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ABSTRACT

The in vitro and in vivo effects of prostaglandin I^ ( l'( ; I-'.,) and of its

stable analogue, 16,16-dimethyl-PGE2 (dmPGE2), on myelopoiesis and
on the myelopoiesis-associated immune suppressor cell activity of mice
bearing metastatic variant Lewis lung carcinoma (LLC-C3) tumors are

assessed. In vitro studies showed a reduced susceptibility of bone marrow
myeloid progenitor cells (CFC) from LLC-C3 tumor bearers versus
normal mice to the growth-inhibitory effects of PGE2. When added to
cocultures of bone marrow cells with LLC-C3 supernatant*, PGE2 less

ened the frequency of CEC and slightly reduced the generation of bone
marrow immune suppressor cells. In vivo studies showed that 4 daily
injections of dmPGE2 into LLC-C3 tumor-bearing mice caused some

reduction in femoral bone marrow CEC and had an insignificant effect on
bone marrow suppressor cell activity. In contrast to the relative insensi-

tivity of bone marrow cells of tumor bearers to the effects of PGE2, in
vitro studies showed that CFC formation by spleen cells of tumor bearers
was readily inhibited by PGE2. Likewise, in vivo studies showed that
spleen cells of dmPGEj-treated LLC-C3-bearing mice had a reduction in

cellularity, CEC, and the level of spontaneous proliferation; a reduction
in suppressor cell activity; and an increase in blastogenesis. Thus, short-
term dmPGE2 treatment of LLC-C3-bearing mice limited the tumor-

induced splenic myelopoiesis and reduced the associated splenic immune
suppressor cell activity.

INTRODUCTION

The progressive growth of tumors in patients and experimen
tal animals results in an aberration in the regulation of both
myelopoiesis and immunity. For example, growth in mice of a
variety of tumor types, including TS/A mammary adenocarci-
noma, LLC,3 or 4T00.1 plasmacytoma, resulted in splenomeg
aly and an increase in myeloid progenitor cells (CFC) (1-10).
This tumor stimulation of myelopoiesis was associated with
tumor cell production of CSFs. Tumor stimulation of myelo
poiesis in mice bearing BMT-11 fibrosarcomas enhanced the
ability of injected B16 melanoma tumor cells to colonize and
to metastasize (11).

Tumor growth in a host frequently results in reduced immune
competence and an increased appearance of immune suppres-
sive cells (12-17). Increased suppressor T-lymphocyte activity
was apparent in lymph nodes adjoining melanotic tissue and in
the spleens of mice bearing a variety of tumor types (18-20).
Suppressive activity of monocytes and macrophages became
more prominent during progressive growth of X5563 or
MOPC-315 plasmacytomas, methylcholanthrene-induced fi
brosarcomas, and of LLC tumors (17, 21-24).
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In our studies, we have shown that the decline in immune
competence of mice with progressively growing metastatic
LLC-C3 tumor cells was associated with the appearance of a
sequence of immune suppressor cell populations (5, 16, 17, 24,
25). These suppressor cells were inhibitory to the activities of
T-lymphocytes and natural killer cells, both of which are known
to be important components of the host anti-tumor defense
system. First the immune suppression was mediated by PGE2-
producing adherent splenic and peritoneal macrophages (16,
17, 24). However, as tumors became large (>3 g), the suppres-
sive activity of mature adherent macrophages declined as did
their production of PGE2. The decline of the PGE2-mediated
immune suppressor mechanism coincided with an increased
stimulation of myelopoiesis and the appearance of a population
of immature bone marrow-derived immune suppressor cells (5,
25). The myelopoiesis stimulation resulted in splenomegaly and
in increased numbers of progenitor cells in both the bone
marrow and spleen. The myelopoiesis-associated suppressor
cells resembled immature cells of the monocyte lineage, and
their presence was associated with an increased frequency of
monocytic cells in the spleen and peripheral blood (5).

The regulation of myelopoiesis is normally controlled by
positive mediators such as the M-CSF, GM-CSF, G-CSF, and
interleukin 3 (26-28), and negative regulators such as acidic
isoferritins, interferons, and prostaglandins (29-34). Adminis
tration of PGE2 to mice or the addition of macrophage-derived
PGE to in vitro bone marrow cultures resulted in a reduction
in myeloid CFC (35, 36). The PGE can also modulate expres
sion of la antigen on stem and myeloid progenitor cells and, in
turn, regulate the sensitivity of these cells to inhibition by acidic
isoferritins (37-39).

