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Abstract 

Interleukin-11 (IL-11) displays megakaryopoietic activity. We constructed super-cytokine Hyper- 
IL11 (H11) by linking soluble IL-11 receptor α (sIL-11Rα) with IL-11, which directly targets 
β-receptor (gp130) signal transducing subunit. The effects of H11 on hematopoiesis with a focus 
on megakaryopoiesis were studied. The expansion, differentiation and type of colony formation of 
cord blood progenitor Lin-CD34+ cells were analyzed. 
H11 was more effective than recombinant human IL-11 (rhIL-11) in enhancement of the 
Lin-CD34+ cells expansion and differentiation into megakaryocytes (Mk). It induced higher ex-
pression of CD41a and CD61 antigens, resulting in a substantially larger population of 
CD34-CD41ahighCD61high cells. H11 treatment led to increased number of small and mainly me-
dium megakaryocyte colony formation (Mk-CFU). Moreover, it induced the formation of a small 
number of large colonies, which were not observed following rhIL-11 treatment. Significantly 
higher number of H11 derived Mk colonies released platelets-like particles (PLP). Furthermore, 
H11 was considerably more potent than rhIL-11 in promoting differentiation of Lin-CD43+ cells 
toward erythrocytes. 
Our results indicate that H11 is more effective than rhIL-11 in enhancing expansion of early 
progenitors and directing them to megakaryocyte and erythroid cells and in inducing maturation of 
Mk. Thus, H11 may prove beneficial for thrombocytopenia treatment and/or an ex vivo expansion 
of megakaryocytes. 

Key words: interleukin 11, hyper cytokine, megakaryopoiesis, stem cells, platelets, thrombocyto-
penia. 

Introduction 
Thrombocytopenia is a common adverse reac-

tion associated with intensive myelosuppressive 
therapy in cancer patients. Moreover, it is a typical 
symptom of other disorders such as idiopathic 
thrombocytopenia purpura (ITP), myelodysplastic 
syndrome (MDS), acquired immunodeficiency syn-
drome (AIDS) or chronic liver disease [1]. In oncology 
thrombocytopenia significantly increases the risk of 
bleeding and limits therapeutic dose intensity and 
causes dose delay, what finally compromises the 

treatment outcome. The current thrombocytopenia 
standard treatment is the platelet transfusion. How-
ever, the procedure is associated with number of po-
tential risks such as transfusion reactions, transmis-
sion of infection, alloimmunization or platelet refrac-
toriness [2]. Platelet transfusion is also expensive and 
limited by supply. Moreover, novel cancer therapies 
and growing number of aged patients may further 
increase the incidence of the thrombocytopenia. Alt-
hough platelet transfusion can provide a temporary 
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benefit, it does not cure thrombocytopenia. Thus, the 
intensive search for novel therapeutic strategies in-
cluding new thrombopoietic agents is required.  

Three therapeutic approaches for the treatment 
of thrombocytopenia have attracted the attention of 
scientists. One was focused on the stimulation of en-
dogenous megakaryocytes to increase in vivo platelet 
production. In turn, two others were focused on ex-
panding in vitro hematopoietic stem cells (HSC) in 
order to: (i) co- infuse them with unmanipulated HSC 
or (ii) to produce functional platelets [3]. The first of in 
vitro strategies reasoned that final differentiation and 
thrombopoiesis would occur in vivo and would 
shorten the period of thrombocytopenia. The second 
one would deliver functional platelets ready for infu-
sion. The in vitro expansion technique may be used to 
obtain Mk by culturing CD34+ cells derived from 
bone marrow (BM), cord blood (CB) and peripheral 
blood (PB) [3]. Independent on strategy, a proper cell 
factor or combination of factors which would increase 
platelet number is needed.  

