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CACorresponding Author
Te l: +48–42–658–04–86
Fax : +48–42–658–04–86

CD13 AG and CD11a, CD11b, CD18 m olecule  ex pres-
s ion  on  peripheral blood m ononuclear  cells  (PBMC)
w ere s tudied as  the se cells ’ adheren t or tran sendothe-
lial m igration  properties  in  th ree  different m ultiple
sclerosis  (MS) patien ts  groups (total 38): w ith clin i-
cally  active  MS (acute  ex acerbation  of MS and prim ary
chron ic  progre ss ive MS (CP-MS)) and w ith  MS rem is-
s ion . Th e con trol group consis ted of patients , suffer-
in g from  other non-in flam m atory neurological dis -
eases  (OND). The  re sults  of our s tudy sugges t that
CD11a /CD18 m olecule s  ex pre ss ion  on  PB lym pho-
cyte s , although h igher on  these  ce lls ’ surface  in  the
course of MS as  com pared to OND, does  not differ-
en tiate c linical form s of MS. CD11a m olecule  ex pres-
s ion  on m onocyte s  did not diffe r s ign ifican tly in  all
tested MS patien t groups in  com parison  to OND.
Although the ex pre ss ion  of CD11b /CD18 m olecule s
on  m onocyte s ’ sur face show s their  activation in  the
course of MS, it doe s  not differen tiate them  eithe r.
How ever, CD13 Ag of APN ex press ion  on  PBMC
sur face m ay be an im m unological m arker of MS
clinical form . CD13 Ag ex pre ss ion  m ay also  be a
sensitive m arker of the se cells ’ tran sendothe lial
m igration properties .

Key words: Multiple  sclerosis , Lymphocyte s, Monocytes,
LFA-1, Mac-1, APN

Introduction

Multiple  sclerosis (MS) is a primary demyelinating
disease in w hich the  blood–brain barrier (BBB) damage
and mononuclear ce lls ’ infiltration in ac tive plaques
w ithin the  central ne rvous system (CNS) re present
charac teristic pathologic  features. Inflammatory pro-
ce sse s in CNS may be  initiated by ac tivated peripheral
blood mononuclear cells (PBMC).1 They can migrate
through BBB and enable deve lopment of MS itse lf and
its  clinical acute  ex acerbation. Such a dise ase  evolution
is based on the  animal model of allergic  encephalomye-
litis (EAE). In the course of clinically ac tive MS, the
migration of PBMC through the BBB could be
secondary to the  local BBB disruption by inflammatory
cytokines and ex tracellular matrix  degrading prote ase s
produced in p laques in CNS, and thus w ithout the
involvement of PBMC.2 These create  a totally diffe re nt
view  on the  disease  immunopathology. The problem of
w hether PMNL can show  adherent and transendothe-
lial migration prope rties in the course  of clinically
active MS could be  solved indirec tly by evaluation of
the b -integrin molecule  ex press ion and ex tracellular
matrix  degrading proteases production by these cells.
The molecule ex pre ssion on PBMC may also ‘immuno-
logic ally’ diffe rentiate  clinical pe riods of MS.

Material and methods

There were  three  groups of patients (total 38 ) aged
21–56 years  (mean 38.2 ± 10.1 years ) w ith clinically
definite  MS and w ith Ex panded Disability Status Scale
score s of 5 or lower. Thirte en patients (seven w omen
and six  men) were  ex amined during the  course of
acute MS ex ace rbation, 12 patients (seven w omen
and five men) w ith primary chronic progre ssive MS
(CP-MS) and 13 patients (six  w omen and seven men)
during MS re miss ion. The  control group (OND)
consis ted of 14 patients  (seven women and seven
men), aged 22–41 years (mean 31.3 ±  6.7 years ),
suffe ring from other neurologic al diseases , like vaso-
motor headache in 10 and epilepsy in four cases.

