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ABSTRACf. IL-11, a new hematopoietic cytokine isolated 
from primate stromal cells (PU-34), has been shown to act 
synergistically with IL-3 to induce proliferation of early 
hematopoietic stem cells and induce in vitro CFU-MEG 
proliferation. We hypothesize that recombinant human 
(rh)IL-11 alone or in combination with granulocyte colony­
stimulating factor (G-CSF) might modulate newborn in 
vivo granulopoiesis and thrombopoiesis. Newborn Spra­
gue-Dawley rats were given 14 d of intraperitoneal rhiL-
11 (0-250 X 14 d), rhiL-11 (250 + rhG-CSF 
(5 simultaneously X 14 d), rhiL-11 X 7 d followed 
by G-CSF X 7 d, G-CSF x 14 d, PBS/human serum 
albumin X 7 d followed by G-CSF X 7 d, or PBS/human 
serum albumin X 14 d. rhiL-11 alone had no effect on the 
circulating hematocrit or absolute neutrophil count. There 
was, however, a significant increase in the circulating plate­
let count after rhiL-11 (100 and 250 versus PBS/ 
human serum albumin (d 13: 1241 ±54, 1262 ±58 versus 
939 ± 38 k/mm3

; p = 0.01). Sequential and simultaneous 
IL-I 1 + G-CSF caused a significant increase in the marrow 
neutrophil reserve and the circulating absolute neutrophil 
count above that observed when G-CSF alone was admin­
istered. IL-11 ± G-CSF, however, failed to reduce the 96-
h mortality rate during experimental group B streptococcal 
sepsis. These data suggest that IL-11 alone results in a 
significant elevation in the blood platelet concentration and, 
in combination with G-CSF, induces an increase in in vil•o 
neonatal rat myelopoiesis. This nm·el cytokine may have 
the potential to decrease the morbidity associated with 
cytopenias in the newborn. (Pediatr Res 34: 56-61, 1993) 
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rh, recombinant human 
rr, recombinant rat 
SCF, stem cell factor 
HSA, human serum albumin 
NSP, neutrophil storage pool 
NPP, neutrophil proliferative pool 
CFU, colony-forming unit 
GEMM, granulocyte, erythroid, monocyte, megakaryocyte 
GM, granulocyte macrophage 
BM, bone marrow 
MEG, megakaryocyte 

Significant developmental immaturities in neonatal hemato­
poiesis have been identified to include defects in both myelo­
poiesis and thrombopoiesis. During states of increased demand, 
the newborn is predisposed to developing peripheral cytopenias, 
especially neutropenia and thrombocytopenia (1-3). Dysregula­
tion of neonatal rat myelopoiesis has been demonstrated to be 
associated with both reduced CFU-GM progenitors and de­
creased BM NSP precursors (4-6). However, circulating pools of 
multipotent and unipotent myeloid progenitor cells (CFU­
GEMM and CFU-GM, respectively) are significantly elevated in 
both preterm and term infant cord blood compared with adult 
peripheral blood (7, 8). 

We have previously demonstrated that single, sequential, and 
simultaneous administration of both early-acting and late-acting 
hematopoietic growth factors modulate both in vitro and in vivo 
neonatal hematopoiesis. Single-d, 7-, or 14-d administration of 
rhG-CSF in newborn rats induces peripheral neutrophilia and 
an increase in BM NSP and CFU-GM pools (9, 10). The sequen­
tial 7-d administration of both early and late-acting hemato­
poietic growth factors, rhlL-6, or rrSCF (early-acting) followed 
by rhG-CSF (late-acting), has been associated with a significant 
increase in neonatal rat peripheral neutrophilia and BM NSP 
and CFU-GM pools (II, 12). Similarly, simultaneous adminis­
tration of an early lineage CSF (rrSCF) plus a lineage-specific 
CSF (rhG-CSF) also has resulted in a significant increase in both 
neonatal rat peripheral neutrophilia and BM NSP ( 12). We have 
also recently demonstrated that rhSCF is additive with both rhG-
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CSF or rhiL-3 to induce cord blood CFU-GM colony formation 
when incubated with isolated CD34+ progenitor cells (13). rhiL-
6, however, has been the only hematopoietic growth factor that 
has been demonstrated to induce in vivo neonatal rat thrombo­
cytosis ( I I). 

