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Abstract
There has been an increasing interest in the
sources of hematopoietic and mesenchymal
stromal (stem) cells (MSCs) and their respective
subpopulation from the human bone marrow.
Vertebral bodies (VBs) from deceased donors
represent a useful source for large scale production of the above mentioned cell products for
clinical and research applications. The Standard Operating Procedure (SOP) utilized at the
cGMP Human Cell Processing Facility of the
Cell Transplant Center and Diabetes Research
Institute at the University of Miami is presented
below. This SOP has been used to manufacture
cellular products for clinical and research applications at the University of Miami and at
remote sites as part of cellular product distribution programs, including NIH clinical trials for
tolerance induction in organ transplantation.
INTRODUCTION
Vertebral bodies from deceased donors represent
a useful source for large scale production of hematopoietic, mesenchymal stem cells (MSCs), as
well as subpopulations of human bone marrow
(BM)-derived cells for clinical and research applications1-87. Similar protocols have been utilized
for generation of BM-derived cellular products in
pre-clinical model systems88-97.
At the time of organ retrieval, the vertebral column (VC) is procured from multiorgan donors at the
end of other organ procurement and placed in pro1

curement media (PM)98. Approximately 10-12 VBs
are obtained from a VC and processed to extract the
bone marrow cells99. Our extensive experience with
VB processing indicates that over 30 billion nucleated donor cells can consistently be obtained from this
number of vertebrae. The composition of the PM
(manufactured by Mediatech, Inc., Herndon, Virginia) is: DMEM, 2.5% HSA, 50 units/ml Bacitracin, 500 units/ml Polymyxin, 2 mM HEPES and 10
units/ml of Heparin (sodium injection, Elkins Sinn,
Inc., Cherry Hill, NJ) are added prior to use100. The
VC is transported to the laboratory. Upon arrival, a
sample of the procurement media is taken for microbiological analysis then VC is removed from the
procurement media and dipped into Betadine solution. VC is wiped with sterile gauze to remove residual Betadine, followed by rinsing in sterile RPMI
1640 medium. Soft tissue is removed and VC is split
through the intervertebral discs into VBs. Cleaned
VBs are divided along the sagittal cranio-caudal
axis, placed in a sterile beaker and weighed. The
vertebral disks are discarded and VBs are cleaned
from soft tissues and chopped into smaller pieces.
The resulting bone chips are placed into Processing
& Re-suspension media (PRM) consisting of RPMI1640, Calcium/Magnesium and Phenol Red free,
with 25 mM Hepes which contains 2.5% HSA, 0.4
mg/ml of Gentamycin, 10 units/ml Heparin (sodium
injection, American Pharmaceutical Partners, Inc.,
Los Angeles, CA) and 2.5 μg/ml DNAse (Dornase
alfa, Pulmozyme, Genentech, Inc. San Francisco,
CA). The bone chips are processed using an automated oscillating bone grinder (Biorep, Miami,
FL)101-103. The grinder is utilized to crush bone chips,
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reducing them to fragments. The bone fragments
emerging from the machine are placed in PRM
(RPMI-1640, Calcium/Magnesium and Phenol Red
free, with 25 mM Hepes containing 2.5% HSA, 0.4
mg/ml of Gentamycin, 10 units/ml Heparin, and
0.8 µg/ml of DNAse), and filtered through a 425
and 180 µm sieve assembly. The cells are collected
into PRM and set aside at room temperature. Bone
fragments recovered from the sieve are placed into
a Nalgene jar containing PRM, and the jar is gently
shaken (using bone marrow shaker/tumbler) for 30
minutes, to allow for passive release of bone marrow
cells from the trabecular framework of the VBs. The
resulting suspension is once again filtered through
the 425 and 180 µm sieve assembly, followed by
centrifugation of cells and collection of retained
bone fragments. Bone fragments remaining on the
sieve are collected into a Nalgene jar with PRM
and are gently shaken for an additional 30 minutes.
When this cell suspension is collected through the
425 and 180 µm sieve assembly, all cell suspensions
are combined. In order to deplete minute fragments
of bone, the cell suspension is centrifuged until the
rotor reaches 150xg; at which point the cell suspension and the loose pellet containing the minute
bone fragments and chips are separated. The resulting cell suspension is filtered through a 170 µm
blood filter (Y-Type Blood Set, McGaw, Inc, Irvine,
CA, USA) in order to eliminate cell clumps and
bone fragments104,105. An automated cell count using
Coulter AcT Diff (Beckman-Coulter Corp., Miami,
FL) or a manual cell count (following red blood cell
lysis) is performed to obtain a nucleated cell count;
cell viability is determined by Trypan Blue exclusion dye. Representative aliquots are collected for
microbiological assessment, determination of Endotoxin content, cellular composition and functional
capacity. Residual vertebral body trabecular bone
chips can be further treated by mechanical and/or
enzymatic digestion to extract additional adherent
cellular components. The cell products obtained are
then ready for further processing, cryopreservation
and eventual utilization in selected clinical and research applications.
Human Vertebral Body Marrow Processing
Standard Operating Procedures
PURPOSE: To outline the process for separation
of human bone marrow cells (BMC) from vertebral bodies (VB) obtained from deceased donors.

