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Abstract. Pregnancy-specific B1-glycoprotein (PSG) is composed of a family of highly
homologous proteins initially isolated from human placenta and pregnancy serum.
Recent studies showed that PSGs are also present in a number of ectopic sites,
including uncultured peripheral blood and bone marrow cells. This report aims at
studying the in vivo effect of the PSGs on murine hematopoiesis. The profile of re-
covery of blood cells after transplantation of viable nucleated bone marrow cells in
y-irradiated mice with and without the administration of the purified human protein
was studied. Five groups of mice were given 0.1 pg human serum albumin, 0.1 ug IL6,
1 ug PSG, 10 ug PSG, and 50 pg PSG, respectively, per mouse per day consecutively
for 20 days. The mice were bled once every 2 days, and the platelet and WBC counts
were determined using a Nebauer hemacytometer (Hausser Scientific, Buffalo, NY).
The recovery of platelet count after bone marrow transplant was much faster in mice
receiving 1 ug PSG/day than in animals in any other group. On Day 20 post-transplant,
the platelet count of animals in this group reached 178,600 x 15,759/ul (mean = stan-
dard deviation) which was significantly (P < 0.05) higher than that of any other group.
On Day 26, the platelet count reached a low normal value of 190,844 + 6,380/ul with a
range of 185,420-200,500/ul. This value was 3-fold higher than that of the control
group (68,600 + 15,486/l in the human serum albumin group). Mice given 1 pg or 10
Hg PSG/day also had their WBC count recover significantly faster and achieved a
normal value (12,440 = 3,680/pl for the 1-ug PSG group, and 12,154 + 3,016/l for the
10-ug PSG group) within the experimental period. On the other hand, the controls, or
mice given 50 pg PSG/day did not recover as rapidly and did not achieve a normal
WBC count within the experimental period. These results suggest that human placen-
tal PSGs enhance platelet and WBC recovery after bone marrow transplant.
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tors including granulocyte-macrophage colony stimu-
lating factor, eosinophil colony stimulating factor, in-
terleukin-2 (IL2), interleukin-6 (IL6), etc., (1-3), and the

Placenta is a rich source of hematopoietic growth fac-
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pregnancy-specific B1-glycoproteins (PSGs) (4). When first
identified, PSGs were believed to be synthesized only by the
placental syncytiotrophoblast. Subsequent studies showed
that PSGs were also synthesized by a number of nonpla-
cental tissues (reviewed in Ref. 5). The PSG family is com-
posed of members encoded by 11 highly homologous genes
clustered on the long arm of chromosome 19 (6). These
genes give rise to a number of differentially spliced prod-
ucts (5, 7). The PSGs, like a number of growth factors, have
domain structures very similar to members of the immuno-
globulin (Ig) gene superfamily (8-10).

A potential role of the PSGs in hematopoiesis is be-
coming increasingly apparent. PSG was initially reported to
be present in normal polymorphonuclear cells (11, 12). Im-
munohistochemical studies later showed that PSG is present
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in both granulocytes and monocytes (13). These observa-
tions were confirmed by demonstration of the presence of
PSG transcripts in both peripheral blood cells and uncul-
tured bone marrow cells using polymerase chain reaction
(PCR) (14). The presence of PSGs in first trimester fetal
liver but not adult liver (7, 15-18) further suggests the po-
tential role of the PSGs in early hematopoiesis. Preliminary
studies demonstrated an enhancing effect of human PSGs
on megakaryocyte growth in vitro. To corroborate these
observations, the present study aims at examining the effect
of administration of purified human PSGs on the regenera-
tion of blood cells in +y-irradiated mice given a syngeneic
graft.

Materials and Methods

Materials. Crystalline human serum albumin (HSA)
was obtained from Calbiochem (La Jolla, CA). Recombi-
nant human IL6 was purchased from R & D Systems, Inc.
(Minneapolis, MN). B-D Unopettes were purchased from
Fisher Scientific Co. (Columbia, MD). Five to 6-week-old
female BalbC/J] X A/J F1 (CAF1) mice were purchased
from the Jackson Laboratory (Bar Harbor, ME). All mice
were kept in sterile cages housed in a laminar flow rack with
controlled 12-hr light-dark cycle and fed autoclaved mouse
chow and drinking water containing 0.2% oxytetracycline
hydrochloride (Sigma, St. Louis, MO) ad libitum beginning
1 week prior to irradiation and maintained at this dose
throughout the experiment. All protocols involving animals
were approved by Georgetown University Animal Care and
Use Committee (GUACUC). Pure human pregnancy-
specific B1-glycoprotein was obtained from Dr. Hans Bohn
at Behringwerke AG, Marburg, FRG, who discovered, pu-
rified, and characterized the PSGs. The protein was purified
as described previously (19). The same pure protein was
used previously to raise polyclonal antibodies that were
used to clone the PSG cDNAs from a human cDNA expres-
sion library (20).