Several hematopoietic growth factors have been identified to 
regulate the kinetics of early hematopoietic stem cells. SCF, IL-
6, and G-CSF have all been demonstrated to enhance IL-3-
dependent proliferation of early hematopoietic progenitor cells 
by shortening the Go period of dormant stem cells (14-16). 
Recently, a novel hematopoietic cytokine, IL-11, has been iden­
tified from a medium conditioned by primate BM stromal cells 
(PU-34) ( 17). IL-11 has also been demonstrated to act synergis­
tically with IL-3 to induce the proliferation of early hemato­
poietic stem cells by shortening their Go dormant period ( 18). 
Schibler et a/. ( 19) demonstrated that IL-11 in vitro induces a 
dose-related increase in the cycling of fetal progenitor cells (eryth­
roid blast-forming unit, CFU-GM, and CFU-erythroid, myeloid, 
mcgakarocytic). We hypothesize that rhiL-11 may also have 
profound modulating effects on in l'il'O neonatal rat hemato­
poiesis and host defense. In the present study, we determined the 
in l'ii'O effects of rhiL-11 on neonatal rat hematopoiesis both 
alone and in combination with a lineage-specific CSF (rhG-CSF) 
and examined its modulating effect on the mortality rate during 
experimental group B streptococcal sepsis. 

MATERIALS AND METHODS 

rh/L-1 1. rhlL-11 was kindly supplied by Genetics Institute 
(Cambridge, MA). It was produced in Escherichia coli and 
purified to homogeneity. A biologic activity of 1.5 x 106 U/mg 
was determined by stimulation of the TIO cell line assay. The 
absence of measurable endotoxin contamination was demon­
strated by the Limulus amebocyte lysate assay. rhll-11 was 
diluted in PBS/.0 I% HSA before injection for in vivo studies at 
a dose ranging from 0 to 250 1-1g/kg animal body weight. 

rhG-CSF. rhG-CSF, kindly provided by Jeff Andresen (Am­
gen, Thousand Oaks, CA), was also prepared from E. coli to 
95% purity before formulation in 0.025% HSA. The absence of 
measurable endotoxin contamination was demonstrated by the 
Limulus amebocyte lysate assay. Five 1-1g/kg purified rhG-CSF 
were used (diluted with PBS, pH 7.4). A biologic activity of2 x 
103 U/mg was determined by granulocyte colony formation on 
human nonadherent bone marrow cells in semisolid media. 

Animal inoculation. This study used litters of neonatal albino 
Sprague-Dawley rats (Bantin-Kingman Laboratories, Fremont, 
CA) !524 hold (6-8 g). Mothers of the litters were received I wk 
before delivery and housed at the California State University, 
Fullerton, vivarium. Approval for this study was granted by the 
Animal Use Committee. The animals were maintained at con­
stant room temperature, with water and rodent feed (Purina 
Chow) ad libitum. The site of injection was washed with Betadine 
solution (povidone-iodine, 10%, Purdue Frederick, Norwalk, 
CT) and swabbed with 70% alcohol before each inoculation of 
growth factor. Animals were initially given daily injections of 
rhiL-11 for 14 d at concentrations of I, I 0, I 00, and 250 1-1g/kg 
body weight. Once a dose-response relationship was demon­
strated, 250 1-1g/kg was chosen as the rhiL-11 concentration in 
the following combination experiments. Animals were then given 
injections of either rhiL-11, rhG-CSF (5 1-1g/kg), or simultaneous 
rhiL-11 and rhG-CSF for 14 d, PBS/HSA for 7 d followed by 
rhG-CSF for 7 d, or of rhll-11 for 7 d followed by rhG-CSF for 
7 d. Intraperitoneal injections ofO.IOO mL were performed with 
a sterile tuberculin syringe fitted with a 27.5-gauge needle. Con­
trol animals received 0.1 00-mL injections of PBS/0.0 I% HSA. 

Quantification of circulating platelets, neutrophils, and BM 
myeloid pools. Twenty 1-1L of free-flowing blood were collected 
by nicking the jugular vein with a sterile 25-gauge needle. Sam­
ples were electronically counted (Serano-Baker Diagnostics, Al­
lentown, PA) to determine platelet and white blood cell counts; 

blood smears were prepared and stained with Wright stain, and 
a 100- to 200-cell differential was performed. Femoral BM was 
removed surgically and aseptically on d 14, and neutrophil BM 
pools (NSP + NPP) were determined as previously described by 
Cairo et a/. (I 0) (NSP = percentage of polymorphonuclear cells 
+ bands + metamyelocytes; NPP = percentage of blasts + 
promyelocytes + myelocytes) Absolute neutrophil counts were 
determined by the multiplication of the nucleated cell count 
times the percentage of neutrophils in the differentials. 