In the current study, a known negative regulator of myelo
poiesis, PGE2, was used to minimize the myelopoiesis stimu
lation which was prominent in mice bearing LLC-C3 tumors.
By doing so, we were able to minimize the myelopoiesis-asso
ciated immune suppressor activity of spleen cells and, conse
quently, augment the T-lymphocyte immune competence of the
LLC-C3 tumor bearers.

MATERIALS AND METHODS

Medium. The medium used was RPMI-1640 containing 100 units/
ml of penicillin, 100 ^g/ml of 4-(2-hydroxyethyl)-l-piperazineethane-
suifonic acid buffer solution, 5 x 10~5M 2-mercaptoethanol, 2 HIML-

glutamine, and 10% endotoxin-free FBS (Hyclone Laboratories, Logan,
UT).

Mice. Six- to 8-wk-old male C57BL/6 mice were used for all studies.
The mice were obtained from Cumberland View Farms (Clinton, TN)
and then housed at the HiÃ±esV. A. animal research facility.

LLC-C3 Tumor Cells (40). Cloned metastatic variant cells of the
Lewis lung carcinoma, LLC-C3, were used in all studies. These cells
do not produce immune suppressive factors and produce only minimal
levels of PGE2. However, the LLC-C3 cells secreted CSF activities
which stimulate proliferation of monocytic and monocytic-granulocytic
bone marrow CFC (5). In the present studies, the LLC-C3 tumor cells
were implanted into mice by dorsal s.c. injection of 5 x IO5cells.

Culture of Bone Marrow Cells with LLC-C3 Supernatant. Normal
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bone marrow cells were suspended to 5 x 106/ml in medium only or
medium containing 20% supernatant from 24-h cultures of 1 x 106/ml
of LLC-C3 cells. In some of these bone marrow cultures, PGE2 was

added to yield 1 ng/ml or 0.1 ng/ml. After 3 days of culture, both the
adherent and nonadherent cells were collected and used in CFC and
suppressor cell assays.

Treatment of Mice with dmPGE2. At 3 wk after LLC-C3 tumor
implantation, when tumors were approximately 20 mm in diameter,
normal and tumor-bearing mice were treated daily for 4 days by i.p.
injection of diluent or 10 /Â¿gof dmPGE2 (Upjohn Diagnostics, Kala-
mazoo, MI). On the day following the last dmPGE2 treatment, mice
were sacrificed, and their spleen cells and femoral bone marrow cells
were used. Studies were conducted with at least 5 mice/group.

CFC Assay (41). Bone marrow cells (7.5 x 10") or spleen cells (7.5
x 10*) from individual mice were placed into each 35 x 10-mm tissue
culture dish in 1 ml of semisolid supplemented RPMI-1640 medium

containing 20% FBS and 0.3% agar (Bacto Agar; Difco Laboratories,
Detroit, MI). PWMSCS was used as a source of CSF (42) at a final
concentration of 10%. This preparation of murine CSF, which was free
of known inhibitory molecules, stimulated colonies containing granu-

locytes (approximately 10%), macrophages (approximately 30%), and
granulocytes plus macrophages (approximately 50%). In some assays,
various concentrations (100 pg/ml to 1 Mg/ml) of PGE2 were added to
the dishes. The colonies (>50 cells) were counted after 6 days of culture.

T-Lymphocyte Blastogenesis. The T-lymphocyte activity was assessed
by culturing 2 x 10s spleen cells for 3 days in microtiter plates with
Con-A. For the last 18 h of culture. 1 Â¿Â¿Ciof [3H]thymidine was added
to each well. The amount of [3H]thymidine incorporated by the spleen

cells was measured in a liquid scintillation counter. All assays were
conducted in triplicate on mice from groups of at least 5 mice each.
Each assay was repeated at least 3 times.

Suppressor Cell Assay. The presence of immune suppressor cells was
measured by the capacity to suppress the T-lymphocyte blastogenic
response of normal spleen cells to Con-A. Prior to being added to
responder spleen cells, the suppressor cells were irradiated, washed,
and added at different ratios to 2 x IO5normal responder spleen cells
and 4 fig/ml of Con-A.

