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Introduction
The cat is an important companion animal, but also serves 
as an appropriate animal model1 of haematopoietic dis-
ease, particularly bone marrow-related leukaemias.2–6 In 
human medicine, there are numerous monoclonal anti-
bodies (mAbs) available to phenotype bone marrow 
haematopoietic cells, and the flow cytometric analysis of 
marrow cells is commonly performed in healthy and neo-
plastic conditions.7,8 There is a dearth of similar species-
specific mAbs available for feline haematopoietic 
conditions. There is also a deficiency in both species of 
mAbs that can accurately identify erythroid precursors.

The purpose of this study was to broaden the number 
of mAbs available for use in the study of feline haemat-
opoietic diseases by testing clones of anti-human cluster 

of differentiation (CD) antibodies to determine cross-
reactivity to feline counterparts. This study employed 
clones of commercially-available anti-human mAbs on 
normal, neoplastic and cultured feline haematopoietic 
progenitors.

Flow cytometric immunophenotyping 
of feline bone marrow cells and 
haematopoietic progenitor cells 
using anti-human antibodies

Atefeh Araghi1, Seyed Mahdi Nassiri2, Nahid Atyabi2,  
Reza Rahbarghazi2 and Elham Mohammadi2

Abstract
There is a paucity of species-specific antibodies available for feline haematopoietic conditions. The purpose of 
this study was to broaden the panel of antibodies available for use in the immunophenotypic characterisation of 
feline haematopoietic cells by testing clones of anti-human monoclonal antibodies (mAbs) on normal, neoplastic 
and cultured feline haematopoietic progenitors to determine cross-reactivity to feline counterparts. In this study, 
24 clones of anti-human mAbs were tested on normal or neoplastic feline bone marrow and peripheral blood 
cells. Six of these mAbs, including anti-cluster of differentiation (CD)61, anti-CD18, anti-CD14, anti-CD235a, anti-
CD41 and anti-CD29, cross-reacted with normal feline bone marrow cells, whereas anti-CD33 and anti-CD117 
cross-reacted with the blast cells in the bone marrow of two cats with myelodysplastic syndrome, and anti-CD71, 
anti-235a, anti-41 and anti-42 cross-reacted with immature erythroid cells in a cat with erythroleukaemia. In a feline 
immunodeficiency virus-positive cat, bone marrow cells were labelled with anti-CD33, anti-14 and anti-45. Anti-
CD18, anti-CD14, anti-CD41 and anti-CD61 also reacted with the peripheral blood cells of the healthy cats. The 
feline haematopoietic progenitors formed colonies in the methylcellulose-based semisolid medium with significant 
enrichment of colony-forming unit-granulocyte, monocyte and burst-forming unit-erythroid. A panel of six anti-feline 
mAbs (anti-CD21-like, anti-T lymphocytes, anti-CD172a, anti-granulocyte, anti-CD45-like and anti-CD18) and eight 
anti-human antibodies (anti-CD71, anti-CD33, anti-CD235a, anti-CD41, anti-CD61, anti-CD117, anti-CD38 and anti-
CD34) were used for the immunophenotypic characterisation of the feline bone marrow progenitors. CD45, CD33, 
CD235a and CD18 were expressed by the feline haematopoietic progenitor cells, with the highest expression level 
for CD45.
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Materials and methods
Animals
To test the cross-reactivity of anti-human mAbs with 
feline haematopoietic cells and to develop a reference 
interval for the expression of CD molecules by normal 
marrow cells, bone marrow and peripheral blood sam-
ples were harvested from 12 clinically healthy cats 
[determined by history, clinical examination, complete 
blood count (CBC) and biochemical profile] and four 
cats with haematopoietic disorders (these four cats were 
client-owned). All of the procedures performed on the 
animals were in accordance with the guidelines pub-
lished in the Guide for the Care and Use of Laboratory 
Animals (National Institutes of Health Publication 85–
23, revised 1996). The study protocol was approved by 
the institutional Animal Care and Use Committee of the 
University of Tehran.

