-5.

27. Evaluation of diagnostic ('classification') crite-
ria in Behçet's disease--towards internation-
ally agreed criteria. The International Study
Group for Behçet's disease. Br J Rheumatol
1992;31(5):299-308.

28. Yazıcı H, Yurdakul S, Hamuryudan V. Be-
hçet’s syndrome. In: Maddison PJ, Isenberg
DA, Woo P, Glass DN, eds. Textbook of
Rheumatology. 2nd ed. Oxford: Oxford Uni-
versity Press; 1998. p.1394-1402.

29. Direskeneli H. Behcet's disease: infectious ae-
tiology, new autoantigens, and HLA-B51. Ann
Rheum Dis 2001;60(11):996-1002.

30. Frassanito MA, Dammacco R, Cafforio P,
Dammacco F. Th1 polarization of the immune
response in Behçet's disease: a putative
pathogenetic role of interleukin-12. Arthritis
Rheum 1999;42(9):1967-74.

31. Boyd SR, Young S, Lightman S. Im-
munopathology of the noninfectious posterior
and intermediate uveitides. Surv Ophthalmol
2001;46(3):209-33.

32. Ekşioglu-Demiralp E, Kibaroglu A, Direskeneli
H, Yavuz S, Karsli F, Yurdakul S, et al. Phe-
notypic characteristics of B cells in Behçet's
disease: increased activity in B cell subsets. J
Rheumatol 1999;26(4):826-32.

33. Ishikawa S, Matsushima K. Aberrant B1 cell
trafficking in a murine model for lupus. Front
Biosci 2007;12:1790-803.

34. Sato T, Ishikawa S, Akadegawa K, Ito T,
Yurino H, Kitabatake M, et al. Aberrant B1 cell
migration into the thymus results in activation
of CD4 T cells through its potent antigen-pre-
senting activity in the development of murine
lupus. Eur J Immunol 2004;34(12):3346-58.

35. Pavón EJ, Muñoz P, Navarro MD, Raya-Al-
varez E, Callejas-Rubio JL, Navarro-Pelayo F,
et al. Increased association of CD38 with lipid
rafts in T cells from patients with systemic
lupus erythematosus and in activated normal
T cells. Mol Immunol 2006;43(7):1029-39.

36. Moreno-García ME, López-Bojórques LN,
Zentella A, Humphries LA, Rawlings DJ, San-
tos-Argumedo L. CD38 signaling regulates B
lymphocyte activation via a phospholipase C
(PLC)-gamma 2-independent, protein kinase
C, phosphatidylcholine-PLC, and phospholi-
pase D-dependent signaling cascade. J Im-
munol 2005;174(5):2687-95.

37. Bijl M, van Lopik T, Limburg PC, Spronk PE,
Jaegers SM, Aarden LA, et al. Do elevated
levels of serum-soluble fas contribute to the
persistence of activated lymphocytes in sys-
temic lupus erythematosus? J Autoimmun
1998;11(5):457-63.

38. Arce E, Jackson DG, Gill MA, Bennett LB,
Banchereau J, Pascual V. Increased fre-
quency of pre-germinal center B cells and
plasma cell precursors in the blood of children
with systemic lupus erythematosus. J Immunol
2001;167(4):2361-9.

REFERENCES