Analysis of Data. The Student t test was used to determine the
significance of the differences between values.

RESULTS

In Vitro Effect of PGE2 Formation by Bone Marrow and
Spleen Cells of LLC-C3 Tumor-bearing Mice. The frequency of
CFC in the bone marrow and spleen cells of mice bearing large
metastatic LLC-C3 tumors was increased to 1.6-fold and 5.5-
fold, respectively, that of normals (Table 1). This increase in

the frequency of CFC contributed to an increase in the number
of CFC per femur or per spleen. For example, the number of
CFC per femur of tumor bearers was increased to 40.2 Â±1.9 x
IO3as compared to 15.6 Â±2.0 x IO3 for normals. The number

of CFC per spleen of tumor bearers was increased to 25.3 Â±
4.4 x IO3 as compared to 2.2 Â±1.5 x IO3 for normals. The

addition of PGE2 to the cultures of bone marrow or spleen cells
resulted in a dose-dependent reduction in the CFC formation.
This was evident for cells obtained from either normal mice or
LLC-C3 bearers. There was, however, a reduced susceptibility
of the bone marrow cells from tumor bearers versus normals to
the inhibitory effects of PGE2. A 50% inhibition of CFC for
mation by bone marrow cells of normal mice was achieved with
less than 1 ng/ml of PGE2, while the 50% inhibitory PGE2
dose was approximately 460 ng/ml for bone marrow cells of
LLC-C3-bearing mice. In contrast to the relative insensitivity
of bone marrow cells of tumor bearers to the inhibitory effects
of PGE2, CFC formation by spleen cells of tumor bearers was
more readily inhibited by PGE2 with the 50% inhibitory PGE2
dose being approximately 22 ng/ml.

In Vitro Effects of PGE2 on the Frequency of Progenitor Cells
and on the Generation of Suppressor Activity in Cultures of Bone
Marrow Cells with LLC-C3 Supernatant. Our previous studies
showed that LLC-C3 tumor cells secrete CSFs and that the
LLC-C3 supernatants induced the appearance of suppressor
cells from normal bone marrow cells (5). Culturing bone mar
row cells for 3 days in medium containing 20% LLC-C3 super
natant resulted in the persistence of bone marrow progenitor
cells which subsequently were able to grow into colonies in the
soft agar CFC assay (Table 2), and in the generation of immune
suppressor cells which were inhibitory to T-lymphocyte activa
tion (Table 3). The immune suppressor cells which were induced
by culture with LLC-C3 supernatants mediate their suppressive
activities through a prostaglandin-independent mechanism
which was not influenced by the addition of the prostaglandin
synthesis inhibitor, indomethacin. For example, in one study
the tumor supernatant-cultured bone marrow cells inhibited
normal spleen cell blastogenesis to Con-A by 82% in the absence
of indomethacin and by 78% in the presence of indomethacin.
In contrast to the effects of culturing bone marrow cells with
tumor supernatant, culturing bone marrow cells with only me
dium resulted in a loss of progenitor cells and in marginal levels
of suppressor cell activity. The addition of PGE2 to bone
marrow cells cultured with either LLC-C3 supernatant or with

Table 1 In vitro effect ofPGE2 on colony formation by bone marrow and spleen cells from LLC-C3-bearing mice
Into each 35-mm dish were added various amounts of PGE2 and either 7.5 x IO4 bone marrow cells or 7.5 x 10* spleen cells from normal or LLC-C3 tumor-

bearing mice with 10% (v/v) PWMSCS as a source of CSF. The percentage of the number of colonies which formed in the absence of added PGE2 and the significance
of this difference are also shown.

Colonies/dish by cellsfromAdded

PGE2Cell
source(ng/ml)Bone

marrow00.11101001000Spleen

00.11101001000CFC81

Â±9*62

Â±1433
Â±222
Â±712Â±711

Â±717Â±

1I5Â±413Â±616

Â±615Â±27Â±1Control

mice%-0
PGE2"(100)7641281514(100)8777928842PNS<0.001<0.001<0.001<0.001NSNSNSNS<0.001CFC131

Â±15147
Â±17132
Â±18130
Â±1599
Â±1144

Â±393

Â±1191
Â±468

Â±1051
Â±935
Â±721

Â±6LLC-C3

bearers%-0

PGE2(100)112101997633(100)9773553822PNSNSNS<0.02<0.001NS<0.05<0.01<0.01<0.001

* %-0 PGE2, % of the number of colonies which formed in the absence of added PGEZ; NS, not significant.
* Mean Â±SD.
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Table 2 In vitro reduction by PGE2 of the number of progenitor cells in cultures
of bone marrow cells with LLC-C3 supernatant