Bone Marrow Preparation. Bone marrow cells
were forced from the tibias and femurs from normal mice
with HEM (Hepes-buffered Minimum Essential Medium)
containing 5% fetal calf serum. Bone marrow cells were
washed three times with HEM by centrifugation at 1000
rpm for 10 min at 4°C and resuspended repeatedly in new
media. After the third spin, the cells were resuspended in
sterile Dulbecco’s phosphate buffered saline (PBS)
(GIBCO, Gaithersburg, MD) and kept on ice while cell
number was determined with a hemacytometer. Bone mar-
row samples were diluted 1:1 with toluidine blue in acetic
acid for counting white blood cells and diluted 1:1 with
trypan blue to determine the percentage of viable cells. An
average of 20-30 x 10° cells could be obtained from two
legs of a mouse.

Sample Preparation. Protein samples were dis-
solved in sterile Dulbecco’s PBS. The solution was filtered
using a 0.2 mm Anatop filter (Alltech Assoc., Inc., Deer-
field, IL), then aliquoted into appropriate volumes, frozen,

lyophilized and stored at —20°C before use. Before injec-
tion, the protein aliquots were redissolved with appropriate
volumes of filter-sterilized water.

Bone Marrow Transplant and Injection Proto-
col. The mice were given 1100 cGy from a '*’Cs source
(Best Industries, Springfield, VA) at Day 1. After 24 hr,
each mouse was injected intravenously with 5 x 10° viable
nucleated bone marrow cells in =< 0.5 ml PBS vig the tail
vein (21). This was Day 0. The mice were divided into
seven groups. Two mice served as unirradiated controls and
were not given bone marrow. Two mice served as irradia-
tion controls and received no bone marrow transplant
(BMT). The remaining five groups had five mice in each
group. The first group, serving as controls, received 0.1 pg
HSA/day; the second group, serving as positive controls,
received 0.1 pg IL6/day; the third group received 1 pg
PSG/day; the fourth group received 10 p.g/day; and the fifth
group received 50 pg/day. The body weights of the mice
were 18.5 £ 1.2 g on Day 1 of the experiment. Total blood
volume of these mice was about 1.2 ml. Therefore, the 1-pg
dose would give a blood level of about 1 pg PSG/ml (13.9
nM) in the mice. The approximate Molar dose for HSA in
the first group was 1.48 mM, for IL6 in the second group
was 5 nM, for 10 g PSG in the fourth group was 139 nM,
and for 50 wg PSG in the fifth group was 695 nM. The mice
were injected with the appropriate volume intraperitoneally
(ip). Injections started on Day 1 and were then given daily
for 20 days in groups 2 and S and for 26 days in the other
three groups. Injections were given at about the same time
each day and on days when the mice were bled for platelet
and WBC counts, injections were done after bleeding. The
first bleeding was done on Day 4 and from then on the mice
were bled every other day.

Platelet and White Blood Cell Counting. Mice
were bled via the retro-orbital vein under anesthesia. About
30 pl of blood were drawn into a B-D Unopette coated with
sodium EDTA, diluted 1:100 with 1% ammonium oxalate,
and mixed thoroughly to prevent clumping of platelets. The
white cells and platelets were then counted manually on a
Nebauer hemacytometer.

Statistical Analysis. The statistical significance of
variance among means was determined using the two-
sample student’s ¢ test assuming equal variances. The two-
tailed P values are presented and P < 0.05 was considered
significant unless otherwise stated.

Results

Body Weight and Control Values. Mice were
weighed on Day 1 and on Day 14 of the experiment. All
mice weighed about the same at the start of the experiment.
On Day 14, the weight ranged from 19-21 g with equal
distribution of different weights in each group.

The two irradiation control mice died on Day 11 and
Day 12 respectively. All other mice survived through the
experiment and were apparently healthy. Platelet counts of
unirradiated normal control mice ranged from 246,800 to
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250,000/p1, and WBC counts ranged from 15,890 to
17,430/ul. These values are comparable to reported values
of normal platelet counts of 246-339 x 10°/1 (22) and nor-
mal WBC counts of 5-11 x 10°/1 (23).

