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Background: Recombinant human interleukin-3 (rhIL-3) is a multiple hematopoietic growth factor, which
enhances stem cell expansion and hematopoiesis regeneration iz vitro and in vivo, when administrated in
combination with other cytokines. However, the structure-function study of rhIL-3 remains rarely studied,
so far. The purpose of this study was to recognize the short peptide with similar function as rhIL-3, and
assess the hematopoietic efficacy in umbilical cord blood (UCB) stem cell culture as well.

Methods: Two novel monoclonal antibodies (mAb) (C1 and EI) were generated against rhIL-3 using
hybridoma technique. Eleven short peptides were depicted and synthesized to overlap covering the full
length sequence of rhIL-3. ELISA was employed to distinguish the antibody-binding peptide from the
negative peptides. In addition, the multi-potential hematopoiesis capabilities of the positive peptides were
evaluated by adding 25 ng/mL of each peptide to the culture medium of hematopoietic stem cells (HSCs)
derived from UCB. Total nucleated cell number and the CD34" cell number from each individual treatment
group were calculated on day 7. Correlated antibodies at 0.5 or 2 molar fold to each peptide were also tested
in the stem cell expansion experiment, to further confirm the bioactivity of the peptides.

Results: Two peptides were recognized by the novel generated antibodies, using ELISA. Peptide 3 and
8 exhibited comparable hematopoiesis potentials, with 25.01+0.14 fold, and 19.89+0.12 fold increase of total
nucleated cell number on day 7, respectively, compared with the basal medium control (4.93+0.55 fold).
These biological effects were neutralized by adding the corresponding mAb at a dose dependent manner.
Conclusions: Our results identified two specific regions of rhIL-3 responsible for HSC proliferation
and differentiation, which were located from 28 to 49 amino acids (P3), and 107 to 127 amino acids (P8),
respectively. The short peptide 3 and 8 might act synergistically, which could serve as an economic substitute

to rhIL-3 in research laboratory.
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Introduction

Hematopoietic stem cells (HSCs) exist in bone marrow,
mobilized peripheral blood, and fresh umbilical cord blood
(UCB). HSCs, which can differentiate into all types of
blood cells, play significant roles in building the immune
system (1,2). HSC transplantation is widely used to treat
blood and immune system diseases. As one of the major
resources of HSC, UCB contains large number of HSCs
and it is easy to obtain, with no risk of harming the donors.
However, the absolute number of HSCs in each UCB
sample is still limiting for its clinical applications in adult
patients (3-8). To overcome this problem, it is necessary to
develop robust systems for ex vivo expansion of HSCs, so
that sufficient number of HSCs can be obtained to achieve
therapeutic effects.

The human interleukin-3 (hIL-3) is a glycoprotein,
which served as a key modulation factor of primitive
hematopoietic cell proliferation and differentiation.
Previous studies have shown that the combined use of
IL-3 and other cytokines, including stem cell factor,
thrombopoietin, FLT-3 ligand, and granulocyte colony
stimulating factor can effectively stimulate the ex vivo
expansion and differentiation for UCB CD34" cells (9). The
CD34 marker is found on the surface of HSCs. Previous
studies have established that CD34" cells are capable of
colony formation and proliferation, features that support
the designation of CD34 as a marker of stem cells (10).
Notably, the mechanisms of IL-3’s action on HSCs,
including the locations of functionally important structural
domains, are not yet known. A better understanding of the
mode of IL-3 action may help to further optimize systems
for ex vivo expansion and differentiation for HSCs.

The aim of this study was to obtain novel antibodies that
can be used for structural and functional characterization
of IL-3. Using a prokaryotic expression system, we
obtained recombinant human interleukin-3 (rhIL-3)
with biological activities for preparation of monoclonal
antibodies (mAb) against rhIL-3. Overlapped peptides of
IL-3 were synthesized and each fragment of the synthesized
peptides was tested for its enhancement on HSC CD34"
cell expansion and differentiation. Here, we report the
production and characterization of new mAb specific for
rhIL-3; fragments of IL-3 (peptide 3 and 8) enhances
ex vivo HSC CD34" cell expansion and differentiation.
We show that the antibody can neutralize the stimulating
effect of IL-3 and the fragment [3] and [8] on ex vivo HSC
expansion and differentiation; and we present evidence
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that the functional fragments of IL-3 for HSC expansion
are located from 28 to 49 amino acids, as well as 107 to
127 amino acids in human IL-3 molecule, respectively. Our
findings confirmed that the functional peptides promote
HSC proliferation and differentiation ex vivo, which will
definitely benefit the stem cell research work, since the
cost to synthesize peptides is extremely lower than protein
expression and purification. Further study will be carried
out to identify the iz vivo potentials of those minimum
epitopes on hematopoietic regeneration and stem cell
priming.