Thrombopoietin (TPO) is the most powerful 
Mks/platelets agent [4]. Mice deficient in TPO or its 
receptor show dramatic (85%) decrease in circulating 
platelets as well as bone marrow and splenic Mks [5, 
6]. The Mks in these mice are however, structurally 
and functionally normal, and are sufficient to prevent 
spontaneous bleeding [5-7]. This suggests that other 
than TPO regulators of megakaryopoiesis may exist 
and may be able to sustain homeostasis. It is known 
that TPO affects megakaryopoiesis at different stages 
by cooperation with variety of pleiotropic hemato-
poietic growth factors. At early phases TPO co-acts 
with Flt3 ligand, c-kit ligand and IL-3 to stimulate the 
proliferation of primitive hematopoietic stem cells 
(HSC) [8, 9]. Addition of differentiation-inducing 
agents such as IL-6 or IL-11 results in megakaryocyte 
maturation [10, 11]. IL-11 acts synergistically with 
IL-3, TPO and stem cell factor (SCF) to increase the 
number and enhance maturation of megakaryocytic 
progenitors [12]. It induces maturation of early Mks 
by increasing Mk size and ploidy [13]. Unlike TPO, 
IL-11 is not expressed constitutively and is not de-
tectable in normal serum. The IL-11 expression is in-
duced by IL-1 and transforming growth factor beta 
(TGFβ) and IL-11 has been found in sera of patients 
with thrombocytopenia. These data indicate a physi-
ological role of IL-11 in regulating the normal platelet 
number and function in hematopoietic stress and in-
jury [14]. IL-11 is the only agent approved by Food 
and Drug Administration (FDA) in USA to prevent 
severe thrombocytopenia and reduce the platelet 
transfusions following myelosuppressive chemo-
therapy for non-myeloid malignancies. 

We have constructed a novel designer cytokine 

Hyper IL-11 (H11), which is composed of full length 
of soluble IL-11 receptor (sIL-11R) and IL-11 [15, 16]. 
The fusion proteins are expected to be more stable and 
are needed in lower effective dose than separate 
components in supporting bioactivity. The purified 
recombinant H11 was active in three different in vitro 
bio-assays: human hepatoma cells-HepG2-assay, B9 
(hybridoma cells) bio-assay, and Ba/F3-gp130 
bio-assay. H11 displayed much higher activity than 
IL-11 alone [15]. Moreover, H11 demonstrated im-
mune-adjuvant properties in the therapeutic whole 
cell cancer vaccine formulation in in vivo orthotopic 
renal cell cancer model [17].  

Accordingly, in these studies we have evaluated 
the H11 potential for stimulation of hematopoiesis 
with a focus on megakaryopoiesis in vitro. Since IL-11 
is an active megakaryopoietic agent and H11 is more 
active in various biological systems than IL-11, we 
hypothesize that H11 may enhance megakaryopoie-
sis, what potentially may be used for the enhancement 
of endogenous platelet production and/or the stimu-
lation of Mk expansion ex vivo for therapeutic use.  

Materials and methods 
Isolation of human hematopoietic 
stem/progenitor cells Lin-CD34+ 

Umbilical cord blood (CB) was collected from 
full-term deliveries, after obtaining informed consent 
from the mothers. CB collection was approved by the 
Bioethical Committee of Poznan University of Medi-
cal Sciences. Fresh heparinised cord blood samples 
obtained from four individuals were pooled, diluted 
with PBS (1:4 blood:PBS) and whole mononuclear 
cells were isolated by Ficoll-Hypaque (Sigma, St. 
Louis, MO) density gradient centrifugation. The 
mononuclear cell layer was collected, washed twice 
with PBS and then Lin- stem and progenitor cells 
were isolated using the Lineage Cell Depletion Kit 
human (Miltenyi Biotec Inc., Auburn, CA). Shortly, 
the mononuclear cells resuspended in PBS containing 
2% FBS and 1 mM EDTA were stained with Bio-
tin-Antibody Cocktail (anti-CD2, CD3, CD11b, CD14, 
CD15, CD16, CD19, CD56, CD123, CD235a) and 
mixed with Anti-Biotin Microbeads. Next the labeled 
cells were separated using LS columns (Miltenyi Bio-
tec Inc., Auburn, CA) according to the manufacturer’s 
directions. Subsequently, Lin-CD34+ cells were iso-
lated using the CD34 MicroBead Kit human (Miltenyi 
Biotec Inc., Auburn, CA). Lin- cells were centrifuged, 
resuspended in PBS containing 2% FBS and 1 mM 
EDTA, stained with CD34 Microbeads in the presence 
of antibody to human Fc receptor to minimize non-
specific binding and then Lin-CD34+ cells were sep-
arated using LS columns.  
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Liquid Cell Cultures 
Lin-CD34+ cells were cultured in the serum free 

