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Role of menin in the regulation of telomerase activity
in normal and cancer cells
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Abstract. Transcriptional activation of human telomerase
reverse transcriptase (hTERT) is critical for telomerase
expression, a major step for cellular immortality and carcino-
genesis. Although several transcriptional activators have
been identified, factors responsible for repressing the h”TERT
promoter are largely unknown. Gene screening that
employed enhanced retroviral mutagenesis has identified
potential hTERT repressors. Among these, menin, which
is a tumor suppressor and a gene product of MENI, has
been reported to play a critical role. In the present study, we
further analyzed menin's role in the transcriptional regulation
of ATERT in normal and cancer cells. Luciferase reporter
assays that use the h”TERT promoter have demonstrated that
an overexpression of menin decreases the transcriptional
activity of the hTERT gene in a cell-type specific manner.
Mutation and deletion analyses of the h"”TERT promoter
demonstrated that there was no specific site on the promoter
that was responsible for the menin-mediated transcriptional
inhibition. An electrophoretic mobility shift assay using
recombinant menin protein generated the binding complexes
with the ATERT promoter, which was completely diminished
by the addition of poly-dI-dC. This indicates that there
is a sequence-independent binding of menin. RT-PCR
assays have revealed that overexpression of menin inhibits
hTERT mRNA expression in some cell types, although this
inhibition does not lead to a significant down-regulation of
telomerase activity. In cancer cell lines and in normal cells,
the siRNA-based inhibition of MENI does not lead to the
up-regulation of hTERT mRNA expression. No significant
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correlation has been found between menin and hTERT
mRNA expressions in a variety of cancer cell lines and clinical
tissue samples. Thus, while menin appears to have some
inhibitory effects on the ATERT promoter, possibly via the
sequence-independent binding to the promoter, the present
study does not support the hypothesis that menin has a
crucial role in the determination of telomerase activity in
normal and cancer cells.

Introduction

The role of telomerase in human carcinogenesis has been
extensively studied in the past decade, with over 90% of
human cancers found to have a telomerase activation (1)
that contributes to the stabilization of telomeres and confers
cells an unlimited replicative capacity. Extensive efforts have
been made to clarify the molecular mechanisms of telo-
merase activation, but little is known about the mechanisms
of cancer-specific telomerase activation (2). Experimental
evidence indicates that the catalytic subunit protein of telo-
merase, human telomerase reverse transcriptase (hTERT),
is a critical determinant of telomerase activity within the cell
(34). Additionally, it has also been noted that the promoter
activity of ATERT is tightly regulated in a cancer-specific
manner (5). Although a number of transcription factors
have been identified as being regulators of the hTERT
promoter, most are not cancer-specific, and thus, the mole-
cular mechanisms responsible for this promoter's cancer
specific activation have yet to be elucidated. One possible
explanation for this cancer specificity is the presence of
transcriptional repressors of hTERT that are contained pre-
dominantly in normal cells.

Recently, Lin et al (6) identified several negative regu-
latory factors for "”TERT by means of gene screening that
used enhanced retroviral mutagenesis (ERM). They identified
menin, SIP1, Madl, hSIR2 and BRIT1 as candidates for the
hTERT repressor. They also demonstrated that the tumor
suppressor menin was the most representative repressor of
hTERT. Menin is primarily a nuclear protein that consists
of 610 amino acid residues. The gene encoding menin,
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MENI, is frequently mutated in patients with inherited
tumor syndrome, which is characterized by multiple endo-
crine tumors and referred to as multiple endocrine neoplasia
type 1 (MEN1) (7,8). There is no obvious motif for menin
that would suggest it has a tumor suppressing function and
additionally, it is poorly understood how menin is able to
suppress tumorigenesis. Recent studies have identified various
menin-interacting proteins, such as JunD (9,10), NF-xB
(11), and mSin3A-histone deacetylase (12,13). While these
various proteins suggest that menin acts as a regulator of
gene transcription, little is known about the role that menin
plays in the regulation of the h"TERT promoter.

We wished to investigate several aspects regarding
whether menin regulates h/TERT transcription and telomerase
activity, and if so, how this is accomplished. Does the
constitutive expression of menin affect h”TERT expression in
normal and cancer cells? Is menin involved in the silencing
of hTERT in normal cells? Based on current knowledge in
the field in conjunction with our above questions, we
analyzed the roles of menin with regard to the regulation of
KATERT and telomerase in both human cancer and in normal
cells.