Sample collection
A 16-gauge bone marrow needle connected to a syringe 
containing either ethylenediamine tetra-acetic acid 
(EDTA) solution (Merck) or 3000 units of heparin (for 

cell culture) was used to collect 5 ml of bone marrow 
aspirate. Marrow aspiration was performed from the 
iliac crest. Bone marrow smears were prepared and 
stained with Giemsa stain (Merck) for cytological exami-
nation. Blood was collected from the saphenous vein 
into tubes with or without EDTA to perform a CBC (Vet 
Hema-Screen 18; Hospitex Diagnostics) and to separate 
the serum to perform a feline leukaemia virus (FeLV)/
feline immunodeficiency virus (FIV) ELISA test (Idexx). 
All the samples were immediately sent to the laboratory 
and processed within a 24-h period.

Flow cytometric immunophenotyping
The flow cytometric analysis was performed with a 
panel of 24 mAbs (Table 1). The cells were incubated 
with positive and negative control mAbs. One hundred 
microlitres of bone marrow or peripheral blood cells, 
containing approximately 106 nucleated cells, was mixed 
with 5–10 μl of each antibody in a plastic tube and incu-
bated in the dark for 30 mins at room temperature (20°C), 
as recommended by the manufacturers (Table 1). Two 
millilitres of lysing solution (DAKO) was then added to 
the cells and incubated for 15 mins at room temperature. 
Thereafter, the tubes were centrifuged at 250 g for 5 mins 
to pellet the cells. The supernatant was subsequently dis-
carded, and the cells were washed in 100 μl of phos-
phate-buffered saline (PBS) (0.01 M, pH 7.2) and 
re-suspended in 100 μl paraformaldehyde (2.5% w/v in 
PBS). The cells were kept at 4°C in the dark before flow 
cytometric analysis.9 The flow cytometric analysis was 
performed using a fluorescence-activated cell sorting 
(FACS) Calibur Flow Cytometer (BD Biosciences). Data 
were collected for 10,000 cells. The cells were first dis-
played on the forward scatter (FSC-H) and side scatter 
(SSC-H) in a linear mode. Fluorescent markers [fluores-
cein isothiocyanate (FITC) or phycoerythrin (PE)] were 
then displayed in a log mode. For each marker, fluores-
cence intensity above that of the relevant isotype control 
was assessed to indicate the cross-reactivity of that mAb 
with feline cells.1

Methyl cellulose colony-forming assay
Bone marrow was aspirated from the iliac crest of seven 
clinically healthy cats (determined by history, clinical 
examination, CBC and blood chemistry) after ketamine–
diazepam anaesthesia (0.11 mg/kg, 22 mg/kg). Bone 
marrow mononuclear cells were isolated as previously 
described.10 Briefly, heparinised bone marrow was 
diluted with PBS in a 1:2 ratio before it was layered over 
3 ml of Ficoll (Sigma-Aldrich) and centrifuged at 400 g 
for 30 mins at room temperature. Afterwards, the mono-
nuclear cell layer was removed, transferred to a sterile  
15 ml  tube and washed twice with Iscove’s Modified 
Dulbecco’s Medium (IMDM; GIBCO-Invitrogen) con-
taining 2% fetal bovine serum (FBS) (Invitrogen). The 

Table 1 Panel of anti-
human monoclonal 
antibodies used to test the 
cross-reactivity with feline 
bone marrow cells

CD Clone*

CD5 DK23
CD10 SS2/36
CD11b 2LPM
CD14 TÜK4
CD19 HD37
CD20 Bly1
CD33 WM-54
CD34 BIRMA-K3
CD45 T29/33
CD117 104D2
CD235a JC159
CD2 MT910
CD3 UCHT1
CD13 WM-47
CD29 K20
CD38 AT13/5
CD41 5B12
CD56 MOC-1
CD61 Y2/51
CD71 Ber-T9
CD64 10.1
CD42 AN51
CD18 MHM23
Iso Ctrl  

