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Platelet survival depends upon mediators of apoptosis e.g., Bcl-xL, Bax, and Bak, which are regulated by
thrombopoietin (TPO)-mediated AKT signaling. Thrombopoietin receptor (TPO-R) signaling might decrease
platelet and/or megakaryocyte apoptosis and increase the platelet count. This study therefore explored anti-
apoptotic effects of TPO-R-agonists in vivo on platelets of patients with immune thrombocytopenia. Patients
received eltrombopag or romiplostim for two weeks. Total, immature, and large platelet counts were
assessed as were Bcl-xL inhibitor assay; Bcl-xL Western blot; and flow cytometric (FACS) analysis of the AKT-
signaling pathway. Eight/ten patients had platelet responses to eltrombopag and all three to romiplostim.
Platelet sensitivity to apoptosis by Bcl-xL inhibition was greater in pretreatment patients than controls. This
sensitivity normalized after one week of therapy, but surprisingly returned to pretreatment levels at week
two. FACS analysis revealed increased AKT-pathway signaling after one week, followed by a decrease at
week two. Platelet counts correlated with the Bcl-xL/Bak ratio. Platelet survival may be enhanced by TPO-R-
agonists as a transient decrease in platelet sensitivity to apoptosis was accompanied by transient activation
of AKT. However, this mechanism has only a short-lived effect. Megakaryocytes and platelets already present
at the start of TPO-R-agonist treatment appear to respond differently than those generated de novo.
Am. J. Hematol. 89:E228–E234, 2014. VC 2014 Wiley Periodicals, Inc.

� Introduction
Immune thrombocytopenia (ITP) is typically characterized by both increased platelet destruction and reduced platelet production [1]. Low pla-

telet counts create a risk of bleeding which can place a patient in danger of life threatening hemorrhage or substantially reduce their quality of
life. Many but not all patients will respond to therapy directed against autoimmune platelet destruction [2]. An alternative treatment strategy has
been to augment platelet production with agonists of the thrombopoietin receptor (TPO-R), also known as c-mpl [3].

Thrombopoietin is the primary regulator of megakaryocyte production [4]. The presumed mechanism of action of TPO-R agonists (TPO-RA)
is the direct stimulation of bone marrow megakaryocyte precursors and possibly the megakaryocytes themselves. Eltrombopag is a small molecule
TPO-R agonist that activates the TPO-R although it has no homology to native thrombopoietin. Both licensed TPO-RA were identified by screen-
ing of large numbers of small molecules and peptides, respectively. Romiplostim is a peptide TPO-RA that is conjugated to a human Fc portion of
an IgG1. Romiplostim is thought to bind directly to the thrombopoietin binding site on TPO-R while eltrombopag is thought to bind to the TPO-
R near its membrane insertion site, away from the active site [3]. In a number of studies, a majority of patients with ITP who were resistant to
standard first and second line therapies responded to TPO-RA with an increase in platelet counts. In normal volunteers and patients with ITP, it
takes an average of 7 days to produce new platelets after administration of recombinant TPO, eltrombopag, or romiplostim. In addition, certain
patients who responded to a TPO-RA did not increase their platelet reticulocyte count suggesting that another mechanism that increased platelet
production may be responsible for the platelet increase [2]. These findings have raised the question of whether platelets, which possess c-mpl, may
also be targets of TPO mimetics.

Platelet survival and life span in vivo are now known to be regulated by members of the Bcl-2 family of pro- and anti-apoptotic proteins [5].
Platelets absolutely depend on pro-survival Bcl-xL, which functions to restrain the activity of pro-death Bak and Bax. In mice, mutations in Bcl-xL
cause dose-dependent cell-intrinsic reductions in platelet life span [6–8]. Pharmacological inhibition of Bcl-xL with the BH3 mimetic drugs such as
ABT-737 [9] or ABT-263 (Navitoclax) [10] triggers platelet death [6,11–14] and thrombocytopenia in mice [6,15], dogs [14], and humans [16,17].
Under normal physiological conditions, aged platelets that have escaped hemostatic consumption undergo Bak-mediated apoptosis and clearance
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from the circulation. Genetic deletion of Bak and Bax in mice almost
doubles platelet life span [8], rescues the thrombocytopenia caused by
loss of Bcl-xL [8], and renders platelets refractory to the pro-
apoptotic effects of ABT-737 [12].

