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In the early 1980s, when I was a new faculty member of the Johns Hopkins
University School of Medicine, the major means to study human haernatopoieuc
stem-progenitor cells (HSPCs) was via a complex and inefficient bioassay. Two weeks
after we plated human bone marrow leukocytes in a semisolid custom brew with
high percents of carefully screened serum and home-grown conditioned media
containing grossly-defined "colony-stimulating activities," we could find colonies of
cells in the plates. For each of these day ]4 colonies consisting of mature cells! we
retrospectively inferred the presence of a less differentiated colony-forming
progenitor (colony-forming units": -100 CFU-GM, -100 BFU-E, and </0 CFU-Mix
colonies per -100,000 human bone marrow leukocytes initially plated). These CFU
assays proved indispensable for major advances in biomedical science, such as the
cloning of our current collection of human haematopoietic growth factors. However,
we could not directly identify the HSPCs in the starting cell populations of marrow-we
didn't even know the morphologic appearance of CFUs on Wright's stains-let alone
significantly purify the HSPCs for prospective molecular studies.
To get our hands on human HSPCs, my technician, Dr. M. L. Banquengo, and I decided
to attempt to develop monoclonal antibodies [Mabs] against human HSPCs. Several
laboratories were pursuing a similar theme by using cocktails of multiple Mabs directed
against several types of mature blood and marrow cells to "negatively" select HSPCs,
but we speculated that HSPCs might, like Mab-defined populations of T or B cells,
express their own HSPC-specific antigen(s). We further hypothesized that a
differentiation-arrested human leukemia cell line or patient specimen might be "frozen"
at an early stage and express such an HSPC-specilic antigen. If both these speculations
were true, we might be able to immunize mice with human leukemia cells and
eventually thereby develop a Mabts! that bound to such an HSPC-specilic antigen. Then
we could use flow cyrornetry and immunoaffinity techniques, not only to identify the
HSPCs in marrow specimens, but also to immunoaffinity-purify
these proverbial needles in the haystack.
After many Kehler-Milstein fusions and testing of
thousands of h ybri dom a supernatants, we
identified and sub cloned several Mabs that
bound only to small subsets 1<1-5%1 of
human blood or marrow cells. Many of
these resulting Mabs were uninteresting
to us, some were interesting but
irrelevant [e.g., one was found to be
CD?l, the transferrin receptor, another
was found to be CD56, a good NK cell
marker, and one was the CD45RA
marker), but eventually we found the
MyIO Mab. MylO [later clustered as
CD341 bound marrow blast cells and
CFUs, and Dr. Chabannon vividly takes
up the story from there, as many
laboratories characterized CD34+ cells,
investigated the structure and function of
the CD34 membrane phosphoglycoprotein
and gene, and investigated the clinical
diagnostic and therapeutic utility of CD34 and
CD34+ H5PCs.
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The next installment of the
Audioconference Series hosted by
the JSCT Lab Practices Committee
will take place as follows:

Dale: October 20. 2004

Topic: Procedures and
Cryoprotectants Used in
Cryopreservation of
Cellular Products

Moderator: Carlos Lee,
81. Luke's Hospital of Kansas City

Please watch for more details at
www.celltherapy.orq
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Although the transplant of CD34+ HSPCs was the iconic endpoint, I am sure that the long-lasting biomedical impact will
be the 10,000 and counting research studies that use CD34 to increase scientific and clinical understanding of HSPCs and
specific problems in stem cell biology, endothelial cells, leukemias, etc. It is interesting to propose an analogy to today:
Perhaps the scientifically, medically, and ethically complex issues surrounding clinical therapies utilizing human
embryonic stem cells are distracting us from the more important long-term goal of learning about physiologic and
pathophysiologic development by the research use of embryonic stem cells.
I have been very fortunate to have worked in absolutely outstanding groups. I would like to thank my many laboratory and
clinical collaborators and colleagues, locally and worldwide, who helped my work involving CD34 and stem cells over the
past 25 years. lowe great debts to many individuals and institutions that engaged in and supported my work, especially at
its early stages when we were the only full believers. In particularly, 1 fondly note two physician-scientists, Drs. Lewis
Strauss and Cha~lotte Brovall, who as P?stdoctC?ral fellows Fe~f~rmed ~ome of t.he early experiments characterizing CD34,
and the local Children's Cancer Foundation, which provided critical philanthropic start-up support .
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The Johns Hopkins University holds patents on CD34 monoclonal antibodies and inventions related to stem cells. Dr. Curt I. Civin is entitled to a share
of the sales royalty received by the University under licensing agreements between the University, Becton Dickinson Corporation and Baxter
HealthCare Corporation. Dr. Clvin is a paid consultant to Becton-Dickinson Corporation. The terms of this arrangement are being managed by the johns
Hopkins University in accordance with its conflict of interest policies.