Materials and methods

Cell lines and tissue samples. All the cell lines used in the
present study, including human cervical cancer C33A and
Hel a cells, breast cancer MCF-7 cells, normal human fibro-
blast BJ cells and NHF cells, were incubated in Dulbecco's
modified Eagle's medium (DMEM) with 10% fetal bovine
serum (FBS) in the presence of 5% CO, at 37°C. Human
tissue samples of liver cancer and normal liver were collected
by biopsy or surgery at Hiroshima University Hospital after
written informed consent was obtained from each patient.
After pathological confirmation, the samples were stored at
-80°C until use.

Luciferase reporter assay. Luciferase reporter plasmids
containing various lengths of A”TERT promoter or mutant
hTERT promoter were prepared as previously described
(5,14,15). Briefly, 0.2 ug of menin expression vectors
(pCMVsportMenin) (9), which were kindly provided by
Dr Sunita K. Agarwal (National Institutes of Health,
Bethesda, MD, USA), or blank vector were transfected into
various cell lines together with 0.4 pg of luciferase reporter
plasmids into 24-well dishes using Lipofectamine PLUS™
(Invitrogen Corp., Carlsbad, CA, USA) according to the
manufacturer's protocol. Forty-eight hours after the trans-
fection, cell lysates were extracted and luciferase assays
were performed using the Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA), in which Renilla
luciferase plasmids were co-transfected as a control to
normalize the transcription efficiency. All experiments were
performed at least 3 times for each plasmid, with the average
of 3 resultant values used as the reported relative luciferase
activity.

Electrophoretic mobility shift assay. The recombinant
carboxy-terminus of the menin protein was prepared as has
been previously described (16). Approximately, 0.3 ug of
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protein was incubated with poly dI-dC in a 25 ul reaction
volume containing 10% glycerol, 25 mM HEPES (pH 7.9),
50 mM KClI, 0.5 mM PMSF and 1 mM dithiothreitol for
15 min at room temperature. Following the incubation,
10,000 cpm of [**P]-end-labeled probe containing 181 bp
of the hTERT core promoter was added and the reaction
was further incubated at 4°C for 20 min. Following electro-
phoresis on a 4% polyacrylamide gel, the gel was dried
and subjected to autoradiography using a Fuji BAS-III
Bioimaging Analyzer (Fuji Photo Film, Kanagawa, Japan).

TRAP assay. Telomerase activity was measured by a TRAP
assay that used the TRAP-eze Telomerase Detection Kit
system in accordance with the manufacturer's protocol
(Intergen, Purchase, NY, USA).

RT-PCR assay. Total RNA was extracted from surgical
tissue specimens using NucleoSpin RNA II (Machery-
Nagel, Diiren, Germany), followed by reverse transcription
using SuperScript II Reverse Transcriptase and oligo (dT)
primers (SuperScript First-Strand Synthesis System for RT-
PCR; Invitrogen). The mRNA expressions of the h”TERT or
MENI gene were measured using the fluorescence-based
TagMan real-time RT-PCR, with detection performed using
the ABI PRISM 7000 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). Real-time RT-PCR was
performed with a 40 ul reaction mixture that contained 2X
TagMan Universal PCR Master Mix (Applied Biosystems),
900 nM forward and reverse primers and 200 nM probe.
After 2 min at 50°C and 10 min at 95°C, amplification was
performed for 40 cycles at 95°C for 15 sec and then at 60°C
for 60 sec. GAPDH mRNA expression served as the control,
with detection performed using Assays-on-Demand Gene
Expression products (20x primer and probe mix) for GAPDH
(Applied Biosystems).

The expression of hTERT or menin mRNA was also
analyzed by semi-quantitative RT-PCR. Briefly, total RNA
was isolated from cells using Isogen (Nippon Gene, Tokyo,
Japan) in accordance with the manufacturer's protocol. A
RNA PCR kit version 2 (Takara, Otsu, Japan) with random
primers was used for cDNA synthesis from 1 ug of RNA.
Subsequently, 2 ul aliquots of the reverse-transcribed cDNA
were subjected to PCR in 50 ul of 1X buffer [10 mM Tris-
HCI (pH 8.3), 2.5 mM MgCl,, 50 mM KCI] containing 1 mM
each of dATP, dCTP, dGTP and dTTP, 2.5 units of Taq
DNA polymerase (Takara) and 0.2 uM each of the specific
primers for hTERT mRNA, 5'-CGGAAGAGTGTCTGG
AGCAA-3' (LT5) and 5-GGATGAAGCGGAGTCTGGA-3'
(LT6) (3). Each aliquot underwent 28 cycles of denaturation
at 94°C for 30 sec, with annealing at 60°C for 30 sec and
extension at 72°C for 90 sec. PCR products were electro-
phoresed in 7% polyacrylamide gel and stained with SYBR-
Gold (Molecular Probes, Eugene, OR, USA). The efficiency
of cDNA synthesis from each sample was estimated by PCR
that used B-actin-specific primers, as has been described
previously (3).

