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Summary. Canine hematopoietic progenitor cells were 
characterized by separation with monoclonal antibodies. 
Depleted and enriched fractions were studied for growth 
of  CFU-GM in semisolid agar and for repopulating 
capacity of lethally irradiated dogs. CFU growth was not 
reduced by depletion of  marrow using monoclonal anti- 
bodies F 3-20-7 (anti-dog Thy-1), MT606 (anti-human 
CD6), and IOT2a  (anti-human DR). CFU growth was 
variable following treatment with the anti-canine T-cell 
antibody MdT-P 1 and immunomagnetic bead separa- 
tion. It was regularly enriched when MdT-P 1 treatment 
was followed by immunorosetting with staphylococcal 
protein A-loaded sheep red blood cells and density gra- 
dient separation. Lethally irradiated dogs were reconsti- 
tuted by autologous marrow depleted of  MdT-P 1-positive 
cells using immunorosetting and density gradient centri- 
fugation, whereas immunomagnetic bead-depleted mar- 
row was ineffective. Fluorescence-activated cell sorting 
showed enrichment of  hematopoietic progenitor cells in 
the weakly MdT-P 1-positive fraction. 
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Introduction 

Studies on the physiology of  human and mouse hemato- 
poiesis have been facilitated by the development of mono- 
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clonal antibodies and methods of  positive selection [7, 8, 
35]. Hematopoietic progenitor cells of  the dog are less 
well characterized, despite the wide use of dogs in pre- 
clinical transplantation studies. Some human DR anti- 
bodies cross-reactive with canine cells did not cross-react 
with hematopoietic progenitor cells [26]; others did and 
could be used for positive selection [4, 33]. Some anti- 
bodies against canine T cells suppressed the growth of  
hematopoietic precursor cells [26]; others did not sup- 
press colony growth [25]. 

We report here our studies with two canine and two 
cross-reactive human antibodies and separation methods 
for negative and positive selection of canine hemato- 
poietic progenitor cells. 

Materials and methods 

Monoclonal antibodies 

MdT-P 1, a murine antibody of the IgG2b isotype, recognizes up 
to 95~ of canine thymocytes and 70% of canine blood lympho- 
cytes. Its specificity for canine T lymphocytes has been demonstrat- 
ed by immunohistology of lymph nodes and functionally in mixed 
lymphocyte culture (MLC) and regulation of B-cell function in the 
hemolytic plaque assay [17, 23, 25]. 

MT606, an IgG2b molecule, directed against human CD6 
[18], an antigen expressed by the majority of human T-lymphocytes 
and a small subpopulation of B lymphocytes, cross-reacts with up 
to 60% of canine peripheral blood lymphocytes. 

F3-20-7, a routine antibody of the IgG 1 isotype, was described 
by McKenzie and Fabre [22] as specific for canine Thy-l-antigen. 

IOT2a (Dianova, Hamburg), an IgG2b antibody directed 
against HLA-DR, cross-reacts with approximately 80~ of canine 
lymphocytes. Several other HLA-DR antibodies cross-reacting with 
canine MHC class II have been described [9-11]~ 

Separation of antibody-coated cells 

Immunorosetting and density gradient separation. An indirect 
rosetting technique was performed using staphylococcal-protein A- 
coated sheep red blood cells (SRBC) to label MdT-P 1-positive cells. 
Rosette-forming cells (RFC) were layered over Percoll (d = 1.085; 
Percoll, Pharmacia LKB GmhH, Freiburg) and separated by centri- 
fugation with 1000 g for 20 rain [23]. 



224 

Immunomagnetic beads. Immunomagnetic beads coupled with 
goat-anti-mouse globulin (Dynabeads M-450, Dianova, Hamburg) 
were used to remove antibody-labeled cells in a magnetic field 
[13, 14, 371. 

Cell sorter. Bone marrow ceils were incubated with MdT-P 1. Fol- 
lowing two washes, they were incubated with F(ab')2 fragments of 
goat-anti-mouse IgG conjugated to fluorescein isothiocyanate 
(GaM-FITC, Sigma Chemie, Deisenhofen). To select MdT-P 1 low 
and high positive cells a fluorescence-activated cell sorter (FACS- 
Star Plus, Becton-Dickinson, Heidelberg) was used. 