Platelets express TPO-Rs and numerous components of their signal-
ing pathways are activated by ligand binding [18]. TPO activates Jak2,
which directly phosphorylates STAT family members. In nucleated
cells, STATs translocate to the nucleus and bind to STAT-responsive
transcriptional elements within genes including Bcl-xL [19]. Signaling
through the TPO-R prevents megakaryocyte apoptosis; but it is not
known what effect TPO-R signaling through STAT in vivo might have
on the anucleate platelet although ITP studies have suggested that ITP
platelets become less activated. One study showed no activation or pri-
ming effect of eltrombopag on washed platelets [20].

The phosphoinositide-3-kinase (PI3K) pathway is also activated
downstream of TPO-R signaling and activates the serine/threonine
kinase AKT. AKT signaling activates, inactivates, or induces over 100
proteins, and its general effect is pro-survival [21]. In particular, AKT
signaling upregulates expression of Bcl-xL and another Bcl-2 family
protein, myeloid cell leukemia sequence 1 (MCL-1), both of which
inhibit Bak and Bax-mediated apoptosis. AKT phosphorylation inacti-
vates the pro-apoptosis glycogen synthase kinase-3b (GSK3B). Finally,
AKT also activates its own upstream suppressor, phosphatase and
tensin homolog (PTEN).

AKT itself is activated by phosphorylation at Thr308 by
phosphoinositide-dependent protein kinase 1 and at Ser473 by a
mammalian target of rapamycin (mTOR) complex: both residues
must be phosphorylated for full AKT activation. This allows the use
of intracellular phospho-flow to monitor AKT activation.

In the current study, we intensively examined whether a contribu-
tion to the increases in platelet counts observed in patients with ITP
might be due to the effects of eltrombopag or romiplostim on plate-
lets themselves. Specifically, we hypothesized that TPO-R agonists
might modulate platelet survival by activating the AKT signaling
pathway, thereby making the platelets more resistant to apoptosis in
vivo, prolonging their life span and thus increasing the platelet count
also on that basis.

� Methods
Patients. All studies were performed after informed consent was obtained in

accord with the declaration of Helsinki and approved by the Institutional Review
Boards of both Weill Medical College of Cornell University and the New York
Blood Center. Ten adults with chronic severe ITP were enrolled in the eltrombopag
arm following a 2- to 4-week washout period: three of these subjects subsequently
enrolled in the romiplostim arm after a second such washout period. Controls were
healthy adults without thrombocytopenia.

Study procedures. Following a TPOR-agonist washout period, 75 mg of eltrombo-
pag once daily, or 10 ug/kg/weekly dose of romiplostim (the maximum licensed dose
of each) was initiated for 2 weeks (days 1–15). Clinical response was measured by:
complete blood counts including immature platelet fraction (IPF, nl range 1.1%–
6.1%) and large platelet count (number with size> 10.5 fl) on days 1, 3, 5, 8, 10, 12,
and 15, and bleeding score. Platelet AKT signaling and resistance to apoptosis were
assessed on Days 1, 8, and 15 by: Bcl-xL inhibitor (ABT-737) assay; measurement of
Bcl-xL by Western blot; and measurement of proteins of the STAT/PI3K/AKT medi-
ated apoptotic pathway by intracellular phospho-flow cytometry (FACS).

Platelet apoptosis assay. Since platelet survival is dependent on the anti-
apoptotic protein Bcl-xL, treatment with the small molecule Bcl-xL inhibitor ABT-
737 rapidly induces platelet apoptosis. Platelets were isolated from fresh blood
drawn into sodium citrate. Platelet rich plasma was prepared by centrifugation at
250g for 16 min, the platelets were pelleted by centrifugation at 1200g for 20 min,
and then the platelets were resuspended in modified Tyrode’s HEPES buffer
(HBMT: 138 mM NaCl, 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), 12 mM NaHCO3, 2.7 mM KCl, 0.4 mM NaH2PO4, 0.1% glucose, 0.35%
bovine serum, pH 7.4). The resuspended platelets were passed through a magnetic
bead column (Miltenyi, Auburn, CA) consisting of anti-glycophorin A and anti-
CD45 magnetic beads to remove erythrocytes and leukocytes, respectively. Platelets
were resuspended in HBMT at 1 3 108/ml and added in triplicate to a serial dilu-
tion of ABT-737 from 10 mM to 0.01 mM. Cells were incubated at 37�C for 3 hr

and then the amount of living cells in each well was assessed by a fluorescence-
based assay for ATP (Promega, Madison, WI). The inhibitory concentration of
ABT-737 (IC50) was determined using Graph Pad Prism 5 software. Comparisons
between treatment days were made with the paired Freidman test and comparisons
between treated and control groups were made with the Kruskal–Wallis test using
Graphpad Prism software.