medium X-Vivo10 (Lonza, Verviers, Belgium) at 37°C, 
in 5% CO2, with 95% humidity. To induce cell expan-
sion and differentiation, Lin-CD34+ cells (5x104 per 
well) were cultured in 48-well plates in the presence 
of rhSCF and rhIL-6 (control) plus cytokines such as 
rhTPO, rhIL-11 or H11. The cytokines were used in 
the following concentrations: rhSCF 50 ng/ml (Pre-
proTech Inc. Rocky Hill, NJ), rhIL-6 20 ng/ml (Pre-
proTech Inc. Rocky Hill, NJ), rhTPO 50 ng/ml (Pre-
proTech Inc. Rocky Hill, NJ), rhIL-11 50 ng/ml (Sig-
ma, St. Louis, MO), H11 50 ng/ml. For each cytokine 
cocktail, the cultures were carried out in triplicates. At 
specified time points cell number, viability and phe-
notype were evaluated. Viability of cells was analyzed 
using trypan blue exclusion test.  

Flow cytometry 
The differentiation of Lin-CD34+ cells was 

evaluated by flow cytometry. At specified time points, 
cells were harvested, washed twice with PBS and then 
stained for 30 min at 4°C with different combinations 
of the following murine monoclonal antibodies: fluo-
rescein isothiocyanate (FITC)-labeled anti CD34, 
phycoerythrin (PE)-labeled anti-CD61, phycoerythrin 
(PE)-labeled anti-CD41a from BD Biosciences 
Pharmingen San Jose, CA and PE-Texas Red 
(ECD)-labeled anti-CD41a, phycoerythrin-Cy5 
(PE-Cy5)-labeled anti-CD14, phycoerythrin 
(PE)-labeled anti-CD15, phycoerythrin-Cy7 
(PE-Cy7)-labeled anti-CD235a, and phycoerythrin 
(PE)-labeled anti-CD61 from Coulter Beckman Mar-
seille, France. Anti-CD15 antibody was used to eval-
uate granulopoiesis, anti-CD14 for monocytopoiesis, 
anti-CD41a and anti-CD61 antibodies for megakary-
opoiesis, anti-CD235a for erythropoiesis. After label-
ing cells were washed with PBS and analyzed using 
Navios Flow Cytometer (Coulter Beckman, Marseille, 
France) or FACSCanto flow cytometer (BD Biosci-
ences Pharmingen, San Jose, CA) and FlowJo (v8.7) 
and FACSDiva (v6.1.2) softwares. Isotype controls 
consisted of the respective murine monoclonal IgG1 
or IgM antibodies (BD Biosciences Pharmingen, San 
Jose, CA). 

Megakaryocyte colony assay 
The colony forming unit megakaryocyte 

(CFU-Mk) assay was performed using MegaCult-C 
system (StemCell Technologies, Vancouver, Canada) 
according to the manufacturer’s instructions. To the 
1ml of MegaCult-C medium were added, 25 µl of 1.1 x 
105 Lin-CD34+ cell suspension, specified cytokines, 
13.2 µl of low-density lipoproteins (LDL) (5mg/ml) 