RESPONSIBILITY: It is the responsibility of the
Operations Director or designee to train cGMP
Facility personnel responsible in the execution of
this procedure.
SCOPE: This Standard Operating Procedure
(SOP) applies to all trained cGMP Facility personnel.
I. GENERAL CONSIDERATIONS
• This procedure must be performed using sterile/aseptic technique 106 , 107. This will involve
working within a Biological Safety Cabinet(s)
(BSC). Refer to the relevant SOPs for “Sterile/
AsepticTechnique” and “Use and Cleaning of
Biological Safety Cabinets”.
• Refer to the relevant SOP for “Donor Eligibility
Criteria”, which describes the donor acceptance
and outlines the necessary testing requirements
for allogeneic multiorgan donors, as appropriate
for the selected applications.
• Donor testing must be performed by the testing
laboratory qualified, licensed and registered by
the FDA and acreddited by the CLIA.
• Donors are assessed for
– Infectious disease markers
– ABO group/Rh type
– HLA compatibility
– Red Cell compatibility
Testing results must be documented on relevant
SOP, “Request for Processing: Cellular Products of Hematopoietic and Other Origin”.
• VBs can be received from a number of Organ Procurement Organizations (OPO), local or remote.
• If VBs are provided by the local OPO, whose
personnel will notify the on-call person when
VBs are available for pick up. It is the responsibility of the cGMP personnel to pick up the
tissue that become available.
II. DEFINITIONS
A. Vertebral Bodies – The bony segments of the
spinal column which are separated by intervertebral disks and cartilage (Figure 1). The origin
is human deceased donors.
B. HBM Number – The unique alphanumeric designation for a human bone marrow (the product
source is the vertebral column from a deceased
donor) product processed in the cGMP Facility. The abbreviation HBM stands for “Human
Bone Marrow” followed by 4-5 numbers.
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Figure 1. Vertebral column.

III. PROCESS OUTLINE
The process outline is summarized in Figure 2.

IV. MATERIALS & EQUIPMENT
A. Reagents
	NOTE: Only media with the tamper-proof seal
present can be used for processing.
	NOTE: Processing, Resuspension Media, as
well as Transplant/Freezing media will be prepared in-house, using RPMI-1640 (Ca2+/Mg2+,
phenol red free) as the base solution.

• Betadine
•	RPMI-1640, Ca2+/Mg2+ free, without phenol
red, pH 7.4 (Corrning/Mediatech)
•	
Procurement media (0.9% Sodium Chloride,
Normal Saline, injection grade), 500 ml (Corning/Mediatech)
•	Hepes, 1 M (Corning/Mediatech)
•	25% Human Serum Albumin, from Bayer or
equivalent
•	Glutamax, 200 mM (Gibco)
•	Gentamycin USP, 40 mg/ml
•	Heparin, 1000 U/ml, preservative-free, single
use vial, or
•	
DNAse (Dornase Alfa recombinant Pulmozyme), 1.0 mg/ml, 2.5 ml