Normal bone marrow cells were cultured for 3 days with medium or with 20%
LLC-C3 supernatant in medium with either no added PGE2 or with O.I ng/ml or
1.0 ng/ml of PGE2. These cells were then collected and used in a CFC assay by
adding 7.5 x IO4cells to 35-mm dishes with 10% (v/v) PWMSCS as a source of

CSF.

Cells in CFCassayFresh
BM*BM

precultured with
Medium

+ 0.1 ng/ml of PGE2
+ 1.0 ng/ml ofPGE2BM

precultured with
LLC-C3 supernatant

+ 0.1 ng/ml of PGE2
+ 1.0 ng/ml of PGE2CFC/dish83.7

Â±8.4r18.3

Â±1.5
13.3 Â±0.6
9.0 Â±2.659.0

Â±5.2
44.3 Â±4.2
30.3 Â±5.7PGE2

effect,(%)"-27

-51-25

-49

Â°Values for the number of CFC formed by PGE2-precultured cells which are

significantly different (P < 0.05) from the CFC values for cells precultured in the
absence of added !'(rl are expressed as the percentage of change due to PGE2.

ft BM, bone marrow.
' Mean Â±SD from at least 3 dishes per group.

medium alone caused a reduction in the frequency of CFC
(Table 2). The addition of PGE2 to these bone marrow cell
cultures also caused a slight reduction in the generation of
suppressor cell activity by the LLC-C3 supernatant and in the
less prominent suppressor cell activity which was present after
culture with only medium (Table 3).

Bone Marrow and Spleen Cellularity and Number of CFC
following Treatment of LLC-C3-bearing Mice with dmPGE2.
The effect of treating LLC-C3 tumor-bearing mice with dm-
PGE2 on the myelopoiesis parameters of the femoral bone
marrow and spleens was evaluated (Table 4). The frequency of
bone marrow CFC and the number of CFC/femur in LLC-C3
bearers were increased to 1.9-fold and 1.7-fold, respectively,
that of normal mice. Treatment of LLC-C3-bearing mice with
dmPGEi decreased the frequency of bone marrow CFC by 32%
and the number of CFC per femur by 38%. Similarly, treatment
of normal mice with dmPGE2 decreased the frequency of bone
marrow CFC by 26% and the number of CFC per femur by
24%. The reduction in CFC/femur in dmPGE2-treated tumor-
bearing and normal mice was due to the reduction in the

frequency of bone marrow CFC and not due to a reduction in
femoral cellularity which was not significantly altered by either
the presence of the tumor or by the treatment with dmPGE2.

In contrast to the bone marrow, both the spleen cellularity
and the frequency of CFC of LLC-C3-bearing mice were in
creased resulting in over a 20-fold increase in the number of
CFC per spleen. Treatment of the LLC-C3 bearers with dm-
PGE2 resulted in a 56% decrease in CFC per spleen which was
due to both a decrease in the frequency of CFC and in the
number of nucleated cells in the spleen. Treatment of normal
mice with dmPGE2 also decreased the number of cells per
spleen but caused a slight increase in the frequency of splenic
CFC. Consequently, dmPGE2 treatment of normal mice had
no effect on the number of CFC per spleen.

In a separate study, the effect of dmPGE2 treatment on the
spleen cell incorporation of [3H]thymidine during the 18 h
following removal from tumor-bearing or normal mice was
measured and was shown to agree with the above results of the
CFC assay. In the absence of any stimulants, the [3H]thymidine
incorporated (cpm) by spleen cells of placebo-treated normal
and LLC-C3-bearing mice was 13,189 Â±2,551 and 120,100 Â±
5,482, respectively. The [3H]thymidine incorporated by spleen
cells of dmPGE2-treated normal and LLC-C3-bearing mice was
reduced, respectively, to 9,571 Â±2,719 (not significantly differ
ent) and to 81,457 Â±11,622 (P < 0.01 ).

