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SUMMARY: An increased traff ic of hematopoiet ic progenitor cel ls (HPC) between bone marrow and peripheral organs is a
pecul iar  feature o f  the a l lerg ic  in f lammat ion.  l t  has been recent ly  repor ted that  the sub l ingual  form of  spec i f ic  immunothera-
py (SLIT) is capable of reducing such an increased HPC traff ic.
The House Dust  Mi te  major  ant igen Der  p1 has been proved to  up-regula te  the express ion of  the ICAM-1 and VCAM-1 endo-
the l ia l  address ins,  suppor t ing the v iew of  an in f lammatory  ce l l  recru i t ing a t  the s i te  o f  a l le rgen ext ract  admin is t ra t ion.  In  the
present  work  we have invest igated,  by f low-cytometr ic  techniques,  the express ion of  the two major  in tegr ins  CD11a (LFA-1)
and CD49d (VLA-4)  that  are the homing receptor  cognate for  ICAM-1 and VCAM-1 on human cord b lood CD34 hematopoie t ic
progenitor and stem cel ls. Even i f  both the investigated molecules resulted detectable on CD34+ HPC surfaces, being the sys-
tem redundant ,  the dens i ty  o f  the ce l lu lar  express ion was s ign i f icant ly  h igher  for  CD49d (median va lue:  158)  than CD11a
(median va lue:  20.5) ,  suggest ing a  preferent ia l  usage of  the homing ax is  VLA-4| /CAM-1.  Resul ts  cons is tency wi th  outcomes
of  c l in ica l  t r ia ls  that  re la te  SLIT ef f icacy to  a l lergen dosage is  d iscussed.
K e y - w o r d s : A l l e r g y - C D 3 4 , D e r p 1 - H e m o p o i e t i c p r e c u r s o r c e l l  - I C A M - 1  - L F A - 1  - S u b l i n g u a l  i m m u n o t h e r a p y - S L I T - V C A M -
1 - VLA-4.
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o n  h u m a n  u m b i l i c a l  c o r d  b l o o d  C D 3 4  h e m a t o p o i e t i c

D r o o e n i t o r  a n d  s t e m  c e l l s ,

IUIATERTAT AIUD METHODS

Twenty-two unselected Cord Blood venous samples
were suppl ied by the Neonatology Depanment f rom
full-term deliveries after informed consent and in accor-
dance with the procedures approved by the local  inde-
pendent ethic commit tee (Al lergy and Stem cel ls Study).

The Mi lan  Pro toco l  o f  Per iphera l  B lood CD34+ Ce l l
Es t imat ion  (15)  was fo l lowed w i th  par t ia l  mod i f i ca t ion
e lsewhere  descr ibed (8 ) .  Br ie f l y ,  cord  b lood venous
samples  were  co l lec ted  in  e thy lend iaminete t ra -ace t ic
ac id  (EDTA)  tubes .  Three a l iquots  o f  100 pr l  o f  who le
b lood were  incubated ,  a t  4 "C fo r  25  min .  in  the  dark ,
as  fo l lows:  one tube conta ined 10  p l  o f  phycoery th r in
(PE) -con jugated  mur ine  monoc lona l  an t ibody  (MAB)

spec i f i c  to  CD34 molecu le  and 10  p l  o f  f luoresce in
(F ITC)-con jugated  MAB spec i f i c  to  CD11a.  One tube
conta ined 10  p l  o f  (F |TC)-con jugated  MAB spec i f i c  to
CD34 molecu le  and 10  ml  o f  PE-con jugated  MAB spe-
c i f i c  to  CD49d.  One tube served as  un labe led  cont ro l .

Monoc lona l  an t ibod ies  were  f rom Becton  D ick inson
(BD) ,  Mi lan ,  l ta ly .  PE and F ITC ant i -CD34 MABs were
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: n e  A n t i - H P C A 2 ,  C l o n e  8 G 1 2 ;  F I T C  a n t i - C D 1 1 a  w a s  t h e
Ant i -Human LFA-1s- ,  C lone G-25.2  and PE ant i -CD49d
rvas the Ant i -VLA-aj ,  a l l  f rom BD.

Af te r  incubat ion  2  ml  o f  red  b lood ce l l  l ys is  bu f fe r  (BD,
I ta ly )  were  added to  each tube and incubated  a t  room
tempera ture  fo r  10  min ,  in  the  dark .  A f te r  l ys is  ce l l s
were washed twice wi th 2 ml of  cold phosphate buf-
fe red  sa l t  so lu t ion  (PBS)  (BD,  l ta ly )  a t  1 ,200 revo lu t ion
per  minu te  ( rpm)  (300 g)  fo r  7  min  a t  4 "C and then
resuspended in  500 pr l  o f  PBS.