Methods
Ethics statement

All research involving animals was conducted according
to relevant national and international guidelines. Female
BALB/c mice (specific pathogen-free; 8-10 weeks old,
weight 18.0-25.6 g), obtained from the Experimental
Animal Center of Soochow University (Suzhou, China),
were used for mAb production. The experiment protocols
were approved by the Institutional Animal Care and Use
Committees of Soochow University [IACUC permit
number: SYXK(Su) 2012-0045], and were in accordance
with the Guidelines for the Care and Use of Laboratory
Animals (National Research Council, People’s Republic of
China, 2010). We further attest that all efforts were made to
ensure minimal suffering.

Antibody production and isotype identification

Purified rhIL-3 with biological activity was obtained from
a prokaryotic expression system as described previously
(9,11). Briefly, BL21 E. coli transfected with rhIL-3-
expressing plasmid was cultured in YT medium, and rhIL-
3 expression was induced by the addition of isopropylthio-
b-d-galactoside (IPTG). Purified rhIL-3 was obtained
after dialysis of inclusion body against a serial of refolding
buffers, CM-Sepharose, and Supersex-75 chromatography.
Activity of the purified rhIL-3 was confirmed by ex vivo
cord blood expansion assays, as described below. Purified
rhIL-3 with biological activity was used for mAb production
in mice, using standard methods developed in this lab (12).
Spleen cells from immunized mice were fused with sp2/0
myeloma; the resulting hybridomas were cultured in HAT
medium, and the supernatants of the culture were screened
for affinity toward rhIL-3 using ELISA. Positive cultures
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were then limiting-diluted for isolation of mAb cell lines.
The mAbs obtained from the supernatant of individual
mAD cell lines were tested on Western blots for specificity.
A mouse mAb isotyping reagent kit (Sigma, USA) was used
to identify the mAb subtype.

Western blot analysis

Western blot analysis was performed essentially as described
(9,13); protein samples were separated on denaturing SDS-
polyacrylamide (15%, w/v) gels, before being transferred to
polyvinylidene difluoride (PVDF) membranes. Goat-anti-
mouse immunoglobulin G (IgG) conjugated with alkaline
phosphatase (Biolegend, Canada) was used as secondary
antibody, and O-phenylenediamine (Sigma, USA) was
used for visualization of detected bands. Prestained protein
molecular weight markers (Bio-Rad, USA) were used for size
determination. Recombinant human granulocyte colony-
stimulating factor, prepared as described (9), was used as a
negative control for demonstrating mAb specificity.

Umbilical cord blood (UCB) collection and CD34" cells
isolation

Fresh UCB samples from anonymous, discarded tissue
were provided by the Suzhou Municipal Hospital Affiliated
Nanjing Medical University (Suzhou, China); the study was
approved by the Hospital's Ethics Committee and Research
Ethics Advisory Committee. UCB CD34" cells were isolated
from total mononuclear cells (MNC) with the MACS
immunomagnetic absorption column separation device
and CD34 MicroBead Kit, according to the manufacturer’s
instructions (Miltenyi Biotec, Germany). MNC were
obtained by density centrifugation, with use of Ficolle-
Hypaque Premium (GE healthcare, USA). The purity of
CD34" cells was verified using flow cytometry, with an anti-
human CD34 mAb conjugated with phycoerythrin (PE)
(Miltenyi Biotec, German) and the model BD FACSVerse
flow cytometer (BD, USA).