Effect of Treating Normal and LLC-C3-bearing Mice with
dmPGE2 on Their Spleen Cell Blastogenic Response. The effect
of treating normal and tumor-bearing mice with dmPGE2 on
their spleen cell blastogenic response to various doses of Con-
A was measured (Table 5). Treatment of normal mice with
dmPGE2 had no effect on blastogenesis in response to 4 /ug/ml
of Con-A and inhibited blastogenesis in response to 2 or 1 Â¿tg/
ml of Con-A by 24% and 26%, respectively (P< 0.05). Placebo-
treated LLC-C3 bearers were minimally able to respond to
Con-A with their blastogenesis being reduced by over 60% as
compared to that of normal mice. In contrast to the immune
suppressive effect of dmPGE2 treatment in normal mice, treat
ment of tumor-bearing mice with dmPGE2 resulted in a signif
icant restoration of their Con-A responsiveness. For example,
dmPGE2 treatment of tumor bearers restored their responsive
ness to 4 jig/ml of Con-A from 37% to 75% of the response by
normals.

Table 3 In vitro inhibition of the generation of bone marrow suppressor cells by culture with PGEj
Normal bone marrow cells were cultured for 3 days with medium or with 20% LLC-C3 supernatant in medium with either no added PGE2 or with O.I ng/ml or

1.0 ng/ml of n .1 The ability of these cells to suppress normal spleen cell blastogenesis to Con-A was measured and compared to that for freshly isolated bone
marrow cells.

Splenic Con-A response by spleen cells

Added BMÂ°cells

With added BM cells at ratio of*

Alone 1:0.5 1:0.25

None

Fresh BM

BM precultured with
Medium only

+ 0.1 ng/ml of PGE;
+ 1.0 ng/ml of PGEÂ¡

BM precultured with
LLC-C3 supernatant

+ 0.1 ng/ml of PGEi
+ 1.0 ng/ml of PGEj

132,647 Â±3,260'

121,797 Â±6,153(8)''

78,302 Â±10,640(41)
81,607 Â±3,218 (38)

104,143 Â±6,780*(21)

27,208 Â±1,524(79)
54,982 Â±5,288' (59)
51,590 Â±6,039'(61)

140,333 Â±13,040

118,810 Â±15,743
111,680 Â±12,871 (16)
141,220 Â±4,640'

40,992 Â±4,868 (69)
69,982 Â±3,143'(47)
78,091 Â±4,601'(41)

" BM, bone marrow.
" Ratio of responder normal spleen cells to added suppressor cells.
' Mean Â±SD of at least triplicate cultures (cpm).
11Numbers in parentheses, significant (P < 0.05) levels of suppressor cell activity expressed as the percentage of suppression of the normal spleen cell response.
' Significant (/' < 0.05) reduction in suppressor activity of PGEi-cultured cells as compared to that of cells cultured in the absence of added I'<. I
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Table 4 Effect afin vivo administration ofdmPGEi to LLC-Ci-bearing mice on the myelopoietic parameters of their femoral bone marron1 and spleens
Bone marrow cells (7.5 x IO4)or spleen cells (7.5 x 10') from individual mice were seeded in triplicale into 35-mm dishes with 10% (v/v) PWMSCS. After 6 days,

the number of CFC per dish was determined. In Experiments 3 to 5, the numbers of nucleated cells in the femoral bone marrow or in the spleen of individual mice
were also determined and the numbers of CFC per organ were then calculated.

dmPGE2
Cells MicetreatmentBone

marrow Normals

LLC-C3bearersSpleen

Normals

LLC-C3 bearersExperiments

1-5CFC/dish

(% ofnorm)85.3
Â±3.0Â°

63.4 + 2.4* (74)'
158.9 + 7.9(186)
108.7 Â±8.1*(127)13.8

Â±1.317.5+
1.7*(127)

95.9 Â±7.4 (693)
68.3 Â±2.2*(494)ExperimentsCells/organ,

x IO7

(% ofnorm)2.0

Â±0.32.2
Â±0.4

1.8 Â±0.3
1.7Â±0.111.2Â±

1.8
7.6 Â±1.3* (67)

27.2 Â±3.2 (242)
14.6 Â±3.4*(130)3-5CFC/organ,

x IO3

(% ofnorm)22.9

+ 2.2
17.4 Â±0.7*(76)

39.1 Â±1.0(171)
24.3 Â±2.8*1.4

Â±0.1
1.6 Â±0.4

31.5 + 5.6(2,176)
14.0 Â±3.0* (968)

Â°Mean Â±SEM.
* Values for dmPGE2-treated mice is significantly different (P < 0.05) from the value for placebo-treated mice.
' Numbers in parentheses, values which are significantly different (P < 0.05) from those for normal placebo-treated mice expressed as the percentage of the normal

value.