*Clones were from DAKO
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cell pellet was then re-suspended in 2 ml IMDM + 2% 
FBS, and cell counting was performed with a haemacy-
tometer. The cells were diluted with IMDM + 2% FBS to 
a final concentration of 5 × 104 cells per ml. Additionally, 
0.3 ml of diluted cells was then added to 3 ml MethoCult 
medium M3334 (Stem Cell Technologies) in a tube for a 
duplicate assay according to the manufacturer’s instruc-
tions. After vortexing the tube, 1.1 ml of MethoCult mix-
ture containing cells were dispensed into 35 mm culture 
dishes (SPL, Life Science). All the experiments were per-
formed in duplicate. The culture dishes were incubated 
at 37°C, in 5% CO2, with 95% humidity for 2 weeks. At 
days 7 and 14 of incubation, the entire dish was scanned 
on low power (2× objective) to assess the colonies based 
on the standard morphological criteria. Colony-forming 
unit–erythroid (CFU-E), burst-forming unit–erythroid 
(BFU-E), colony-forming unit–granulocyte, macrophage 
(CFU-GM) and colony-forming unit–granulocyte, eryth-
roid, macrophage, megakaryocyte (CFU-GEMM) colo-
nies were scored according to the manufacturer’s 
instructions. To evaluate the expression of cell surface 
markers by feline haematopoietic progenitors, cooled 
PBS was added to MethoCult medium containing pro-
genitor cells. The cell mixture was then harvested, trans-
ferred to a 15 ml conical tube and centrifuged twice for 5 
mins at 250 g. Cell suspensions were stained with a panel 
of anti-feline antibodies [anti-CD21-like (Cr-B1), anti-T 
lymphocyte subpopulation, anti-CD172a, anti-granulo-
cyte, anti-pan leukocytes (CD45-like) and anti-CD18], as 
well as eight anti-human antibodies (anti-CD71, anti-
CD38, anti-CD41, anti-CD33, anti-CD34, anti-CD235a, 
anti-CD117 and anti-CD61) and analysed for surface-
marker expression using a FACS caliber system (Becton 

Dickinson). Anti-human antibodies were used on the 
progenitor cells harvested from the cell culture, as was 
described above. The anti-feline antibodies used for the 
labelling of the haematopoietic progenitors were pri-
mary unconjugated antibodies (all from VMRD). In 
order to evaluate the anti-feline markers, 100 μl of cell 
suspension were aliquoted into 10 (12 × 75 mm) polysty-
rene tubes (Becton Dickinson). Each primary antibody or 
its isotype control was added to each tube (50 μl of anti-
body from a 10 μg/ml stock) and incubated at room tem-
perature for 15 mins. Afterwards, the secondary antibody 
(FITC-conjugated goat anti-mouse IgG and PE-labelled 
goat anti-mouse IgM; Serotec) was added to each tube 
and incubated at 4°C in the dark for 20 mins. Finally, the 
cells were washed twice with PBS and analysed. 
Collected events were analysed using Flow Jo software 
version 7.6.5.

Results
After labelling the bone marrow or peripheral blood 
with mAbs, the cells were first displayed as FSC versus 
SSC to determine the scatter-plot profile. Here, four cel-
lular subsets were consistently distinguished in the bone 
marrow and the peripheral blood (Figure 1). A gate was 
then placed around each cellular subset (Figure 1). To 
test cross-reactivity, 24 mAbs against various CD mole-
cules were tested on the bone marrow cells from the nor-
mal cats. The flow cytometric analysis of the normal 
feline bone marrow cells revealed positive reactivity for 
six (CD61, CD18, CD14, CD235a, CD41 and CD29) of the 
24 anti-human mAbs (Figure 2). The bone marrow cells 
from all 12 healthy cats were reproducibly labelled with 
five of these anti-human antibodies, including CD61, 

Figure 1 Forward versus side scatter plots of bone marrow and peripheral blood cells from normal, healthy cats. Forward 
(FSC-h)/side scatter (SCC-H) dot plots with four cellular subsets, categorised into four gate regions (R1–R4), are shown for the 
bone marrow and peripheral blood
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Figure 2 Reactivity of the human monoclonal antibodies anti-cluster of differentiation (CD)18, anti-CD41, anti-CD61 and anti-
CD235a (glycophorin A) with feline bone marrow haematopoietic cells compared with the isotype control. The y-axis indicates 
the relative numbers of cells, and the x-axis indicates the fluorescence intensity (FL1-H) on a logarithmic scale. Blue line = CD 
markers; red line = isotype control. SSC-H = side scatter
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CD18, CD14, CD41 and CD29, whereas five healthy cats 
were positively labelled with CD235a with a weak reac-
tion for the cells in gate R2. The peripheral blood cells 
from all healthy cats were labelled with anti-CD18, anti-
CD14, anti-CD41 and anti-CD61. Data analysis on the 
bone marrow and peripheral blood cells revealed that 
the cells positive for CD18 antigen had become enriched 
in gates R4, R3 and R2 in descending order. Gate R3 pos-
sessed the highest percentage of CD14-positive cells, 
consistent with the enrichment of monocytic lineage in 
this gate. The highest percentages of CD61 and CD41 
were seen in gate R1. CD29 was positive in gate R2 of the 
bone marrow.