RNA interference assay. For menin RNA interference, various
cell lines were exposed to Lipofectamine reagent (Invitrogen)
in the presence of 100 nM siRNA against menin (Ambion,
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Figure 1. Effect of menin on the transcriptional activity of the h”TERT
promoter. MCF-7 (A), C33A (B) and HeLa (C) were transfected with
menin expression vector and reporter plasmids containing 3.3 kb of the
hTERT promoter. Forty-eight hours after the transfection, cell lysates were
extracted and the luciferase assays were performed. Relative luciferase
activities are shown. Each point represents the mean + SD of triplicate
determinations. Bars, +SD. “p<0.05, **p<0.01.

Austin, TX, USA; Catalog #16708) or scrambled siRNA
(Ambion, siRNA control) for 3 h. Cells were then incubated
for 48 h, followed by RNA extraction and RT-PCR assays.

Results

Effects of menin on the hTERT promoter. To evaluate the
effects of menin on ATERT transcription in cancer cells,
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we first performed the luciferase reporter assay, in which
menin expression vectors were transfected into several
cancer cell lines together with hTERT-promoter reporter
plasmids that contained 3.3 kb upstream sequences of
the hTERT gene (5). There was a diversity of the resulting
cell types, with an overexpression of the MEN/-inhibited
promoter activity in the MCF-7 cells along with a modest
overexpression in the HeLa cells, while there was no signi-
ficant inhibitory effect was observed for the C33A cells
(Fig. 1). To identify the promoter elements responsible for
this repression, luciferase assays were further performed
with HeLa cells. We prepared mutant reporter plasmids
with 2.0 kb of the hTERT promoter that contained mutations
in several of the binding sites for the transcription factors.
Menin is known to interact with the Jun family and indirectly
represses the promoter of various genes via these protein-
protein interactions (9,10). Therefore, we first tested the
effects of menin on the promoters that contained the AP1
site mutations. As shown in Fig. 2, overexpression of MEN1
sustained the inhibitory effect on these mutant promoters,
indicating that the AP1 sites are not involved in the menin-
mediated repression. The critical cis-elements for the tran-
scription of hTERT are the Spl and Myc sites, for which
mutations at these sites dramatically reduce the basal
transcriptional activity (14). Therefore, we next tested the
effects of menin on promoters having mutations within
these sites. However, with the use of these mutant reporter
plasmids, there was no significant change in the repression
noted with the MENI overexpression (Fig. 2). We then
sought to map the menin-responsible elements on the
promoter by using the 5'-deleted promoters. Deletion of
the 5'-sequences of the 2.0 kb promoter did not affect the
degree of inhibition caused by the MENI overexpression
(Fig. 3), even when the shortest of the fragments spanning
-32 to +77 of the hTERT promoter responded to the MEN1
overexpression. These findings suggest that menin exerts
an inhibitory effect on the h”TERT promoter in a sequence-
independent manner.

Menin non-specifically binds to the hTERT promoter. To
further confirm the non-specific interaction, we examined
the in vitro binding of menin to the h”TERT promoter using
an electrophoresis mobility shift assay. Recombinant menin
protein was incubated with the 181 bp core promoter of
hTERT in the presence or absence of poly dI-dC. In the
absence of poly dI-dC, there was a significant binding
complex of menin with the h”TERT promoter, with the bands
broadly localized on gels (Fig. 4). Such complexes were
completely diminished by the addition of poly dI-dC. Both
longer and shorter promoter fragments were tested as probes,
but the results were similar, with the generation of broad
bands that completely disappeared upon the addition of poly
dI-dC (data not shown). These findings suggest that menin
non-specifically binds to the h”TERT promoter, as has been
reported for other gene promoters (16).