Table 5 Effect ofdmPGEi treatment ofLLC-Ci tumor bearers on their Con-A blastogenic response

Con-A Spleen cell
(Â¡.â€¢j.milsource4

Normals
LLC-C3bearers2

Normals
LLC-C3bearers1

Normals
LLC-C3 bearersCon-A

response of mice treatedwith"Placebo183,

160 Â±6,424''

68,368 Â±12,906(37/227,330

Â±36,471
46,459 Â±1.354(20)196,463

Â±6,958
18,584 Â±2,936 (9)dmPGEj1

77,387 Â±10,811
136,730 +5,096(75)173,037+

10,315(76)
136,373 +9,682(60)1

44,623 Â±11,537(74)
77,162 Â±8,364 (39)%of

change*-3+99-24

+194-26

+315P

value'NS'

<0.01<0.05

<0.001<0.01

<0.001
Â°The Con-A blastogenic response of individual control and LLC-C3 tumor-bearing mice which had been treated with placebo or with dmPGEj was measured.

Each treatment group contained 8 mice.
* The percentage of change in Con-A blastogenesis due to dmPGE; treatment of mice.
' Level of significance in the difference between the response of dmPGE2-treated mice as compared to the response of placebo-treated mice.
d Mean Â±SEM (cpm).
' NS, not significant.
^Numbers in parentheses, values which are significantly different (P < 0.05) from those for normal placebo-treated mice expressed as the percentage of the normal

value.

Table 6 Effect ofdmPGE2 treatment ofLLC-Ci tumor bearers on their suppressor cell activity
Con-A blastogenic response by spleen cells"

'' ' With added cells of mice treatedwithMedium

Cells Source Ratio* Alone (% ofsupernatant)None

N/A' N/A 148.613 Â±19,501''BM

Normals

LLC-C3bearersSpleen

Normals

LLC-C3 bearers:1

100,721 Â±10,441 (32)'

:0.5 104,966 Â±9,800 (29)
:1 74,657 + 8,740(50)
:0.5 100,071Â±8,787(33):1

157, 170 Â±7,237
:0.5 146,626 Â±9,249
:1 87,079 Â±7,454 (41)
:0.5 112,133 + 5,270(25)dmPGE2(%

ofsupernatant)1

55,456 Â±13,21 y
164,345+ 14.85/
83,803 + 8,919(44)

114.258+10,970(23)150,096

137,376
133,212
139.054Â±

10,149
Â±3,046
Â±11,826^
Â±11,20/

" The effect of bone marrow and spleen cells from placebo- or dmPGEj-treated normal or LLC-C3-bearing mice on the Con-A responses of normal spleen cells

was assessed. Each treatment group contained 8 mice.
* Ratio of responder normal spleen cells to added suppressor cells.
' N/A, not available; BM, bone marrow.
**Mean Â±SEM of 3 experiments.
' Significant (P < 0.05) levels of suppressor cell activity expressed as the percentage of suppression of the normal spleen cell response by the added cells.
* Value for dmPGE2-treated mice is significantly (P < 0.05) different from the value for placebo-treated mice.

Effect of dmPGEz Treatment of Normal and LLC-C3-bearing
Mice on the Suppressor Activity of Their Bone Marrow and
Spleen Cells. Studies were conducted to determine if dmPGEj
treatment of normal and LLC-C3-bearing mice would minimize
the levels of immune suppressor activity of their bone marrow
and spleen cells (Table 6). While bone marrow cells of normal
mice had some suppressor cell activity, causing 32% suppres
sion of normal spleen cell blastogenesis, bone marrow cells of
LLC-C3-bearing mice had more suppressor activity and sup
pressed blastogenesis by 50%. Treatment of normal mice with

dmPGEi caused a complete elimination of suppressor activity
of their bone marrow cells. In contrast, dmPGE2 treatment of
tumor-bearing mice tended to only minimally lessen their bone
marrow suppressor activity (not statistically significant).

