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Thrombopoietin (TPO) is an important haematopoietic factor in megakaryocytic
activities as well as in platelet production. Interleukin 6 (IL-6) can co-stimulate
TPO-dependent formation of colony forming unit of megakaryocyte (CFU-Meg)
growth which could be responsible for residual platelet formation in TPO-deficient
or c-mpl-deficient animals. In this report, we demonstrated the development of a
high-level expression system to produce a 78-kDa human fusion protein IL-6/TPO
(named ZH646). This was achieved by constructing the expression vector pPICZa-
A-IL-6-linker-TPO, and obtained the recombinant yeast GS115, which then efficiently
secreted into a medium with a yield of 30mg/l from the supernatant of the yeast
culture in flask. ZH646 was then purified using two steps via DEAE-Sephacel
chromatography and Mono Q columns. Activity assay showed that ZH646 could
significantly stimulate the formation of CFU-Meg and the proliferation of Dami cells
in vitro in a dose-dependent manner. In addition, ZH646 also showed thrombopoietic
effect in normal mice, and the ability to enhance recovery of normal platelet counts
after myelosuppression mice. These results suggested that ZH646 is a novel protein,
and its activities are much stronger than that of TPO or IL-6 alone. ZH646 therefore
has a broad spectrum of megakaryopoiesis activity associated with platelet
production.

Key words: expression, fusion protein (IL-6/TPO), Pichia pastoris, platelet
production, purification.

Abbreviations: CFU-Meg, colony forming unit of megakaryocyte; EPO, erythropoietin; FL, Flt-3 ligand;
IL-3, interleukin 3; IL-6, Interleukin 6; IL-11, interleukin 11; SCF, stem cell factor; TPO, Thrombopoietin.

Thrombopoietin (TPO) is an important cloned cytokine
with multiple effects in the haematopoietic system (1).
Its functions include differentiation and proliferation
of megakaryocytes as well as platelet production (2, 3).
TPO acts synergistically with other haematopoietic
cytokines such as stem cell factor (SCF), interleukin 11
(IL-11), interleukin 3 (IL-3), Flt-3 ligand (FL) and
erythropoietin (EPO) to promote megakaryocyte develop-
ment (4, 5). Nevertheless, it is widely accepted that
cytokines IL-6 possess a significant megakaryopoietic
potential, and IL-6 promotes the ex-vivo expansion of
haematopoietic stem and progenitor cells in the early
stage of megakaryocytic development (6-8). Subse-
quently, some of these cytokines that were thought
to promote megakaryocytic differentiation and platelet
production such as a number of gp130 protein-signalling
cytokines were tested. It was found that only IL-6
co-stimulated TPO-dependent CFU-Meg growth, which
was felt to be responsible for residual platelet formation
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in TPO- or c-mpl-deficient animals (9). The biological
basis for these findings was the capacity of IL-6 to
synergistically interact with TPO in megakaryopoiesis
and thrombopoiesis. To further explore the feasibility of
IL-6 and TPO fusion production, a gene for truncated
IL-6, artificial linker and mature TPO was synthesized
by using the favoured genetic codons of the yeast
Pichia pastoris. The fusion gene was then cloned and
inserted into the vector pPICZa-A to construct the
expression vector and expressed in yeast. The function
analysis of this novel fusion protein (ZH646) in
megakaryocytic development, cell proliferation and
platelet production were carried out both in vitro
and in vivo.

MATERIALS AND METHODS

Plasmids, Strains and Cell Lines—The cloning vector
pBluescript SKII, the Escherichia coli strains Topl10 and
the yeast expression system for P. pastoris EasySelect™
were purchased from Invitrogen. Dami cell lines were
purchased from the experimental animal centre of Sun
Yat-sen University. These cells in our laboratory were
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free from mycoplasma contamination and maintained
routinely.

