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Localization of Hematopoietic Progenitor Cells in
Tissue With the Anti-My-10 Monoclonal Antibody
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Putative hematopoietic progenitor cells were localized
in human lymphoid and nonlymphoid tissues with the
use of the anti-My-10 antibody and avidin-biotin im-
munoperoxidase. Groups ofMy- 1O+ round mononuclear
cells were evident in the splenic marginal zone near the

PLURIPOTENT hematopoietic stem cells reside in
large numbers in the fetal liver, spleen, and bone mar-
row, but are later found principally in the spleen and
marrow."12 The spleen is not only a rich source of stem
cells but provides an environment ideal for the homing
and maturation of stem cells, providing the basis for
the colony-forming unit in spleen (CFUs) assay for
enumerating the stem cells injected into lethally irradi-
ated mice. It is not currently known, however, where
in the normal spleen, the stem cells are located.
The anti-My-10 antibody, an IgGlk against a 115-kd

membrane antigen, has been shown to specifically la-
bel human hematopoietic progenitor cells.3 Although
the My-10 antigen is detectable on only 2% of normal
marrow cells, My-10+ cells isolated from marrow ac-
count for over 90% of the immature hematopoietic cells
as detected by in vitro colony-forming assays. My-10"
marrow cells have an undifferentiated blast morphol-
ogy. All bone marrow cells containing nuclear termi-
nal deoxynucleotidyl transferase also express My-10.
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follicular mantle. My-10+ cells were also evident in the
hepatic portal triads and rare cells were seen near Peyer's
patches. Except for My-10+ endothelial cells, there was
no staining of the thymus, lymph node, skin, or kidney
specimens. (Am J Pathol 1985, 119:1-4)

Approximately 30% of acute lymphocyte and nonlym-
phocytic leukemias are My-10+, but chronic leukemias
and lymphomas have not been found to express this
antigen.

Using the anti-My-10 antibody and the avidin-bio-
tin immunoperoxidase technique, we report here the
localization of hematopoietic progenitor cells in lym-
phoid and select nonlymphoid human tissues.
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Materials and Methods

Tissue was obtained from postmortem (postmortem
interval 2-5 hours), and surgical specimens. The speci-
mens included 10 spleen specimens (6 normal, ages 2
months to 24 years, 2 with acquired immune deficiency
syndrome, 1 with T-cell leukemia in remission, and 1
from a staging laparotomy for Stage 2 nodular sclero-
sis Hodgkin's lymphoma), 4 thymuses (ages 2 months
to 3 years), 2 ileums with Peyer's patches, 16 lymph
nodes with reactive hyperplasia, 2 liver specimens (ages
2 months, 10 months), 2 sections of skin, and 3 kidney
specimens. The tissue was frozen in isopentane at
-105 C and stored in liquid nitrogen.
The anti-My-10 monoclonal antibody was developed

against the KG-la human leukemic cell line, and its
specificity for hematopoietic progenitor cells was estab-
lished as described earlier.3 Briefly, mouse spleen cells
immunized against KG-la blasts were fused with the
non-Ig-secreting SP-2/0-AG14 mouse plasmacytoma
cells. The resulting anti-My-10 antibody was selected
for its binding to the KG-la cells but not mature
granulocytes, and is an IgGlk immunoglobulin which
recognizes a 115-kd surface membrane protein. It has
been extensively tested against normal marrow, periph-
eral blood, acute leukemias, and lymphomas. Anti-My-
10 stains less than 2% of the peripheral blood
mononuclear cells and marrow cells. Suspensions en-
riched for My-10+ cells contain predominantly
undifferentiated cells consisting of colony-forming cells
for granulocytes-monocytes (CFC-GM) and burst-
forming units-erythroid (BFU-E) as well as of TdT+
cells. Suspensions depleted of My-10+ cells are also
depleted of CFC-GM, BFU-E, and TdT+ cells.

Neat spent media from the My-10 hybridoma was
used as the source of monoclonal antibody. The
avidin-biotin immunoperoxidase technique used in this
study has been described in detail elsewhere.4 The hybri-
doma supernatant was diluted 1:10 with phosphate-
buffered saline with 0.207o bovine serum albumin (PBS-
BSA). Six-micron sections of the tissue were cut with
a cryostat, air-dried and fixed in acetone. After wash-
ing, the slides were incubated 30 minutes with anti-My-
10 mouse monoclonal antibody, or irrelevant IgG and
washed. Endogenous peroxidase was inactivated with
methanol and hydrogen peroxide. Endogenous avidin
binding sites in the liver and kidney specimens were
blocked with avidin D and biotin. The second antibody
was biotinylated horse anti-mouse IgG (1:50, Vector
Laboratories, Burlingame, Calif). The sections were ex-
posed to the avidin-biotin complex, developed with di-
aminobenzidine and copper sulfate, and counterstained
with Terry's methylene blue. Serial sections of spleen
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Figure 1-Spleen of a 24-month-old boy, stained with anti-My-10 antibody
and avidin-biotin immunoperoxidase. A-Anti-My-10. Note the groups
of My-10+ cells in the marginal zone near the mantle zone. B- Negative
control. (Terry polychrome methylene blue counterstain, x250).

were also stained with mouse anti-Factor VIII (1:20,
Cappel, Cochranville, Pa).