CFU-GM colony formation . BM was collected as previously 
described ( 10). After suspension in Hanks' balanced salt solution 
(Gibco Laboratories, Grand Island, NY), cells were cultured in 
methylcellulose media containing 0.8% methylcellulose, FCS 
(30%), BSA (I%), and mercaptoethanol (10-4 M) (Terry Fox 
Laboratories, Vancouver, BC, Canada). A total of 2 X 105 cells 
were stimulated by murine-spleen-cell-conditioned medium 
(I%) (Terry Fox Laboratories) and erythropoietin ( 4 U /mL) 
(Amgen). Cell suspensions were plated in triplicate in 10 x 35-
mm tissue culture dishes (Nunc, Denmark) and incubated at 5% 
C02, 37•c, in a high humidity atmosphere. Cultures were eval­
uated at 10 d with aggregates of>50 cells considered "colonies." 
Myeloid colonies were plucked and stained, and specific lineage 
was confirmed. This agarose culture, however, was not optimal 
for CFU-MEG determination. 

CFU proliferative rate. Thymidine suicide was used to evaluate 
the proliferative rates of CFU-GM as previously described ( 10). 
Light-density bone marrow mononuclear cells from neonatal 
rats were placed in 50-ml centrifuge tubes, nonradioactive thy­
midine and methyl-3H-thymidine containing 0.1 mCi (sp act, 75 
Ci/mmol, ICN Radiochemicals, Irvine, CA) were added, tubes 
were incubated for 20 min, and thymidine uptake was terminated 
by adding excess nonradioactive thymidine in ice-cold a-mini­
mum essential medium with FCS. The cell suspensions were 
then washed twice with cold thymidine media, and plated in 
methylcellulose as described above. Colonies were enumerated 
after 10 d of culture in a 5% C02 incubator at 37"C. The 
thymidine suicide rate was determined by subtracting the average 
number of colonies formed per plate by cells exposed to 3H­
thymidine from the average number of colonies per plate formed 
by cells exposed to nonradioactive thymidine, divided by the 
average colonies per plate from cells exposed to nonradioactive 
thymidine. 

Organism. Group B streptococcus (type III, Norris, kindly 
provided by Dr. Gerald Fisher, Bethesda, MD) was isolated from 
an infected neonate and serotyped by the precipitin method 
using rabbit anti-sera. The organism was grown in Todd-Hewitt 
broth to logarithmic phase and then aliquoted and stored at 
-1o·c until use. Aliquots were thawed and allowed to grow to 
maximum-phase growth in fresh Todd-Hewitt broth. Organisms 
were then sedimented by centrifugation and washed three times 
in sterile PBS. Concentration of bacteria was determined by OD 
at 620 nm, and a suspension of 2.5 X 108 organisms/g body 
weight/0.1 00 ml was prepared for injection. 

Experimental sepsis. After receiving rhiL-11, rhiL-11 + rhG­
CSF sequentially and simultaneously, rhG-CSF, PBS/HSA, or 
PBS/HSA/rhG-CSF for 14 d, 2.5 X 108 organisms/g of body 
weight of group B streptococcus was injected intraperitoneally 
into each group of animals. Survival was monitored for the next 
120 h. Control animals received sham injections of PBS/O.QI% 
HSA. 

Statistical analysis. All results are expressed as mean ± SEM 
of four animals or multiple runs of three to five replicates of 
blood or BM samples. The probability of significant differences 
when comparing two treated groups was determined with the use 
of the unpaired t test, whereas the probability of significant 
differences when examining multiple treatments was determined 
by using analysis of variance followed by the Student-Newman­
Keuls multiple-range tests to define the unique subsets within 
the study. Statistical analyses were performed using the Biostat I 
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statistical program (Sigma Soft, Placentia, CA) for the IBM 7000-r--------------------, 
personal computer. p values <0.05 are considered significant. 

