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Overall, biochemical findings suggest a suppressed
bone turnover and the increased BMD indicates that
bone formation and resorption are affected unequally.
We suggest that imatinib uncouples bone formation
from bone resorption in favor of the former, disturbing
bone homeostasis and leading to a net increase in bone
mineral density. 

This is further supported by a recent study by Fitteri et
al.,11 who reported an increased trabecular bone volume
in imatinib treated patients. In contrast to our study,
they did not analyze the bone mineralization, but meas-
ured the trabecular bone volume on decalcified iliac crest
biopsies obtained before and during imatinib treatment.
Therefore, bone mineralization, the most important
measure of osteopenia, was not addressed.

The present report is the first demonstrating altered
calcium and phosphate metabolism in imatinib-treated
CML patients, concomitant with an increased cortical
bone mineralization. Our study alleviates previous con-
cerns about an accelerated osteomalacia, and measures
to prevent this hypothesized long-term side effect seem
unnecessary and might even be harmful.2,12

If imatinib is shown to suppress bone resorption with-
out decreasing the bone quality, tyrosine kinase
inhibitors could be novel antiosteolytic agents in skeletal
disorders. 
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Heterogeneous promoter activity of the telomerase
reverse transcriptase gene in individual acute
myeloid leukemia cells defined by lentiviral
reporter assay

Acute myeloid leukemia (AML) generally constitutes a
hierarchy of heterogeneous populations in terms of prolif-
eration.1,2 Currently, no phenotypic marker allows effi-
cient discrimination of such cellular potential. One of the
major intrinsic elements defining the replicative capacity
of individual leukemia cells is telomerase activity.3

Variable levels of telomerase activity have been detected
in AML.4,5 However, direct measurement of telomerase
activity, such as the telomere repeat amplification proto-
col (TRAP) assay, detects only the mean value in a sample
and is unable to isolate specific cell subpopulations. Ali et
al. developed a method of detecting intranuclear hTERT
protein using flow cytometry.6 However, the sensitivity of
this method appears low, and cell viability was lost by the
procedure.

To dissect the heterogeneity of the proliferative poten-
tial in AML, a cell-based analysis of telomerase activity or
related parameters is desired. Several investigators have
shown that the telomerase activity in a variety of human
tumors closely correlates with the mRNA level of its cat-
alytic subunit, telomerase reverse transcriptase (hTERT),7

which may be the best correlate of telomerase activity.
Furthermore, the promoter activity of the hTERT gene
was shown to correlate well with the hTERT mRNA
expression as well as the telomerase activity.8 Since plas-
mid-based reporter assays are not applicable to primary
blood cells because of their extremely low transduction
efficiency, lentivirus-mediated gene transfer is the most
efficient approach in this respect.9,10 We developed a cell-
based assay for the promoter activity of the hTERT gene
using a lentiviral vector and applied it to analyzing pri-
mary AML cells. A 1.2-kb upstream region of the hTERT
gene was cloned from normal lymphocyte genomic DNA
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and inserted into the self-inactivating lentiviral vector
plasmid with a gene encoding hrGFP or Venus11 (Figure
1A). The human cytomegalovirus (CMV) promoter was
used as a control. Viral supernatant was produced by tran-
sient transfection of 293T cells with packaging plasmids,
HIV rev expression plasmids, and was pseudotyped with
the vesicular stomatitis virus G protein as previously
described.12 The functional titers of the viral stocks, deter-
mined by flow cytometry of infected Hela cells, exceeded
1×109 units/mL. Bone marrow and peripheral blood sam-
ples were obtained from AML patients under an
Institutional Review Board approved protocol. All
patients gave informed consent according to the
Declaration of Helsinki. Leukemia cells (>90% of purity)
were infected with reporter vectors by multiplicity of
infection at 20. The fluorescence intensity of each cell on
flow cytometry indicates the tested promoter activity.

PML-RARα + NB4 cells were treated with 1 µM ATRA
for five days, resulting in growth arrest and granulocytic

differentiation with a concomitant reduction in telom-
erase activity determined by TRAP assay after 72 hrs. of
ATRA treatment (Figure 1B). hTERT-hrGFP-transduced
NB4 cells exhibited a time-dependent decrease in the
mean fluorescence intensity (MFI) and the proportion of
hrGFP+ cells (Figure 1C). By contrast, hrGFP expression
was up-regulated during granulocytic differentiation of
CMV-hrGFP-transduced NB4 cells (Figure 1C). Although
telomerase activity of NB4 cells was substantially down-
regulated by 120 hrs. of treatment with ATRA, MFI of
hTERT-hrGFP- transduced NB4 cells was moderately
decreased in similar conditions. Assuming that this dis-
crepancy may reflect intracellular accumulation of hrGFP,
the use of rapid turnover fluorescent dye should be cho-
sen for such a reporter assay. Nevertheless, these results
suggest that the hTERT promoter activity displayed by
the MFI reflects the proliferative potential and telomerase
activity in NB4 cells.