Inhibitory assay for ex vivo expansion and differentiation
of cord blood CD34" cells with anti-rbIL-3 mAbs

CD34" cells isolated from an individual UCB sample
were divided equally into 27 wells, 3 wells per group, on
a 96-well ultra-low attachment microplate with round
bottom (Corning, USA). Cells (~7.3x10* in each well)
were cultured in 200 pL of STEM PRO®-34SFM medium
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(with 10% fetal bovine serum, 100 ng/mL Pen Strep, and
2 mM L-glutamine; Gibco, USA), containing 50 ng/mL
thrombopoietin and 200 ng/mL rhFLT-3 (Pepro Tech,
USA). Additional reagents were added to the following
groups: positive control groups, 200 ng/mL reference rhIL-
3 (Pepro Tech, USA) or rhIL-3 produced in this laboratory;
negative control groups, none or mAb buffer (20 mM Tris-
HCI bufter, pH 7.0); and mAb addition groups, 200 ng/mL
rhIL-3 (produced in this laboratory) and anti-rhIL-3 mAb
added at 0.5, or 2 molar fold to rhIL-3. The mAb or the
buffer was pre-incubated with rhIL-3 at 37 °C for 0.5 h
before they were added to the assay wells. All groups were
cultured for 7 days at 37 °C, under humidified air containing
5% CO,. Culture medium was replenished on day 3.

Abundance of CD34" cells and total MNCs in the various
experimental groups was determined by flow cytometric
analysis using anti-human CD34-PE mAb and isotypical
IgG1 (Mouse-PE) (RD, USA), respectively. Each sample
was incubated with the antibodies at 23 °C for 30 min, in the
dark; the cells were then washed and analyzed using a BD
FACSVerse flow cytometer.

Overlapped IL-3 peptide fragment synthesis and
localization of specific mAbs for synthesized IL-3
fragments by ELISA

A total of 11 peptide fragments were designed and
synthesized (Sangon Inc. Shang Hai) to cover the full length
of IL-3, with 3-5 amino acids overlapped. They were 1-20;
17-31; 28-49; 46-67; 64-83; 81-94; 91-110; 107-127,;
124-138; 135-145; and 142-152. Antigen binding sites or
epitopes against anti-rhIL-3 E1 strain and C1 strain were
determined by ELISA assay with each individual peptide
fragment, using standard protocol. Briefly, 1 pg/100 pL of
each peptide was pre-coated to a 96-well-plate, as well as
the control wells. RhIL-3 protein was employed here as
the positive control. All tests were carried out in triplicates.
After blocking step, E1 strain MAb (1:200 dilution), and
C1 strain MADb (1:400 dilution) were applied to each
well, respectively, and incubated at 37 °C for 1h. Biotin
conjugated goat anti-mouse-IgG (Biolegend, San Diego,
CA, 1:3,000 dilution), Streptavidin-peroxidase (Sigma-
Aldrich, St. Louis, MO, 1:6,000 dilution), and the HRP
substrate O-Phenylene Diamine (OPD, Sigma-Aldrich,
St. Louis, MO, 40 mg/100 mL) were then incubated
sequentially for color development. Optical density (OD)
values were read at 490 nm wave length with M3550
microplate reader (Bio-Rad, Hercules, CA).

Stem Cell Investig 2016;3:6



Page 4 of 9

Test of the functional synthesized fragments for ex vivo
expansion and differentiation of cord blood CD34" cells

CD34" cells were isolated as described above, and then
cultured (7~8x10* in each well of a 24-well-plate) in
1 mL of STEM PRO®-34SFM medium, supplemented
with 10% fetal bovine serum, 100 ng/mL Pen/Strep, and
2 mM L-glutamine (Gibco, USA); containing 20 ng/mL
thrombopoietin, 100 ng/mL stem cell factor (produced
in this lab) and 100 ng/mL rhFLT-3 (Pepro Tech, USA).
Additional reagents were added to the following groups:
negative control groups without additional reagent added,;
rhIL3 protein (25 ng/mL) produced in this laboratory were
served as positive control; peptide 3, peptide 8 and another
random peptide (25 ng/mL, each) were also tested side by
side; mAb addition groups, 25 ng/mL positive peptides or
random negative peptide along with anti-rhIL-3 mAb added
at 0.5 and 2 molar fold to the rhIL3 or peptides. The mAb
or the buffer was pre-incubated with the peptides (or rhIL-3)
at 37 °C for 0.5 h before they were added to the assay wells.
All groups were cultured for 7 days in the incubator with
humidified air containing 5% CO,. Culture medium was
replenished on day 3. The number of CD34" cells and
total nucleated cells in the various treatment groups were
detected by FACSVerse (BD, USA) using anti-human
CD34-PE mAb (Miltenyi Biotec, German), follow the
identical protocol as described above.