Reagents and Media—Restriction endonucleases, T4
DNA ligase and DNA polymerase were purchased from
Takara Biotech. Yeast extract and peptone were
purchased from Clontech. The recombinant human IL-6
and the human TPO were purchased from Pierce and
Clonetech, respectively, prepared in 20mM Tris-Cl
(pH 8.0), 0.9% NaCl and 0.25% albumin (BSA).
Polyclonal rabbit anti-human IL-6 and TPO antibody
were obtained from Jingmei Biotech. Yeast complete
medium was YPG (Yeast extract 1%, peptone 1% and
glucose 2%). YNBG contained yeast nitrogen base 0.67%,
glucose 1% supplemented with 0.5% casamino acids
lacking uracil. The YPD/Zeocin plates which contained
1% yeast extract, 20g/l peptone, 20g/l dextrose and
100 mg/l of Zeocin. BMGY medium contained 1% yeast
extract, 20g/l peptone, 100mM potassium phosphate,
pH 6.0, 1.34% yeast nitrogen base with ammonium
sulphate, 0.4mg/l biotin and 1% glycerol. BMMY
medium contained the same components as BMGY
except for the substitution of 1% glycerol by 0.5%
methanol. TBS-Tw solution contained 20 mM Tris—HCI,
pH 7.5, 150 mM NacCl, 0.05% Tween 20, 0.5% skim milk,
0.5% BSA.

Animals—Female Bablc/c mice from the experiment
animal centre of Sun Yat-sen University, aged 8-12
weeks, were used for this study under Institutional
Animal Care and Use Committee-approved protocols.
The animals were maintained under depurated labora-
tory conditions of our laboratory for at least 1 week
before use.

The Primers of the Truncated IL-6, the Linker and
TPO—The primers were used for the truncated IL-6
c¢cDNA PCR amplification from pCRscript SK (+)-IL-6
(constructed in our laboratory):

P1(5'-CGGAATTCATGATTGACAAACAAATTCGG-3')
and P2 (5-CGCGGATCCTTACATTTGCCGAAGAG-3').
The linker primers were designed by using the computer
software GOLDKEY: P3 (5-GGCGGTGGCTCTGGTGG
ATCCGGT-3) and P4(5’ACCGGATCCACCCAGAGCCAC
CGCC-3'). The primers were used for mature TPO PCR
amplification from pBD42-TPO (constructed in our
laboratory): P5 (5-TCTCGAGAAAAGAGCCACCAGAAG
ATACTAC-3') and P6 (5-A GCGGCCGCTCAGTAGAGGT
CCTGTGC-3).

Transformation and Expression in P. pastoris—The
plasmid pPICZa-A-IL-6-linker-TPO was linearized with
Sacl and transfected into GS115 by lithium acetate
method as described in the Invitrogen manual.
The transformants were selected on YNBG medium,
and the recombinants were selected by plating cells on
YPD/Zeocin plates. The high expression strain was
cultured in 500ml of BMGY medium, and shaken at
250 r/min at 30°C until an ODgyy reached 8. Cells were
then harvested by centrifugation at 4500r/min for
10min, and re-suspended in 150ml of the BMMY
induction medium. Methanol was added at 24-h intervals
to keep a final concentration of 0.5%. Supernatants
obtained at 24, 48 and 72h were assayed for the
recombinant protein by SDS-PAGE immediately or
stored at —20°C.
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Immaunological Detection of ZH646—The recombinant
protein ZH646 secreted by yeast was analysed by 10%
SDS-PAGE, followed by western blotting. Proteins were
transferred to polyvinylidene difluoride membranes
(Milipore Co.) by a semi-dry transfer (Transblot,
Bio-Rad; 15V, 30min). The membrane was soaked in
TBS-Tw solution at 4°C overnight. After washing, the
membrane was incubated with the primary rabbit
polyclonal antibody against human IL-6 (2pg/ml) or
TPO (2pg/ml) in TBS-Tw for 1h at room temperature.
After washing, the membrane was incubated with the
secondary HRP-conjugated goat antibody (Sigma Co.
1 : 1000 dilution in 1% albumin/PBS-buffer) in TBS-Tw
for 1h at room temperature.

Purification of ZH646—The broth of the culture was
centrifuged to remove yeast cells. The supernatant
concentrated sample was then loaded onto a DEAE-
Sephacel column (Pharmacia) at a flow rate of 1 ml/min,
which was pre-equilibrated with 50mM Tris-HCI,
pH 8.0. The column was developed with a linear 0-1M
gradient of NaCl in 50mM Tris—HCI buffer, pH 8.0.
The concentrated solution was further purified by FPLC
on Mono Q column (Pharmacia) using 50 mM Tris—-HCI,
pH 8.0 buffer. The peak fractions were pooled
and analysed by SDS-PAGE. The concentration of the
purified protein was determined using the BCA kit
(Pierce).

