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ABSTRACT

Bone marrow (BM) cell harvesting is a crucial element in the isolation of mesenchymal stem cells (MSCs). A
simple method for harvesting cat BM cells is described. The results show that a large number of BM cells can rapidly
be harvested from the cat by this simple procedure. MSCs prepared by density-gradient method were spindle-shaped
morphology with bipolar or polygonal cell bodies and strongly positive for CD9 and CD44 and negative for CD18
and CD45-like. They were capable of differentiation to adipocytic and osteocytic phenotypes when exposed to appro-
priate induction media. The advantages of this method are its rapidity, simplicity, low invasiveness, and low donor

attrition and good outcome.
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INTRODUCTION

Adult bone marrow (BM) contains two types of stem cells:
hematopoietic stem cells and mesenchymal stem cells (MSCs)
(Prockop, 1997). Many recent studies have shown that MSCs
derived from adult BM have the potential to differentiate into
osteocytes, chondrocytes, adipocytes (Pittenger et al., 1999),
and neural cells (Brazelton er al., 2000). Therefore, MSCs may
be candidates for the treatment of neurodegenerative disease.

BM cell harvesting is the first and crucial step in MSC isola-
tion. There are diverse methods for BM cell harvesting depen-
ding on the animal species; e.g., the extrusion method for ex
vivo mouse bone (Kabos et al., 2002; Sanchez-Ramos et al.,
2000) and the perfusion or aspiration methods for in vivo pet
(feline or canine), monkey, and human bones (Kushida et al.,
2000; Martin ef al., 2002; Suter et al., 2004; Tao et al., 2005).
The cat i1s phylogenetically closer to humans than rodents or
other laboratory mammals (Menotti-Raymond et al., 1999). It
1s an important model for acquired immunodeficiency diseases,
inherited human disease, and nervous system diseases (Malik,
2001; Rohn et al., 1996, Wade et al., 2001). We have harvested
BM cells from 8 different cats with similar results. In the
present study, we describe a simple method, which is rapidity,
low invasiveness, and low donor attrition and good outcome,

for cat BM cell harvesting. Representative results from 1 cat
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are described.

MATERIALS AND METHODS

1. Animals

Male cats were housed in stainless-steel cages measuririg
0.9 m x 0.7 m x 0.65 m and provided with dry food and water
ad libitum. All experiments were performed according to the
guidelines of Gyeongsang National University for animal care

and ethics.

2. Materials
I. One male domestic cat
II. Reagents:
i. Dulbecco’s modified Eagle’s high-glucose medium
(DMEM; Gibco-BRL, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco-BRL), penicillin (100
U/mi)/streptomycin (100 mg/ ml) (Sigma, USA) and
2 mM L-glutamine (Sigma, USA).
. 0.25% trypsin/l mM EDTA (Gibco-BRL), dimethyl
sulfoxide (DMSO; Sigma, USA)
iii. Ethanol (70%)
M. Tissue culture supplies including 90 mm dishes, T75
flasks, 5 and 10 ml pipettes, and sterile 15 ml centrifuge
tubes, cryopreservation ampoules (NUNC)
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V. Two 20 ml syringes, two 18 gauge needles, one #20
scalpel blade

V. Sterilized instrument pack consisting of the following
items in a metal bowl wrapped inside a 24"x24" drape:
one small hemostat, one large needle holder, one scalpel

handle, one pair of scissors, ten 2"x2" gauze squares

3. BM Harvesting

‘The cat was anesthetized by subcutaneous injection with ace-
promazine maleate (0.025 mg/kg; Sedaject; Samwoo, Republic
of Korea) and ketamine (5 mg/kg; Daesung, Republic of Ko-
rea). The fur (5 cmx5 cm) surrounding the left greater trochan-
ter was shaved with electric clippers (Fig. 1A). The skin was
steriized with a swab soaked in 70% ethanol. The 24"x24" drape
became the sterile field for operating on the cat. Using the
scalpel, a 0.5 cm transversal incision was made at a 1 cm site
from the greater trochanter toward the femoral neck (Fig. 1B)
and a small port was constructed on the subcutaneous fascia
with the blade tip. An 18 gauge needle connected to a 20 ml
syringe was screwed into the femoral medullary cavity through
the base of the neck of the femur. The needle direction fol-
lowed the shaft of femur (Fig. 2). This was very important for
successfully obtaining BM. When the needle was within the

medullary cavity, the shaft of the femur moved concomitantly

Fig. 1. At 1 week post-BM harvesting (A); 5 cm x 5 cm operating
field (B). Dotted line and arrow in B indicate the 0.5-cm
incision and the post-suture trace, respectively.