and 0.6 ml cold collagen solution (3mg/ml). Then 0.75 
ml of the final culture mixture was dispensed into 
each of two wells of a double chamber slide. Mega-
Cult-C medium was first supplemented with rhIL-6 
(10ng/ml) and rhIL-3 (10ng/ml) (ImmunoTools, 
Friesoythe, Germany) and then rhTPO (50ng/ml), 
rhIL-11 (50 ng/ml) or H11 (50 ng/ml) were added. 
Cells were cultured at 37°C, in 5% CO2/95% air at-
mosphere of 95% humidity for 10 days. Human 
CFU-Mks were detected by immunohistochemistry 
and then the colonies were analyzed using light mi-
croscope. Three categories of colonies were identified 
and subdivided by colony size, small (3 to 20 cells per 
colony), medium (21 to 49 cells per colony), or large 
(>50 cells per colony). Moreover, the same colonies 
were analyzed in terms of releasing platelet-like 
fragments (PLP). According to MetaCult manual, as 
the cells within the Mk-CFU mature, there might be 
observed PLP surrounding the colony [18]. PLPs oc-
cur in the form of strands and particles surrounding 
the colonies, which are CD41a/CD61 positive based 
on immunohistochemical staining. Accordingly the 
colonies were divided on colonies with non or singu-
lar (up to 10) platelet-like fragments and colonies with 
clearly visible platelet-like particles (from 10 up to 
hundreds) surrounding the colony (named PLP rich).  

Immunohistochemistry 
The immunohistochemistry was performed by 

using MegaCult-C Staining Kit (StemCell Technolo-
gies, Vancouver, Canada) according to the manufac-
turer protocol. The cells grown in MegaCult-C system 
were dehydrated and fixed in 1:3 methanol:acetone 
solution for 20 min and air-dried for 15 min. Next, the 
cultures were rehydrated by applying 0.05 M 
Tris/NaCl buffer, pH 7.6 (washing buffer) for 20 min, 
blocked with 5% human serum in washing buffer, and 
stained with the primary (mouse anti-CD41a/CD61) 
or the control antibody (mouse anti-TNF) for 30 min. 
After washing, biotin-conjugated goat anti-mouse IgG 
antibody was applied to each slide for 30 min, washed 
and then avidin alkaline phosphatase conjugate was 
added. After next washing, the alkaline phosphatase 
substrate solution was applied, washed again, coun-
terstained with Evans Blue, washed and air-dried.  

Statistics 
To test for significant differences between con-

trol, IL-11 and H11 treated groups one-way ANOVA 
was used. In the case of significance ANOVA (p<0.05) 
post hoc tests with Bonferroni correction were per-
formed. Differences were considered significant when 
p < 0.05.  
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Results 
Isolation and analysis of CB Lin-CD34+ cells.  

Lin-CD34+ cells were isolated from CB by nega-
tive and then positive selection as shown in Figure 1A. 
83.6% (±1.5) of the obtained cells expressed CD34 an-
tigen (Table 1). 35.9% (±9) of cells were CD41a/CD61 
positive and around 30% of this population were both 
CD34 and CD41a/CD61 positive. The mean percent-
age of CD235a positive cells was 1.1%, while CD14+ 
and CD15+ 3% and 1.6%, respectively (Fig. 1B, C, D, 
E, F).  

Increase in cell number after stimulation with 
cytokines. 

Isolated cells were cultured for two weeks in 
X-Vivo 10 medium supplemented with rhSCF and 

rhIL-6 (control) plus in the presence of cytokines such 
as rhTPO, rhIL-11 or H11 promoting growth and dif-
ferentiation of stem and progenitor cells. The number 
and phenotype of cultured cells were analyzed at the 
specified days. 

Viability and cell number was measured on days 
7 and 14. At both time points for all combinations of 
cytokines, the cell viability was higher than 90%. 
Adding H11 to the medium resulted in 8.5 (± 1.5) - 
fold increase in the number of cells on day 7 and 72 (± 
19.3) - fold increase on day 14 (Fig.2). In the presence 
of H11 the increase in cell number was lower than in 
the presence of rhTPO but compared to the control 
cells it was 2-fold higher. Furthermore, the increase in 
cell number induced by H11 was 1.3 times higher than 
in the presence of rhIL-11. 