A panel of mAbs, including anti-CD71, anti-CD235a, 
anti-CD117, anti-CD34, anti-CD33, anti-CD2, anti-CD19, 
anti-CD10, anti-CD20, anti-CD5, anti-CD10, anti-CD41, 
anti-CD61 and anti-CD11b, was also used for the flow 
cytometric immunophenotyping of the bone marrow cells 
from the feline cases with haematopoietic disorders.

Case 1
A 3-year-old male domestic shorthair cat was presented 
with a history of anorexia, lethargy, weakness and 

weight loss. On admission, the cat was recumbent. On 
physical examination, pale mucous membranes, dehy-
dration, harsh lung sounds, and massive splenomegaly 
and hepatomegaly were found. Hepatosplenomegaly 
was confirmed by radiographic evaluation. This cat was 
categorised as having myelodysplastic syndrome with 
excess blasts (MDS-EB). Peripheral blood was character-
ised by severe macrocytic, normochromic, non-regenera-
tive anaemia and thrombocytopenia with circulating 
myeloid precursors and giant platelets. Additionally, 
moderate toxic changes in neutrophils, together with 
hyposegmentation and hypersegmentation of neutro-
phils, were also noted. The cat was positive for FeLV. 
Bone marrow from this cat exhibited an altered 
myeloid:erythroid (M:E) (13.8) ratio with 60.8% of the 
nucleated cells belonging to the myeloid series. Blast 
cells comprised 15% of all nucleated cells. By flow 
cytometry, 52% of the cells were positive for CD18, 
whereas CD33, CD117 and CD235a (glycophorin A) 
showed a weak reactivity. A significant degree of posi-
tive reaction to megakaryocytic lineage markers, includ-
ing CD41 and CD61, was observed (Figure 3). No 
reactivity was observed for CD10 and CD34.

Figure 3 Flow cytometric analysis of bone marrow cells from a cat with myelodysplastic syndrome with excess blasts. Flow 
cytometric histograms show the isotype control and cells with positive reactivity with some human monoclonal antibodies. 
Fifty-two percent of the cells are positive for cluster of differentiation (CD)18, whereas immunophenotyping with anti-CD33, 
anti-CD117 and anti-CD235a antibodies shows a weak reactivity. A significant degree of positive reaction to CD41 and CD61 is 
demonstrated. Blue line = CD markers; red line = isotype control
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Case 2
A 2-year-old female domestic shorthair cat was referred 
with a history of anorexia, weakness and petechiae. 
Physical examination revealed pale mucous membranes 
and marked hepatosplenomegaly, which caused abdomi-
nal distension. This case had a diagnosis of erythroleukae-
mia. Peripheral blood was characterised by severe anaemia 
and thrombocytopenia. A few circulating erythroid pre-
cursors, including rubriblasts, rubricytes and metarubri-
cytes, were found. By cytological analysis of the bone 
marrow aspirate, the erythroid series was found to com-
prise 82% of the nucleated cells, with 67% dysplastic mor-
phology in erythroid cells and an M:E of 0.19. The 
rubriblasts constituted 18.6% of all the nucleated cells and 
22.4% of the erythroid cells. The forward/side scatter dot 
plot in flow cytometry revealed a different pattern of cell 
distribution than the normal bone marrow (Figure 4), with 
an increased population of immature cells, which were 
positive for erythroid markers (CD71 and CD235a) and 
megakaryocytic markers (CD41 and CD42) (Figure 4). The 
bone marrow cells were negative for CD19 and CD34.

Case 3
A 6-month-old male domestic shorthair cat with a history 
of anorexia, lethargy and weakness was presented. The 

cat was classified as having MDS. Haematological find-
ings in the peripheral blood included leukocytosis, mac-
rocytic hypochromic anaemia and thrombocytopenia. 
The bone marrow cells were dysplastic in both myeloid 
and erythroid series with an M:E ratio of 7.3. Also, 19% of 
the myeloid cells and 13% of the erythroid cells exhibited 
dysplastic features. Serological assay for anti-FIV anti-
body was positive. The bone marrow cells in this cat were 
weakly positive for CD33, CD14, and CD45, and negative 
for CD11b, CD117, CD20, CD34, CD19, CD5 and CD10.