Fig. 2. Lateral view {A) and anterior view (B) of the cat leg bone.
1, hip bone; 2, greater trochanter; 3, femur; arrows, direc-
tion of the needles.

with the needle. The BM was withdrawn slowly, adjusting the
direction of the eye of the needle and the depth of the needle
body. Three ml of BM was usually obtained in this way. The
BM was placed into a heparin-coated tube and shaken to
prevent coagulation. Rarely, the needle became obstructed with
bone debris and needed to be changed. After the BM abs-
traction, the syringe was removed from the shaft of the femur,
and the wound was cleaned and sutured with a needle. BM
was harvested from the other side using the same procedure.

No special post-operative care was required.

4. Preparation of MSCs

The nucleated-cell fraction of the BM was isolated by the
Ficoll® 400 (1.077 g/ml, Sigma, USA) density-gradient method.
The cells at the medium-Ficoll interface were collected, rinsed
twice with phosphate-buffered saline, and plated at a density
of 1x10° cells/cm’ in 90 mm dishes in 10 ml of medium con-
sisting of DMEM, 10% FBS, 100 U/ml penicillin, 100 mg/ml
streptomycin, and 2 mM L-glutamine. The cells were incubated
at 37°C in a humidified atmosphere with 5% CO, until they
reached 80~90% confluence. The cells were harvested with
0.25% trypsin/l mM EDTA and diluted 1:3 for passage.

5. Cell Cryopreservation

Cells were resuspended in DMEM containing 40% (v/v)
FBS and 10% DMSO at a concentration of 1x10° cells/ml and
loaded into cryopreservation ampoules in 0.5 ml aliquots. The

cells were frozen in liquid nitrogen at —196C.

6. Analyses of Cell-Surface Antigens

MSCs were obtained from passage 4. Cell-surface antigens
on the BMCs were determined using primary cat-specific anti-
bodies against CD9 (Serotec, Raleigh, NC, USA), CD18, CD44,
and CD45-like (VMRD, Pullman, WA, USA) and fluorescein
isothiocyanate-coupled secondary antibodies (IgG or IgM). La-
beled cells were detected by flow cytometry.

7. Osteogenic and Adipogenic Potential of MSCs

The osteocytic phenotype was induced by seeding cells at
6,000 ~8,000/cy’, followed 1 day later by incubation in DMEM
containing 10% FBS, 1 xM dexamethasone (Sigma, USA), 10
mM /S -glycerophosphate (Sigma, USA), and 0.25 mM L-ascor-
bic acid (Aldrich, USA). Differentiation proceeded for 3 weeks
with media changes twice weekly. Induced cells were stained
for calcium with Alizarin Red S (2%, pH 4.2; Fluka, USA).
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Adipocytic differentiation was achieved by allowing cells to
remain at confluency for 3 to 7 days, followed by incubation
in DMEM supplemented with 10% FBS, 1 «M dexamethasone
(Sigma, USA), and 10 zg/ml insulin (Fluka, USA). After 7
days, cells were stained for lipid droplets with Oil Red O (0.3%
in isopropanol; Sigma, USA).

RESULTS

1. Growth Characteristics of MSCs
The cat MSCs were spindle-shaped and tightly attached to
the culture dish 5 days after initial seeding (Fig. 3A). After 12

days of primary cultivation, cells were nearly 90% confluent
(Fig. 3B).

2. Cell Cryopreservation
After three passages, as many as 30 million cells were ge-
nerated from 5~6 ml of cat BM and were frozen in liquid ni-

trogen in 0.5 ml aliquots in 24 cryopreservation ampoules.