CFU-Meg Colony Assay in vitro—Murine bone marrow
cells were harvested from mice by flushing the femoral
contents with Iscove’s modified Dulbecco’s medium
(IMDM). Marrow cells (1 x 10°) were cultured in 0.20%
agar of IMDM in the presence of 0.12nM ZH646, 0.15nM
recombinant human TPO, 10nM IL-6 0.15nM TPO plus
10nM IL-6, respectively. Cultures were incubated at
37°C in a fully humidified atmosphere supplemented
with 5% COs. Agar was dried and stained for acetylcho-
linesterase (AChE) activity to identify and count mega-
karyocyte colonies. At day 7, groups of 3—-50 AChE™ cells
clustered together were scored as megakaryocyte colonies
(CFU-MK). Colonies that contained >21-50 AChE™ cells
were scored separately and reported as large CFU-MK.

Cell Proliferation Assay by MTT—The MTT assay was
performed according to the manufacturer’s recommenda-
tions (Promega). Dami cells were cultured in microplates
(6 x 10* cells/well) in 100 pl RPMI-1640 medium contain-
ing 0.5% bovine serum albumin (BSA) with various
concentrations of ZH646 or rhTPO (10 uM by 2 dilution).
The blank control wells had an equal volume of PBS.
MTT (5mg/ml, pH 7.4) was added after 48 h of incubation
within COy incubator at 37°C, 5% CO2 and 95%
humidity. Ten percent SDS was added to each well and
the plates were incubated for 3-4h. The absorbance
at 570nm was measured with a microplate reader
(Model 3550, Bio-Rad).

Administration of the Recombinant ZH646—The
30 ng’kg ZH646, 10pug/kg TPO plus 10pug/kg IL-6 and
PBS were injected intraperitoneally into normal mice
daily for 7 days, respectively. The platelet numbers were
measured at a constant interval. The mouse model of
cyclophosphamide-induced thrombocytopenia was estab-
lished according to prior methods described in our
lab (10). Platelet counts were monitored by F-820
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Sysmex (Sysmex Shanghai Ltd) for a 20-day recovery
period.

Statistical Analysis—Results were expressed as
mean+SD with data obtained from each experiment
conducted in triplicate. Analysis of variance with a one-
tailed Student’s ¢-test was used to identify significant
differences in multiple comparisons.

RESULTS

Construction of Expression Vector Encoding the Fusion
Protein IL-6/TPO—As shown in Fig. 1, both the
truncated IL-6 c¢cDNA fragment and the linker were
ligated and amplified to form the expected 500bp as
determined on 1.0% agarose gel. The PCR product and
plasmid pZICZo-A were cleaved by EcoRI and Pstl
digestion, and then collected and linked to form the
cloning vector pZICZa-A-IL-6-linker by T4 ligase. The
full-length ¢cDNA sequence of TPO was amplified by
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Fig. 1. Cloning of synthetic IL-6-linker-TPO fusion gene.
(A) Agarose gel analysis of synthetic gene products and
restriction digests of IL-6-linker-TPO fusion gene fragment.
Lane 1, molecular mass standard 15,000bp fragment ladder;
Lane 2, pZICZa-A-1L-6-linker-TPO purified digested by EcoRI
and Xbal digestion; Lane 3, PCR product of ¢cDNA encoding
mature TPO; Lane 4, PCR product of cDNA encoding truncated
IL-6 and linker; Lane 5, molecular mass standard 2000 bp
fragment ladder. (B) Schematic presentation of the nucleotide
sequence of gene fragments (hIL-6, linker, and hTPO) used for
final assembly of rhIL-6/TPO fusion gene in plasmid pZICZa-
A-IL-6-linker-TPO. The native signal sequences of hIL-6 and
hTPO were deleted so that the expression product could be
secreted under the mediation of N-terminal o-factor signal
peptide. Arrows point at the relative positions of o-factor
secretion signal sequence, the Glu-Ala repeat which is removed
by the yeast dipeptidyl aminopeptidase, and the lack of 25
N-terminal of IL-6 protein, respectively.
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PCR using Pfu DNA polymerase from pBD42-TPO, and
the expected 1000bp as determined by 1.0% agarose gel
was then acquired. The TPO PCR product and plasmid
pZICZo. -A-IL-6-linker were cleaved by Pstl and Xbal
digestion. It was then collected and inserted into the
downstream of IL-6-linker as well as linked to form the
cloning vector pPICZo-A-IL-6-linker-TPO by T4 ligase.
Identification of pPICZa-A-IL-6-linker-TPO was carried
out by EcoRI and Xbal digestion, and the expected
1600bp as determined by 1.0% agarose gel was then
obtained.