Figure 2. Process outline.
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B. Equipment
•	Biological Safety Cabinets (BSC)
•	Table
•	Refrigerated centrifuge
•	
Bone marrow processing machine (Biorep
Technologies)
•	Bone marrow shaking machine (Biorep Technologies)
•	Tube heat sealer
•	Sterile connection device
•	Balance
•	Timer
•	Microscope
•	AcT Diff Analyzer (Blood Cell Counter)
•	Vacuum pump
•	Pipette aid
•	pH meter
•	Refrigerator
C. Instruments & Non Disposables
•	Ringstand
•	Sterile Human Bone Marrow Isolation pack for
the table containing the following items:
1. Sterile large stainless steel tray (1)
2. Sterile medium stainless steel tray (1)
3. Sterile stainless steel bowls (2)
4. Instrument tray containing the following items:
		 – Large Rongeurs (2)
		 – Medium Rongeurs (2)
		 – Small Rongeurs (2)
		 – Scissors (4)
		 – Forceps (4)
		 – Mallet (1)
		 – Straight osteotome, 1 ¼”
5. Gauze
•	Sterile Human Bone Marrow Processing Machine pack for BSC #1, containing the following
items:
		 – Small rectangular stainless steel tray
		 – Oscillating grinder
		 – Stationary chamber
		 – Plunger
		 – Sterile Gauze
•	Sterile Human Bone Marrow filter pack for
BSC #2, containing the following items:
1. Stainless steel rack
2. #40 stainless steel sieve (425 μm)
3. #80 stainless steel sieve (180 μm)
4. Stainless steel sieve pan (2)
5. Stainless steel beaker (1)
6. Stainless steel paddle (2)

•	Clean curtain around table
•	Sterile translucent Nalgene jars (2)
•	Sterile opaque Nalgene jar (2)
•	Metal Paddle for spinning the bone chips (1)
•	Sterile stainless steel pan (1)
•	Sterile stainless steel bowl (1)
•	Large plastic gray bin (1)
•	Sterile autoclaved chain gloves (2 to 3 pairs)
D. Disposables (or equivalent)
•	Sterile handwashing scrubs (sponges)
•	Disinfectant of the month
•	Sterile half-sheet drapes (4)
•	Sterile 4×4 gauze
•	Sterile Scoop
•	Sterile conical tubes: 250 ml, 15 ml
•	Sterile cryovials, 2 ml
•	Sterile syringes: 10 ml, 60 ml
•	Sterile needles, 18 gauge for blood products
•	Sterile needles, 20-22 gauge for reagents
•	Sterile Y-type blood set,170 micron filter (B.
Braun Medical, Inc)
•	Sampling site couplers
•	Sterile disposable scalpels (12-15)
•	Sterile pipettes: 1 ml, 10 ml, 25 ml, aspirating
5 ml
•	Sterile glass beakers: 1 L, 600 ml
•	Sterile surgical gowns, shoe covers, head cover,
mask and face shield
•	Sterile surgical gloves
•	Ear plugs
•	Sharps containers
•	Red biohazard bags
•	Vacuum collection flask with 2 associated sterile tubing sets
•	Transport vials and media for anaerobic, aerobic and fungal cultures, and other designated
transport containers for endotoxin testing supplied by Reference Laboratory (refer to relevant
SOP, “Contaminant and Sterility Testing for
Human Hematopoietic Products”).
E. Attachments
•	SOP HCPF-001, Attachment I, ““Human Vertebral Body Marrow Processing Form”
•	SOP HCPF-001, Attachment II, “Vertebral
Body Marrow Summary Form”
•	SOP HCPF-001, Attachment III, “Media Preparation Form: Bone Marrow Processing and Resuspension Media”
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V. LIMITATIONS OR SPECIAL
CONSIDERATIONS
1. If the final product is intended for transplant, a
request for processing must be obtained by the
cGMP Facility before product processing can
begin, as described in relevant SOP, “Request
for Processing: Cellular Products of Hematopoietic and Other Origin”. If recipient is unknown
at the time the request form is received at the
cGMP Facility, the form will be completed by
the requesting physician, as soon as the intended recipient is selected.
2. DNAse (Dornase Alfa recombinant Pulmozyme) must be protected from light, and stored
@ 2-8°C.
VI. PROCEDURE
A. Laboratory Preparation
1.	Document the receipt of VBs from an OPO as
described in the relevant SOP, “Receipt & Log
of Human Organs, Tissue, Bone Marrow Blood
& Blood Products”
2.	
Proper preparation for this procedure is essential to maintain sterility, and to allow the
process to flow smoothly and expediciously.
Therefore, all items used during processing,
should be prepared and placed as indicated, prior to processing. However, media should not be
removed from the refrigerator until it is needed.
3.	For “Scrubbing & Gowning Procedure”, refer
to relevant SOP.
4.	Enter the clean room, Hematopoietic Cell Processing Facility, (HCPF) and perform the following tasks:
a.	Prepare BSC #1, 2, 3 according to relevant
SOP, “Use and Cleaning of Biological Safety
Cabinets”. Insure the blowers are on in all
BSC units.
b.	
Place two biohazard bags (place one bag
inside another) in each large red waste bin,
and a sharps container under each BSC.
NOTE: Double bagging must be done for
safety purposes.
c.	If the central vacuum system is not operational, assemble the vacuum collection system as follows:
		 –	Attach one end of the vacuum tubing to
the right side port of the pump and the
other end to the “vac” valve of the collection flask.
		 –	Attach one end of the second set of vac-