Statistical analysis

One-way analysis of variance (ANOVA) was used for
comparisons among the various groups in SPSS program.
Results are considered statistically significant when P value
is less than 0.05.

Results
Production and specificity of anti-rbIL-3 mAbs

A hybridoma cell culture with high OD reading was
selected to be positive for anti-rhIL-3 in ELISA. Several
mAb cell lines were selected from this culture using the
limiting-dilution method. Culture supernatants from mAb
cell lines (C1, and E1) were further analyzed for antibody
specificity on Western blots. As shown in Figure 1, the anti-
rhIL.-3 mAbs did not detect any bands in total E. coli cell
lysate (in the absence of IPTG); it also did not cross-react
with rhG-CSE, included as a negative control. The antibody
did detect a band with expected molecular weight for rhIL-
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Figure 1 Two specific monoclonal antibodies against rhIL-3
were generated and characterized. SDS-PAGE of expression and
purified rhIL-3 protein (A) Lane 1: prestained molecular weight
markers; Lane 2: non-induced bacterial lysates; Lane 3: IPTG
induced bacterial lysates; Lane 4: inclusion body; Lane 5: purified
rhIL-3 protein; Lane 6: purified granulocyte stimulating factor
(G-CSF) protein. Two strains of monoclonal antibody, E1 (B) and
C1 (C), specifically recognized rhIL-3, but not other protein yield,
in Western blot analysis. Samples loaded in lane 1 to 5 in (B) and
(C) were non-induced bacterial lysates, IPT'G Induced bacterial
lysates, inclusion body, purified rhIL-3 protein, and purified
granulocyte stimulating factor protein. rhIL-3, recombinant

human interleukin-3.

3 (~15 kD) in rhIL-3-expressing E. coli cell lysate (induced
with IPTG) and inclusion bodies, as well as the purified
rhIL-3. Thus those mAbs are specific antibodies against
rhIL-3. The mAb C1, and E1 were subtyped as IgG1 by
ELISA analysis (data not shown).

Effects of anti-IL-3 mAbs on ex vivo expansion and
differentiation of cord blood CD34" cells

As shown in Figure 2, addition of our lab produced rhIL-3
to the culture medium caused significant increases in CD34"
cells expansion index, from 4.7+1.1 (negative control) to
8.04£0.12 (P<0.05). Increases in CD34" cells expansion
index were also seen when the commercial available rhIL-
3 was used (to 7.98+0.42 fold, data not shown). When
the anti-IL-3 mAb C1 or E1 was added together with
rhIL-3, the expansion index was reduced in an antibody
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Figure 2 Monoclonal anti-IL-3 antibody neutralized the
bioactivity of rhIL-3 on umbilical cord blood stem cell expansion
in vitro. Hematopoietic stem cells/progenitors were isolated from
UCB and cultured with StemPro basal medium supplemented
with stem cell factor, Flt-3 ligand, and thrombopoietin. Additional
25 ng/mL of rhIL-3 and anti-rhIL-3 mAb were added at 0.5 and
2 molar fold to rhIL-3. Total nucleated cells (A) and CD34" cells
(B) proliferation fold were calculated from all groups on day 7, and
data were presented as mean = SD. * indicated P<0.05, antibody
treatment groups vs. SFT + rhIL-3 group; * indicated P<0.05,
antibody treatment groups vs. SET group. SFT represents cytokine
combination of stem cell factor, Flt-3 ligand, and thrombopoietin,

at basic level. rhIL-3, recombinant human interleukin-3.

concentration-dependent manner; at a molar ratio of mAb
to rhIL-3 equal to or higher than 2, the activity of rhIL-3
was completely blocked. This result indicates that binding
of the mAb E1 and C1 to rhIL-3 leads to inhibition of
rhIL-3’ biological activity.

