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Since 1959, cadaveric vertebral bod-
ies (VB) have been recognized as a po-
tential source of bone marrow for trans-
plantation, when Ferrebee et al, reported
for the first time a method of harvesting
bone marrow cells directly from VB
obtained during autopsy.! Their method,
though crude, involved dissociating cells
from small pieces of marrow by gentle
chopping and mixing in a stainless steel
chopper. This process would yield a
single cell suspension which was subse-
quently collected into a reservoir follow-
ing passage through a 30-mesh filter.! A
more rapid, simple and economical
method for obtaining large yields of fat-
free, well dispersed hematopoietic cells
from the VB was reported by Ray et al
in 1964.2 This procedure involved com-
pression of surface-sensitized VB in a
sterile pyrogen-free plastic container.
The extruded marrow was then homog-
enized, filtered and the fat was removed
by low speed centrifugation. Addition-
ally, when this marrow was used to treat
two patients with aplastic anemia, par-
tial clinical and hematological remission
was seen in only one patient who had
received five concurrent bone marrow
transfusions.?

However, it was not until 1970, that
Thomas and Storb, by describing their
novel technique for marrow recovery
from the iliac crest of live related do-
nors, established the basis for clinical
bone marrow harvesting that remains in
use today.’ They addressed several im-
portant issues including anesthesia, sites
of aspiration, and the preparation of the
bone marrow cell suspension. A conse-
quence of their pioneering work was the
establishment of allogeneic bone mar-

row transplantation from living related
donors as a basis for treating severe
aplastic anemia and certain hematologic
malignancies. Despite of obvious clini-
cal implications, its therapeutic applica-
tions were limited since HLA matching
was required to decrease the risks of
rejection and graft-versus-host-disease
(GVHD).** The interest in VB bone
marrow harvesting was, however, re-
kindled in 1984, when Sharp et al de-
scribed a unique method for surgical
harvesting of cadaveric VB with subse-
quent bone marrow isolation.’ They re-
affirmed the importance of VB as a re-
liable source of nucleated bone marrow
cells by emphasizing the higher cell
yields and the relative ease of harvest-
ing VB at the time of multi-organ pro-
curement, thus making them more fea-
sible than iliac crest as a potential source
of bone marrow from cadaveric donors.
Furthermore, they also postulated that
marrow from cadaveric VB by contain-
ing fewer mature T cells, would be less
likely to induce lethal GVHD, than that
harvested from the iliac crest of live
donors, which is routinely contaminated
by blood-borne mature lymphocytes.’#

The concept of actively acquired tol-
erance to whole organ allografts follow-
ing donor bone marrow infusion was first
conceived by Billingham, Brent and
Medawar.? This idea was further ex-
tended by Slavin and Strober'®!! who
demonstrated stable chimerism with sub-
sequent induction of donor-specific tol-
erance in rats, that were conditioned
with fractionated total lymphoid irradia-
tion (TLI) prior to bone marrow or
whole organ transplantation. Sachs et al,
using similar conditioning protocols, had

Methods in Cell Transplantation, edited by Camillo Ricordi. © 1994 R.G. Landes Company.

Section H: Bone, Cartilage and Muscle

CHAPTER H 1

615



616

evidence of stable chimerism in rodents
that were reconstituted with mixed al-
logeneic and xenogeneic bone mar-
row.231 However, creation of “space”
by prior conditioning of animals with ra-
diation or other cytoreductive/cyto-
ablative regimens was considered an
obligatory step towards engraftment of
donor bone marrow cells. Similar donor-
specific hypo-responsiveness was also in-
duced in large animals by infusion of
bone marrow in irradiated recipients,
prior to whole organ Tx.'>®

Instead of using host irradiation as
an imperative prerequisite for subse-
quent donor bone marrow engraftment
Monaco et al used anti-lymphocyte se-
rum (ALS), for conditioning in recipi-
ents of combined bone marrow and
whole organ transplants leading to in-
duction of donor-specific tolerance.'®?
Thomas et al,»?* using a five-day course
of rabbit anti-thymocyte globulin [ATG],
and ribs as a source of marrow, were
also able to successfully induce trans-
plantation tolerance in primates, which
in their model was attributed to the
presence of cells having “veto” function
in donor bone marrow.”