Effects of menin on the levels of hTERT mRNA, hTERT
protein and telomerase activity in cancer and normal cells.
The effects of menin on hTERT mRNA expression were then
examined by overexpressing menin in cancer cells (Fig. 5).
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Figure 2. Responsiveness of menin to the mutant promoter of hTERT. HeLa cells were transfected with menin expression vector and ATERT promoter
reporter plasmids containing substitution mutations at the binding sites for AP1 (pGL3-AP1-MT1, -MT2, -MT-1+2) (15), SP1 (pGL3-AP1-MT1-5) (14)
or Myc (pGL3-AP1-MT1+2) (14). Forty-eight hours after the transfection, cell lysates were extracted and the luciferase assays were performed.
(A) Schematic diagram showing the reporter plasmids that were used. Arrowheads represent the factor binding site mutations. (B) Relative luciferase
activities are shown. Each point represents the mean + SD of triplicate determinations. Bars, +SD. "p<0.05, “p<0.01.
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Figure 3. Identification of menin-responsive region in the ”TERT promoter. HeLa cells were transfected with menin expression vectors and hTERT
promoter reporter plasmids containing various lengths of the 5'-upstream sequences of the transcription start site (5). Forty-eight hours after the transfection,
cell lysates were extracted and the luciferase assays were performed. (A) Schematic diagram showing the reporter plasmids that were used. Black
boxes represent the core promoter responsible for the basal transcription of hTERT (5). Arrowheads represent the transcription start site. (B) Relative
luciferase activities are shown. Each point represents the mean + SD of triplicate determinations. Bars, £SD. “p<0.05, “'p<0.01.

We first confirmed the levels of menin mRNA expression  menin expression vector was transiently overexpressed in
through the use of quantitative RT-PCR assays when the HeLa, C33A and MCF-7 cells. As shown in Fig. 5A, we
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Figure 4. Binding of menin to the ”TERT promoter. Recombinant menin
proteins were incubated with a [3?P]-end-labeled probe containing 181 bp
of hTERT core promoter in the absence or presence of poly dI-dC. Electro-
phoresis on 5% polyacrylamide gel was then performed. Retarded bands
(shown as B) represent binding complexes. These complexes were completely
diminished by the addition of poly-dI-dC. F, unbound free probe.

found that menin was successfully overexpressed. Under
the same conditions we then examined the hTERT mRNA
expression through the use of quantitative RT-PCR. In HeLa
cells, \TERT mRNA expression decreased with menin over-
expression up to 40% of the control (Fig. 5B). However, in
C33A and MCF-7 cells, there were no significant changes
in hTERT mRNA expression observed. Telomerase activity
was next examined by the TRAP assay (Fig. 5C). No signi-
ficant changes in telomerase activity were detected for any
of the cell types examined. This was especially so for the
HeLa cells, for which despite the substantial decrease in
hTERT mRNA levels, the telomerase activity did not change.
This finding suggests that the changes in the hTERT mRNA
levels caused by menin do not significantly affect the levels
of telomerase activity.

Since overexpression of menin might be far from actual
physiological conditions, allowing 10-1000-fold induction
of the proteins, we attempted the knockdown of MENI
in order to investigate the effects on the hTERT mRNA
expression in cancer and normal cells (Fig. 6). The siRNA
against MENI was prepared and introduced into HeLa,
NHF and BJ cells, followed by menin mRNA expression
examination, which was performed through the use of
real-time RT-PCR. Using controls for comparison, sufficient
knockdown of MENI was first confirmed in these cells
(Fig. 6A). In the HeLa cells, although there was slight
elevation of hTERT mRNA expression, the change was
not statistically significant (Fig. 6B). In NHF and BJ cells,
no detectable hTERT mRNA expression was observed in
the control samples, as these were normal cells. Even after
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Figure 5. Effect of menin on hTERT mRNA expression and telomerase
activity. Menin expression vectors were transfected to HeLa, C33A and
MCEF-7 cells, and mRNA expressions of menin (A) and hTERT (B) were
examined by real-time RT-PCR. Relative levels of mRNA expression are
shown. Each column represents the mean + SD of triplicate determinations.
Bars, = SD. (C) Telomerase activity was examined by the TRAP assay.
NC, negative control with lysis buffer alone. “p<0.05, *'p<0.01.

MENI siRNA was introduced into these cells, there was no
induction of hTERT mRNA expression observed (Fig. 6C).
These findings suggest that down-regulation of MENI does
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Figure 6. Effect of MENI-knockdown on hTERT mRNA expression. siRNAs
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and hTERT mRNA expressions were examined by the real-time RT-PCR.
Relative levels of mRNA expression are shown. Each column represents
the mean + SD of triplicate determinations. Bars, +SD. “p<0.05.

not lead to the up-regulation or induction of hTERT mRNA
expression in either cancer or normal cells.