Localization of specific mAbs E1 and C1 for synthesized
1L-3 fragments by ELISA

To further define the peptide epitopes of rhIL-3 which
were recognized by specific MAbs E1 and Cl, a library of
11 peptides covering the full length of rhIL-3 protein were
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designed and synthesized with 2-5 amino acids overlaps,
as indicated in Figure 3A4. All the peptides and the rhIL-3
protein were tested by direct ELISA to confirm the binding
segment of the specific MAbs. The peptide 3 reacted strongly
with MAb C1 (Figure 3B), however, the peptide 8 was
recognized by mAb E1 (Figure 3C). A 3-D homology model
of rhIL-3 was generated using MOE (Molecular Operation
Environment, Chemical Computing Group Inc. Montreal,
Canada), indicated in Figure 3D. The locations of peptide 3
and peptide 8 were highlighted, which were found distributed
paralleled on the surface of rhIL-3 protein.

Effects of specific synthesized IL-3 fragments on cord blood
stem cell ex vivo expansion and differentiation

To clarify the bioactivity of the synthesized rhIL-3 peptides,
we further carried out the cord blood stem cell expansion
experiment, with the addition of 25 ng/mL of the peptide
3, 8 and a random negative peptide. Total MNC number
and CD34" stem cell/progenitors were calculated on
day 7. Peptide 3 and peptide 8 increased total nucleated
cells expansion index from 14.93+0.55 (SFT control)
to 25.01+0.14 and 19.89+0.12, respectively (P<0.05).
Whereas the random peptide (PR) did not promote the cell
proliferation (13.31+0.33), compared with the SFT basal
medium group (Figure 44). So far, we did not observe any
significant difference among the peptides treatment groups
and the SF'T medium control group, in regarding to CD34"
stem cells/progenitors proliferation fold (Figure 4B). The
capability of peptide 3, and 8 on hematopoiesis expansion
were neutralized with MAb C1 and MAb EI, respectively,
at 0.5 or 2 molar fold to each peptide, in a dose dependent
manner (Figure 5).

Discussion

hIL-3 is a four-helix bundle cytokine that is widely
expressed in vivo, principally by activated T-lymphocytes,
macrophages and stromal cells (14-19). The roles of
IL-3 have been extensively investigated. Previously study
revealed that, both murine and recombinant gibbon IL-
3, support proliferation of multipotential progenitors in
culture (20,21). Abundant evidences also suggested that
human recombinant IL-3 played a major role in promoting
hematopoiesis (22-25), in vitro, as well as hematopoietic
derived CD45" angiogenic cells proliferation (26). In
various clinical trials, the therapeutic potential of IL-3 has
been demonstrated in patients with chemotherapy and
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were synthesized; (B) binding of monoclonal antibody C1; (C) homology model for rhIL-3 protein was generated using MOE (Molecular
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Figure 4 Monoclonal antibody recognized peptides induced hematopoietic stem cell expansion ex vivo. Hematopoietic stem cell and
progenitors were cultured with SET basal medium, as well as additional supplements of rhIL-3 (25 ng/mL), peptide 3 (25 ng/mL), and
peptide 8 (25 ng/mL). Another random peptide (25 ng/mL) was served as a negative control. Total nucleated cell number (A) and CD34*
cell number (B) were calculated using Flow Cytometry on day 7. * indicates P<0.05, treatment groups vs. SFT basal medium group. SFT

represents cytokine combination of stem cell factor, Flt-3 ligand, and thrombopoietin, at basic level.

autologous bone marrow transplantation, with accelerated been adopted to develop a consistent cytokine cocktail for
reconstitution of hematopoiesis, and faster regeneration of ex vivo expansion of HSCs, therefore, sufficient number of
granulocytes and platelets (27-33). Considering the strong HSCs can be obtained for therapeutic purpose in clinical
hematopoietic growth-stimulatory activity, rhIL-3 has application, especially with the HSCs isolated from UCB.
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Figure 5 Monoclonal anti-IL-3 antibody neutralized the rhIL-
3 and 8 peptides’ potentials on umbilical cord blood stem cell
expansion in vitro. Umbilical cord blood derived CD34" enriched
cells were cultured with SFT basal medium, with additional
supplements of rhIL-3 (25 ng/mL), peptide 3 (25 ng/mL), and
peptide 8 (25 ng/mL). Anti-rhIL-3 monoclonal antibody strain
C1 and E1 were also included in the treatment, at 0.5 and 2 molar
fold to each peptide. Total nucleated cell number (A) and CD34"
cell number (B) were calculated using Flow Cytometry on day 7.
* indicates P<0.05, treatment groups vs. SFT basal medium group.
SFT represents cytokine combination of stem cell factor, Flt-3
ligand, and thrombopoietin, at basic level. rhIL-3, recombinant

human interleukin-3.