However, the last 2 years have seen
an explosion in the field of bone mar-
row and whole organ transplantation,
triggered by a classical report in Lancet
by Starzl et al* which stressed for the
first time the importance of donor bone
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marrow-derived cells in whole organ
transplantation, and their pivotal role in
the induction of donor-specific non-re-
activity. The propriety of this paper
hinged on a key observation that after
whole organ transplantation, donor cells
of hematolymphoid origin, migrate out
of the graft and into the recipient, lead-
ing to the establishment of chimerism,
which is the first step towards subse-
quent induction of donor-specific hypo-
responsiveness.” This natural and univer-
sal phenomenon of donor cell migration
after whole organ transplantation and its
implications in the induction of donor-
specific tolerance, has opened up new
avenues in pre-clinical and clinical re-
search.2#? Our experience is based on a
trial of concomitant donor bone marrow
and whole organ transplantation with
infusion of donor bone marrow cells at
the time of whole organ transplantation,
without prior conditioning of the recipi-
ent. This chapter reviews the procure-
ment of cadaveric VB from 50 donors
and its use as a source of donor bone
marrow. It also details the surface
phenotyping of bone marrow cells iso-
lated from cadaveric VB.

PROCUREMENT OF CADAVERIC
VERTEBRAL BODIES

All the donors were obtained through
the Center for Organ Recovery and Edu-
cation (CORE). The surgical technique
for multi-organ harvesting has been de-
scribed previously.®® After all the solid
organs have been retrieved, the surgical
field is prepared for the resection of the
vertebral column (VC) (Fig. H1.1). The
protocol employed to harvest VB is a
modification of an earlier technique
described by Strong et al,*' and all in-
struments and solutions utilized are
listed in the Appendix 1 and II. The
abdominal and thoracic cavities are as-
pirated and in order to expose the VC,
bowel, mesentery, diaphragm, lungs,
esophagus and other soft tissues are dis-
placed. The psoas muscle is dissected
free of bone by scalpel and the interver-
tebral discs are identified. A straight
wide Lambotte osteotome is inserted
using manual pressure between the L5-
S1 interspace (Fig. H1.2), and the VC is
retracted using the anterior face of SI
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as a fulcrum. The posterior interverte-
bral articulation is then dissociated us-
ing a curved osteotome and mallet. The
paravertebral muscles are dissected free
of the column, and kept on traction by
means of an osteotome. The posterior
interspinal ligaments are then severed
and a cloth towel is inserted around S1,
displacing the osteotome. Using the cloth
towel for traction, the entire column is
retrieved. and curved osteotome and
mallet are used to separate the trans-
verse processes and ribs from the VC
(Fig. H1.3). The extent of VC resection
however, depends on the number of
bone marrow cells required. This proce-
dure makes it possible to resect the
entire thoracic and lumbar VC en-bloc
(Fig. H1.4), in approximately 20 minutes.

The resected VC is then processed
on a previously prepared back table,
which contains among other things, one
large basin, forceps, scalpels, scissors,
mallet, osteotome and three plastic one-
liter Nalgene jars. The VC is placed on
a cloth towel, cleared of all the remain-
ing soft tissue, and split through the in-
tervertebral discs into three or four sec-
tions. It is then washed in 10% betadine
followed by a final rinse in sterile saline
solution, air dried and placed in Nalgene
jars containing “harvesting solution” [see
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appendix 11]. The processed VC is trans-
ported at room temperature back to the
laboratory for bone marrow cell isola-
tion.

ISOLATION OF BONE MARROW
CELLS

Bone marrow cell isolation is carried
out in a class-1000 clean room facility
equipped with class-100 safety cabinets.
The laboratory set-up for cell isolation
is described in Appendix 1. Employing
aseptic techniques, the VC is separated
into individual vertebra, divided along
the sagittal cranio-caudal axis (Fig.
H1.5), and placed in the processing
medium [Appendix 1I]. Using large
Rongeur, the soft tissue (intervertebral
disc and the periosteum) is removed.
The cancellous bone was chipped-off
piecemeal by small Rongeur and placed
in the processing medium (Fig. H1.6),
for passive release of the majority of
bone marrow cells. This cell suspension
is then filtered through two consecutive
stainless steel screens (450 and 180 pm
respectively), centrifuged at 300g for 10
minutes, and the cell pellet is resus-
pended in 300 ml of “resuspension” so-
lution. To release cells trapped within
the trabecular framework of the mar-
row, cancellous chips retained on the
filter are re-processed twice by gentle
shaking in the processing medium for