 
Fig 1. Isolation and characterization of CB Lin-CD34+ cells. (A) schematic graph of isolation process of Lin-CD34+ cells from CB. Obtained 
Lin-CD34+ cells were analyzed by flow cytometry for expression of CD34+ (B), CD41a/61 (C), CD235a (D), CD14 (E) and CD15 (F) antigens. The 
representative data of four times repeated isolation are shown.  

 

Table 1. Phenotypic analysis of cells. Lin-CD34+ CB cells were isolated and cultured in X-Vivo 10 medium supplemented with rhSCF and 
rhIL-6 (control) plus rhTPO, rhIL-11 or H11. At day 0 and 14 cells were analyzed for the expression of CD34, CD41a/CD61, CD235a, 
CD14, CD15 antigens by flow cytometry. The mean percentage and (± SD) of four independent experiments for each cytokine com-
bination is shown. 

 Initial   Control rhIL-11 H11 rhTPO 
day 0  day 14 

Total:       
CD34+ 83.6(1.5)  4.1(1.4) 4.5(1) 4.1(1.5) 6.2(3.3) 
CD235a+ 1.1*  11.5(9.5) 16.3(11) 30.8(14) 4.9(4.5) 
CD15+ 1.6*  28(7.8) 27.9(5.8) 26.7(5.8) 19.5(8.5) 
CD14+ 3*  13.3(3) 14.7(4.3) 14.8(3.8) 11.7(8.2) 
CD41a+/CD61+ 35.9(9)  42.2(11.8) 39.8(14.6) 51.4(9.7) 63.2(11.4) 
Subpopulations       
CD34+CD41a+CD61+ 29.7(4.7)  2.3(1.2) 2.3(0.9) 2.6(1.4) 3.4(2.8) 
CD34-CD41a+CD61+ 5.3(3.1)  37.7(10) 34.8(12) 41.2(6.9) 42.4(8.4) 
CD34-CD41ahighCD61high 0.9(0.6)  2.2(2.8) 2.7(2.8) 7.55(5.2) 17.5(2.9) 
* mean percentage of two independent experiments. 
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Fig 2. Increase in cell number after stimulation with H11. 5x104 
Lin-CD34+ cells were cultured in X-Vivo 10 medium supplemented with 
rhSCF and rhIL-6 (control) and additionally in the presence of rhTPO, 
rhIL-11 or H11. All cytokines were used at concentration of 50 ng/ml, 
except of rhIL-6 which was used at 20 ng/ml. On day 7 and 14 cells were 
counted. Results are presented as fold increase of cell number relative to 
the number of cells seeded. The means and ± standard deviation of three 
independent experiments per cytokine combination are given.  

 

Effect of cytokines on the cell differentiation.  
During liquid culture in the presence of rhSCF, 

rhIL-6 (control) with addition of rhTPO, rhIL-11 or 
H11 the differentiation of cells towards megakaryo-
cytes, erythrocytes, granulocytes and monocytes was 
observed with loss of expression of CD34 antigen 
(Table 1, Fig. 3).  

Anti-CD41a and anti-CD61 antibodies were used 
to evaluate magakaryopoiesis. CD41 is composed of 
two subunits (120 kDa a, and 23 kDa b) that interact 
with CD61 to form a functional receptor for fibrino-
gen, fibronectin and von Willebrand factor. Expres-
sion of both markers (CD41a and CD61) increases 
during maturation of cells toward megakaryocytes.  

Two subpopulations of megakaryocytes were 
distinguished and characterized: (i) of low expression 
of both markers (CD41a+CD61+) and (ii) of high ex-
pression of both markers (CD41ahighCD61high) (Fig. 
3A). The expression of CD41 and CD61 was found to 
be similar in both subpopulations (Fig.3A). Thus we 
analyzed both markers simultaneously.  