Platelet Recovery. Results of platelet regeneration
are presented in Table I and Figure 1. There was a slow
recovery of platelets in all five mice in the HSA group.
Starting on Day 8, platelet counts of this group of mice were
always significantly (P < 0.01) lower than that of the ex-
perimental group given | pg PSG/day.

The platelet counts of two mice given IL6 also showed
faster recovery after BMT. There was overlap between the
rest of this group and the animals in Group 1. The mean
platelet count of animals of this group on Day 20 (time at
which administration of IL6 was terminated) was 101,200 +
52,505/pl (range 54,400-178,480/ul), which was higher
than that of Group 1. This observation was comparable to
previous reports that IL6, which has a broad range of effects
on hematopoietic stem and progenitor cells and circulating
blood cells (24), stimulated platelet production in vivo (25).

Platelet count in all animals in the Group 3 mice, which
received 1 pg of PSG/day, recovered significantly faster
than in animals of any other group. On Day 20, the platelet
counts of animals in this group ranged from 162,800-
200,200/w] with a mean platelet count of 178,600 + 15,759/
pl. On Day 26, the mean platelet count reached a low nor-
mal value of 190,800 + 6,380/p.1 with a range of 185,400-
200,500/u]. This value was 3-fold higher than that of the
control group. On the other hand, both the 10-pg and 50-p.g
PSG group did not differ from the control group (Table I).
The difference in the rate of recovery of platelet counts
among the five groups is apparent in Figure 1.

White Blood Cell Recovery. The means and stan-
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Figure 1. The mean platelet counts of the five groups of mice. The
mean platelet counts of each group are plotted. The procedure was
the same as described for Table I.

dard deviations of WBC counts of the five treatment groups
are presented in Table II. The WBC count of most animals
was close to 0 on Day 4 in all groups. The number of WBC
of all animals in the control group increased steadily
throughout the experimental period and achieved a mean
value of 8,750 + 328/ul (range 8,200-9,000/p.l) on Day 26.

WBC counts of animals in the IL6 treatment group also
recovered and achieved similar values to those in the control
group. Instead of increasing steadily throughout the treat-
ment period, as observed in the control mice, the WBC
counts of this group of mice increased slowly initially. The
most significant increment occurred between Day 8 and
Day 10.

Mice given either 1 pg PSG/day or 10 png PSG/day
regained normal WBC counts in a significantly shorter pe-
riod compared to the other groups. Initially, the WBC
counts of all groups were comparable. Between Day 4 and

Table I. In vivo Effect of PSG on Platelet Regeneration

DAYS

(Post-BMT) 4 6 8 10 12 14 16 18 20 22 26

Group 1 225* 46 39* 48* 51* 55* 56* 56* 60" 69* 69*
(HSA) + 80 +15 +20 +15 +16 +16 +17 +16 +15 +13 +15

Group 2 163 44 84 69 76 8 87 93 101 ND ND
(IL6) +18 +8 +34 + 30 + 36 + 46 + 46 +48 +52

Group 3 123# 57 82# 98# 109# 151# 137# 1744 179# 187# 191#
(PSG1) + 80 +7 +20 +21 +20 +39 + 58 +41 +16 +24 +6

Group 4 1374 33*# 55* 55* 59* 62" 65" 66* 70" 78* 84*
(PSG10) +29 +7 +10 +10 +8 +9 +9 +8 +9 +9 +5

Group 5 137 40" 60 62* 65* 64* 64" 72* 73" ND ND
(PSG50) +40 +6 +29 +22 +19 +19 +19 +23 +23

Note. Numbers in table are means + SD x 10%ul. There were five mice in each group.
* Indicates significantly different from corresponding values in Group 3 (PSG1) with a two-tailed P < 0.05.
* Indicates significantly different from corresponding values in Group 1 (HSA) with a two-tailed P < 0.05.

ND Indicates not determined.