Measurement of Bcl-xL by Western blot. Platelets were lysed in NP-40 lysis buffer
and proteins were separated under reducing conditions and immunoblotted with
anti-actin-HRP (Sigma-Aldrich, St Louis, MO) or a Rabbit polyclonal anti-Bcl-xL anti-
body (BD Biosciences, San Jose, CA), followed by secondary HRP-conjugated anti-
rabbit antibody. ImageJ was used to calculate the Bcl-xL/actin ratio, which corrects for
differences in cell size.

Flow cytometry analysis of Akt signaling intermediates and apoptotic pathway
molecules. Platelet rich plasma was obtained from blood collected into sodium
citrate for analysis by flow cytometry as previously described and sent to Pathfinder
Biotech (Cleveland, OH) [22]. Flow cytometric analysis was performed at Path-
finder Biotech using Enzymatic amplification staining (EASTM). EASTM enhances
the specific signal in flow cytometry by catalyzing reporter deposition in a cell-
specific way. EASTM provides a quantitative measure of analyte expression levels.
Results were expressed as the analyte:CD42a expression ratio, which corrects for
platelet size differences. Antibodies specific for phospho-AKT (thr308), phospho-
AKT (ser473), phospho-GSK-3b (ser9), PTEN, Bax, and Bcl-xL were obtained from
Cell Signaling Technology (Danvers, MA); antibody specific for Mcl-1 from BD
Biosciences; and antibody specific for Bak from Epitomics (Burlingame, CA). Com-
parisons between treatment days were made with the paired Freidman test and
comparisons between treated and control groups were made with the Kruskal–
Wallis test using Graphpad Prism software.

� Results
Platelet response to TPO-R agonists

Eight of 10 patients treated with eltrombopag 75 mg daily for 2 weeks
responded with a peak platelet count� 50,000/ml, and 9 at least doubled
their starting platelet count during the 2 weeks of treatment (Fig. 1).
These changes resulted in a significant and substantial increase in mean
platelet count (P< 0.05) over the 2 weeks. All three patients in the romi-
plostim group responded to romiplostim with an increase in platelet
count to over 50,000/ml, including Patient 11, who had not responded to
eltrombopag as Patient 8 (see Supporting Information Table 1).

If the responses to TPO-R agonists were due exclusively to
increased generation of new platelets, the proportion of young to old
platelets should increase. Newly-produced platelets can be identified
by a proprietary RNA-binding dye using the Sysmex XE2100 autoan-
alyzer; they are also larger than mature platelets. Thus the immature
platelet fraction (IPF%), a measure of the proportion of reticulated
platelets, should increase along with the absolute number of reticu-
lated (AIPF) and large platelets. To assess whether this was the case,
we measured the number of large platelets, the percent of reticulated
platelets, and the absolute number of reticulated platelets. The mean
large platelet count increased significantly over the 2-week course of
treatment, suggesting that more young platelets were produced (Fig.
1) [23]. In accordance with this, the AIPF increased significantly over
the course of the experiment, along with the overall increase in plate-
let number. However, the mean IPF% did not increase over the
course of the experiment, indicating that the relative proportions of
young to mature platelets did not increase over time.

Sensitivity of platelets to pharmacological inhibition of
Bcl-xL

If TPO-R agonist treatment signals through the AKT pathway, the
balance of pro- and anti-death proteins may be altered, which could
potentially affect platelet life span. As a surrogate for platelet resist-
ance to apoptosis, we measured sensitivity of platelets to the small
molecule Bcl-xL inhibitor, ABT-737 (Fig. 2). The IC50 of ABT-737
was significantly lower in ITP subjects treated with eltrombopag pre-
treatment on Day 1 than in healthy controls (P5 0.04). After 7 days
of eltrombopag treatment on day 8, the patient IC50 was significantly
higher than on Day 1 (p5 0.05). There was no significant change in
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IC50 from Day 8 to Day 15, although, surprisingly, the IC50
appeared to decrease. These alterations in the ABT-737 IC50 suggest
that the untreated patients’ platelets are more susceptible to apoptosis
than control platelets, but, after one week of treatment with eltrom-
bopag, the resistance to apoptosis increases to match that of control.
In the romiplostim group there were no significant differences in
ABT-737 IC50 between the romiplostim-treated group and healthy
controls at any time point.