Immunostaining and FACS analysis

Blood samples we re  obtained in the morning
betw een 8.00 and 9.00 a.m. by venipuncture. One
hundred microlitres of blood w as  mix ed and incu-
bated at room temperature  w ith appropriate quan-
tities of monoclonal antibodie s anti- CD11a, CD11b
and CD18 provided by Dako (Denmark). A double-
step staining procedure w as used for the evaluation of
CD13 Ag ex press ion. Mouse  immunoglobulin anti-
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CD13 (Dako ) w as used as a first s tep. Rabbit anti-
mouse polyclonal IgG stained w ith R-phycoerythrin
w as used as  a se condary antibody. The  rabbit IgG w as
also used as a negative control. Erythrocytes we re
eliminated by an addition of lysing solution (Becton
Dickinson) into the blood samples . A FACscan flow
cytomete r w ith a 488-nm argon laser (Bec ton Dick-
inson) and Lysis II softw are  w ere  used. The  re sults
w ere  ex pressed as  the  values of mean fluorescence
intensity (MFI) of the labelled surface antigens.

An ex ample  of CD13 Ag ex pression on peripheral
blood lymphocytes  is  show n on Fig. 1.

The  obtained re sults we re  analysed, using Student’s
t-test and the  Cochran–Cox  rank te st.

Results

The ex pre ssion of CD11a /CD18 molecules  of LFA-1
integrine  w as higher on lymphocytes  in the course  of
clinically active  MS (MS acute ex acerbation and in CP-
MS) as  we ll as  in MS remis sion comparing to the  OND
group (Table 1 ). Among MS patients  the  ex pre ssion of
LFA-1 molecules on lymphocytes  surface  did not differ
significantly.

CD11a molecule  ex press ion on monocyte s did not
differ s ignificantly in all the tested MS patient groups
in comparison to the OND. The CD11b molecule of
Mac-1 integrine  ex press ion w as significantly higher
on monocyte s in the  course  of MS acute  ex ace rba-
tions and in CP-MS compared to MS remiss ion and
OND. CD11b ex pre ssion w as also higher in the
course  of MS remission compared to the OND group.
Similarly to CD11b molecule ex pre ssion on mono-
cytes, the diffe rences we re  noticed in molecule  CD18
ex pre ssion.

Conve rse ly to the  integrine s molecule  ex press ion
on PBMC, CD13 Ag ex pre ssion on lymphocytes  and
on monocyte s ‘immunologically’ differentiated clin-
ical pe riods of MS. In the  course of MS acute
ex ace rbation and in CP-MS groups, it w as significantly
enhanced in comparison to MS remission and OND
(Table  1 ).

Discussion

The mechanisms of PBMC migration through the BBB
in the course of MS are not ye t know n. In a se rie s of
repeated tests, higher b 1 and b 2 integrin molecule s’
ex pre ssion on CD4+ T-ce lls  in acute MS ex acerbation
compared to MS remission w as  not found.3 Also, in
our obse rvations LFA-1 and Mac-1 integrine  mole-
cules ’ ex pre ssion on PBMC did not ‘immunologic ally’
differentiate transendothelial migration properties  of
PBMC in the  course of MS. How eve r, CD11a /CD18
molecules ’ ex pression on PB lymphocyte s, in each
group of MS patients, w as  higher than in OND
patients. In our opinion this could sugge st an
incre ased pe rc entage  of memory cells in the periph-
eral blood of all the  MS patients. This w as  also show n
in some other studie s.4 It indire ctly suggests that
circulating lymphocytes in MS are  pre disposed to
cross  endothelial barriers . Also CD11b /CD18 mole-
cules  of Mac-1 integrine  ex pre ssion w ere  higher on
monocyte s’ surface  in the  course of clinically ac tive
MS compared to MS remission. This can be an effe ct of
non-specific stimulation of CD11b /CD18 molecules
on the se  cells’ surface s by immunologic al complex e s,
or C3a and C5a. Howeve r Mac-1 has a much smaller
effect on monocyte adherence to endothelium than
LFA-1.5 Thus, it cannot be a marke r of monocyte
transendothelial migration in the  course of MS.