5

uum tubing to the collection flask at the
“patient” opening, and squeeze the tubing
at the other end into one of the metal slots
at the side of the BSC.
d.	Record manufacturers, lot numbers and expiration dates of all reagents, autoclavables,
and disposables used on SOP HCPF-001, Attachment I, “Human Vertebral Body Marrow
Processing Form”.
e.	Obtain the following items and place them
on a counter, for distribution to the appropriate areas, as described below:
		 – 	
Sterile Human Bone Marrow Isolation
Pack
		 – 	
Sterile Human Bone Marrow Pack for
filtering (in BSC #2)
		 – 	
Sterile Human Bone Marrow Pack for
processing machine (in BSC# 1) and all
the items listed below in section IV. B.
		 – 	All items listed in section IV. C. “Disposables”
B.	BSC & Bone Marrow Processing Machine
Set Up
1.	Remove the outer plastic bags from 4 sterile
half sheets without touching the inner packaging; place one in each BSC, and one on the
table.
2.	In each BSC, place a sterile half sheet, so that
the half sheet completely covers the sterile surface of the BSC (vented areas of BSC should
remain uncovered).
3.	Remove the curtain from its package, and hang
it over the table by connecting the snap-on buttons.
4.	After putting on another pair of sterile gloves,
remove a half sheet from its inner packaging on
the table and cover the table completely with it.
5.	Open the outer wrapping of the bone marrow
isolation pack. Open the inner (sterile) wrapping, and place the pack directly on the table.
6.	Open the outer wrapping of the processing and
the filter pack, and place it in BSCs #1 & 2, as
described in the section C. Assemble the sieves
so that the #40 sieve sits on top of the #80 sieve,
with the sieve pan placed underneath.
7.	Use the human bone marrow processing machine pack (BSC #1) to assemble the machine
as follows:
a.	Slide the oscillating grinder over the protruding column (line up the groove on the
column with the matching space on the
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Figure 3. Set up of the Table.

grinder) until it touches the base of the machine. Loosely tighten the grinder by turning
the large round knob, located in the back of
the machine counterclockwise.
b.	
Slide the chamber through the support
bracket attached to the machine, so that the
grooves interlock with those on the grinder
(you may need to slide the grinder left or
right on the arm, to allow the teeth to line
up properly).
c.	Loosely tighten each of the two black handles on the left side of the machine by
turning them counterclockwise. This secures
the mechanism to the base of the machine.
NOTE: These black handles are NOT sterile
and, therefore, must be handled using sterile
gauze.
d.	Change gloves before proceeding to the next step.
Distribute the remaining items to the following
areas (refer to the enclosed diagrams for the Setup of the Table & BSC working areas):
a.	Table (Figure 3):
		 1. Translucent Nalgene jars (2)
		 2. Scalpels, disposable, sterile (12)
		 3. Syringe, 10 ml (1) with needle, 20 g (1
		 4.	Tubes for microbiology (aerobic, anaerobic, fungal)
		 5.	Rectangular Pans (2-4)
		 6. Rongers & scissors
		 7. Sterile chain gloves
		 8. Sterile gauze, 4×4
b.	BSC #1 (Figure 4):