Protein expression levels in response to TPO-R agonist
treatment

Signaling by TPO-R agonists through the AKT pathway should
affect expression of downstream AKT targets. To test this, we ana-

lyzed platelets for levels of Bcl-xL, Bak, Bax, phospho-AKT(thr308),
phospho-AKT(ser473), Mcl-1, phospho-GSK-3b, and PTEN by flow
cytometry (Fig. 3). In the pretreatment (Day 1) samples, expression
of pro-apoptotic phospho-GSK-3b was significantly higher than in
controls (P5 0.05). While there was a trend toward increased expres-
sion of the other proteins, these changes were not significant. We
also analyzed platelet expression of Bcl-xL by Western blot (Support-
ing Information Fig. 1). The amount of Bcl-xL was the same in pre-
treatment (Day 1) samples as in the control samples, and did not
vary over time.

As measured by flow cytometry, levels of phospho-AKT (thr308),
phospho-AKT(ser473), and phospho-GSK-3b all increased signifi-
cantly after one week of treatment with eltrombopag (Fig. 3). There

Figure 1. TPO-R agonists increase platelet count. A: Individual responses to eltrombopag (E) or romiplostim (R) are shown as platelet count vs day of treat-
ment. Non-responders are indicated (NR). B–E: Means6 standard deviation for all 13 patients are plotted on days 1, 8, and 15 for platelet count (PLT), large
platelet count, immature platelet fraction (IFP, % of total PLT), and absolute immature platelet fraction (IFP 3 PLT).
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Figure 3. Effect of TPO-R agonists on platelet AKT pathway signaling. Expression and phosphorylation state of proteins on the AKT signaling pathway were
determined by flow cytometry (n5 13). A, B, D, E: Before treatment with TPO-R agonists, phospho-AKT(thr308), phospho-AKT(ser473), phospho-GSK-3b, and
Mcl-1 all appeared to be increased compared to controls, although this was significant only for p-GSK3B. Levels of each of these proteins appeared to
increase after 1 week of TPO-R agonist treatment and then decline again by the second week. F: The decline in PTEN from day 8 to day 15 was significant.
C: Bcl-xL did not show any change in expression between control and patient platelets or any change after TPO-R agonist treatment, although it may have
declined between days 8 and 15.

Figure 2. Sensitivity of platelets to ABT-737 post TPO-R agonist treatment. The IC50 of ABT-737-induced platelet apoptosis was employed as a surrogate
indicator of platelet life span. Platelets from patients before eltrombopag treatment (Day 1) were more sensitive to destruction by ABT-737 than control plate-
lets, but this difference disappeared after 1 week of treatment (n5 10). This change was not apparent in platelets from romiplostim treated patients (n5 3).
Resistance to apoptosis appeared to decrease between days 8 and 15 of both treatment groups. Boxes indicate 5% to 95% confidence interval, bars indi-
cate mean,1 indicates median, and whiskers show range.
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was no significant change in the expression of Bcl-xL, Mcl-1, or
PTEN. Between Day 8 and Day 15, the expression of PTEN decreased
significantly. The remaining protein levels did not change signifi-
cantly between Days 8 and 15, although phospho-AKT (thr308),
phospho-GSK-3b, and Mcl-1 showed a trend toward decreasing
expression. Overall, these findings are most consistent with an
increase in AKT pathway signaling after one week of treatment with
eltrombopag followed by a reduction in AKT pathway signaling
between Days 8 and 15.

In the romiplostim group the decrease in phospho-AKT(308) from
Days 8 to 15 was statistically significant, despite the small sample size
(data not shown). Otherwise romiplostim did not have a measurable
effect on AKT pathway protein expression either on Days 1–8 or 8–
15.