Despite the recognition of multipotent stimulatory
activity of the rhIL-3, the functional domain of the
molecule that participates in promoting hematopoiesis
has not yet been identified (19,34). In the present study,
we initiated this investigation by using two specific mAbs
as well as synthesized peptides for recognizing regions
of rhIL-3 involving in hematopoiesis. The two mAbs,
specifically against rhIL-3, could abrogate rhIL-3 induced
CD34" cells proliferation and differentiation in a dose
dependent manner. This finding suggested that the function
domain of rhIL-3 mediating hematopoiesis might be bound
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or blocked by those mAbs. We further sought the location
of function fragment by depicting and synthesizing 11
minimum peptides, which cover the full length of rhIL-3
protein. Among those peptides, we found two that reacted
positively to the specific mAbs with ELISA. One is peptide
3, encompasses the 22 amino acids beginning with Thr-28
to Pro-49 of the N-terminal of rhIL-3. The other is peptide
8, encompasses the 20 amino acids spanning from Ala-108
to Arg-127. Moreover, the stimulatory activities of those
two peptides were tested in UCB derived CD34" stem cell
culture system, and a favorable result has been achieved,
especially with peptide 3. Whereas, peptide 8 presents a
partial potency, if any, to promote HSCs proliferation.
This finding is of great interesting and consistent with
some other investigators observations. Previously, using the
approach of targeted saturation mutagenesis, Klein et 4l
revealed that ten important residues, including Asp”', Gly",
Glu*, GIn*, Asp*, Met", Arg94, Pro”, Phe'”, and Lys'",
were mapped to one side of protein and formed a binding
site for a subunits of the receptor to mediate the potent
bioactivity of IL-3 (19). Among those essential residues,
five were located in our short peptide 3, and other three
were distributed in the short peptide 8. Considering the
data from this lab and the others, we are more likely to
believe the functional domains of rhIL.-3 are presented as
a linear epitope, with bunch of key amino acids residues.
However, either of the single peptide presents exactly the
same potency to promote hematopoiesis in vitro as the full-
length of IL-3, which indicate that the three-dimensional
conformation of the protein also functioned. In another
word, the function fragment located in peptide 3 and
8 might work synergistically, through a certain type of
conformation. Even though, a favorable result has been
achieved in the present study to induce UCB derived
CD34" stem cell expansion and differentiation, using the
two peptides, compared with the basal medium control.
In summary, our findings confirmed the location of the
function domain on rhlL-3 to stimulate hematopoiesis, by
recognizing two peptides with similar bioactivity, which
strongly suggested that the peptides could serve as a
replacement for the whole protein in laboratory research,
with extremely low cost. Further iz vivo investigation will
be carried out to evaluate the biological functions of those
short peptides on hematopoietic regeneration.

Conclusions

In present study, two mAbs were produced against rhIL-
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3 with high binding affinity and specificity, which could
abrogate rhIL-3 bioactivity on promoting hematopoiesis
in vitro. "To clarify the function domain of rhIL-3, eleven
peptides were depicted and synthesized to cover the whole
length of rhIL.-3, with 2-5 amino acids overlapped. Among
those, peptides 3 and 8 were recognized by the antibodies,
using ELISA. CD34" enriched HSCs, derived from UCB,
was employed to detect the biological effects of those
peptides. Addition of peptide 3 and 8 to the culture medium
induced proliferation and maturation of pluripotent HSCs.
Self-renewal of stem cells was not observed in current study.
In conclusion, the function domain of rhIL-3 has been
identified, and the synthesized peptide containing those
function fragment presents a similar bioactivity as rhIL-
3 on UCB derived stem cells expansion. It is prospected
that the peptides will become an economic replacement for
rhIL-3 to be used in laboratory research, and clinical trials.
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