1. Sterile scoop
2. Sterile gauze 4×4
3. Sterile bowls (2)
4. Bone Marrow Machine
5. Bone Marrow Machine Pack
6. Round Pan
c.	BSC #2 (Figure 5):
		 1.	Nalgene jar, opaque (1)
		 2.	Metal Paddle for the opaque Nalgene jar
(1)
		 3.	Metal beaker (1)
		 4.	Round pan (1)
		 5.	Sieve, # 40 (425 μm) (1)
		 6.	Sieve, #80 (180 μm) (1)
		 7.	Conical tubes, 250 ml (2 packs)
		 8.	Sterile racks, 250 ml (3)
		 9.	Sterile gauze 4×4
		 10.	Sharpie Marker
		 11.	Aspirating pipettes (20)
		 12.	Pipettes, 10 ml (20)
		 13.	Pipettes, 25 ml (3)
		 14.	Pipettes, 1 ml (3)
		 15.	Pipet aid, placed on the outer edge of the
BSC (1)
		 16.	Syringes, 10 ml (3)
		 17.	Needles, 18 gauge (3) for blood products
		 18.	Needles, 20 gauge (3) for reagents
		 19.	Flask/beaker, 2 L (1)
d. BSC#3 (Figure 6):
		 1.	Sterile gauze, 4×4
		 2.	Marker, Sharpie
		 3.	Syringes, 10 ml (2)
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Figure 4. Set up of BSC#1.

Figure 5. Set up of BSC#2.

Figure 6. Set up of BSC#3.
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4.	Needles, 18 gauge (2) for blood products
5.	Needles, 20 gauge (2) for reagents
6.	Syringe, 60 ml (1)
7.	Heparin, preservative-free for the final
product (20 vials)
8.	DNAse (bring DNAse out when ready to
prepare the media) (4 vials)
9.	Transfer bag, 2 L (1)
10. Y-type blood set (1)
11. Cobe coupler (1)
12. Ring stand (1)
13. Alcohol wipes

		
		
		
		
		
		

C. Media Preparation for Processing
1.	
Initiate SOP HCPF-001, Attachment III,
“Bone Marrow Processing & Resuspension”
form while preparing media.
2. Prepare media in BSC #3:
•	
Processing & Resuspension Media, prepare
5-7 x 1L bottles. Document on SOP HCPF001, Attachment III.
For eah liter of media, add the following reagents:
		 a.	RPMI-1640, 1L (Ca2+/Mg2+, phenol red
free)
		 b.	Human Serum Albumin, 25%, 100 ml
		 c.	Heparin (10 ml of 1,000 U/ml vial or 1
ml of 10,000 U/ml vial)
		 d.	Gentamycin, 40 mg/ml, 10 ml
		 e. HEPES,1 M, 2 ml
3.	Heparin is added at a concentration of 10
units/ml, the bottle of media is 1,000 ml.
Therefore, add 10,000 units of Heparin for
every 1 L bottle of media.
NOTE: Preservative-free Heparin is supplied in a concentration of 1,000 units/ml.
4.	Prepare 2 x 1L bottles of media, each containing one vial (2.5 mg) of DNAse.
	
NOTE: The concentration of DNAse is 1.0
mg/ml with 2.5 ml of solution per vial. Each
vial, therefore, contains 2.5 mg of DNAse
(refer to Section IV, above).
5.	P repare the other 3-5 1 L bottles of media using approximately two-thirds of a
DNAse vial or 1.66 ml of DNAse, i.e. each
liter of media will contain ⅔ of a vial of
DNAse.
6.	Label all bottles of prepared media as soon
as Heparin and DNAse are added. The label
must include initials of the person preparing
media, and the date of preparation and expiration.