Cel ls were analysed using a FACScan f low cytometer
equipped with Lysis l l  sof tware.  Three data parameters
were acquired and stored in l is t  mode f i les:  l inear for-
ward scatter (FSC) (vert ical  axis) ,  l inear s ide-angle scat-
ter  (SSC) (hor izontal  axis)  and log PE or FITC f luores-
cence, by gat ing whole v iable cel ls.  At  least  10,000
events were acquired for each measurement.  Double
label led cel ls (CD34lCD11a) and (CD34/CD49d) were
expressed as percentage of  posi t ive cel ls (Dot Plot  ana-
lys is ) .  The quant i ta t i ve  express ion  o f  the  CD11a and
CD49d molecules was evaluated and reported analy-
s ing the mean f luorescence densi ty (Histograms) in the
CD34+ region.

Tab le  1 :  CD34+  co rd
o  o o d  c e l l s  p o s i t i v e
' a '  t î e  t w o  m a j o r
n o m i n g  i n t e g r i n s  L F A -
1 a C D 1 1 a  a n d  V L A -
a 4  C D 4 9 d  a n d  c e l l u l a r
q u a n t i t a t i v e  e x p r e s -
s i o n  o f  t h e  t w o  m o l e -
c  u  r e s .

RESUTTS

The two homing molecules invest igated were both
qual i tat ively expressed on the major i ty of  the CD34
cel ls (CD34+lCD11a+ median value: 97; CD34+/CD49d+
median value: 98).  The densi ty of  the CD34 HPC
expression was more than seven t imes higher for
CD49d (med ian  va lue :  158)  w i th  respec t  to  CD11a
(median value: 20.5l , .  Data source is reported in Tab. l .

DISGUSSION

Whether  in  hea l thy  human be ings  the  major i t y  o f
hematopo ie t i c  p rogen i to r  ce l l s  (HPC)  res ides  w i th in
the  bone mar row and on ly  a  neg l ig ib le  number  rec i r -
cu la tes  in  per iphera l  b lood (PB) ,  an  inc reased ce l l t ra f -
f i c  be tween bone mar row and per iphera l  o rgans
const i tu tes  a  pecu l ia r  fea ture  o f  the  a l le rg ic  in f lam-
m a t i o n  ( 7  ,  8 ,  1 6 - 1 9 ) .

HPC mobi l i za t ion  f rom mar row mic roenv i ronment
in to  c i rcu la t ion  and the  subsequent  loca l i za t ion  in  ta r -
ge t  t i ssues  is  a  mu l t i s tep  complex  mechan ism not  ye t
fu l l y  unders tood.  A f te r  the  in i t ia l  mode l  based on  the

i j ì  - ì i : ì  r i i ì t i r , : i i t l t ì ì t i : t ì . t ì i , ì . a u r t . i j ,  "  . . . , i .  i . t : . , ì  : : , r r j l r : i ; 1 r í : r . : 1

I r00 r00 22 173
2 95 r 0 0 t ó t 3 l
3 r00 r00 t l 96
4 t 0 0 r00 25 I  t 2
5 r 0 0 t 0 0 22 t34
6 75 r00 t 0 t0ó
7 93 t 0 0 t 9 t04
I 97 t 0 0 t 8 t34
I r00 96 t2 t ó 5
l 0 90 99 25 r 8 0

r00 94 t 5 t ó 3
t 2 97 r00 26 I 5 ó
t 3 96 97 2 l t 3 l
t 4 t 0 0 86 22 2 l

t 5 80 t 0 0 I t 2 5
t ó 98 96 t 7 t ó 0
t 7 97 97 3 3 202
t 8 94 96 20 172

t 9 96 87 39 t79
20 96 89 34 t 8 l
2a t 0 0 92 t ó ró8
22 r 0 0 88 26 67

Median v .97 Median v.98 Median v .20.5 Median v .  158
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a d m i n i s t r a t i o n  o f  r e p e t i t i v e  s t i m u l a t i o n s  w i t h
G r a n u l o c y t e - C o l o n y  S t i m u l a t i n g  F a c t o r  ( G - C S F )  a l o n e
o r  i n  c o m b i n a t i o n  w i t h  i m m u n o s u p p r e s s a n t s  l i k e
cyc lophosphamide (20) ,  the  focus  has  moved to  the
ident i f i ca t ion  o f  ma jor  ro les  p layed by  the  chemok ine
s t romal -ce l l  der ived  fac to r  1  (SDF-1)  and adhes ion-
homing re la ted  molecu les .

SDF-1  is  a  phy logenet ica l l y  anc ien t  chemok ine  cons t i -
tu t iona l l y  expressed in  a  var ie ty  o f  t i ssues  and thus
regarded as  a  phys io log ica l  ax is  govern ing ,  w i th  the
receptor CXCR4 expressed on CD34+ HPC and on TH2
lym ph ocytes, cel ls reci rcu lati o n ( 2 1 -251. S DF- 1 /CXCR4
have been recent ly  invo lved a lso  in  a l le rg ic  a i rway
in f lammat ion  (26 ,  27) -  as  we l l  as  in  remode l l ing  (28) .