RESULTS 

The administration of rhiL-11 (0-250 llg/kg X 14 d) did not 
induce any significant change in circulating absolute neutrophil 
count. D 14 absolute neutrophil count after 1, 10, 100, and 250 
llg/kg rhiL-11 X 14 d compared with PBS/HSA was 1240 ± 193 
versus 872 ± 84 versus 1016 ± 60 versus 973 ± 128 versus 1368 
± 139 (p = NS). Similarly, 14 d of rhiL-11 failed to induce a 
significant change in the circulating hematocrit: values were 21.7 
± 0.3 versus 21.6 ± 0.4 versus 21.5 ± 0.7 versus 20.3 ± 0.7 
versus 21.3 ± 0.8 (%) (l versus 10 versus 100 versus 250 llg/kg 
versus PBS/HSA). However, 14 d ofrhiL-11 (at the two highest 
doses) induced a significant increase in the circulating platelet 
count (Fig. 1) rhiL-11 did not induce any significant change in 
the circulating absolute lymphocyte, monocyte, eosinophil, or 
basophil counts compared with placebo control-treated animals. 

The BM NSP, NPP, CFU-GM, and CFU-GM proliferative 
rates were also determined after 14 d of administration of rhiL-
11. There was a dose-related increase in the BM NSP after 14 d 
of rhiL-11 (Fig. 2). There was a small but significant increase in 
the BM NPP after 14 d ofrhiL-11 versus PBS/HSA (1109 ± 142 
versus 657 ± 166) [rhiL-11 (100 llg/kg) versus PBS/HSA] (p = 
=::0.05). After 14 d ofrhiL-11, there was a significant increase in 
the BM CFU-GM compared with placebo control-treated ani­
mals (BM CFU-GM: 68.0 ± 3.6 versus 46.3 ± 2.4) (colonies/2 
X 1 os cells, p = <0.0 1 ); however, no significant difference was 
seen in the CFU-GM proliferative rate [BM CFU-GM prolifer­
ative rate: 45.2 ± 2.1% versus 37.9 ± 4.6%, p = NS; rhiL-11 
(250 llg/kg) versus PBS/HSA]. 

To determine the additive and/or synergistic effect of rhiL-11 
± rhG-CSF on in vivo neonatal rat hematopoiesis, sequential 
and simultaneous studies were performed with rhiL-11 at the 
250-J.Lg/kg/d dose. The sequential administration of rhiL-11 x 7 
d followed by rhG-CSF x 7 d demonstrated a significant increase 
in the circulating absolute neutrophil count during the 2nd wk 
of therapy compared with PBS/HSA x 7 d followed by rhG-CSF 
x 7 d (Fig. 3). Similarly, but even more strikingly, 14 d of 
simultaneous administration of rhiL-11 + rhG-CSF synergisti­
cally and significantly induced an increase in the circulating 
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Fig. I. Neonatal Sprague-Dawley rats (:s24 h) received rhiL-11 or 

PBS/HSA for 14 d by daily intraperitoneal injection. Blood samples were 
electronically enumerated and platelet values obtained. Values are the 
mean± SEM of four animals. rhiL-11 (100 l'g/kg) vs PBS/HSA: t. d 10 
(p < 0.001); tt. d 13 (p < 0.05), rhiL-11 (250 11g/kg) vs PBS/HSA: •. d 
6. 8. 10, and 13 (p < 0.005) ...... , IL-11 (1 11g/kg):- .. -. IL-11 (10 
11g/kg); - - - -. IL-l! (I 00 11g/kg); - -. IL-l! (250 11g/kg); -. PBS/ 
HSA. 
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Fig. 2. Neonatal Sprague-Dawley rats (:s24 h) received rhiL-11 or 
PBS/HSA for 14 d by daily intraperitoneal injection. BM neutrophil 
storage pool was determined by aseptic removal of the femurs and 
flushing of the bone marrow into a known quanity of Hanks' balanced 
salt solution. Electronic cell counts were performed and a 500-cell 
differential was obtained on Wright's-stained cytospin preparations. Bars 
represent the cell number per two femurs (mean ± SEM) of three 
replicates from pooled samples of four animals per treatment group. •, 
rhiL-11 (100 11g/kg and 250 11g/kg) vs PBS/HSA: p < 0.001. 
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Fig. 3. Neonatal Sprague-Dawley rats (:s24 h) received rh!L-11 for 