Expression of the ZH646 in P. pastoris—The
P. pastoris colonies that grew on the YPD/Zeocin plate
were tested for expression, in which the ZH646 was
produced using the expression plasmid pPICZo-A-IL-
6-linker-TPO. This heterologous gene can be integrated
into P. pastoris chromosome by integrative expression
plasmid, which generated genetic stable secretion
expression strain. The native signal sequences of IL-6
and TPO were deleted so that the expression product
could be secreted under the mediation of N-terminal
a-factor signal peptide. As shown in Fig. 2A;, SDS-PAGE
analysis revealed a new band at 78 kDa after induction,
suggesting that the secretion expression protein was
isolated from culture supernatant successfully. The
maximum yield of ~30mg/l of culture was obtained at
72h after induction. As shown in Fig. 2B, the western-
blot analysis showed that the positive band with about
78 kDa molecular mass was recognized by TPO antibody
and IL-6 antibody, respectively.

Purification of the ZH646 Expressed in P. pastoris—
GS115 cells secrete only very low levels of endogenous
host proteins, which would simplify purification of the
recombinant protein. As shown in Fig. 3, the primary
protein (lane 3) was separated through eluting the other
yeast-derived protein from the soluble rude proteins
(lane 2) by ion-exchange chromatography on DEAE-
Sephacel column. The collected ZH646 fractions
(lane 4), followed by further purification via a Mono Q
column, were pooled and showed a single protein band on
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Fig. 2. Expression and identification of the ZH646.
(A) Analysis of induced expression supernatant. Lane 1,
protein marker; Lane 2, supernatant before induction; Lane 3,
supernatant at 48h; Lane 4, supernatant at 60h; Lane 5,
supernatant at 72h. (B) Western-blot analysis of the ZH646.
Lane 1, expression supernatant after induction (rabbit anti-
serum TPO); Lane 2, expression supernatant (rabbit anti-human
1L-6).
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a polyacrylamide gel. The final yield of purified protein
was 30mg/l from shake flask.

Stimulates of Proliferation of Human CFU-Meg
Progenitors by the ZH646—To understand how ZH646
may affect early megakaryopoiesis, we made an observa-
tion of ZH646-stimulated proliferation of mice CFU-Meg
progenitor from femur marrow of normal mice, and
compared it with that of TPO+IL-6, TPO and IL-6
cytokines, respectively for 7 days. The number of
CFU-Meg containing 5-10 and 11-20 cells in the
ZH646 group and TPO+IL-6 group was slightly higher
than that of the TPO group, although it was statistically
insignificant. The proportion of larger colonies (contained
>20-50 cells) was significantly higher in cultures under
ZH646 and TPO+IL-6 treated conditions than those
under TPO treated conditions. In the event of affecting
slightly CFU-Meg containing 5-10 cells, IL-6 do not show
stimulated proliferation of mice CFU-Meg progenitor in
CFU-Meg containing 11-20 and 21-50 cells (Table 1).
Meanwhile, the sizes of CFU-Meg were measured at
7 days of cultures. ZH646 and TPO+IL-6 also seemed to
induce a remarkable increase in the size of these
colonies. In fact, at least 50% increase in size and
number of cells in the ZH646 and TPO+IL-6 treated
colonies were observed when compared with those
treated by TPO. TPO is synergistic with IL-6 on day 7
CFU-Mk but did not contain larger and more mature
individual megakaryocytes (Fig. 4).