D. Vertebral Body Cleaning
1.	Aseptically, fill one jar placed on the table with
approximately 500 ml of Betadine.
2.	Aseptically, fill the other jar placed on the table
with approximately 500 ml of RPMI-1640.
3.	Add 500 ml of Processing/Resuspension Media
containing Heparin and two vials of DNAse
(2.5 ml), to the stainless steel bowl previously
placed on the table.
4.	Remove the bowl containing the jar with VBs
from BSC and place it on the counter. Confirm
that the UNOS number on the bag which holds
the jar with VBs, matches the product label,
donor chart, and the organ on-call sheet (refer
to relevant SOP, “Donor Eligibility Criteria”)
before proceeding. Confirm that all serology
results are negative.
5.	Open the bag containing the Nalgene jar with
the media and VBs, and thoroughly wipe it
using an alcohol wipe.
6.	Transfer the Nalgene jar containing the VBs
to the table. WARNING: A face shield and a
metal glove must be worn prior to VB cleaning
and chopping. In addition, the use of earplugs
is strongly recommended.
7.	
Obtain a sample for microbiological assessment
from the VB procurement solution (Sx 1) as follows:
a.	Remove the lid from the Nalgene jar containing the VBs
b.	
Using the 10 ml syringe with 20 g needle
placed on the table earlier, withdraw a 10 ml
sample (Sample #1) from the procurement media. Refer to relevant SOP, “Contaminant and
Sterility Testing for Hematopoietic Products”.
8.	Wash the VBs in Betadine and RPMI-1640 as
follows:
a.	Remove VBs from the Nalgene jar and immerse them in the jar containing Betadine
for 3-5 seconds, but not longer.
b.	Remove VBs from Betadine; transfer and
wash them in the jar containing RPMI-1640.
If a significant amount of Betadine is still
left clinging to a VB, rinse again in fresh
RPMI-1640.
c.	
Keep VBs in RPMI-1640, completely immersed, until they are processed. Do not
allow them to dry.
9.	Put on a sterile chain glove over sterile disposable gloves on the opposite hand you use to cut
with.
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10.	Use a scalpel to separate vertebral bodies in the
column by cutting through the intervertebral
discs. Discard scalpels in the sharps container
after use.
11.	Place an individual VB on a piece of sterile
gauze.
12.	Use a scalpel to remove the intervertebral disc
on each side of a VB.
13.	Use scissors to aid in the removal of the disc,
especially around the perimeter of the VB.
14.	Use a scalpel, ronguers and/or scissors to remove any fat, muscle, and connective tissue on
and around the VB. Do not let VBs dry out,
always return them to the liquid after cleaning.
15.	Count the number of VBs after they are cleaned,
and enter this data on SOP HCPF-001, Attachment I, “Human Vertebral Body Marrow Processing Form”.
16.	Once VBs are cleaned, they must be chopped
into smaller pieces. Use the osteotome and mallet
to chop each VB into approximate 1 cm2 pieces.
17.	Place all the pieces in the stainless steel bowl
containing Processing/Resuspension media
with Heparin and DNAse.
18.	Place the Nalgene jar on the balance and tare.
Transfer the VB pieces from the stainless steel
bowl to the pre-tared jar placed on the balance,
and weigh. Record the data on SOP HCPF-001,
Attachment I.
	