CFU-GM assay. Cultures of hematopoietic progenitor cells were 
done in an agar-eulture system adapted for the dog [19], using con- 
ditioned medium of PHA-stimulated lymphocytes (PHA-LCM) or 
sera of granulocytopenic dogs (CSA) for stimulation. 

Bone-marrow transplantation. Autologous transplantation of de- 
pleted bone marrow was performed in healthy beagle dogs raised 
in the kennels of the Gesellschaft far  Strahlen- und Umweltfor- 
schung, Neuherberg. They were regularly dewormed and vaccinated 
against distemper, canine hepatitis, leptospirosis, and parvovirus. 
Bone marrow was given 12-24 h after total body irradiation with 
10 Gy. This dose is lethal if marrow is not given subsequently. 

Results 

Removal of cells positive for F3-20-7 (canine Thy-1) or 
IOT2a  (human class-II-antibody) using the immuno- 
magnetic bead technique resulted neither in enrichment 
nor in depletion of CFU-GM (Table 1). In contrast, de- 
pletion with the human CD 6 antibody MT606 resulted in 
an enrichment of  CFU-GM. Results with the canine T- 
cell antibody MdT-P 1 were inconsistent. In some experi- 
ments CFU-GM were enriched, in others depleted or un- 
changed. These results are in contrast to our previous 
experience with immunorosetting and density gradient 
centrifugation. In those experiments enrichment of 
hematopoietic progenitor cells in the MdT-P 1-negative 
fraction was consistently found [23,25]. The depletion 
with immunomagnetic beads may have more effectively 
removed T cells with their stimulatory activity on CFU- 
GM growth; alternatively, hematopoietic progenitor cells 
may express the MdT-P 1 antigen. 

The addition of irradiated (40 Gy) peripheral blood 
lymphocytes (PBL) stimulated the CFU-GM growth of 
unseparated marrow as well as that of marrow depleted 

of F 3-20-7-, MT 606- or IOT 2 a-positive cells by immuno- 
magnetic bead separation. In contrast, CFU-GM growth 
of MdT-P 1-depleted marrow was not stimulated by the 
addition of PBL (Table 2). 

Subsequently, we sorted canine marrow cells into a 
fraction of cells weakly positive for MdT-P 1 and a frac- 
tion strongly positive for MdT-P 1 using a fluorescence- 
activated cell sorter. CFU-GM growth was absent in the 
strongly positive fraction but enriched in the weakly posi- 
tive fraction (Table 3). 

Results of autologous bone marrow transplantation 
using antibody-depleted marrow were in agreement with 
the in vitro results (Table 4). Bone marrow depleted of 
MdT-P 1-positive cells by immunorosetting and density 
gradient centrifugation contained many hematopoietic 
progenitor cells and led to hematological reconstitution 
of two lethally irradiated dogs. Bone marrow depleted by 
immunomagnetic beads failed to reconstitute a dog. This 
dog died on day 17 of marrow aplasia. As a control, 
MT 606-depleted marrow led to an uneventful recovery of 
hematopoiesis. 

Discussion 

Several human DR antibodies cross-react with canine 
lymphocytes [9-12,20] and two canine Ia  antibodies 
have been described [1] as cross-reacting with human DR 
molecules, thus confirming the close relationship of the 
MHC class-II molecules of both species. In contrast to 
human and murine T lymphocytes, canine T lymphocytes 
appear to express class-II antigens constitutively [9-12, 
20]. However, different human DR antibodies are report- 
ed, one cross-reacting with canine T and B lymphocytes 
and another cross-reacting with B cells and only activated 
T lymphocytes [11]. These different patterns may explain 
the variable results with hematopoietic progenitor cells in 
canine bone marrow [4,26, 33]. Moreover, the consider- 
able allelic variation in the DLA-D region [29-31] may 
also explain the different results with various human DR 
antibodies. Antibody IOT2a  used in this study does react 
with more than 80% of unstimulated, more than 90% of 
stimulated peripheral blood lymphocytes, and about 20% 
of bone marrow cells, but not with CFU-GM. The anti- 

Table 1. CFU-GM enrichment in antibody- 
depleted bone marrow using immunomag- 
netic-beads 

Antibody for depletion CFU-GM a Enrichment b 
n = before depletion after depletion 