Mice were given 1100 cGy whole-body irradiation on Day 1. After 24 hr, each mouse was injected intravenously with 5 x 10° viable nucleated
bone marrow cells in PBS via the tail vein. This was Day 0. The mice were divided into five groups with five mice in each group. The first group
received 0.1 ug HSA/day. The second group received 0.1 ug IL6/day. The third group received 1 pg PSG/day. The fourth group received 10
pg PSG/day and the fifth group received 50 ug PSG/day. The injections (ip) started on Day 1, 24 hr after BMT and were then given daily for
20 days for Groups 2 and 5 and for 26 days for the other three groups. The injection was given at about the same time each day and on days
when the mice were bled for cell counts, the injection was given after bleeding. The first bleeding was done on Day 4 and from then on, the
mice were bled every other day. Mice were bled via the retro-orbital vein. About 30 pl of blood were obtained, and platelet counts were

determined using a Nebauer hemacytometer.
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Table Il. /n vivo Effect of PSG on WBC Count

DAYS

(PosSt-BMT) 4 6 8 10 12 14 16 18 20 22 26

Group 1 2.10 2.30" 2.32* 4.70* 4.61* 5.86* 6.34* 6.53* 7.28* 7.98* 8.75
(HSA) +0.06 +0.77 +0.78 +0.99 +1.08 +0.40 +0.89 +1.22 +0.70 +0.91 +0.33

Group 2 1.20 1.78 1.8 5.02 5.16 6.16 6.07 6.69 7.22 ND ND
(IL6) +0 +0.27 +0.33 +1.43 +1.46 +1.00 +1.13 +1.00 +0.84

Group 3 1.68 9.584# 9.50# 9.88# 10.12# 10.36# 10.734# 11.18# 11.90# 12.46# 12.44%
(PSG1) +0.88 +2.79 +2.77 +2.75 +2.86 +2.28 +2.83 +3.34 + 3.56 +3.50 +3.68

Group 4 1.00# 7.444% 7.40# 8.38# 8.91# 9.77# 10.21# 10.67# 11.27# 11.79# 12.15#
(PSG10) +0 +2.36 +2.40 +2.67 +2.29 +2.58 +2.43 +2.91 +2.58 +2.52 +3.02

Group 5 1.15# 1.29%# 1.38* 1.86*# 2.88# 4,54 # 4.67*# 5.30"# 5.64%# ND ND
(PSG50) +0.07 +0.53 +0.53 +0.46 +0.94 +0.81 +0.79 +0.48 +0.54

Note. Numbers in table are means + SD x 10%pl. There were five mice in each group.
* lndipates significantly different from corresponding value in Group 3 (PSG1) with a two-tailed P < 0.05.
# Indicates significantly different from corresponding value in Group 1 (HSA) with a two-tailed P < 0.05.

ND Indicates not determined.

The procedure was the same as described for Table I. WBC counts were determined using a Nebauer hemacytometer under low-power light

microscope.

Day 6 post BMT, there was a sharp increase in WBC count
in both the 1-pg PSG and the 10-p.g PSG group. From then
on, WBC count increased steadily until normal values
were achieved in these two groups of mice. The WBC
counts of mice in these two groups from Day 6 to Day 20
were significantly (P < 0.05) higher than those of the other
groups. The five mice in the 1-pg PSG group could be
divided into two subgroups according to their WBC count
recovery profile. Mice 3, 4, and 5 responded faster and
achieved a higher value than mice 1 and 2. It was important
to note that mice with more rapid recovery of WBC counts
did not necessarily have similarly rapid recovery of platelet
counts.

In contrast to the mice given 1 wg PSG/day and 10 pg
PSG/day, mice given 50 wg PSG/day did poorly, even in
comparison with the control group. Similar to that observed
for the control mice, there was a steady increase in WBC
counts in mice of this group (Table II). However, the in-
crease was very slow and by Day 20, the mean WBC count
was significantly (P < 0.05) lower than that of the 1-u.g PSG
and 10-pg PSG groups. The mean WBC counts of the five
groups at different times post-BMT are plotted in Figure 2.
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Figure 2. The mean WBC counts of the five groups of mice. The

mean WBC counts of each group are plotted. The procedure was the
same as described for Table I.
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Discussion

The PSG family is composed of a number of highly
homologous proteins. Even though the PSG used in the
experiments was highly purified, the purification procedure
does not allow separation of the different members of the
family. Consequently, the results observed were likely to be
the combined effect of more than one species of PSG. Fur-
ther experiments must be performed with homogenous
preparations of the different PSG species in order to assign
the observed hematopoietic activity to specific PSG(s).
Presence of contaminating protein is of a lesser concern
since the pure protein was provided by Dr. Hans Bohn (the
Bohn protein) and was used to raise polyclonal antibodies
that were employed by laboratories worldwide to identify a
certain protein to be PSG and from which a number of PSG
c¢DNAs were cloned (20). If a major contaminant was pre-
sent, the screening procedure should have pulled out cDNAs
other than that of the PSGs. All cDNAs cloned by immu-
nological screening of expression libraries using these poly-
clonal antibodies so far have been shown to be members of
the PSG family (5). Neither cytokine nor interleukin cDNA
have been cloned using these antibodies indicating that the
antigens (i.e., the Bohn PSG preparation) used do not con-
tain a significant amount of contaminating cytokines or in-
terleukins.