Relative expression of apoptotic regulators

The regulation of Bcl-2 family members is highly dynamic.
Changes in protein expression levels are a key mechanism by which
the balance can be tipped toward or away from apoptotic cell death
[6,8]. To examine whether TPO-R agonist in vivo treatment resulted
in alterations in the apoptotic protein profile of platelets in patients

with ITP, the levels of BCL-xl, Bak, and Bax were serially measured.
The expression of pro-apoptotic Bax was significantly lower in the
patients than controls at all time points (P5 0.009). The ratios of
Bcl-xL/Bak and Bcl-xL/Bax both trended upward between Days 1 and
8, and downward between Days 8 and 15, but the changes did not
reach significance (Fig. 4). While the platelet count did not correlate
with Bcl-xL or Bak expression levels (not shown), the platelet count
did correlate with both the Bcl-xL/Bak ratio and the Bcl-xL/Bax ratio.
This suggests that both the Bcl-xL/Bak ratio and the Bcl-xL/Bax ratio
may be important for platelet life span and count in patients with
ITP.

� Discussion
In order to determine whether TPO agents affect platelet survival,

we studied the relationship between platelet counts, platelet age, and
platelet apoptosis in patients with chronic ITP, and the effects of two
weeks of treatment with the two licensed TPO-R agonists, eltrombo-
pag and romiplostim. In patients with ITP prior to TPO-R agonist
treatment, the sensitivity of platelets to the pro-apoptotic stimulus
ABT-737 was significantly higher than in controls. It is suspected that

Figure 4. Effect of TPO-R agonist on platelet Bak and Bax levels. The pro-apoptotic proteins Bak and Bax were measured in platelets by flow cytometry. A:
Bak level appeared to increase between days 1 and 8 of treatment, but this change was not significant. B: Bax expression was significantly lower in patient
platelets than in controls, and this did not change with TPO-R agonist treatment. C: The ratio of Bcl-xL to Bak appeared to be decreased in the patient plate-
lets compared to control and did not change over the course of treatment. D: The Bcl-xL to Bax ratio appeared to be increased in pre-treatment platelets
compared to controls, and to increase during the first week of treatment. E,F: The Bcl-xL:Bax ratio positively correlated with platelet count, while the Bcl-
xL:Bak ratio did not.
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platelet associated antiplatelet antibodies may cause this increased
sensitivity.

Clinical platelet count response to eltrombopag and romiplostim in
the first two weeks of therapy was substantial in all but two patients.
After 7 days of treatment with eltrombopag, platelets became signifi-
cantly less sensitive to ABT-737, showing IC50s similar to controls.
Given the relatively stable BCL-XL levels, the ratio of BCL-XL:BAK
and BCL-XL:BAX correlated with the increase in platelet count. This
is consistent with the hypothesis that, in addition to stimulating pla-
telet biogenesis, treatment with eltrombopag results in the production
of platelets endowed with more pro-survival protein activity. These
could, in theory, resist apoptotic clearance for a period beyond that
of normal platelets, achieving an extension of circulating life span
and contributing to elevated platelet counts. In support of this notion,
transgenic overexpression of BCL-2 has recently been shown to
increase platelet life span in mice [24]. Surprisingly, after 14 days of
treatment with eltrombopag, the sensitivity of patients’ platelets to
ABT-737 returned to baseline. Thus, the increased resistance to plate-
let apoptosis caused by pharmacologically stimulated TPO-R signaling
appears to be present only during the first week of therapy.

Eight of ten patients responded to eltrombopag and all three
patients (who had been treated months earlier in this study with
eltrombopag) responded to romiplostim. The number of large plate-
lets and the immature platelet fraction (IPF) were measured to assess
the effect of the TPO-R agonists on the age profile of the platelet
population. Consistent with an increase in production, the absolute
number of large platelets, which are believed to reflect younger plate-
lets, increased over the course of the 2 weeks of treatment, as did the
absolute number of reticulated platelets. The percentage of reticulated
platelets did not change over time. Given the uncertainty regarding
the time during which platelets remain reticulated and whether this
changes under non-steady state conditions, it is difficult to unequivo-
cally interpret these findings. However, the data are consistent with a
model whereby an increase in production (reflected in increased
absolute IPF) is accompanied by an extension of circulating life span,
resulting in no change to the percentage IPF.