30 minutes each (Fig. H1.7). The cell
suspension is then centrifuged and pro-
cessed as mentioned above. Cell count
and viability are assessed by trypan blue
exclusion, and the cells are finally resus-
pended at 10® cells ml'l. Samples for
progenitor cell assay (CFU), microbial
surveillance and flow cytometric analy-
sis are retained from the final cell prepa-
ration. The remaining bone marrow cells
are then either used in clinical trials of
simultaneous bone marrow and whole
organ transplantation or cryopreserved
for future use.

RESULTS

CELL YIELD

Vertebral bodies from 50 cadaveric
donors have been harvested between
March 1992 and October 1993. The av-
erage donor age was 30 years and on an
average nine VB were recovered from
each donor. Red blood cells [RBC]| were
lysed using 2% acetic acid, and viable
cell count was determined by the trypan
blue exclusion technique The average
cell yield/donor was 5.1 x 10, giving an
average cell yield/VB of 5.7 x 10° (Table
H1.1).

FACS® ANALYSIS
Flow cytometric analysis of isolated
bone marrow cells was performed using
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the following Phycoerythrin [PE] or
Fluorescein isothiocyanate [FITC]-con-
jugated mouse-o-human primary mono-
clonal antibodies [mAD] directed against
the following cell surface receptors: anti-
leukocyte common antigen [1gG,, HLe-1,
CD45], anti-HLA-DR [1gG,,, MHC class
I1], anti-Leu-M3 [IgG,,, CDI14], anti-
Leu-M9 [IgG,, CD33], anti-HPCA-1
[1gG,, CD34], anti-Leu-14 [I1gG,,, CD22],
anti-Leu-19 [IgG,, CD56], anti-Leu-4
[1gG,, CD3], anti-Leu-3a [IgG,, CD4]
and anti-Leu-2a [IgG,, CD8]. Isotype-
matched irrelevant mAb were used as
negative controls. All antibodies were
purchased from Becton Dickinson,
Mountain View, Cal. Prior to staining,
RBC were lysed by resuspending the
cells in NH,Cl solution [0.83% NH,CI
and 0.1% KHCO; in H,0]. 2 x 10° cells
were placed in each well of a 96-well
microtiter plate [Falcon, Lincoln Park,
NJ], blocked with 10% goat serum for
15 min. and washed x2 with washing
solution [WS; PBS + 1% FCS + 0.5%
NaN;] [Gibco, Grand Island, NY]. 20 pl
of appropriate PE or FITC-conjugated
primary mAb was added to each well,
incubated for 30 minutes at 4°C, and
then washed x2 with WS. The cells were
finally fixed with 1% formaldehyde and
stored at 4°C until analyzed.

The samples were analyzed using
Consort 30 acquisition software on a
Fluorescence Activated Cell Sorter
[FACStar, Becton Dickinson, Mountain
View, Cal.}. An analysis gate was estab-
lished using the forward and orthogonal
light scatter profile of unstained bone
marrow cells. Markers to delineate posi-
tive staining were set based on staining
of bone marrow cells with isotype
matched irrelevant mAbs. Purity of the
anlaysis gate was determined by stain-
ing of the bone marrow cells with FITC-
conjugated anti-CD45 and PE-conju-
gated anti-CD14 (Leucogate™, Becton
Dickinson) 50,000 events were acquired,
and the expression of appropriate lin-
eage marker evaluated. The phenotype
of human bone marrow cell is detailed
in Table H1.2.