The effects of dmPGE2 administration to tumor bearers on
the suppressor activity of their spleen cells differed from the
results described above for bone marrow cells. No suppressive
activity was present in spleen cells prepared from either placebo-
treated or dmPGE2-treated normal mice. In contrast, spleen
cells of LLC-C3-bearing mice suppressed normal spleen cell
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blastogenesis by 41%. This suppressive activity was abolished
by treatment of LLC-C3-bearing mice with dmPGE2. Similar
results were observed at both of the ratios at which suppressor
cells were added to normal splenic responder cells.

DISCUSSION

Progressive growth of tumors results in the appearance of
immune suppressor cells which limit the antitumor effector
mechanisms of the host (12, 16-21). Our studies have shown
that growth of LLC-C3 tumors profoundly suppresses host
immune competence. This immunosuppression is mediated by
host suppressor mechanisms, since the tumor itself does not
produce immune suppressive factors such as PGE2. However,
the LLC-C3 tumor cells do secrete CSFs. Our studies (5, 17,
24, 25) have suggested the following cascade of tumor-induced
host suppressor mechanisms which overlap with mechanisms
that regulate myelopoiesis. During the initial and intermediate
periods of LLC-C3 growth, mature adherent macrophages me
diate immune suppression by producing increased amounts of
PGE2. So long as the macrophages produce elevated levels of
PGE2, they also block myelopoietic stimulation by the tumor-
derived CSF. During the later phases of tumor growth, the
macrophages lose their suppressive activities and produce only
nominal amounts of PGE2. When macrophage PGE2 produc
tion declines, the myelopoietic stimulation by the tumor-derived
CSF becomes evident. Consequently, the myelopoiesis-associ-
ated immune suppressor cells also became apparent. As PGE2
is a potent negative regulator of myelopoiesis (31-39), it was
used in vitro and in vivo in the presently described studies to
restrict the appearance of tumor-induced myelopoiesis and the
associated bone marrow-derived suppressor cells.

The results of in vitro studies showed that PGE2 could be
effective at inhibiting the tumor-induced myelopoiesis in order
to inhibit the appearance of the myelopoiesis-associated im
mune suppressor cells. The doses at which these effects could
be observed, 1 ng/ml and 100 pg/ml, are physiologically perti
nent, as the plasma PGE2 levels of normal mice and of mice
bearing large tumors are typically between 530 and 600 pg/ml
(Ref. 17 and data not shown). These in vitro studies supported
the use of PGE2 in LLC-C3 tumor bearers at a time when
tumor stimulation of myelopoiesis and the associated appear
ance of bone marrow-derived suppressor cells were prominent.
In the in vivo studies, treatment of tumor bearers with dmPGE2
was restricted to 4 daily injections to (a) minimize any direct
immune suppressive effects of dmPGE2, and to (b) avoid any
changes in tumor size that would interfere in the assessment of
PGE2 effects on myelopoiesis and suppressor cells. Short-term
treatment of tumor bearers with dmPGE2 resulted in some
reduction in femoral CFC and had an insignificant effect on
the presence of immune suppressor bone marrow cells. How
ever, the dmPGE2 treatment of tumor bearers caused a marked
reduction in splenic myelopoiesis and a reduction in splenic
immune suppressor cells. The capacity of the dmPGE2 treat
ments in diminish splenic myelopoiesis and suppressor cell
activity prompts further studies to determine whether these
effects would be expressed as a measurable reduction in tumor
growth. These in vivo results were consistent with the results of
in vitro studies showing that bone marrow cells of tumor bearers
were less sensitive to the myelosuppressive effects of PGE2 than
were either bone marrow cells from normal mice or spleen cells
from tumor-bearing mice. It would be of interest to quantitate
PGE2 receptors on progenitor cells of tumor bearers versus of
control mice or to compare the levels of responsiveness of

tumor-bearer progenitor cells to PGE2 by assessing either their
intracellular levels of cyclic cAMP or the modulation of their
expression of la-associated antigen.

The conclusion of our present studies is that short-term
treatment of tumor bearers with PGE2 is efficacious in the
spleen in limiting tumor-induced myelopoiesis stimulation and
the presence of myelopoiesis-associated immune suppressor
cells.
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