Addition of H11 to the culture medium in-
creased the number of megakaryocytic cells when 
compared to control and rhIL-11 (Table 1, Fig. 3B,). 
After 14 days, the number of CD34 negative and 
CD41a/CD61positive cells was the highest in H11 and 
rhTPO stimulated cultures, 48.8% and 59.9%, respec-
tively. Moreover, when compared with control, the 
subpopulation of CD34-CD41ahighCD61high cells was 
1.2-fold more abundant in cultures stimulated with 
rhIL-11, 3.4-fold with H11 and 8-fold with rhTPO 
(Table 1). 

Moreover, both rhIL-11 and H11 promoted dif-
ferentiation of Lin-CD34+ hematopoietic precursors 
toward erythroid cells, however the effect of H11 was 
more pronounced (Fig. 3C). After 14 days of culture 
the mean percentage of CD235a+ cells was 30.8% 
(±14) in H11, 16.3%(±11) in rhIL-11 and 4.9%(4.5) in 
TPO stimulated cultures, whereas 11.5%(±9.5) in con-
trol. The difference between rhIL-11 and H11 stimu-
lation was about 1.9-fold (Table 1).  

Based on the analysis of CD14 expression, no 
difference was seen in the differentiation toward 
monocytic lineage between control and cytokines 
stimulated cells (Table 1, Fig. 3D). Moreover, the 
analysis of CD15+ expression indicated no difference 
between control, rhIL-11, and H11 treated cells in 
terms of granulopoiesis (Table 1, Fig. 3D).  

Effect of cytokines on the megakaryocyte 
colony formation and platelets-like particles 
(PLP) production 

Adding both rhIL-11 or H11 to the MegaCult-C 
culture increased the number of Mk colonies as com-
pared to control (rhIL-6 and rhIL-3 alone), however, a 
difference in colony distribution was observed (Fig. 4 
A). rhIL-11 activated cells of low proliferative capaci-
ties resulted in higher number of small colonies, while 
frequency of medium and large size colonies were 
comparable to the control (rhIL-11 vs control: 
18.3(±7.3) vs 11(±6.2), 7.8(±3.7) vs 8(±3.6), and 0 vs 0 
for small, medium, and large colonies respectively). 
H11 increased not only a number of small Mk colo-
nies, but also of a medium ones (20.8(±9.5) and 
14(±5.8) respectively). Moreover, a few large colonies 
appeared upon H11 stimulation. TPO displayed dif-
ferent colonogenic pattern. Incubation with TPO re-
sulted in lower number of small colonies (7.7 (±3.7)), 
while it increased the number of medium and espe-
cially large colonies (19.2 (±4.1) and 45.3 (±18.6), re-
spectively) as compared with the control (Fig. 4 A). 
Large Mk colonies that have grown upon TPO stim-
ulation were more abundant and compact than these 
upon H11 activation. 

 Figure 5 shows that Mk colonies differed mor-
phologically in terms of releasing PLP; some colonies 
did not indicate the symptoms of thrombopoiesis-like 
process (Fig. 5 A and B), while others did (Fig 5 C and 
D). The appearance of PLP was independent on col-
ony size; it was observed for small, medium and large 
colonies. 

Both rhIL-11 and H11 increased the number of 
PLP rich colonies compared with control (stimulated 
only with rhIL-6 and rhIL-3) (Fig. 4 A) however, the 
effect of H11 was significant. The difference between 
IL-11 and H11 stimulation was significant as well. The 
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mean number of total PLP rich colonies stimulated by 
H11 was 13.5(±3.3), while by rhIL-11 and control were 
6.7 (±3.1) and 4.3 (±5.1), respectively. rhTPO gave rise 
the highest mean number of colonies undergoing 
thrombopoiesis-like process (44.5 (±22.9)). The per-

centages of PLP rich colonies were 23.4(±9.7), 
28(±12.9), 40.9(±13.1) and 52.3(±13) under stimulation 
of control medium alone, and in the presence of 
rhIL-11, H11 or rhTPO, respectively (Fig. 4 B).  