THE CLONOGENIC CELL ASSAYS

To propagate colony forming units
[CFU], duplicate samples of 2 x 10° bone
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Table H1.1. Bone marrow cell yield

Fig. H1.7. Isolation of bone
from human vertebral bodies [VB]

marrow from humanvertebral

bodies.
mean + SE

Number of VB/donor 91034
Donor age [yr] 30%3

Donor weight [kg] 74153
Cell yield/donor [x10%] 51+4.4
Cell yield/VB [x10"] 5.7+0.4
Cell yield/donor weight [x10°/kg] 7453

Table H1.2. FACS® analysis of the cell surface phenotype of human
veriebral bone marrow

Positive Events (%)

Tofal CD45-gated

Antigen* [mean] [mean +1 SD]
Pan leukocyte

CD45s 384
Progenitor cells

CD33 - 1.5+0.6

CD34 - 18104
Monocytes

CD14 - 42+t1.6
B cells

CD22 - 39+1.6
NK cells

CD56 - 3616
T cells

CD3 — 147+44

CD4 - 63129

CcD8 - 814.2
MHC

HLA-DR - 10+ 1.1
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Table H1.3. Clonogenic progenitor
numbers in normal bone marrow from
cadaveric vertebral bodies

mean 1SE
Colonies [per 2 x 105 cells]
BFU-E 92+88
DFU-GM 46.41+3.4
CFU-GEMM 59+0.9

Table H1.4. Transplantation groups;
combined donor bone marrow and
whole organ

Organs Tx with TLI  without TLI
[n] [n]
Liver 2* 5
Liver + Islets — 1
Kidney — 7
Kidney + Islets — 2
Heart — 1
Small bowel — 1
TOTAL 2 17

* each patient received a single dose of 500 and
550 cGy of TLI respectively

marrow cells were plated in 35 mm petri
dishes in Terry Fox medium [Terry Fox
Laboratory, Vancouver, B.C., Canada],
and incubated for 14 days at 37°C in a
humidified atmosphere of 5% CO, in
air. At the end of this incubation pe-
riod, colonies were scored using an in-
verted microscope.

Under appropriate culture conditions
[see above], 2 x 10° nucleated bone
marrow cells yield 92+8.8 burst-forming-
unit erythroid (BFU-E), 46.4 £ 3.4
colony-forming-unit granulocyte and
macrophage (CFU-GM), and 59+ 0.9
colony-forming-unit granulocyte, eryth-
rocyte, macrophage and megakaryocyte
(CFU-GEMM) (Table H1.3).

CLINICAL TRANSPLANTATION

A total of 19 patients have received
simultaneous donor bone marrow and
whole organ transplantation between
June 1992 and October 1993 at the

University of Pittsburgh Medical Cen-
ter (Table H1.4). The first two liver re-
cipients were conditioned with a single
dose [500 and 550 cGy respectively] of
total lymphoid irradiation (TLI) prior to
transplantation. Due to an unfavorable
clinical outcome in one of these patients,
prior TLI conditioning regimen was
abandoned. All subsequent transplants
were done without any cytoreductive or
cytoablative conditioning of the recipi-
ents. Autologous bone marrow was
harvested from the iliac crest of all re-
cipients prior to transplantation and cryo-
preserved, in the event that host immuno-
hematopoietic reconstitution would be
required. Patients transplanted with
donor bone marrow and various whole
organs, without prior conditioning in-
clude; liver [n=5], liver + islets [n=1],
kidney [n=7], kidney + islets [n=2], heart
[n=1] and small bowel [n=1]. Immedi-
ately after whole organ transplantation,
3 x 108 donor bone marrow cells/kg body
weight of the recipient, were infused
through a central intravenous line. All
recipients received routine immuno-
suppression with FK506 and Prednisone.
The presence of donor cells [chimerism]
was evaluated in the recipient’s peripher-
al blood lymphocytes [PBL], weekly in
the first month and monthly thereafter.
For immunohistochemical identification
of donor cells [by FACS® and cytospins],
donor and recipient-specific anti-MHC
class I monoclonal antibodies were used,
whereas for PCR, donor and recipient-
specific DR-probes were used. In occa-
sional male to female organ recipients
[n=4], the presence of Y chromosome
in the recipient was also analyzed by
PCR and in situ hybridization. The pre-
transplant and monthly in vitro immune
status of the recipient was monitored by
mixed lymphocyte reaction [MLR] and
cell mediated lymphocytotoxicity [CML]
assays. Recipients of whole organ trans-
plants alone were also monitored as
controls.