Curt 1. Civin, MD
Herman & Walter Samuelson Professor of Oncology &. Pediatrics
Co-Director, Division of Immunology &. Hematopoiesis
Sidney Kimmel Comprehensive Cancer Center at Iohns Hopkins
Bunting-Blaustein Cancer Research Bldg, Room 2M44
1650 Orleans Street
Baltimore, MD 21231-1000

CG meetings
Symposium on Cardiovascular Regenerative Medicine
September 13 - 14, 2004
Natcher Conference Center, National Institutes of Health,
Bethesda, Maryland
Sponsored by the National Heart, Lung, and Blood Institute,
National Institutes of Health,
Department of Health and Human Services and the Foundation
for the National Institutes of Health.
For more information and to register for the symposium,
go to www.nhlbi.nih.gov/meetings/cv-regen.htm.
Registration is free. If you have questions, please contact Judy Corbett,
NHLBI, 31 Center Drive-MSC 2482,
Room 5A06, Bethesda, MD 20892; phone: 301-496·4910; e-mail:
corbettj@nhlbi.nih.gov

"Safeguarding Adult and Pediatric Stem Cell Donors: Basic
Science. Clinical, and EthicalIssues"
September 21 - 22, 2004
Bethesda, MO
www.donorsafety.org
For additional information, please contact Allison Britting at
(203) 688-2441.

4th Annual Somatic Cell Therapy Symposium
October 1 - 3, 2004
Houston, TX
For more information, please contact the ISCT Head Office.
Full program information is available on-line at www.celltherapy.org.

4th Annual Conference on Mesenchymal and
Nonhematopoietic Stem Cells
October 14 - 16, 2004
New Orleans, LA
For more information please visit www.neworleansmscmeeting.org

2004 Hanson Symposium "Stem Cells: From Biology to Therapy"
19 - 21 November 2004
Adelaide Hilton International, Victoria Square, Adelaide, South Australia
Ph: 08 8363 1307
Fax: 08 8363 1604
hanson@fcconventions.com.au
www.hansoninstitute.sa.gov.au/symposium.htm
Stem Cells & Regenerative Medicine
18 - 19 October 2004
Princeton, NJ
www.srinstitute.com/cs309
Contact: Cheryl Kahan-Radhuber
Phone: (212) 967-0095, ext. 273
Fax: (212) 967-7973
Email: ckahan-radhuber@srinstitute.com
Commercialisation of Tissue Engineering and
Regenerative Medicine
18 - 19 November 2004
london, United Kingdom
http://www.marcusevans.com/events/C FEventinfo.asp?Eventi0=-8813
Contact: Ola Samueleson
Tel:0044 (0120 7647 2325
Fax:0044 (0)20 7637 0843
EMail: olas@marcusevansuk.com
Phacilitate Cell & Gene Therapy Forum
24 - 26 January 2005
Washington DC
http://www.phacilitate.co.uk/pages/cgtherapy2005/index.html
Contact: Amanda Crabbe
Tel: +44 (0) 1732 886 788
Email: amanda@phacilitate.co.uk

ISCT 2005 Annual Meeting
May 4 - 7, 2005
Vancouver, Canada
Full program and registration information will be available on the
ISCT Website at www.celltherapy.org.
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Twenty years ago, Curt Civin and his colleagues published a paper, in
the July 1, 1984 issue of the Journal of Immunology (1) that described
a new monoclonal antibody, MylO, and the cellular expression of the

recognized antigen. The MylO monoclonal antibody was originally

produced by immunization of Balb/c mice with the KG 1a cell line

"undifferentiated" acute myeloblastic leukemia cell line. The MylO
monoclonal antibody was rapidly classified by the Human Leukocyte

Differentiation Antigen Workshops as the prototype member of the

"C034" cluster of differentiation.

CD34 monoclonal antibodies recognize a transmembrane glycoprotein

antigen expressed on a small proportion of human bone marrow "blast"

cells. Morphologically differentiated cells, such as precursors of the

erythroid and myeloid lineages beyond the blast stage, do not express

C034. Functional assays revealed that c1onogenic progenitors, CFU-

GM (Colony Forming Unit Granulocyte-Macrophage), BFU-E (Burst-

Forming Unit Erythrocyte) and BFU-MK (Burst Forming Unit

Megakaryocyte), are exclusively present in the C034+ cell subset of

human hematopoietic tissues such as bone marrow. Similarly, Long-term

Culture Initiating Cells (LTC-IC) are detected in the C034+ cell fraction

and not in the C034- faction. Finally, assays developed several years

later, using xeno-transplantation of human cells into immune-deficient mice

or into fetal sheep, revealed that the in vivo-eng rafting stem-progenitor

cells detected by these assays were CD34+. Taken together, these

observations from multiple laboratories suggest that the CD34+ cell

population is enriched in stem and progenitor cells, and depleted of more

mature cells and precursors.