Transendothe l ia l  m igra t ion  o f  CD34+ progen i to r  and
s tem ce l l s  i s  med ia ted  main ly  by  be ta- in tegr ins  and
PECAM-1 (CD31)  ra ther  than E or  L -se lec t in  (29 ,  30) .

Data f rom the present invest igat ion conf i rm that the
two major  in tegr ins  CD1 1a (LFA-1  )  and CD49d (VLA-4)

are both expressed on cord hematopoiet ic precursors
because the  sys tem is  redundant .

Ouant i ta t i ve  ana lys is ,  never the less ,  showed a  h igher
membrane express ion  o f  the  la t te r  than the  fo rmer ,
suggest ing  a  p re fe ren t ia l  usage o f  such a  homing
m o l e c u l e ,  w i t h i n  t h e  s v s t e m  r e d u n d a n c y .

T h e  r e c e n t  b e t t e r  d e f i n i t i o n  o f  t h e  p h y s i o l o g i c a l
m o d e l  f o r  H P C  a n d  s t e m  c e l l s  h o m i n g  i n  N O D  S C I D
m i c e  ( 2 3 )  a n d  i n  h u m a n s  t 3 1 t  i n d i c a t e s  a n  i n v e r s e  c o r -
r e l a t i o n  b e t w e e n  m a t u r i t y  a n d  h o m i n g  e f f i c i e n c y .

Dur ing  a l le rg ic  in f lammat ion  a  s ign i f i can t  t ra f f i c  o f
h igh ly  immature  mul t ipo ten t  uncommi t ted  precursors
(CD34brìshr CD33 -  CD38 

-)  is  detectable only in pat ients
wi th  severe  symptoms;  on  the  cont ra ry ,  when symp-
toms are  low- to -modera te ,  tha t  i s  the  cond i t ions  requ i -
red to start  speci f ic  inrmunotherapy, less undi f ferent ia-
ted  l ineage-commir ted  ce l l s  (CD34d im1 move.  A  less
e f f i c ien t  homing o f  the  CD34*  HPC cont r ibu t ing  to  the
a l le rg ic  in f lammat ion  cou ld  be  an  impor tan t  fac to r  fo r
a  be t te r  unders tand ing  o f  d rug  and immunotherap ic
med ica l  in te rvent ions .

I t  has  been we l l  de f ined tha t ,  e .  9 . ,  the  major  mi te  a l le r -
gen Der  p  1  i s  capab le  o f  ac t ìva t ing  the  nuc lear  fac to r
kB (NF-kB) ,  tha t  i s  one o f  the  pa thways  fo r  the  adhes ion
molecu les  t ranscr ip t ion  '10 ,  11r .  Der  p  1  in  fac t  up-
modu la tes  the  address in  ICAM-1,  weak ly  bu t  cons t i tu -
t iona l l y  expressed on  the  res t ing  vesse ls  endothe l ium
and i t  a lso  induces  the  "de  novo"  syn thes is  o f  the
address in  VCAM- '1 ,  no t  expressed on  human endothe-
l i u m  i n  b a s e l i n e  c o n d i t i o n s  ( 9 ) .

The  s i gn i f i can t  ma jo r  exp ress ion  on  t he  CD34+  HPCs  o f

t he  CD49d ,  t ha t  i s  t he  hom ing  cogna te  recep to r  f o r  t he

vascu la r  add ress in  VCAM-1 ,  whose  exp ress ion  i s  de

novo  i nduced  by  a l l e rgen  s t imu la t i on ,  sugges t  f o r  a

ma jo r  r o l e  o f  t he  ax i s  CD49d  VCAM-1  i n  t he  i nves t i ga -

ted  mechan i sm po ten t i a l  o f  mucosa l  r ec ru i tmen t  o f  t he

CD34+  ce l l s  i nduced  by  t he  l oca l  f o rm  o f  spec i f i c  immu-

n o t h e r a p y  l i k e  t h e  s u b l i n g u a l  t S L l T r .  S i n c e  V C A M - 1 ,  d i f -

f e ren t l y  f r om ICAM-1 ,  i s  no t  cons t i t u t i ona l l y  exp ressed

on  vesse l s  endo the l i um,  i t  i s  conce i vab le  t ha t  t o  ob ta in

an effect ive steady-state over-expression of such an

address in  lead ing to  the preferent ia l  recru i tment  o f  the

in f l ammato ry  immatu re  c i r cu la t i ng  ce l l s  a t  t he  s i t e  o f

t h e  a l l e r g e n  e x t r a c t  a d m i n i s t r a t i o n ,  t h e  a l l e r g e n

amoun ts  shou ld  be  h igh  enough .  Ou r  resu l t s  a re  t hus

cons is tent  wi th  outcomes of  c l in ica l  t r ia ls  suppor l ing a

major  e f f icacy o f  h igh-dose SLIT (32) .
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