Bone marrow infusion was unevent-
ful in all patients, although both of the
patients who received TLI conditioning
prior to bone marrow and liver trans-
plantation had a very turbulent post-
operative course. One of them devel-
oped Grade 111 graft-versus-host-disease
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[GVHDY], which necessitated re-infusion
of cryopreserved autologous bone mar-
row.”? He subsequently lost all graft func-
tion and had to rescued with a re-trans-
plant. He eventually succumbed from
complications of intestinal perforation.
All patients in the non-TLI group are
doing fine and are chimeric. On the
other hand, donor cells are barely de-
tectable in patients in the control group
[organ transplant alone] 4 weeks after
transplantation. A variable degree of
immunomodulation was also seen in
patients in the study group, with some
losing all donor-specific reactivity weeks
after transplantation, and others main-
taining proliferative response both
against the donor and third party stimu-
lators months after transplantation. Two
patients in the non-TLI group developed
mild asymptomatic skin rash [both re-
cipients of liver allografts], shown on
skin biopsy to be a GVH reaction. The
rash was gone in 2-3 weeks without
additional treatment in one patient, and

References

an increase in coticosteroids in another
patient. Eight out of 17 patients in the
study group also developed mild to
moderate acute cellular rejection, which
was treated by an increase in the dose
of their routine immunosuppression.

CONCLUSIONS

Vertebral bodies from cadaveric do-
nors are a reliable source of bone mar-
row,”® used routinely at our center for
cell augmentation studies. Their harvest-
ing is compatible with multi-organ pro-
curement, providing a higher cell yield.
Furthermore, bone marrow obtained
from the VB has a much lower blood-
borne mature lymphocyte contamina-
tion™*¥ and the number of progenitor
cells isolated are comparable to that
from the iliac crest.®®** Its use in 19
patients who received combined donor
bone marrow and whole organ trans-
plantation was uneventful, with evidence
of engraftment without the necessity of
prior cytoreduction.#%

1. Ferrebee JW, Atkins L, Lochte HL et al. The collection, storage and preparation of
viable cadaver marrow for intravenous use. 1959; Blood 14:140-7.

2. Ray RN, Cassell M and Chaplin H. A new method for the preparation of human
cadaver bone marrow for transfusion. 1964; Blood 17:97-108.

3. Thomas ED and Storb R. Technique for human marrow grafting. 1970; Blood 36:507.

10.

11.

12.
13.
14.
15.

. O’Reilly RJ. Allogeneic bone marrow transplantation: current status and future direc-

tions. 1983; Blood 62:941-64.

. Almaraz R, Ballinger W, Sachs DH, Rosenberg SA. The effect of peripheral lymphoid

cells on the incidence of lethal graft versus host disease following allogeneic mouse
bone marrow transplantation. 1983; J Surg Res 34:133-44.

. Sharp TG, Sachs DH, Mathews JG et al. Harvest of human bone marrow directly from

bone. J Immun Meth 1984; 69:187-195.

. Lucas PJ, Quinones RR, Moses RD, Nakamura H, Gress RE. Alternative donor sources

in HLA-mismatched marrow transplantation: T cell depletion of surgically resected
cadaveric marrow. Bone Marrow Transp 1988; 3:211-20.

. Gress RE, Bare C, Lucas PJ et al. Efficacy of T cell depletion of surgically resected

cadaveric marrows by monoclonal antibodies: considerations in HLA-mismatched
marrow transplantation. 1990 Bone Marrow Purging and Processing:471-89, Alan R
Liss, Inc, New York.

. Billingham RE, Brent L., Medawar PB. “Actively acquired tolerance” of foreign cells.

Nature 1953; 172:603-6.

Slavin S, Strober S. Fuks Z, Kaplan HS. Induction of specific tissue transplantation
tolerance using fractionated total lymphoid irradiation in adult mice. Long term sur-
vival of allogeneic bone marrow and skin grafts. J Exp Med 1977; 146:34-48.

Slavin S, Reitz B. Bieber CP, Kaplan HS, Strober S. Transplantation tolerance in adult
rats using total lymphoid irradiation: permanent survival of skin, heart and marrow
allografts. ] Exp Med 1978; 147:700-7.

Sykes M, Sachs DH. Mixed allogeneic chimerism as an approach to transplantation
tolerance. Immunol Today 1988; 9:23.

Sharabi Y, Sachs DH. Mixed chimerism and permanent specific transplantation toler-
ance induced by a nonlethal preparative regimen. J Exp Med 1989; 169:493.