NOTE: Weigh only VBs, not the media in the
bowl.
19.	Add approximately 300 ml of Processing media
to the stainless steel bowl, located in BSC #1,
and add chopped VBs to the bowl.
E. Automated Chopping of Vertebral Bodies (VB)
1. Using a piece of sterile gauze, turn the bone
marrow machine on. The speed should be set
to 50-60.
2. Place the stainless steel sieve bowl under the
oscillating grinder to catch the chips as they are
being processed.
3. Place 4-5 VB pieces into the chamber at a time.
4. Pieces will usually be ground automatically:
when this does not happen, use the plunger to
push the pieces through the grinder. Do not
apply constant force on the plunger. Allow the
pieces to move freely from time to time.
5. If pieces become lodged in the teeth of the
grinder, turn the machine off and try to clear
chamber with scissors.
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6. Make sure processed chips are immersed in
Processing/Resuspension Media (this media
contains Heparin and 2.5 mg of DNAse). Use
the sterile scoop to evenly distribute the chips
throughout the sieve pan.
7. Once all VB pieces are processed, thoroughly rinse the chamber and transfer the
bowl containing the bone chips to BSC #2.
F. VB Processing
1.	Aseptically, pour the Processing/Resuspension
media that contains the bone chips into the #80
sieve using sterile technique.
2. After all media is passed through the sieve
assembley, rinse VB chips using additional
Processing media and, aseptically, transfer everything from the sieve pan to a stainless steel
beaker. Place the sieve with the bone chips on
an empty round pan to collect residual media.
3. Aseptically, pour the collected media from the
stainless steel beaker into 250ml conicals using
sterile technique, and label each conical using a
in-process label (refer to relevant SOP, “Labeling of Hematopoietic Products”).
4. Shake the suspension, in order to release cells
trapped within the trabecular network of the
VBs, as follows:
a.	Prepare 2 opaque Nalgene jars. After placing
the sterile metal paddle in each, transfer the
bone chips from the #40 sieve into the jar,
equally deviding the chips between the two
jars.
b.	Fill each jar ¾ full with Processing/Resuspension media (media prepared with 1.66 mg
of DNAse) and close the lid tightly.
c.	Label each jar using a partial label (refer to
relevant SOP, “Labeling of Hematopoietic
Products”).
d.	Transfer each jar to the shaking machine and
secure it.
e.	Flipping the two switches located in the back
of the machine, turn the machine on and begin shaking (one switch controls the rotation,
the other vertical motion)
f.	Allow the bone chips to shake for 30 minutes
(1st Wash).
5. Centrifuge filtered cells while the bone chips
are shaking as follows:
a. Place the 250 ml conicals into the centrifuge.
b.	Centrifuge at 280 x g (1,300 rpm) for 10
minutes, at 16-20°C.
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6. Aspirate the supernatant as follows:
a.	Place the 250 ml conicals containing centrifuged cells into BSC #2.
b.	Attach the free end of the vacuum tubing to
an end of an aspirating pipette.
c.	
Open each conical, turn on the vacuum
pump and aspirate the supernatant from each
tube. To avoid loosing the cells during aspiration, do not aspirate too closely to the
pellet.
7. Homogeneously resuspend each pellet left in
each 250 ml conical after aspiration, as follows:
a.	Swirl the conical by hand to loosen the pellet.
b.	
Use a sterile 10 ml pipette attached to a
Pipet-aid to resuspend the pellet by pipeting
the cells up and down gently until the cells
are homogeneously resuspended.
c.	Add ~10 ml of media to each conical. Using a
sterile, disposable 3ml transfer pipette, resuspend the cells until a single-cell suspension is
achived, by pipetting cells up and down.
8.	Transfer the cells from all the conicals to a new
sterile 250 ml conical and label using a partial
label (refer to relevant SOP, “Labeling of Hematopoietic Products”).
9.	Rinse the conicals, with Processing/Resuspension media to make sure all the cells are recovered. Add this rinse to a new conical already
containing the cells.
10.	Fill the new conical containing the cells with
Processing/Resuspension media. This conical
can be left in the BSC at room temperature until
all washes are complete.
11.	
While the bone chips are shaking, clean up
soiled items as follows:
a.	Remove all HBM numbers from Nalgene jars.
b.	Disassemble the machine by reversing the
order of the assembly instructions (section
VI.B.5) and transfer the stainless steel dirty
supplies and instruments to the dirty area, in
a bin containing hot water and Haemosol or
equivalent.
12.	At the end of the first wash (30 minutes), stop
both bone marrow shakers. Repeat steps 1-10 of
this section using fresh media and chips from
the 1st wash. Centrifuge the supernatant from
the 1st Wash at 280 x g (1,300 rpm) for 10 minutes at 16-20°C.
13.	Allow the bone chips to shake for another 30
minutes (2nd Wash).
14.	Clean the materials in BSC #2 as follows:

a.	Discard the bone chips, unless they are required for research (the fact that donor tissue
(VB) has research consent must be confirmed prior to distribution).
b.	Aspirate fluid and remove fat tissue with
gauze.
c.	Place the sieves, sieve pan, stainless steel
beaker, and opaque Nalgene jar in a large
gray bin with the other dirty materials.
15.	Quick spin the conicals containing the cells to
remove any bone fragments and debris as follows:
a.	
Resuspend the cells by pipetting up and
down using a 10 ml pipette first, followed by
a 3 ml transfer pipetter.
b.	Place the tubes in the centrifuge with the
brake “OFF” and press “START”.
c.	When the centrifuge reaches 275 x g (1,000
rpm) at 16-20°C, immediately press “STOP”.
16.	Immediately after the quick spin, poor the supernatant from the conical into a 2 liter flask, placed
previously in BSC #2. After the quick spin, the
cells remain in suspension, while the heavier bone
fragments and debris form a very loose pellet.
17.	In BSC #3, using the Y-type blood set (170 μm
filter size) to further remove any bone spicules4
or clumps, filter the product as described below:
NOTE: The pore size of the Y-type blood set used
is large enough (170μm) to prevent any mononuclear cell loss, as indicated by counting the product before and after filtration (unpublished data).
a.	Insert the COBE coupler into the side port
of the 2 L transfer bag.
b.	Aseptically remove the plunger from a 60 ml
syringe and attach the 60 ml syringe into the
clamp of the ring stand.
c.	Attach the COBE coupler to the syringe by
turning the coupler counterclockwise.
d.	Pipette the cell suspension from from the 2
L flask to the 2 L transfer bag.
e.	When all the cells are transferred into the 2
L transfer bag, close the clamp on the COBE
coupler and remove it from the syringe.
f.	Seal off one end of the Y-type blood set
using the heat sealer. Insert the other end of
the Y-type blood set into the central port of
the transfer bag.
g.	Ensure that all valves of the Y-type blood set
are closed.
h.	Connect Y-type blood set to the 2 L bag, and the
other end of the filter goes to a new 1 L beaker
prepared to receive the final filtered product.
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i.	Hang the 2 L bag containing the product
from the outside of the BSC #3 to filter the
cells by gravity.
j.	When all the cells are filtered, use the heat
sealer to remove the bag from the filter set
as described in relevant SOP, “Use, Quality
Control and Maintenance of the Heat Sealer”.
k.	Record the product volume.
18.	Samples of the filtered product are taken for (a
total of 4-5 ml of cells is required):
a.	
Sterility testing (refer to relevant SOP,
“Sterility Testing”). Remove a total of 3
ml: 1 ml for each, anerobic, aerobic and
fungal culture from the supernatant
	