Case 4
A domestic shorthair cat with a history of anorexia, leth-
argy, pale mucous membranes and lateral recumbency 
was diagnosed with MDS. Peripheral blood was charac-
terised by severe, refractory anaemia; leukopenia; and 
marked thrombocytopenia. The cat was positive for 
FeLV. Remarkable dysplastic morphologies were noti-
fied in erythroid, myeloid and megakaryocytic lineages 
by the cytological analysis of the bone marrow aspirate. 
The M:E ratio was 8.3. The flow cytometric analysis of 
the bone marrow cells showed a significant positivity for 
CD45 and CD14, and a weak positivity for CD33 and 
CD117 (Figure 5). The bone marrow cells in this cat were 
negative for CD64 and CD11b.

Figure 4 Flow cytometric analysis of bone marrow cells from a cat with erythroleukaemia. A distinct population of the 
neoplastic cells was gated (R1) in the forward scatter (FSC)–side scatter (SSC) plot. The histograms for cluster of differentiation 
(CD)71, CD235a, CD41 and CD42 expression by the cells in gate R1 are shown. Blue line = CD markers; red line = isotype 
control
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Culture of feline haematopoietic progenitors in 
methylcellulose-based medium
By culturing the bone marrow cells in methylcellulose-
based medium, we increased the number of cells with an 
immature phenotype. CFU-E, BFU-E, CFU-GM, colony-
forming unit-granulocyte (CFU-G), colony-forming 
unit–macrophage (CFU-M) and CFU-GEMM colonies 
were detected in the methylcellulose assays (Figure 6A). 
The cultured marrow cells were subsequently counted 
(Table 2). CFU-GM and BFU-E were the most frequent 
colonies outgrown from the feline bone marrow cells, 
whereas CFU-M was the least frequent progenitor in the 
feline bone marrow (Figure 6; Table 2).

A panel of six anti-feline antibodies (anti-CD21-like, 
anti-T-lymphocytes, anti-CD172a, anti-granulocyte, 
anti-CD45-like and anti-CD18) and eight anti-human 
antibodies (anti-CD71, anti-CD33, anti-CD235a, anti-
CD41, anti-CD6, anti-CD117, anti-CD38 and anti-CD34) 
were used on the feline bone marrow progenitors cul-
tured on MethoCult’s methylcellulose-based medium to 
probe the cell-surface antigens expressed by the feline 
haematopoietic progenitor cells. The flow cytometric 
immunophenotyping of the colony cells revealed that 
these cells were negative for CD21-like, T-lymphocyte, 
CD172a, granulocyte, CD41 and CD61, but were positive 
for pan leukocytes (CD45-like), CD18, CD33, CD71 and 
CD235a (glycophorin A) (Figure 6B). Also, 18.33 ± 8.49, 
14.9 ± 7.34, 11.57 ± 3.20 and 9.16 ± 5.24% of the total pro-
genitor cells harvested from the cell culture were CD45-, 
CD33-, CD235a- and CD18-positive, respectively (Table 
2). CD133 tested in a single culture showed 4% positivity. 
As CD133 is a marker that is frequently expressed by 
multipotent progenitor cells, the expression of this anti-
gen on the cultured feline bone marrow cells indicated 
the enrichment of the immature haematopoietic progeni-
tor cells.

Discussion
Six human-specific mAbs, including anti-CD61, anti-
CD18, anti-CD14, anti-CD235a, anti-CD41 and 

anti-CD29 antibodies, showed cross-reactions with the 
feline antigens. In humans, CD235a (glycophorin A) 
appears at the erythroblast stage and rapidly reaches its 
maximum expression level in the early normoblast 
stage.11 Once glycophorin reaches maximum expression, 
the amount of expression is constant and does not 
change during further maturation.11 In this study, the 
expression of glycophorin was detected on the feline 
bone marrow erythroid cells. We found an increased 
expression of CD235a in a cat with MDS. Consistent with 
this study, an increased expression of CD235a (glyco-
phorin A) has been reported in a cat with a diagnosis of 
acute erythroid leukaemia with multi-lineage dyspla-
sia.6 Deregulation of glycophorin A gene expression has 
recently been reported to occur in dysplastic erythro-
blasts.12 This marker appears to be useful in supporting 
a diagnosis of MDS affecting the erythroid series, a com-
mon form of MDS in the cat.13 Anti-CD235a antibody has 
also been reported to have cross-reactivity with canine 
erythroid cells.14