 
 

 
Fig 3. Effect of H11 on the differentiation of CB Lin-CD34+ cells. Cells were seeded in X-Vivo 10 medium supplemented with rhSCF and rhIL-6 
(control) plus rhTPO, rhIL-11 or H11. After 14 days of culture cells were harvested and the expression of CD41a and CD61 (A), CD34 and CD41a/61 (B), 
CD34 and CD235a (C), CD14 and CD15 (D) antigens was analyzed by flow cytometry. The most pronounced results of at least three times repeated 
experiment are shown.  
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Fig 4. H11 impact on frequency and kind of megakaryocytic colonies. Lin-CD34+ cells purified from CB were assessed for their capacity to 
stimulate Mk colonies formation when cultured in collagen and MegaCult-C medium containing rhIL-6, rhIL-3 (control) plus rhIL-11, H11 or rhTPO. 
Colonies were evaluated by immunohistochemistry (anti-CD41a/CD61) and counted under light microscopy. Results represent: A. the number of small, 
medium, large and platelets-like particles (PLP) rich colonies, and B. the percentage of PLP rich colonies. The means and ± standard deviations of three 
independent experiments per cytokine combination are shown. * p<0.05.  

 

 
Fig 5. The morphology of megakaryocytic colonies. Representative pictures of small (A), medium (B) and of large (C and D) Mk-colonies are shown. 
Lin-CD34+ cells were cultured for 10 days in a semisolid medium supplemented with rhIL-6 and rhIL-3 (control) (A) plus rhIL-11 (B), H11 (C) or rhTPO 
(D). Mk cells were detected by immunohistochemistry using anti-CD41a/CD61 antibody. Pictures were taken under light microscopy (magnification 10X). 
Colonies cultured in the presence of H11 and TPO are examples of PLP rich colonies. Scale bar represents 100µm. The experiment was repeated three 
times. 
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Discussion 
Since IL-11 enhances megakaryocytopoiesis [11, 

13], the designer molecule based on IL-11 but more 
potent e.g. H11 may be useful for proper and en-
hanced megakaryocyte development. However, H11 
activity must be carefully assessed in various in vitro 
systems. H11 is a fusion protein composed of IL-11 
and its shIL-11Rα. The activity of IL-11 is strictly de-
pendent on the cell surface expression of both IL-11R 
and gp130, while H11 needs only gp130 – a signal 
transducing subunit. H11 may affect (induce or im-
pede) cells that normally do not respond to IL-11. 
Thus, the studies of H11 activity on hematopoie-
sis/megakaryopoiesis were needed.  

Here, we compared the ability of IL-11 and H11 
to expand the hematopoietic progenitor cells obtained 
from cord blood. The cells were enriched twice: first, 
the lineage-committed cells were removed and then 
CD34+ cells were selected. Since, Lineage Cell Deple-
tion Kit did not contain any Mk marker, the high 
population of CD41/CD61 positive cells was ob-
tained. It was in agreement with Proulx et al. study, 
where similar progenitor enrichment system was 
used [19]. Since previous in vitro studies indicated that 
IL-11 as single factor had no effect on megakaryopoi-
esis [20, 21], the influence of IL-11 and H11 on expan-
sion and differentiation of Lin-CD34+ cells were 
evaluated in the presence of rhSCF and rhIL-6 or 
rhIL-3 and rhIL-6. Moreover, rhTPO stimulated cells 
were analyzed for comparative reasons.  

H11 was more active than IL-11 in terms of in-
creasing of total number of nucleated cells and en-
hancement of the Lin-CD34+ cell differentiation into 
megakaryocytes. After 14 days of culture two sub-
populations of CD41a/CD61 positive cells were ob-
served (of low and high both markers expression). 
Comparing with rhIL-11, hypercytokine H11 induced 
higher expression of CD41a and CD61 antigens, re-
sulting in considerably larger subpopulation of 
CD34-CD41ahighCD61high cells. Our results were con-
sistent with study of Matsumura-Takeda et al., where 
two megakaryocytic subpopulations based on CD41 
expression were observed [22]. The expression of 
CD41 and CD61 was similar in each subpopulation 
and cells with higher expression of CD41a and CD61 
were considered to be more mature Mk [22].  