3. Cell-surface Antigen Profile

The MSC surface-antigen profile was determined by stai-
ning with cat-specific monoclonal antibodies followed by flow
cytometry, as described previously (Jin et al., 2007). Cat MSCs

were strongly positive for CD9 and CD44 and negative for
CD18 and CD45-like (Fig. 4).

4. MSCs Exhibit Multiineage Differentiation Potential

Mineralized matrix of MSCs under osteogenic conditions was
evidenced by staining with Alizarin-red S solution (Fig. 5B) at
day 21. Upon induction in adipogenic media, neutral lipid va-
cuoles were noticeable as early as 7 days and visualized by
staining with oil red O (Fig. 5D).

Fig. 3. Cat MSCs in primary culture. After 5 days of culture, adhe-
rent spindle-shaped MSCs could be clearly observed (A).

After 12 days, MSCs had proliferated to 90% confluence
(B). Scale bar: 200 xm.
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Fig. 4. Flow cytometric determination of cell-surface antigen profile
for cat MSC. Cat bone marrow MSCs were stained with
cat specific antibodies to a variety of cell-surface antigens.
The percentage of cells positive for each antibody is listed
in the corresponding histogram. An isotype control is used
to identify background fluorescence. MSC from 3 separate
cats were tested with similar results. Representative results
from 1 cat are shown.

DISCUSSION

The present study demonstrates that a large number of BMCs
can be rapidly harvested from the cat by our simple procedure.
This procedure may satisfy the requirements of many MSC
studies.

One of the advantages of our method is low donor attrition
and good outcome. This makes it possible for the donor to be

reused and to be the recipient of autogenic MSCs. The proce-
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Fig. 5. Osteocyte and adipocyte differentiation of feline MSC. After
an incubation in osteocyte induction media for 21 days (A
and B) or in adipocyte differentiation media for 7 days (C
and D), the cells were stained with Alizarin Red S or Oil
Red O, respectively. (A} Undifferentiated control cells and
(B) differentiated osteocytes. (C) Uninduced cells and (D)
induced adipocytes. All images are shown at a magnifi-
cation of x400.

dure is completed within 5~10 min after the anesthetization.
This may reduce the burden on the donor and meet criteria for
the care and use of laboratory animals. We have performed the
procedure on 8 cats with similar results. We have chosen a
puncture point at the base of the neck of the femur under the
greater trochanter. Because this site is comprised of cancellous
bone which is readily punctured (Sartoris et al., 1986). A nee-
dle is readily screwed into the femoral medullary cavity and
no drilling is required.

MSCs are referred to stem cells originated mainly from the
mesoderm, embedded in mesenchymal tissues and BM, and gi-
ving rise to cells of connective tissues, such as bone, cartilage,
fat, and tendon (Friedenstein et al., 1974; Owen, 1988; Pitte-
nger et al., 1999). The differentiation potential of BM-derived
MSCs has been extensively investigated, and is now known to
extend beyond cells of a mesodermal layer to nonmesenchy-
mal neuronal and glial cells, as supported by a sizable body
of in vitro and in vivo studies (Mezey et al., 2003; Hermann
A et al., 2004; Cizkova et al., 2006; Suon et al., 2006). We
also showed here that MSCs were induced not only cells of con-
nective tissues (Fig. 5) but also neural cells (data not shown).
Therefore, MSCs prepared by us were demonstrated to posses
the multipotential of differentiation. Morphologically, cat MSCs

appeared very similar to MSCs of rodent and human (Pittenger

et al., 1999; Woodbury et al., 2000).

Here, we select four representative surface antigens, CD9,
CD18, CD44, and CD45, to test the isolated cells. CD9 and CD44
are surface antigens on mesenchymal cells, whereas CD18 and
CD45 are on the hemopoietic cells in bone marrow (Koda et
al., 2005). Our results show that among the four surface anti-
gens only the markers of the mesenchymal cells express posi-
tively. Thus, they retain the MSC phenotype. |

Similar procedures may apply equally well to other medium-
sized and small animals, such as dogs, so that MSC investiga-
tions can be easily carried out in other species using our me-
thod. We believe that this method will contribute to the pro-
gress toward the ultimate application of MSCs to human health

problems.
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