14 d, rhiL-11 or PBS/HSA for 7 d followed by rhG-CSF for 7 d, or PBS/ 
HSA for 14 d by daily intraperitoneal injection. Blood samples were 
electronically enumerated and a 100- to 200-cell differential was per­
formed on Wright's-stained blood smears. Values are the mean ± SEM 
of four animals. ANC, absolute neutrophil count. rhiL-11 + rhG-CSF vs 
PBS/HSA + rhG-CSF: •, d 10 (p < 0.03), ••, d 13 (p < 0.05).- -, IL­
l! X 7 d + G-CSF X 7 d;- · · -, IL-11 X 14 d;-- -,PBS x 7 d + G­
CSF X 7 d; -, PBS/HSA X 14 d . 

absolute neutrophil count during the 2nd wk of therapy (p = 
0.02) (Fig. 4). 

The increase in the circulating platelet count was entirely 
dependent on 14 d of administration of rhiL-11. In the groups 
of animals that received 14 d ofrhiL-11 alone or simultaneously 
with rhG-CSF, there was a significantly higher circulating platelet 
count compared with those treated with either rhiL-11 x 7 d 
followed by rhG-CSF x 7 d, G-CSF alone x 14 d, or PBS/HSA 
x 14 d (Fig. 5). G-CSF had no effect on circulating platelet 
count. There was no significant change in the combination 
studies relative to the circulating hematocrit and absolute lym­
phocyte, basophil, monocyte, and eosinophil counts. 

Both the sequential and simultaneous administration of rhiL-
11 and rhG-CSF induced a significant increase in the BM NSP 
compared with control-treated animals or rhG-CSF alone (Fig. 
6). There was, however, no significant difference in the BM NPP 
when rhiL-11 was used either sequentially or simultaneously 
with rhG-CSF versus rhG-CSF alone or PBS-HSA-treated ani-
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Fig. 4. Neonatal Spraguc-Dawley rats (s24 h) received rhiL-11 for 
14 d. rhiL-11 + rhG-CSF for 14 d. or rhG-CSF or PBS/HSA for 14 d by 
daily intraperitoneal injection. Blood samples were electronically enu­
merated and a 100- to 200-cell differential was performed on Wright's­
staincd blood smears. Values arc the mean ± SEM of four animals. AN C. 
absolute neutrophil count. rhll-11 + rhG-CSF vs G-CSF: *. d 6. 10 (p 
< 0.005): **. d 8. 13 (p < 0.02). - -. IL-11 + G-CSF x 14 d: - · · -. 
IL-11 x 14 d;-- -. G-CSF x 14 d; -. PBS/HSA x 14 d. 
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Fig. 5. Neonatal Sprague-Dawley rats (s24 h) received rhiL-11 for 
14 d. rhiL-11 for 7 d followed by rhG-CSF for 7 d. rhll-11 and rhG­
CSF for 14 d. or PBS/HSA for 14 d by daily intraperitoneal injection. 
Blood samples were electronically enumerated and platelet values ob­
tained. Values arc the mean ± SEM of four animals. rhlL-11 x 7 d + 
G-CSF x 7 d 1'.1' PBS/HSA: *. d 8 (p < 0.05): **, d 10 (p < 0.02). rhll-
11 + G-CSF x 14 d 1'.1' PBS/HSA: **, d 10 (p < 0.001): ***. d 13 (p < 
0.02).- .. -. IL-11 X 7 d + G-CSF X 7 d; .... ·, IL-11 + G-CSF X 14 
d:- -.IL-11 x 14 d: -. PBS/HSA X 14 d. 

mals (data not shown). The sequential and simultaneous treat­
ment of rhiL-11 + rhG-CSF also induced a significant increase 
in the BM CFU-GM proliferative rate compared with G-CSF or 
control-treated animals [49 ± 3.9% rhiL-11 (sequential) + G­
CSF, p = 0.05, and 56.4 ± 3.2% rhiL-11 (simultaneous) + G­
CSF, p = 0.01, versus 31.7 ± 4.1% G-CSF versus 35.3 ± 3.5% 
PBS/HSA). However, the BM CFU-GM was slightly increased 
but not significantly different in the sequential and simultaneous 
treatment with rhiL-11 and G-CSF [64.7 ± 6.7 sequential, 64.7 
± 10.1 simultaneous versus 54 ± 3.5 G-CSF versus 46.3 ± 2.4 
PBS/HSA colonies/2 x I 05