NOTE: Gram stain is not performed unless the product is transplanted immediately following processing (fresh).
b.	Nucleated cell counts (refer to relevant SOPs,
“Use Quality Control and Maintenance of
the Coulter© T diff™ Analyser” and “Manual Cell Countr and Differential”). Remove
100 μl of the cell suspension.
c.	Cell viability (refer to relevant SOP, “Trypan
Blue Viability Testing”). Use the rest of the 100
μl counting sample to estimated cell viability.
d.	
Hematopoietic progenitor cell assay (refer
to relevant SOP, “Hematopoietic Progenitor
Cell Assay”), if requested. Remove 0.5 ml of
the cell suspension for this assay.
e. Flow Cytometric Analysis (Refer to relevant
SOP and Form). Remove 0.5 ml of the cell
suspension for this assay.
19. 
Viability is also performed by Flow Cytometry using 7AAD antibody, while the
function of the preparation is assessed by
“Hematopoietic Progenitor Cell Assay” described in relevant SOP (when requested by
the requesting physician/Responible Head).
G. Vertebral Body Bone Marrow Product
Final Distribution
1. For labeling instructions refer to relevant SOP.
2. There are several possible final dispositions for
the product. It can be
a. Transplanted immediately following processing, or
b. Cryopreserved, or
c.	Further processed to obtain CD34+ve cells,
and then cryopreserved/transplanted
d.	Designated for information purposes
3. If the cells are designted to be transplanted after
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processing and must be stored (not to ecceed 12
hours) for any reason, store the cell suspension
in the Processing/Resuspention media which
contains 5%HSA, at 2-8°C (Attachment III of
this SOP). Just before transplant, the product
must be washed and resuspended in the Transplant media containing 2.5% HSA (refer to
relevant SOP).
4. If cells are to be cryopreserved, follow the relevant SOP, “Cryopreservation of Hematopoietic
Products”.
5. For further processing to enrich for selected cell
subpopulations follow the relevant SOPs (e.g.,
CD34+, MSCs, etc.)
6. Document the final disposition of the product on
the appropriate SOP
H. Cleanup of the Laboratory
Clean up the laboratory following the relevant
SOP, “Decontamination of Laboratory Work Areas
and Equipment”.
1.	Disconnect and discard disposable sections of
the vacuum collection system.
2.	Discard any opened, unused media or transport
to research area with bottles clearly labeled for
“Research Only”.
3.	Close all sharps containers and secure red biohazard bags according to the SOP on “Disposal
of Waste Materials” and remove from the laboratory.
4.	Remove all soiled supplies from the cleanroom.
I. Quality Control
All equipment used will be maintained according
to the SOP on “Cleaning, Maintenance and Quality
Control of Equipment”.
J. Bone Marrow Summary Data
1. When the processing is complete, print and
file Attachment II of this SOP in the corresponding batch record.
2. Complete all the other Attachments of this procedure and include them in the corresponding
batch record.
VII. RECORD REVIEW
1. All Attachments must be reviewed for completeness and accuracy.
2. Records will be reviewed by the Operations Director or Designee as per the relevant SOP: “Supervisory Review of Records & Procedures”
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VIII. RECORD RETENTION
Records will be maintained in the Records Room
following the time outlined in the relevant SOP:
“Record Retention and Archival System”.
See also Appendix 1 and 2
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