Conve rse ly to integrine molecule s, CD13 Ag
ex pre ssion on the  PBMC surface  can be such a
marker. CD13 Ag asse ssment is w idely applied in the
evaluation of APN ex press ion on PBMC surface .6 APN
is a zinc-dependent metalloproteinase . Similarly to
92 kDa ge latinase  it hydrolyses the IV-type of colla-
gen.7 Therefore , it plays an important role  in PBMC
migration ac ross the blood vessels. Seve ral studies
revealed a crucial role  of 92 kDa ge latinase  and
dipeptydyl-peptidase-IV in the se processes  in the
course  of MS.8,9 The  results  of our study suggest than
APN may also partic ipate in it.

We  have show n the  pre sence of acivated PBMC in
the pe ripheral blood of MS patients. In the course of
acute ex acerbation and in CP-MS, these  ce lls  show  a
potentially greate r ability to cross  the BBB. The  data
obtained may suggest that PBMC might play an active
role  in BBB disruption in the  course of MS.

References
1. Hohlfeld R, Meinl E, Weber F e t a l. The role  of autoimmune  T lymphocytes

in the patogenesis of multiple sclerosis. Neuro lo g y 1995: 45 (suppl. 6 ):
S33–8.

2. Opdenakker G, Van Damme J. Cytokine-regulated prote ases  in autoim-
mune disease s. Im m uno l To da y 1994: 15: 103–7.

3. Stuber A, Martin R, Stone LA, Maloni H, McFarland HF. Ex pression pattern
of activation and adhesion mole cule s on pe ripheral blood CD4+ lympho-
cytes in re lapsing-remitting multiple sclerosis patients : a serial analysis. J
Neu ro imm uno l 1996: 66: 147– 51.

4. Vora AJ, Perkin GD, McCoy T, Dumonde  DC, Brow n KA. Enhanced binding
of lymphocytes from patients w ith multiple sclerosis to tumor necrosis
fac tor-a (TNF- a )-treated endothelial monolaye rs: association w ith clinical
re lapse  and adhesion molecule expression. Clin  Exp Im m uno l 1996: 105:
155–62.

APN expre s s ion  o n  PBMC in MS

Mediators of Inflammation · Vol 8 · 1999 47

FIG. 1. An example of CD13 Ag expression on peripheral
blood lymphocytes during the course of acute exacerbation
of MS (A) in MS remission (B) and other neurological
diseases (Control).



5. Issekutz TB. In vivo blood monocyte migration to acute  inf lammatory
re actions. IL-1 a , TNF- a , INF-g , and C5a utilize s LFA-1, Mac-1, and VLA-4.
The  re lative importance of each integrin. J Im m uno l 1995: 154:
6533–40.

6. Look AT. Human myeloid plasma membrane glycoprotein CD13
(gp 150) is identical to aminopeptidase N. J Clin  Inve s t 1989: 83:
1299–307.

7. Saiki I, Yoneda J, Abe F, Nakajima M, Tsuruo T, Azuma I. Role of
aminopeptidase N (CD13) in tumor ce ll invasion and extracellular matrix
degradation. Int J Cancer 1993: 54: 137– 43.

8. Chandler S, Miller KM, Clements JM e t a l. Matrix  metalloproteinase s,
tumor nec rosis factor and multiple  sclerosis: an overview. J Ne u -
ro im m uno l 1997: 72: 155–61.

9. Constantine scu CS, Kamoun M, Dotti M, Farber RE, Galetta SL, Rostami A.
A longitudinal study of the T cell activation marke r CD26 in chronic
progressive  multiple sclerosis. J Neu ro l Sci 1995: 130: 178 –82.

Received 15 November 99;
accepted 22 December 99

J. Ziçcabe r et al.

48 Mediators of Inflammation · Vol 8 · 1999



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