What is the biological relevance of studying the action
of human PSG on mouse hematopoiesis? Besides being
found in humans and subhuman primates, PSGs have also
been identified in rodents (reviewed by Refs. 5 and 10). In
the mice, pregnancy-associated murine protein-2 (PAMP-2)
was found to cross-react with human PSG. The maternal
serum levels of PAMP-2 correlate with placental mass and
increase with the progression of gestation. PAMP-2 is pre-
sent in trophoblastic cells in the spongiotrophoblast of preg-
nant mice. PAMP-2 and human PSG have comparable
physiochemical properties (26). Presence of PSGs in the
mouse was also confirmed at the transcriptional level (27—
29). Expression of a murine PSG mmCGMS5 was shown in
mouse placenta (28) whereas three murine PSGs were
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shown to be present in both spongiotrophoblast of the pla-
centa and the embryo starting at 12.5 days of gestation (29).
Similar to that observed with human PSG (30), administra-
tion of antibodies against PAMP-2 resulted in prevention of
implantation (31). Since murine PSG in many ways is simi-
lar to human and subhuman primate PSGs, it is assumed that
human PSGs also act on the murine hematopoietic system.

The amounts of PSG used in the experiments reflect the
consideration of the presence of multiple species of the
protein in the preparation. The molecular mass of HSA is 69
kD (32) whereas that of IL6 is 20-26 kD (33) and that of
PSG is 72 kD. Since it is not known which member(s) of the
PSG family has the speculated activity and that there are at
least 16 different PSGs found in the placenta (5), dosages of
1, 10, or 50 pg of PSG were used in experiments, and
0.1-pg dosages of HSA and IL6 were used as control. The
effects of the administration of more protein in the experi-
mental animals given PSG were monitored by comparing
the results of the 1-pg PSG group with that of the 10-pg and
50-pg groups. As shown by the results obtained, the in-
crease in platelet regeneration or WBC recovery after the
administration of 1 pg of PSG was not due to a dose re-
sponse since the 50-pg PSG group in most cases behaved
similarly to the controls.

It is interesting to note that administration of 50 pg of
PSG/day did not enhance platelet and WBC recovery. This
might be expected since some members of the PSG family
possess immunosuppressive activity. Previous studies
showed that PSG suppresses the proliferative activity of
phytohemagglutinin-stimulated lymphocytes (34, 35). Thus,
depending on the relative amount of the PSGs that possess
growth-enhancing activity and those with immunosuppres-
sive activity, the PSG preparation might exhibit opposite
effects. It is possible that the immunosuppressive PSGs are
present as a minor component in the PSG preparation such
that their activity is negligible when only 1 wg of PSG was
given. However, at a higher concentration, these PSGs
might be toxic or might elicit a feedback mechanism stimu-
lating other cells to produce inhibitory substances resulting
in enhancement of neither platelet regeneration nor WBC
recovery.

The recovery of WBC counts after BMT was enhanced
by the injection of PSG and not with IL6 as previously
reported (25). Normal values were achieved in a much
shorter time in animals given PSG compared to controls.
The response of WBC to injection of PSG could not have
been due to endotoxin present in the PSG preparation be-
cause mice injected with 50 pg PSG/day did not demon-
strate the same response, and WBC counts stayed low
throughout the experiment.