F3-20-7 (= canine Thy-1) 3 158 _+ 53 ~ 1.0 +_ 0.44 d (0.53-1.41) e 
IOT2a (= HLA-DR) 8 88 +_ 29 1.05 _+ 0 .64  (0.51-2.22) 
MT606 (= human CD6) 7 138 _+ 167 1.61 +_ 0 .61 (0.68-2.29) 

MdT-P1 (= canine T cells) f 6 47 _+ 41 0.13 _+ 0.1 (0 -0.25) 
3 76 + 49 0.9 _+ 0 .46  (0.53-1.42) 
5 70 + 59 7.05 _+ 6.6 (2.48-18.5) 

a CFU-GM growth/50 000 mononuclear cells 
b Enrichment = CFU-GM after depletion/CFU-GM before depletion 
c Mean _+ standard deviation of CFU-GM growth in n experiments 
d Mean +_ standard deviation of enrichment in n experiments 
e Range of enrichment in n experiments 
f Grouped ranges of enrichment: < 0.5 0.5-2, > 2 



gen recognized  by this a n t i b o d y  is expressed on  canine  T 
lymphocytes  but  no t  on hema topo ie t i c  p rogen i to r  cells. 
Cross- react ions  o f  h u m a n  CD 6 an t ibod ies  wi th  canine T 
lymphocytes  have not  yet been descr ibed.  Dep le t ion  o f  
CD 6-posi t ive cells f rom the mar row seems to be promis-  
ing for prevent ion o f  graf t -versus-hos t  disease. Stable  
mixed ch imer i sm has been descr ibed  in m a n  fol lowing 
t r a n s p l an t a t i on  o f  CD 6-deple ted  mar row [5, 27, 28, 34]. 
Our  C D 6  a n t i b o d y  does no t  cross-react  with canine  
hema topo ie t i c  p rogen i to r  cells, and  may  be useful  for  
precl inical  s tudies o f  T-cell deple t ion .  

The  canine  T-cell a n t i b o d y  MdT-P 1 gave inconsis tent  
results using i m m u n o m a g n e t i c  beads  for  deple t ion .  This 
was not  due to a more  effective dep le t ion  o f  accessory  
cells necessary  for  C F U - G M  growth,  since the add i t i on  
o f  P B L  was not  effective (Table 2). Obvious ly  i m m u n o -  
magne t ic  beads  removed also MdT-P 1-weakly-posit ive 
cells. These cells, however, d id  not  fo rm SRBC-rose t tes  
stable enough  to be separa ted  by dens i ty -grad ien t  centr i-  
fuga t ion .  

Table 2. Enhancement of CFU-GM growth using autologous, 
irradiated (40 Gy) PBL before and after immunomagnetic beads 
and antibody depletion 

Antibody for Enhancement a 
depletion 

n = Before depletion After depletion 

F3-20-7 3 1.47 _+ 0.21 1.77 _+ 0.45 
IOT2a 8 1.48 + 0.24 2.01 + 0.49 
MT606 3 1.32 _+ 0.34 1.66 _+ 0.79 
MdT-P1 8 1.37 + 0.31 1.08 _+ 0.60 

a Enhancement = CFU-GM stimulated with LCM + PBL/CFU-GM 
stimulated with LCM 
Mean _+ standard deviation of n experiments 

Table 3. Distribution of CFU-GM growth in canine bone marrow 
before and after sorting of MdT-P l-low- and -high-positive cells 

Unsorted MdT-P l-low positive MdT-P 1-high positive 

12 a 362 0 

a CFU-GM/50 000 mononuclear cells 
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This f inding  o f  a T-cell an t igen  on canine  hema to -  
poie t ic  p rogen i to r  cells cor responds  well with the f indings  
in o ther  species, mice and  rats [3,6, 15,24,32,36] .  The  
expression o f  T-cell markers  on h u m a n  hema topo ie t i c  
precursor  cells is still a ma t te r  o f  d iscuss ion [2, 16,21]. 

We have shown tha t  canine hema topo ie t i c  p rogen i to r  
cells can be enr iched in the  MdT-P  1-weakly-posit ive frac- 
t ion o f  bone  mar row cells. This al lows fur ther  character i -  
za t ion  o f  canine  hema topo ie t i c  p rogen i to r  cells in cul ture  
and  in precl inical  t r ansp l an t a t i on  exper iments .  
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