Smith CV, Rosengard BR, Guzzetta PC, Nakajima K, Sachs DH. New approaches to
transplantation tolerance. Transp Proc 1991; 23:2157-61.

Rappaport FT. Immunologic tolerance: irradiation and bone marrow transplantation
induction of canine allogeneic unresponsiveness. Transp Proc 1977; 9:891.

Section H: Bone, Cartilage and Muscle

621



622

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

39.

40.
41.

42.

43.

. Rappaport FT, Bachvaroff RJ, Mollen N et al. Induction of unresponsiveness to major

transplantable organs in adult mammals. Ann Surg 1979; 190:461-73.

. Myburgh JA, Smit JA, Hill RH and Browde S. Transplantation tolerance in primates

following total lymphoid irradiation and allogeneic bone marrow injection. Transp
1980; 29:405-8.

Myburgh JA, Meyers AM, Thomson PD et al. Total lymphoid irradiation—current
status. Transp Proc; 21 :826-28.

Monaco AP, Wood ML, Maki T et al. Attempt to induce unresponsiveness to human
renal allograft with antilymphocyte globulin and donor-specific bone marrow. Transp
Proc 1985; 17:1312.

Caridis DT, Liegeois A, Barret I, Monaco AP. Enhanced survival of canine renal
allografts of ALS-treated dogs given bone marrow Transp Proc 1973; 5:671.
Monaco AP, Clark AW, Wood ML et al. Possible active enhancement of a human
cadaver renal allograft with antilymphocyte serum (ALS) and donor bone marrow:
case report of an initial attempt. Surgery 1976; 79:384.

Hartner WC, DeFazio SR, Maki et al. Prolongation of renal allograft survival in
antilymphocyte-serum-treated dogs by postoperative injection of density gradient
fractioned bone marrow. Transp 1986;42:593.

Thomas J, Carver M, Foil B et al. Renal allograft tolerance inducted with ATG and
donor bone marrow in outbred rhesus monkeys. Transp 1983; 36:104.

Thomas J, Carver M, Cunningham P et al. Promotion of incompatible allograft accep-
tance in rhesus monkeys given posttransplant antilymphocyte globulin and donor bone
marrow: [. In vivo parameters and immunohistologic evidence suggesting
microchimerism. Transp1987; 43:332.

Thomas JM, Carver MF, Cunningham PRG et al. Kidney allograft tolerance in primates
without chronic immunosuppression-the role of veto cells. Transp 51: 1991; 198-207.
Starzl TE, Demetris AJ, Murase N et al. Cell migration, chimerism and graft accep-
tance. Lancet 1992; 339:1579-1611.

Starzl TE, Demetris AJ, Trucco M, Murase N, Ricordi C et al. Cell migration and
chimerism after whole-organ transplantation: the basis of graft acceptance. Hepatology
1993; 17:1127-52.

Barber WH, Diethelm AG, Laskow DA et al. Use of cryopreserved donor bone marrow
in cadaver kidney allogrfat recipients. Transp 1989; 47:593.

Barber WH, Mankin JA, Laskow DA et al. Long term results of a controlled prospec-
tive study with transfusion of donor-specific bone marrow in 57 cadaveric renal al-
lograft recipients. Transp 1991; 51:70-5.

Starzl TE, Miller C, Broznick B, Makowka L. An improved technique for multiple
organ harvesting. Surg Gyn Obs 1987; 165:343-8.

Strong M. Seattle protocol: Vertebral body recovery for bone marrow. 1992 (PRO-
550G). 1-5.

Ricordi C, Tzakis AG, Demetris AJ et al. Reverse of graft versus host disease with
infusion of stored autologus bone marrow cells following combined liver-bone marrow
allotransplantation in man. Transp Science: 1993.

Batinic D, Pavletic Z, Kolevska T et al. Lymphocyte subsets in normal human bone
marrow harvested for routine clinical transplantation. Bone Marrow Transp 1989; 4:229-32.
Batinic D, Marusic M, Pavletic Z et al. Relationship between differing volumes of bone
marrow aspirates and their cellular composition. Bone Marrow Transp 1990; 6:103-7.
Janossy G, Tidman N, Papageorgiu ES et al. Distribution of T lymphocytes subsets in
the human bone marrow and thymus: an analysis with monoclonal antibodies. J Immunol
1981; 126:1608-13.