; p = NS]. 
Lastly, we examined the prophylactic effect of 14 d ofrhiL-11 

alone or given sequentially or simultaneously with rhG-CSF in 
modulating the survival rate after inducing experimental group 
B streptococcal sepsis. There was a significant difference in 
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Fig. 6. Neonatal Sprague-Dawley rats (s24 h) received rhiL-11 ± G­
CSF for 14 d, rhlL-11 for 7 d followed by G-CSF for 7 d, or PBS/HSA 
for 14 d by daily intraperitoneal injection. BM NSP was determined by 
aseptic removal of the femurs and flushing of the bone marrow into a 
known quanity of Hanks' balanced salt solution. Electronic cell counts 
were performed and a 500-cell differential was obtained on Wright's­
stained cytospin preparations. Bars represent the cell number per two 
femurs (mean ± SEM) of three replicates from pooled samples of four 
animals per treatment group.*, rhiL-11 + G-CSF (sequential) vs G-CSF 
(p < 0.001) vs PBS/HSA (p< 0.03); **, rhiL-11 + G-CSF (simultaneous) 
vs G-CSF (p < 0.02) VS PBS/HSA (p < 0.001) . 
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Fig. 7. Neonatal rats received rhiL-11. rhiL-11 and rhG-CSF sequen­
tially or simultaneously, rhG-CSF. or PBS/HSA by intraperitoneal injec­
tion for 14 d. Twelve animals per group were then inoculated with 2.5 
X 108 G BS/g on d 15. Graph represents percentage of survival 0 to 96 h 
after injection of group B streptococcus. *. rhlL-11 + rhG-CSF (sequen­
tial) I'S rhG-CSF (p < 0.03): **. rhiL-11 + rhG-CSF (sequential) I'S PBS/ 
HSA (p < 0.04} at 24 h. 96 h (p = NS). •. no group B streptococcus: 
- · -.IL-l I X 7 d + G-CSF x 7 d; ····.IL-l I+ G-CSF x 14 d: · · · · ·. 
IL-l I x 14 d:- -. G-CSF x 14 d: -. PBS/HSA x 14 d. 

survival at 24 h between IL-11 + G-CSF (sequential) l'ersus G­
CSF (p < 0.03) and PBS/HSA (p < 0.04) (Fig. 7). However, by 
96 h, there was no significant difference in survival between any 
of the treatment groups (96 h, p = NS) (Fig. 7). 

DISCUSSION 

IL-11 has been found to synergize with IL-3 in supporting 
murine MEG colony formation and stimulating the proliferation 
ofT-cell-dependent lg-producing B cells ( 17). In addition to the 
synergistic effect of IL-11 with IL-3 to shorten the dormant Go 
phase of stem cells, IL-11 has also been demonstrated to support 
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the formation ofCFU-GM, CFU-GEMM, and CFU-blast colony 
formation from cultures of marrow cells from normal mice ( 18). 
Recently, IL-l! was demonstrated to enhance CFU-GEMM 
formation when used in combination with Steel factor and IL-3 
in serum containing cultures from d-2 enriched post-5-FU mouse 
marrow (15). Although IL-l! and IL-6 have similar in vitro 
biologic effects (i.e. shortened Go dormant stem cell phase, 
synergistic with IL-3 on murine CFU-MEG proliferation, in­
duced hepatic synthesis of acute-phase reactants, and stimulation 
of lg B-cell production), they are truly two distinct cytokines 
(18). 

Although total body neonatal rat concentrations of CFU-GM 
and NSP are significantly reduced compared with adult animals, 
the total concentrations of neonatal rat CFU-MEG are currently 
unknown (3-5). Recently, Olson et a/. (20) demonstrated in­
creased levels of circulating CFU-MEG in preterm and term cord 
blood compared with adult peripheral blood. These findings are 
similar to increased circulating levels of CFU-GM and CFU­
GEMM in preterm and term cord blood (6, 7). Thrombocyto­
penia (<100 000/mm3) is commonly (12%) found in preterm 
newborns ( < 1500 g) and is associated with an increased incidence 
of intraventricular hemorrhage compared with those preterm 
infants who have no evidence of thrombocytopenia (21 ). 