Moreover, stimulation with H11 resulted in the 
significantly higher number of PLP rich colonies 
compared with rhIL-11. It may indicate that H11 more 
than IL-11 affected the maturation of Mk or platelets 
releasing process. In Mk-CFU assay the H11 had 
greater potential for megakaryocyte colony formation 
than rhIL-11. In contrary to the rhTPO, which pref-
erentially induced growth of large Mk colonies, com-

bination of rhIL-11 with rhIL-3 and rhIL-6 resulted in 
increased number of small Mk colonies. However, 
H11 not only induced formation of higher number of 
small colonies but also medium size, and additionally 
single large colonies appeared. Above assays are very 
indicative since the colony size is correlated with hi-
erarchal model of hematopoiesis in which progenitors 
lose their proliferative potential as they divide and 
mature toward more differentiated progenitors (larg-
er colonies derive from more primitive progenitor). 
Accordingly, the rhIL-11 induced more differentiated 
progenitors towards Mk cells than rhTPO. H11 also 
induced progenitors committed to Mk lineage, but 
most likely at the earlier stages than rhIL-11.  

Besides the effects of IL-11 and H11 on 
megakaryopoiesis, the studies demonstrated that both 
factors induce also erythropoiesis, while the effect of 
H11 was much more pronounced. H11 stronger than 
rhIL-11 promoted differentiation of hematopoietic 
precursors toward erythroid cells what resulted in the 
higher expression of CD235a. The involvement of 
IL-11 in erythropoiesis was described previously [23, 
24]. According to proposed model of the hierarchy of 
the stem cell commitment to the Mk lineage, there are 
common megakaryocytic/erythroid progenitors 
(MkEP). MkEPs eventually produce subclasses of 
even more lineage-restricted Mk and erythroid pro-
genitor cells [25].  

The dose response curve of H11 needs to be in-
vestigated. Probably the effect of H11 may still be 
increased. At the present study the same concentra-
tions of rhIL-11 and H11 were used (50ng/ml). Since 
the molecular weight of rhIL-11 and H11 differs 
(20kDa and 58,8kDa, respectively), three times more 
rhIL-11 molecules were available for gp130 activation. 
However, the action of rhIL-11 strongly depends on 
the access of membrane IL-11Rα, contrary to H11. The 
low-level expression of IL-11Rα was observed on cells 
committed to Mk lineage with exception of platelets 
which do not express α receptor [20, 26].  

Presented studies indicate that H11 is fully active 
hematopoietic factor and may be explored as 
megakaryopoietic factor. It not only surpassed the 
activity of IL-11 like maturation of Mk (since H11 in-
duced higher expression of CD41a and CD61 anti-
gens, resulting in a substantially larger population of 
CD34-CD41ahighCD61high cells and it also led to in-
creased number of Mk colonies released PLP), but 
probably also acted on more primitive hematopoietic 
cells (since upon H11 stimulation more erythroid 
committed cells were observed).  

Interleukin 11 exerts pleiotropic activities. It ex-
hibits effects not only on hematopoietic system, but it 
also acts on various cell types like epithelial cells, os-
teoclasts, endothelial cells, B-cell, lymphocyte, mac-



Int. J. Med. Sci. 2013, Vol. 10 

 
http://www.medsci.org 

1165 

rophage [27]. IL-11 has been shown to induce acute 
phase proteins, modulate antigen-antibody responses, 
stimulate the growth of certain lymphocytes, promote 
neuronal development, inhibit adipogenesis, increase 
bone absorption and participate in placentation [27, 
28]. As mentioned above, the activity of IL-11 is 
strictly dependent on the cell surface expression of 
both IL-11R and gp130, while H11 needs only gp130. 
Since Hyper-IL-11 could stimulate all cells in the 
body, a strategy to properly target the designer cyto-
kine needs to be examined as well. However, even if 
H11 would display unacceptable toxicity in vivo, it 
would not exclude utility of H11 for an ex vivo expan-
sion of megakaryocyte precursor cells.  
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