The changes in apoptotic profile observed over the first two weeks
were mirrored by a transient increase, followed by a decrease, in pla-
telet AKT signaling. In normal platelets in vitro, recombinant human
TPO has been reported to activate AKT, as measured by Ser473
phosphorylation, whereas 10 mM eltrombopag did not [20]. Although
levels of phosphorylation at both sites were not significantly different
for ITP patients pretreatment and controls, our results suggest that a
75 mg daily dose of eltrombopag does have an in vivo effect on plate-
let AKT phosphorylation at Thr308 and Ser473. After 7 days of treat-
ment with eltrombopag, there was a significant increase in platelet
AKT phosphorylation at both Thr308 and Ser473. Phosphorylation at
Thr308 appeared to decrease between Days 8 and 15.

The expression of other components of the AKT pathway varied.
GSK3B levels were significantly higher in pre-treatment patients than
controls (P5 0.05) and remained so throughout the 2 weeks of study.
Mcl-1 and PTEN levels did not significantly change, although their
medians tended to increase in the first week of treatment. In previous
studies, Mcl-1 had been found to have a very short half-life and was
not detected by Western blots of murine [6] or human [14] platelets.
However, Mcl-1 might be present in newly produced platelets, and
the small amount of Mcl-1 detected may reflect the increased number

of reticulated platelets following eltrombopag treatment [5]. Taken all
together, these findings suggest that TPO-R agonists induce transient
signaling through the AKT pathway in vivo.

Increased numbers of young platelets may have also contributed to
the decreased platelet sensitivity to ABT-737. In mice, young platelets
are more resistant to ABT-737 [6]. This was initially proposed to be
due to increased levels of BCL-XL in young platelets relative to old.
However, new evidence suggests that BCL-XL protein expression does
not change during platelet ageing in vivo [5]. If this is also true in
humans, then other yet to be defined mechanisms may explain this
finding. One possibility is that TPO-R agonists induce changes in the
expression and/or activity of the pro-apoptotic BH3-only proteins,
(e.g., Bim, Bad, and Bid). Several BH3 proteins are expressed in plate-
lets, and Bad-deficient mice exhibit a modest but significant elevation
in platelet life span [25]. Further studies of young platelets are
required to clarify the mechanism of this effect.

One explanation for the bidirectional changes observed might be
differential effects of eltrombopag (and romiplostim) on platelets ver-
sus megakaryocytes. It is conceivable that, in the first week of treat-
ment, the changes reflect the direct action of TPO-R agonists on the
pre-existing platelet population, whereas those in the second week
reflect their activation of the AKT pathway in megakaryocytes. This
hypothesis is supported by a report that megakaryocytes cultured in
vitro with eltrombopag demonstrated immature morphology and
decreased platelet release compared to megakaryocytes cultured with
recombinant TPO [26]. Another possibility, the dilution of antiplate-
let antibodies, is not compatible with the return of platelet ABT-737
sensitivity to baseline at Week 2 despite sizeable increases in platelet
counts.

In mice, Bak is the primary determinant of circulating platelet life
span. Bax, while clearly present in platelets, appears to play an auxil-
iary role in mediating life span at steady state [8]. However, ABT-737
activates both Bak and Bax to kill platelets, and deletion of both pro-
teins is required to completely abrogate the response to ABT-737. In
this study, the sensitivity of platelets to ABT-737 decreased after one
week of treatment, despite the ratio of platelet BCL-XL:Bak remaining
lower in patients than in controls throughout the course of the study.
This may have been countered by the significantly lower platelet Bax
levels in patients than in controls throughout the study. The ratio of
BCL-XL:Bax appeared to be increased in patients compared to con-
trols, which may also have contributed to decreased sensitivity to
ABT-737. Platelet count did not correlate to BCL-XL level, but did
correlate positively to BCL-XL:Bak and BCL-XL:Bax ratios, suggesting
that Bax might play a relatively more significant role in the apoptosis
of human platelets than in mouse platelets.

While the number of patients with ITP studied was small, the
intensive investigations of each patient at each of the three time
points provided considerable data. In this regard, no overt differences
were seen between eltrombopag and romiplostim. In conclusion, our
data suggest that while increased platelet survival may transiently
impact the initial rise in platelets caused by treatment with TPO-R
agonists, the long-term effects are not the result of major changes in
platelet survival. Further studies including megakaryocyte Mcl-1, the
BH3-only family, and platelet reticulocytes may allow better under-
standing of intrinsic mechanisms determining platelet survival in
humans and potentially optimize manipulation of the AKT pathway
to alleviate not only thrombocytopenia but also thrombocytosis.
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