In human medicine, a limited number of antibodies, 
including anti-CD71 (transferrin receptor) and anti-glyc-
ophorin antibodies, are currently available for evaluat-
ing erythroid cells.15 The expression of CD71 on erythroid 
cells precedes the expression of glycophorin.11 Human 
erythroid colony-forming cells (CFU-E and BFU-E) often 
express low-to-intermediate amounts of CD71.11 We 
found the expression of CD71 by feline haematopoietic 
CFUs on the methylcellulose medium. The blast cells in 
the cat with erythroleukaemia showed positivity for 
CD71, which is consistent with the erythroid nature of 
the blasts. Although the bone marrow cells were positive 
for glycophorin A, consistent with an increase in the 
number of the neoplastic cells of the erythroid origin, the 
blasts were negative for CD117. It has been reported that 
despite the high sensitivity for myeloid detection, CD117 
expression is usually absent in cases with megakaryo-
cytic or erythroid involvement.16

In this study, we found anti-CD41 and anti-CD61 
antibodies to cross-react with feline antigens. Human 

Figure 5 Flow cytometric analysis of bone marrow cells from a cat with myelodysplastic syndrome. The histograms for cluster 
of differentiation (CD)45, CD14, CD33 and CD117 are shown. Blue line = CD markers; red line = isotype control



272 Journal of Feline Medicine and Surgery 16(4)

CD41 is expressed on platelets and megakaryocytes. 
Meister et al1 showed that a small percentage of CD41-
positive cells are likely the result of adherent platelets or 
platelet fragments. Anti-CD61 antibody detects platelets 
in the peripheral blood and bone marrow, and also reacts 
with megakaryocytes and megakaryoblasts. This anti-
body is of value in the diagnosis of megakaryoblastic 
leukaemia.17 Anti-human CD61 has been reported to 
cross-react with canine and caprine cells.14,18,19 The clone 
Y2/51 of anti CD61 antibody, which we used in the pre-
sent study, reacted with the feline platelets in a manner 
similar to that of human platelets. In addition, M7057 
clone of anti-CD41, M753 clone of anti-CD61 and 

MCA1095 clone of anti-CD41/61 have also been reported 
to cross-react with feline platelets.20 Strong positivity for 
CD41 and CD61 in the cat with MDS-EB indicates the 
involvement of the megakaryocytic lineage.

CD14 antigen is a receptor with a high affinity for the 
complex of lipopolysaccharide (LPS) and LPS-binding 
protein and is expressed on myeloid-derived cells.21 CD14 
is primarily expressed on monocytes and macrophages. 
The antibody against CD14 is of value in the detection of 
normal and neoplastic cells of the monocytic lineage. It is 
an antibody in the standard panel of antibodies recom-
mended for the immunophenotyping of all human 
patients being evaluated for leukaemia. Clone CAM36A 

Figure 6 (A) Representative images of the feline haematopoietic progenitor cell colonies. Colony-forming unit–erythroid 
(CFU-E): a cell cluster containing fewer than 100 haemoglobinised erythroblasts. Burst-forming unit–erythroid (BFU-E): 
two small BFU-E colonies with more than 200 cells. Individual cells are characterised by a small size with a reddish colour. 
Colony-forming unit–granulocyte, macrophage (CFU-GM) colony: two distinct cell clusters are distinguishable. The monocyte/
macrophage cells are larger, whereas the granulocyte lineage cells are smaller and more regular in shape. Colony-forming 
unit–macrophage (CFU-M): the colony is characterised by large, colourless cells. Colony-forming unit–granulocyte, erythroid, 
macrophage, megakaryocyte (CFU-GEMM): mixture of erythroid clusters and granulocyte and macrophage cells. (B) Forward 
scatter (FSC-H) versus side scatter (SSC-H) plot along with dot plots of cluster of differentiation (CD)33 (anti-human), CD235a 
(anti-human) and CD45 (anti-feline) expression in the feline haematopoietic progenitor cells cultured in the methylcellulose-
based medium. The vertical line is placed to the right of the cells labelled with isotype control

Table 2 Feline haematopoietic progenitor cell colonies in the methylcellulose-based colony forming cell assay and  
the percentage expression of cluster of differentiation (CD) markers on the progenitor cells. Data are expressed as 
mean ± SD