Demonstration that cells with clinically relevant Marrow-Repopulating

Activity (MRA) are present in the C034+ fraction came from experiments

involving transplantation of CD34+ marrow cells into allogeneic myelo-

ablated non-human primates (2). Clinical experiments were carried out

simultaneously, taking advantage of the availability of bio-medical devices

for immunologic cell purification. These imrnuno-selection devices rapidly

demonstrated their ability to concentrate human CD34+ cells, and

simultaneously to deplete accessory cells, such as "r-eefs, monocytes, or

contaminating tumor cells. Not every patient undergoing transplantation

requires C034+ selection (3, 4). Nevertheless, the availability of CD34+

cell selection devices offers to clinical investigators the possibility to

investigate innovative approaches in "component" eel! therapies,

including those based on in vitro progenitor cell expansion or genetic

manipulations (5).

CD34 is widely used beyond its iconic use to isolate stem cells for

transplantation. The CD34+ cell count is nowadays the most widely-used

clinical parameter to estimate the functional capacity of an autologous or

allogeneic graft; this is especially true for mobilized blood grafts.

Ouantitation of CD34+ cells uses flow cytometry, a rapid and partially

automated technique that is amenable to standardization and thus

better adapted to clinical practice than clonogenic assays. Several

commercial companies have registered diagnostic kits with North

American or European health authorities; these diagnostic kits include

all the necessary reagents, as well as an algorithm for the reproducible

calculation of the percentage and absolute number of CD34+/CD45+

cells. Enumeration of circulating CD34+ cells is a predictive surrogate

for the quality of collected cells, and is used in daily clinical practice to

choose the optimal time to start apheresia of mobilized blood for

clinical autografts or allografts. The number of collected or infused

CD34+ cells predicts neutrophil and platelet recovery following

transplantation of mobilized blood autografts (6) or allografts or

placental/umbilical cord blood grafts (7).

Despite the value of CD34 to enrich the "wheat from the chaff" and its

value as a stem cell surrogate marker, it was recognized from the start

that the CD34+ cell subset is a heterogeneous cell population. The

CD34+ cell population includes late progenitors of multiple lineages,

with limited differentiation capacity, as well as rare primitive stem cells.

The distinction between high and low levels of CD34 expression

represents a first, albeit insufficient step in the distinction between early

and late progenitors. Additional markers have proved to be useful, in

combination with CD34, to study more homogeneously functional

subsets of haematopoietic stem-progenitors. Commonly used markers

include negativity or low levels of CD38, low levels of C090 (Thy1),

and lack of expression of antigens associated with lineage-specific

maturation (Lineage [lin] antigens). As an example, the C034+/CD38-

/lin-sub-population, comprising less than 5% of all CD34+ cells, is

highly enriched in immature progenitors including the in vivo eng rafting

cells in immunodeficient chimera models, and depleted of more mature

clonogenic progenitors.

In addition to haematopoietic cells, endothelial cells also express CD34

(8), and a common origin of the haematopoietic and endothelial lineages

is now suspected. During ontogeny, C034 expression appears at the

first detectable site of human haernatopciesis, the acrto-qonado-

mesonephric (AGM) region (9). Today, the haematopoietic system
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serves as a paradigm for the hierarchichal organization of stem cell

development in various other normal tissues, including tissues of

epithelial origin, and in cancers. Whether stem cells in these other

tissues may express CD34 is currently being examined (10, 11).

Surprisingly, classical experimental approaches - including gene

inactivation in mice - did not uncover a hematopoietic function for CD34;

knock-out animals displayed at most a minor defect in haernatopoiesis

(12); it is interesting that a defect in a structurally related sialomucin

results in severe structural and functional kidney defects (13). The

search for a potential CD34 ligand has remained elusive, except that it

has been demonstrated that CD34 binds L-selectin and is involved in

homing of lymphocytes to the high endothelial venules, which may

express a specific glycoform of CD34 (14, 15). In vitro observations

suggest that CD34 may be involved in cell to cell interactions (16).

Finally, CD34 is expressed on a large proportion of human acute

lymphoblastic or myeloblastic leukemia cases. CD34 is commonly

used in the hematopathologic panels of antibodies used to diagnose

and subclassify leukemias. Although it is generally held that CD34

expression is a marker of good prognosis in acute lymphoblastic

leukemia and a marker of poor prognosis in acute myeloid leukemia,

genetic sub-classification and the effects of improved treatment

regimens may affect the prognostic impact of CD34 expression.

A rapid search in the National Library of Medicine PubMed database

reveals 10,191 publications that contain the term "CD34" in their title

or abstract. This abundant literature testifies to the major utility and

impact of CD34. Ongoing exploration of genomics and proteomics of

CD34+ cells, as well as other types of stem and progenitor cells,

promises to reveal more of the mysteries of stem and progenitor cells,

and will certainly keep scientists active for the forthcoming years.
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