Determination of Effect of ZH646 on the Growth of
Dami Cell Line—We further used the MTT assay to
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Fig. 3. SDS-PAGE analysis of purified the ZH646 using
10% polyacrylamide gel. Lane 1, protein molecular mass
standards; Lane 2, crude proteins; Lane 3, proteins purified
by DEAE-Sephacel column; Lane 4, fusion protein purified by
Mono Q column.
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compare the effect of ZH646 and rhTPO cytokines on
Dami cell proliferation. As shown in Fig. 5, both ZH646
and rhTPO significantly stimulated the proliferation
of Dami cells at concentration of 39-10uM in

Fig. 4. Sizes of the CFU-Meg colonies induced by ZH646,
TPO+IL-6, TPO and IL-6, respectively after 7 days of
culture (original magnification, x200. (A) IL-6 group;
(B) TPO+IL-6 group; (C) TPO group; (D) ZH646 group).
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Fig. 5. Effect of ZH646 or TPO on Dami proliferation
respectively. Dashed line indicated response in the presence of
rhTPO or ZH646. (filled triangle) rhTPO, (filled circle) ZH646.

Table 1. Numbers of CFU-Meg colonies induced by ZH646 and TPO respectively.

Colony size TPO IL-6 TPO+IL-6 7H646

(no. megakaryocytes) 7d culture 7d culture 7d culture 7d culture
5-10 26.2+2.2 3.3+2.1 30.3+4.1 32.0+£4.7
11-20 41.0+34 0 44.3+5.1 46.0+£29
21-50 15.6 £5.1 0 18.3£2.2* 21.6+3.1"

Sizes of the CFU-Meg colonies were estimated according to the number of cells included in an individual colony (5-10, 11-20, and 21-50
megakaryocytes). Results represent the mean +SD of CFU-Meg colonies in three independent experiments. *P<0.05.
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a dose-dependent manner, with maximum stimulation
occurring at 5.0uM and 2.5uM, respectively. The
proliferation activity of ZH646 has an effective concen-
tration of 0.2 Mm (EC50=0.2 M), while appeared to be
more potent than that of rhTPO (EC50=0.3uM), the
mean values on the examined Dami cells was statisti-
cally insignificant. Therefore, it is reasonable to conclude
that the Pichia-derived ZH646 has a similar specific
activity like TPO.

The Thrombopoietic Effect of ZH646 on Normal Mice—
Balb/c mice were treated with intraperitoneal injections
of 0.5ml of a vehicle control, ZH646 and TPO+IL-6,
respectively, for up to 7 days. As shown in Fig. 6, ZH646
could lead to increased platelet count, which plateau at a
level 25-35% higher than that in the control at day 7,
with an average platelet count of 2900 x 10%/ml.
Meanwhile, TPO+IL-6 also increased platelet count to
2050 x 10%/ml, which was lower than ZH646at day 7.
Furthermore, ZH646 also maintained a high platelet
count in these mice during days 4-10 of the treatment
(i.e. count exceeded normal level 6 out of 7 days during
treatment) and returned to normal on day 12. TPO+IL-6
only stayed a high platelet count at one day, and
rapidly dropped the normal platelet values after day 7.

Normal Platelet Recovery From Cyclophosphamide-
induced Thrombocytopenia—We also analysed the
recovery of platelet number after myelosuppression
induced by cyclophosphamide. As shown in Fig. 7,
although the 50% reduction rate of platelets were very
similar in the three groups, platelet number returned
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Fig. 6. Response of normal mice to ZH646 treatment.
Normal mice were treated with ZH646 during the indicated
periods (tilled square, treated mice; filled circle, TPO+IL-6;
filled triangle, wild-type mice). Arrows indicated the injection of
ZH646/TPO-+IL-6 once time daily. *P<0.05; **P<0.01.
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to pre-treated levels at day 7 after ZH646 and TPO+IL-6
injection, respectively. On the other hand, platelet
number exhibited a more pronounced nadir and slower
recovery from thrombocytopenia in the control group.
ZH646 also maintained a higher platelet count in these
mice on days 7-12 compared with those in the control
group and TPO+IL-6. On day 12, the average platelet
count was 2400 x 10%/ml, 2050 x 10%ml in the ZH646 and
TPO+IL-6-treated mice, respectively compared with
1600 x 10%/m] in the control mice (P<0.01). In addition,
TPO in combination with IL-6 do not accelerate platelet
recovery by 7-11 days over those stimulated by the
control group and an inability to exert return of
the platelet count toward normal, except for day 12
(P<0.05).