Although administration of rhiL-11 alone had a negligible 
effect in neonatal rats on the circulating hematocrit and absolute 
neutrophil count, it induced a significant increase in the circu­
lating platelet count ( 100 and 250 Jtg/kg/d). rhiL-11, however, 
also induced a significant increase in neonatal rat BM NSP, NPP, 
CFU-GM, and CFU-GM proliferative rates compared with pla­
cebo-controlled animals. The increase in the BM CFU-GM 
proliferative rate by rhlL-11 in vivo is similar to that demon­
strated by Schibler eta!., in vitro ( 19). However, the increase in 
BM myelopoietic precursors did not result in an increase in the 
circulating neutrophil count. It appears that secondary stimula­
tion of committed myeloid progenitors and terminally differen­
tial myeloid cells with G-CSF is required before a peripheral 
response occurs. 

When rhiL-11 was given both sequentially and simultaneously 
with rhG-CSF over a 14-d period, there was a significant increase 
in the circulating absolute neutrophil count during the 2nd wk 
of therapy compared with appropriate control-group animals. 
Additionally, the sequential and simultaneous administration of 
rhiL-11 and rhG-CSF induced a significant increase in the BM 
NSP over that of control animals and rhG-CSF alone. The 
simultaneous administration ofrhiL-11 and rhG-CSF induced a 
significant increase in the BM NSP CFU-GM + CFU-GM pro­
liferative rate similar to our previous studies using simultaneous 
rrSCF + rhG-CSF (12). 

Although the combination of rhiL-11 and rhG-CSF induced 
a significant increase in the circulating absolute neutrophil count 
during the 2nd wk of therapy, it failed to reduce the mortality 
rate during experimental group B streptococcal sepsis. We have 
previously demonstrated that rrSCF alone or in combination 
with rhG-CSF, without antibiotics, reduced the mortality rate 
during experimental group B streptococcal sepsis. Because the 
combinations of rrSCF + rhG-CSF and rhiL-11 + rhG-CSF both 
demonstrated a significant increase in the circulating absolute 
neutrophil count and enhanced BM myeloid pools, other mech­
anisms besides augmentation of myelopoiesis may be playing a 
role in the difference in their prophylactic effect during experi­
mental group B streptococcal sepsis ( 12). We postulate, as we 
previously demonstrated (12), that the increase in the BM mast 
cell pool by either rrSCF alone or in combination with rhG-CSF 
may play a role in enhancing neonatal rat host defense and 
thereby differentially reduce the mortality rate during experi­
mental group B streptococcal sepsis. Alternatively, the differen­
tial individual and synergistic hematopoietic and host defense 
effects of IL-l! and SCF may also play a role in their relative 
ability to reduce morbidity and mortality during overwhelming 
bacterial infection. However, similar bacterial inoculums that 

induce a lower lethal dose at 24 h might benefit from IL-11 ± 
G-CSF. 

We have now demonstrated that both rhiL-11 and rhiL-6 
enhance the circulating platelet count in neonatal rats (II). rhiL-
11, however, either used alone or in combination with rhG-CSF, 
significantly induced a higher circulating platelet count com­
pared with our previous rhiL-6 studies (II). Our study suggests 
that the in vitro effects of rhiL-11 on murine CFU-MEG prolif­
eration also result in a significant in vivo response relative to an 
enhancement of the circulating platelet count. The in rivo effects 
of rhiL-11 on the circulating platelet count are similar to the in 
vivo effects of rhiL-6 (22, 23). 

In summary, we have found that 14-d administration ofrhiL-
11 in neonatal rats results in a significant increase in the circu­
lating platelet count with relatively little effect on the circulating 
hematocrit and absolute neutrophil count. However, when rhiL-
11 was used either sequentially or simultaneously in combination 
with a lineage-specific CSF (rhG-CSF), there is enhancement in 
the circulating absolute neutrophil count. We hypothesize that 
rhiL-11 has more profound effects on neonatal thrombopoiesis 
compared with rrSCF or lineage-specific CSF such as rhG-CSF 
or recombinant murine GM-CSF. However, when rhlL-11 is 
used in combination with lineage-specific CSF, either sequen­
tially or simultaneously, it may have additive effects on neonatal 
granulopoiesis by potentially shortening the dormant stem cell 
phase and inducing committed progenitor proliferation. rhiL-11 
may have a potential role in either preventing or ameliorating 
thrombocytopenia in both preterm and term newborns. 
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