. Neudorf SML, Le Bien TW, Bollum F, Kersey JH. Double fluorochrome analysis of

human bone marrow lymphoid cells: studies with terminal transferase and anti-T-cell
monoclonal antibodies. Exp Hematol 1984; 12:69-73.

. Clark P, Normansell DE, Innes DJ, Hess CE. Lymphocyte subsets in normal bone

marrow. Blood 1986; 67:1600-06.

. Civin CI, Trischmann TM, Fackler MJ et al. Report on CD34 cluster workshop, In:

Leucocyte Typing IV. White cell differentiaton antigens, Oxford: Oxford University
Press, 1989,818.

Visser JWM, Van Bekkum DW. Purification of pluripotent hemopoietic stem cells:
past and present. Exp Hematol 1990; 18:248.

Landsorp PM. Subpopulations of cells that express CD34. Blood 1989; 774(Suppl.1).
Sutherland HJ, Eaves AC and Eaves CJ. Quantitative assays for human hemopoietic
progenitor cells. Bone Marrow Processing and Purging, 1992; 1992; 155-170.

Martin PJ. Determinants of engraftment after allogeneic marow transplantation. Blood
1992; 79:1647-50.

Harrison DE. Competetitive repopulation in unirradiated normal recipients. Blood
1993; 81:2473-4.

Methods in Cell Transplantation



APPENDIX | C: EQUIPMENT FOR BONE MARROW
ISOLATION
A: EQUIPMENT REQUIRED FOR

HUMAN VERTEBRAL BODY * Sterile Wraps

HARVESTING * Large Stainless Steel Basin
* Straight Osteotome [1.25" wide] * Medium Stainless Steel Basin
e Curved Osteotome [1.25" wide] * Sterile Scalpel Blades
* Mallet ¢ One Mallet
* Scissors ¢ Straight Osteotome 1 1/4"
* Forceps * Scissors
* Procurement Solution [1L] ¢ Forceps
* Betadine ¢ Sterile Gauze

* Normal Saline [3L]

Processing Solution [1L]

e Sterile Jars [Nalgene] 10cc Disposable Syringes
Needles [16 G]

40 ml Aerobic Culture Bottles
[Organon Teknika, Durham, NC]

¢ Protective Face Shield

¢ Organ Transport Container

B: BA .
CK TABLE EQUIPMENT e 40ml Anaerobic Culture Bottles

¢ Straight Osteotome [Organon Teknika, Durham, NC]

¢ Mallet ¢ Protective Face Shield

* Scissors D: EQUIPMENT FOR LAMINAR FLOW

* Forceps HooD

e Sterile Jars [Nalgene] e Sterile Wraps

e Large Basin * Basins [medium]

* Sterile Plastic Bags . Rong;aurs (2-Large/2-Medium/2-
Small

* Sterile Gauze

* Sterile Jars [Nalgene]

* Stainless Steel Container
* Stainless Steel Jars

e Stainless Steel Sieves [Pore Size 180
& 425 pm]

e Stainless Steel Racks For 250ml
Conical Tubes

* Sieve Pans

* Conical Tubes [250ml]
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APPENDIX 1l

SOLUTION 1: PROCUREMENT SOLUTION

* Dulbecco’s Modified Eagle’s Medium 500ml
e Human Serum Albumin [25%] 50ml
¢ Bacitracin [50,000 U] S5ml
e Polymixin B [500,000 U] Sml
e Heparin [1000 U/ml] 10ml
¢ Hepes Buffer [IM] 12.5ml

SOLUTION 2: PROCESSING MEDIUM
¢ X-Vivo 10* [BioWhittaker, Walkersville, Md.]  1000ml

¢ Human Serum Albumin [25%] 100mi
¢ Bacitracin [50,000 U] 10ml
¢ Polymixin B [500,000 U] 10ml
* Heparin [1000 U/ml] 10ml

SOLUTION 3: RESUSPENSION MEDIUM

* RPMI 1640 1000ml

e Human Serum Albumin [25%] 100m!

* Gentamicin (50 mg/ml) 10ml

¢ Heparin (1000 U/ml) 10ml

s Hepes Buffer [IM] 25ml
* modified

624 Methods in Cell Transplantation