DISCUSSION

TPO was a major growth factor in the differentiation and
proliferation of megakaryocytes as well as platelet
production (I, 4). Recently, it was reported that TPO is
not essential for the regulation of platelet circulation,
as mice with ‘knockout’ of TPO and TPO receptor (c-mpl)
do not seem to be more vulnerable to haemorrhage and
could retain ~15% of the peripheral platelets (1, 11). It is
possible that other ligands or some other cytokines
might compensate for TPO deficiency to promote platelet
production. Current models suggest that early-acting MK
colony-stimulating factors, such as IL-3 or c-kit ligand,
are required for expansion of haematopoietic progenitors
into cells capable of responding to late-acting MK
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Platelet count (10%/ml)

Period (days)
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Fig. 7. Recovery of platelet number after cyclophospha-
mide injection. The cyclophosphamide-treated mice were
treated with ZH646 for the indicated periods (filled square,
treated mice; filled circle, TPO+IL-6; filled triangle, wild-type
mice). Arrows indicated the injection of ZH646/TPO-+IL-6 once
time daily. P <0.05; **P<0.01.
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potentiators, includng IL-6 and IL-11. The pre-clinical
studies indicated that IL-1, IL-3, IL-6, GM-CSF and
IL-11 can all stimulate megakaryocyte growth and
platelet production (9, 12). Therefore, optimal stimula-
tion of megakaryocyte lineage using various combina-
tions of cytokines is under extensive research (5, 13, 14).
IL-6, in particular, has been reported to have effects on
early haematopoiesis (15, 16) and also megakaryocyto-
poiesis (8, 17, 18). Furthermore, Brakenhoff (19) showed
that the N-terminal 28 amino acids could be removed
without significantly affecting biological activity of IL-6.
On the contrary, it was found such deletion could even
lead to enhanced IL-6 activity. Nevertheless, the hybrid
ZH646 constituting IL-6 and TPO have not been reported
to stimulate megakaryopoiesis in vitro and platelet
production in vivo.

With these considerations in mind, we hypothesized
that the formation of the IL-6-linker-TPO complex could
be enhanced by converting it into a unimolecular protein
by using a flexible polypeptide as a linker. We designed
the more flexible small molecules by applying conforma-
tional changes to keep the epitope characteristics of IL-6
and TPO by using the computer software GOLDKEY
(data not shown). Consequently, we used the presumably
flexible amino acid with a 13-residue sequence rich in
glycine and serine to connect truncated IL-6 and mature
rhTPO to produce ZH646 expressed at a high level in the
P. pastoris expression system. Pichia. pastoris is a
methylotrophic yeast that has been successfully used
to produce large quantities of foreign proteins (20).
This system has the advantages of an eukaryotic
expression system: the presence of an o-factor signal
sequence facilitates secretion of the expressed protein
into the medium. The yeast strain (GS115) secretes
only very low levels of endogenous protein, which
simplifies the purification process. In addition, there is
the advantage of inducible expression, leading to 10-100-
fold higher level of heterologous protein than other
eukaryotic systems. We found that the ZH646 secreted
by P. pastoris can reach a concentration of 30mg/l.
We believe this high secretion level may be due to
adapting the codon usage in TPO and IL-6 c¢cDNA to
P. pastoris codon bias. For the purification of ZH646,
we used an anion DEAE exchange system, which
recovered the ZH646 from a large volume of culture
supernatant. The targeted protein was then further
purified via a Mono Q column to complete the two-step
purification. To the best of our knowledge, this is the
first report on the fusion expression and purification
protein of IL-6 and rhTPO in yeast linked by a synthetic
linker.