Colony % CD-positive progenitor cells

CFU-GM BFU-E CFU-E CFU-G CFU-M CFU-
GEMM

CD45 CD33 CD235a CD18

85 ± 17 82 ± 40 55 ± 19 15 ± 3 12 ± 3 1.8 ± 0.8 18.3 ± 8.5 14.9 ± 7.3 11.5 ± 3.2 9.2 ± 5.2

CFU-GM = colony-forming unit–granulocyte, macrophage; BFU-E = burst-forming unit–erythroid; CFU-E = colony-forming unit–erythroid;  
CFU-G = colony-forming unit-granulocyte; CFU-M = colony-forming unit-macrophage; CFU-GEMM = colony-forming unit–granulocyte, erythroid, 
macrophage, megakaryocyte
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anti-CD14 mAb has previously been demonstrated to be 
able to label feline monocytes and granulocytes, but not 
lymphocytes.1 In our study, the low percentage of CD14-
positive cells in the normal healthy cats indicates that this 
antibody labels only monocytic cells, which comprise a 
low percentage of bone marrow cells.

In humans, CD34 is considered as a marker of pro-
genitor cells, but the antibody clone that we used in this 
study failed to label the feline bone marrow cells 
obtained from the healthy cats or the cats with haemat-
opoietic abnormalities. Furthermore, it did not label the 
feline haematopoietic colonies cultured on the methyl-
cellulose-based medium.

CD33 did not express on the bone marrow cells from 
the healthy cats, whereas the bone marrow cells from the 
two cats with dysplastic myeloid cells (cases 1 and 3) 
expressed CD33. In humans, CD33 is found on cells com-
mitted to the myeloid lineage, and on leukaemic blasts of 
myeloid origin, but not on normal multipotent haemat-
opoietic stem cells or on lymphoid cells.22,23 CD33 is 
expressed in all stages of granulocytic maturation, but its 
expression decreases as the cells mature.24 Human leu-
kaemia studies have demonstrated that in AML, neoplas-
tic cells are more likely to be CD33+ than cells in MDS 
because their expression is decreased with the maturity 
of the myeloid cells.23 However, CD33 surface intensity 
significantly differs with the type of disease.25 For exam-
ple, in MDS the blasts are less likely to be CD33+.23

Culturing the feline bone marrow cells in the methyl-
cellulose-based medium resulted in the outgrowth of 
haematopoietic progenitors with significant enrichment 
of more immature cells, CFU-GM and BFU-E. BFU-E 
and CFU-GM progenitors of the feline bone marrow can 
also be enriched by counterflow centrifugal elutriation 
and subsequent treatment of the fractionated cells with 
the soybean agglutinin lectin.26 In humans, CFU-GM 
cells are characterised by the cell surface markers CD13, 
CD33, CD34 and human leukocyte antigen (HLA)-DR. 
BFU-E is characterised by the expression of several cell 
surface markers, such as CD33, CD34 and HLA-DR. 
CD45, CD33, CD235a and CD18 were found to have 
been expressed on the feline bone marrow progenitor 
cells, with the highest expression level of CD45, which is 
in line with the enrichment of CFU-GM and BFU-E, as 
has been previously described for human myeloid and 
erythroid progenitors.27–29 In a previous study using the 
mouse monoclonal anti-CD45, WC45a, the authors 
demonstrated that this marker was expressed on the 
surface of all feline leukocyte populations tested, includ-
ing granulocytes, monocytes, and T and B lympho-
cytes.30 CD33 expression has also been reported in 
human myeloid progenitors, as well as in BFU-E, but 
not in CFU-E.29 The methylcellulose-based medium 
used in this study did not support the growth of mega-
karyocytic lineage. It seems that, similar to that seen in 

humans, a megakaryocytic-specific medium is required 
for culturing megakaryocytic cells in cats.31 The  
colony-forming cell assay based on the ability of feline 
haematopoietic progenitors to form colonies in the 
methylcellulose-based semisolid medium, however, can 
be used to study haematopoiesis and leukaemogenesis 
in cats.

Conclusions
In this study, we employed new clones of commercially-
available anti-human antibodies on normal, neoplastic 
and cultured feline haematopoietic progenitors. We 
demonstrated that a panel of anti-human antibodies can 
be used for the recognition and differentiation of feline 
bone marrow haematopoietic cells. A number of the anti-
bodies studied have potential application in the recogni-
tion of feline blasts cells and the diagnosis of 
haematopoietic disorders.
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