Results

Membrane expression of the My-10 antigen was ap-
parent in groups of small mononuclear cells in 9 of 10
spleen sections, including all of the pathologically nor-
mal specimens. No My-10+ lymphocytes were seen in
the splenectomy of a staging laparotomy for Hodgkin's
lymphoma. These collections of cells were present in
the marginal zone near the interface with the follicular
mantle zone (Figure 1). Elsewhere in the spleen sections
and in other tissues there was also staining of the en-
dothelial cells of arteries and veins. To exclude the pos-
sibility that the groups of My-10+ cells were groups of
capillaries, the stains were repeated, and sequential fro-
zen sections were stained with anti-Factor VIII, an en-
dothelial cell marker. Although scattered small vessels
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were evident between the marginal and mantle zones,
they were only scattered individual capillaries, consider-
ably more sparse than the My-IO' cells in these regions.

In the thymus sections, the My-10 antigen was de-
tected only on the endothelium of vessels of the septa
and occasional elongated endothelial cells in the
medulla. The thymocytes of the cortex and medulla were
negative.
None of the reactive lymph nodes contained My-10+

lymphocytes.
Both of the pediatric liver specimens showed scat-

terd My-10+ round mononculear cells in the portal
triads, often near the hepatic artery in the larger triads.
The bile duct epithelium, hepatocytes, and Kupffer cells
did not express the antigen.

Scattered individual My-10+ round mononuclear cells
were observed adjacent to the Peyer's patches, next to
the muscularis in two ileal specimens. We cannot to-
tally exclude the possibility that these are capillaries.

Except for the staining of endothelium, the My-10
antigen was detected neither in 3 kidney specimens nor
in 2 skin sections.

Discussion

With the use of the anti-My-10 antibody and im-
munoperoxidase procedures, the present study suggests
that among the analyzed tissues, hematopoietic pro-
genitor cells reside in greatest numbers in the spleen be-
tween the T- and B-cell zones of the follicles, in small
groups in the hepatic portal triads, and possible rare
cells near the Peyer's patches. Aside from the vascular
staining, no My-10+ cells were detected in the thymus,
lymph node, skin, or kidney.
The significance of the splenic location of putative

progenitor cells is not known. Located at the interface
of mature T cells in the marginal zone and the B cells
in the mantle zone,56 they could represent committed
lymphoid progenitor cells which provide a source of
pre-B-lymphocytes and pre-T-lymphocytes. In this re-
gion, they would also be near mature helper T-
lymphocytes and suppressor T-lymphocytes, allowing
for regulation of hematopoiesis or lymphopoiesis.71-0
The My-10+ putative hematopoietic stem cells ob-

served in the liver were much less prevalent than those
seen in the spleen. Do these cells in the portal triads
permanently reside there, or are they simply in tem-
porary residence downstream from the spleen in the por-
tal circulation? It would be most interesting to evalu-
ate specimens from splenectomized patients. Because
the specimens examined were from infants, it is also
uncertain whether these cells are remnants of the source

of fetal hematopoiesis or represent a more mature
"home" for progenitor cells.2
The relative numbers of My-10+ cells in the spleen

was quite variable, from rare cells to numerous small
groups of cells. Many factors could contribute to this
variability, including age, disease, environmental fac-
tors, etc. Interestingly, the greatest number of My-10+
cells were observed in a 22-year-old man with T-cell
leukemia in remission. The important factors, there-
fore, may not be so easy to discern. The relationship
of circulating or marrow progenitor cells and splenic
My-10+ cells would also be enlightening.
Apparent endothelial staining with the anti-MY-10

antibody was evident in all tissues. Immunogold elec-
tron microscopy could readily determine whether the
anti-My-10 antibody is binding to endothelial cells by
the presence of Weibel-Palade bodies within the My-
10+ cells.11 These My-10+ cells could reflect margination
of circulating stem cells, retention of early antigens in
endothelial cells evolved from hematopoietic stem cells,
or simple unrelated antigens. In addition, unrelated cells
may share the same cell-surface protein. There is cer-
tainly precedent for the last possibility. Anti-OKT9
reacts with early thymocytes and plasma cells."2 Anti-
OKT6 reacts with cortical thymocytes and epidermal
Langerhans cells.'2'3 Anti-cALLa reacts with the com-
mon acute lymphocytic leukemias and with glomeru-
lar basement membrane.'4
An alternate possibility is that the endothelial cells

developed from hematopoietic cells. The endothelium
of skin xenografts have been shown to repopulate with
host cells, "s which raises the possibility that progenitor
cells of the endothelial cells do, in fact, circulate.
We believe that this report represents the first

microanatomic localization of lymphohematopoietic
progenitor nonmyeloid human tissues.
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