This novel fusion protein, ZH646, appear to exert
biological activity in megakaryopoiesis and haemato-
poiesis. In a semi-solid culture, the megakaryocyte
colonies induced by the ZH646 contained larger and
more mature colonies consisting of 21-50 megakaryo-
cytes, which is consistent with results obtained by other
investigators who suggest that IL-6 promotes cell
maturation during later stages of megakaryocytopoiesis
(21, 22). Otherwise, TPO in combination with IL-6
induced an increase in colony numbers of at least 20%
over those stimulated by TPO and an inability to remain
larger and more mature individual megakaryocytes.

H. Zhiyi et al.

Although IL-6 has been suggested to have no essential
role as a single regulator in normal steady-state mega-
karyocytopoiesis, and is not required for residual mega-
karyocyte and platelet production in the c¢-mpl(-/-) mouse
(23), our results showed ZH646 is much stronger than
TPO or IL-6 alone. There may be two important
explanations for this observation. The first is that TPO
and IL-6 commonly activate signal transducer and
activator of transcription3 (Stat3), which has an impor-
tant role in megakaryopoiesis and thrombopoiesis (24).
Another possible reason is that long-term administration
of IL-6 in mice stimulates megakaryocyte maturation
and platelet production with few adverse effects, and
maintained the high platelet count for the duration
of treatment (I17). Recently, a novel pathway of
TPO regulation by the inflammatory mediator IL-6 is
proposed, suggesting that the number of megakaryocytes
or platelets by themselves might not be the sole
determinant of circulating TPO levels and thus of
megakaryopoiesis (25). This in turn indicates that IL-6
stimulates thrombopoiesis through TPO, and promotes
cell maturation during later stages of megakaryocyto-
poiesis ZH646, similar to TPO, was also used to
effectively expand Dami cells in a dose-dependent
fashion, suggesting that it controls early human haema-
topoietic megakaryocyte line development by means of
distinct molecular c-mpl targets on Dami. Because of
that, it is therefore possible to address the question
whether these various effects were mediated by a similar
molecular mechanism.

While ZH646 may increase lineage-specific differentia-
tion and nature of megakaryocyte in vitro, it would be
important to also explore the in vivo relevance of these
observations. Our study demonstrated that platelet
counts increased more in ZH646-induced groups than
the controls, and peak value of platelet counts occurred
rapidly after intraperitoneal administration of ZH646 in
normal mice. It is important that the platelet count
exceeded normal levels in 6 out of 7 days of treatment.
This could correlate well with a similar observation that
IL-6 maintained high platelet count for the duration of
treatment that exceeded normal levels in 7 days after
30 days of treatment were stopped (17). The increase
may reflect that IL-6 plays crucial roles in the prolifera-
tion of MK progenitors to increase the peripheral
blood platelets. Compared with ZH646, TPO+IL-6 also
increased platelet count at day 7 significantly; they only
stayed a high platelet count at one day, and rapidly
dropped the normal platelet values after day 7.

Although a platelet nadir occurred in myelosuppres-
sion groups induced by cyclophosphamide, ZH646-treated
groups experienced a much less severe nadir, which
occurred earlier and recovered much quicker than the
controls. TPO in combination with IL-6 do not show
much earlier return of the platelet count toward normal
than ZH646 during the ensuing 7 days injection. Some
earlier reports also suggested that defective megakar-
yocytopoiesis/thrombocytopoiesis is not caused by a
defect in TPO production but a lack of response to TPO
in the signal transduction pathway of c-mpl (26, 27).
In that regard, IL-6 may contribute to an alteration
of normal feedback between TPO and its receptor.
Therefore, ZH646 could ameliorate the platelet nadir,
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lead to a shorter recovery time and rebound thrombo-
cytosis compared with the controls in chemotherapy-
induced thrombocytopenia mice.

In summary, we can conclude that this biological
activity may not only translate directly to megakaryocyte
in its ability to increase platelet production on normal
mice, but also support recovery of platelet counts after
myelosuppression in cyclophosphamide-treated mice.

The search for more active stimulation of thrombocy-
topoiesis has been fostered by the molecular regulation of
haematopoietic stem cells, megakaryocytes and platelet
production. ZH646 may represent a new therapeutic
option in vivo, as compared with the combination of TPO
or TPO plus IL-6. The reason is that ZH646 does not only
offer the convenience of using one single molecule
instead of two, but also because it could provide more
biological activities than TPO or IL-6 alone.
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