Flow cytometric profiles of five AML samples with or
without colony stimulating factors (CSFs) are shown in
Figure 2A. The percentage of venus+ cells ranged from 75
to 100% in CMV-Venus-infected leukemia cells (data not
shown), verifying the high transduction efficiency. There
was considerable patient-to-patient variation in the pat-

Figure 1.  Validation of the hTERT reporter vector using NB4 cells
(A) The lentiviral reporter vector containing 5’-flanking region of the
hTERT gene is shown. LTR, long terminal repeat; Ψ, packaging sig-
nal; SD, splice donor; SA, splice acceptor; RRE, Rev-responsive ele-
ment; R, repeat region; ∆U3, promoter/enhancer sequence-delet-
ed U3; cPPT, central polypurine tract; CTS, central termination
sequence; WPRE, woodchuck hepatitis virus posttranscriptional
regulatory element; pA, poly A; RSV, respiratory syncytial virus pro-
moter. (B) NB4 cells were cultured with or without 1 µM ATRA. At
the indicated periods, viable cell number (p) and telomerase activ-
ity (g) were determined. Open and closed figures indicate the
results without and with ATRA respectively. The results are shown
as the mean ± s.d. of triplicate assays. (C) NB4 cells transduced
with either hTERT-hrGFP or CMV-hrGFP were cultured with or with-
out 1 µM ATRA. The MFI (p) and percentage (g) of hrGFP+ cells
were determined at the indicated periods. Open and closed figures
are without and with ATRA respectively. The results are shown as
the mean ± SD of triplicate assays. 
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Figure 2. hTERT promoter activity in primary acute myeloid
leukemia samples. (A). Open and shaded histograms indicate
hTERT-Venus-transduced cells with and without CSFs respectively.
Dotted lines indicate mock-infected cells. The percentage of
Venus+ cells and MFI are shown under each plot (open box, CSF+;
shaded box, CSF–). CSFs include 50 ng/mL SCF, 10 ng/mL IL3, 10
ng/mL GM-CSF, and 50 ng/mL G-CSF. (B) hTERT-Venus-transduced
leukemia cells from UPN5 and UPN15 were cultured with CSFs,
and hTERT promoter activity was monitored at Days 2, 6, and 10.
The percentage of the viable cell population was determined by
gating in a FSC vs. SSC dot plot. In the histogram plot, the percent-
age of Venus+ cells and MFI are indicated.
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tern of fluorescence histogram with or without CSFs.
Nevertheless, the histogram uniformly had a single peak
or two narrowly split peaks. Accordingly, there exists a
continuous, but not discrete, gradient of hTERT promot-
er activity among individual cells. To monitor the changes
in hTERT promoter activity during short-term culture,
hTERT-Venus-transduced AML cells were maintained
with CSFs (Figure 2B). In UPN5, the viable cell fraction,
determined using a FSC vs. SSC dot plot, decreased pro-
gressively, whereas the Venus expression in this fraction
increased transiently at day 6 and declined at day 10. In
UPN15, both the viable cell fraction and its Venus expres-
sion increased at day 6. The viable cell fraction decreased
thereafter, but the fluorescence intensity of this fraction
still increased at day 10. This might be due to the gradual
disappearance of the cell fraction with lower hTERT pro-
moter activity. An interesting issue is whether leukemia
cells showing high hTERT promoter activity are included
in the leukemia stem cell (LSC) compartment. If most
LSCs exit from the cell cycle as do hematopoietic stem
cells (HSC), hTERT promoter activity is likely to be
repressed in LSCs, and would not be a related parameter. 

In conclusion, we present a promising new method to
monitor the hTERT promoter activity on a single living
cell level. This method will help examine a relationship
between hTERT promoter activity and replicative poten-
tial among primary leukemia cells.
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Expression of the nuclear oncogene Ski in patients
with acute myeloid leukemia treated with all-trans
retinoic acid 

For acute myeloid leukemia (AML), a two-hit model
has been proposed for leukemogenesis:1,2 the first muta-
tion involving tyrosine kinase signaling such as a RAS
mutation or activation of this pathway via Flt-3-muta-
tion, the second aberration via truncated or fusion tran-
scripts caused by chromosomal translocations, deletions
or inversions.3

We have recently found that the nuclear oncogene Ski
is overexpressed in AML, especially in AML with dele-
tion of chromosome 7.4 Ski represses all-trans retinoic
acid (ATRA) signaling and myeloid differentiation in
AML cells in vitro. Expression of a Ski mutant unable to
interact with N-CoR (nuclear receptor corepressor) and
thus unable to co-operate with histone deacetylases
(HDAC)5 did not inhibit ATRA signaling. In vitro treat-
ment of cells with the HDAC inhibitor valproic acid
abrogated the inhibitory effect of wild type Ski.4

ATRA has proved to be a highly efficient agent in the
therapy of patients with acute promyelocytic leukemia
(APL; FAB classification M3) characterized by the fusion
protein PML-RARα, which results in impaired retinoic
acid signaling.6 Discrepant results have been published
regarding the use of ATRA in AML other than APL. A
study from the British Medical Research Council (MRC)
did not find a significant difference in survival of AML
patients except AML-M3 up to the age of 55 years treat-
ed with chemotherapy versus chemotherapy plus
ATRA.7 By contrast, a study of the German-Austrian
AMLSG study group including 242 AML patients >60
years, excluding APL patients, revealed a significant
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