The results clearly demonstrate that human PSG has-
tened the recovery of platelets and WBC after BMT. A
survey of the literature reveals an intimate relationship be-
tween the PSG family and the hematopoietic system. A
number of studies have shown that these proteins are pro-
duced by a variety of nonplacental sources including lung,

intestine, testis, uterus, fetal liver, submandibular salivary
gland, peripheral blood cells, and bone marrow cells (5, 7),
all known to be sources of hematopoietic growth factors (1,
36). Studies at both the protein and transcript levels also
suggested involvement of the PSGs in blood cell develop-
ment. PSG was initially reported to be present in normal
polymorphonuclear cells (11, 12). Further immunohisto-
chemical studies showed that PSG is present both on the
surface and in the cytoplasm of granulocytes whereas lym-
phocytes do not contain the protein. This presence of PSG
in hematopoietic cells was confirmed at the transcript level.
Studies with PCR showed that some cells, notably T cells,
consistently contained a higher amount of PSG transcript
than polymorphonuclear cells, monocytes, and B cells. Be-
sides using uncultured blood cells, a number of studies have
also been performed with established blood cell lines. Cul-
tivated blood cells of the myelomonocytic lineage such as
KG-1 express PSG, which was detected at both the mRNA
(37) and protein (13) levels, with or without stimulation
with lipopolysaccharide, phorbol 12-myristate 13-acetate or
v-interferon. This was confirmed by the cloning of PSG
cDNAs from HL-60 (38) and KG-1 (39) cell libraries. On
the other hand, cells of erythroid lineage, including HEL
and K562, and lymphoblastoid cell lines established by Ep-
stein-Barr virus infection of normal B cells do not express
PSG before or after induction (13, 37). Recently, a potential
receptor for one of the PSG family members, PSG11s, was
identified on promonocytic cells (40). The case for a link
between the PSG family and the hematopoietic system lies
in its presence in the first trimester fetal liver (15-18, 41),
the initial anatomic site of hematopoiesis (27). In adults,
PSG is present in the bone marrow (14), but not in the liver
(5). Furthermore, PSG has also been shown to possess in
vitro growth-enhancing activities. The observations that
PSG is not detectable in tissue slides or uncultured cells but
is induced by culturing (32, 42) suggest that it might have an
important role in sustaining cell growth. Co-culture studies
with transfectants expressing recombinant PSGs further
showed that these proteins enhance the growth and matu-
ration of two-cell mouse embryos (43). Altogether, these
observations corroborate the results obtained in the present
study implicating a role of the PSG in early hematopoiesis
in humans.

Although PSGs stimulate thrombopoiesis, they are dis-
tinctly different from thrombopoietin (TPO), a well-
established natural stimulator of megakaryocytopoiesis (44—
46). PSG members vary in size from 58-72 kD (47) whereas
recombinant murine TPO purified from serum-free medium
has an apparent size of 70 kD, and the processed protein
purified from irradiated rat, pig, or canine plasma was re-
ported to be 18-32 kD (48). PSGs are produced by the
placenta and a number of nonplacental tissues notably with
the exception of liver and kidney (5); TPO is produced by
both liver and kidney (48). Lastly, unlike TPO, PSGs have
a broad range of effects in in vitro systems (34, 35, 38, 49).
In this respect, the PSGs might be similar to IL6, which has
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also been shown to enhance production of platelets in both
mice (25) and cynomolgus monkeys (50). Even though the
PSGs, unlike TPO, do not appear to be the major regulator
of megakaryocytopoiesis, they might serve to augment the
activity of TPO in order to maximize thrombopoiesis and
stimulate multiple cell lines. It is known that TPO cooper-
ates with early-acting cytokines, such as interleukin-3 (IL3)
and stem cell factor (the c-kit ligand) (SCF), and later-acting
cytokines, such as IL6, interleukin-11 (IL11), leukemia in-
hibitory factor (LIF), and erythropoietin (EPO) (51-54).
These hematopoietic growth factors act either synergisti-
cally, as in the case of SCF and EPO, or additively as in the
case of IL3, with TPO in platelet activation (55). Thus, the
PSGs might serve to prime cells or act synergistically with
TPO or the other growth factors. They might have a less
specific or a wider spectrum of activity during early hema-
topoiesis compared to TPO.

Even though a heterogeneous mixture of PSGs was
used in the present study, demonstration of the hematopoi-
etic growth-enhancing activities of the PSGs has significant
implications. Characterization of these activities of the PSG
will contribute to the understanding of the development of
the hematopoietic system. It will also shed light on the
understanding of the change in hematopoiesis during preg-
nancy. More importantly, defining the biological activities
of the PSGs in hematopoiesis might prove these proteins to
be useful in ex vivo expansion of cord and peripheral blood
cells, as an additional tool, or as a component in combina-
tion therapy to hasten multilineage hematopoietic recovery
after aggressive cytotoxic therapy (56, 57) or in other dis-
orders of bone marrow function.
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