Relationship between menin and hTERT expression in
various cancer and normal cells and tissues. We finally
examined the expression of menin and hTERT in human
cancer and normal cells and tissues. Fig. 7A shows the
representative results of RT-PCR in various cancer cell lines
and normal cells. Expression of menin mRNA was examined
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variants of menin (shown as arrowheads) were detected using primer 3.
(B) Menin mRNA expressions were examined in liver cancer tissues as well
as in their normal liver counterpart by RT-PCR. Results were compared
with hTERT mRNA expressions. T, tumor sample; N, normal counterpart.

using 4 different sets of primers. All of the cell lines tested
were found to express menin mRNA. We identified bands
with unexpected size using a specific primer set (primer 3).
We sequenced these diverse bands and found that they
were spliced variants with a novel 293 bp insertion. We
compared the expression of these transcripts with hTERT
mRNA expression for each of the cell lines. No significant
correlation was observed between them, as all of the cancer
cell lines expressed considerable levels of both A”TERT and
MENI transcripts. In normal cells (NHF, TIG3, TIG -112,
TIG-114), the expressions of these transcripts were noted to
be at similar levels as the cancer cell lines, although these
cells constitutively lacked the hTERT mRNA that we had
expected would be found.

We also examined the expression of menin and hTERT
in cancer and normal tissue samples (Fig. 7B). Tumor tissues
and the normal counterparts of biopsied or surgical specimens
from a total of 10 patients with liver cancers were subjected
to RT-PCR assays. Liver cancer tissues exhibited significant
levels of h\TERT mRNA expression, while the normal counter-
parts did not. The expression of menin mRNA varied among
samples and also between the tumor and normal counterparts
from the patients. However, there was no correlation observed
between menin and hTERT mRNA expression in these clinical
tissue samples.
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Discussion

Menin is the product of the MENI gene, which is classified
as the gatekeeper tumor suppressor gene, and which directly
controls cell growth and death (17). The MENI gene can
be inactivated via a biallelic loss-of-function mechanism,
in which one hit can be in the form of a small germline
or somatic mutations, leading to the development of both
familiar and sporadic endocrine tumors. The exact function
of menin is unknown, but overexpression of menin inhibits
cell proliferation and tumorigenicity, and therefore it is
thought to be a tumor suppressor (18). The molecular
mechanisms through which menin exerts an inhibitory effect
on cell growth are complex, with several menin-interacting
proteins reported to play essential roles in its function (16).
JunD is a representative factor that interacts with menin
(9,10). Recent studies have demonstrated that JunD might
normally exist as a complex with menin, rather than in the
free form (10). Its association with menin appears to reverse
the effect of JunD on cell growth, while free JunD acts a
growth promoter when it is unable to bind menin. When
binding to menin does occur, this leads to the formation of
a growth suppressor complex (19). Interestingly, menin
has an mSin3-interacting domain (SID) alpha-helix within
its central region, which has been found to recruit histone
deacetylase complexes (HDACSs) via association with
mSin3A, a general transcriptional corepressor (12,13). This
suggests that by recruiting a Sin3A-HDAC complex, menin
might be able to serve as a tumor suppressor.

The present study demonstrated that overexpression of
menin inhibited the transcriptional activity of the hTERT
promoter as well as the hTERT mRNA expression in some
but not all cell types, suggesting that menin is a potential tran-
scriptional repressor of hTERT. Based on known findings
that JunD is a mediator of menin function, we examined
the roles of AP1 in menin-mediated regulation of the h”TERT
promoter. However, mutations in the AP1 sites on the h”TERT
promoter did not abolish the effect of menin. Thus, it is
unlikely that menin's inhibitory effect occurs via any inter-
action with JunD. It has been reported that epigenetic
mechanisms via histone deacetylation of the core promoter
of hTERT might be involved in promoter silencing, for which
Spl plays a central role by recruiting HDAC to the promoter
(20). To examine the involvement of such epigenetic regu-
lation in menin-mediated transcriptional repression, we
eliminated the Spl sites on the hTERT promoter by intro-
ducing substitution mutations. However, menin-mediated
repression of the ATERT transcription was not abolished in
these mutant reporters. Furthermore, treatment of the cells
with an HDAC inhibitor, trichostatin A, did not significantly
recover the menin-mediated repression (data not shown).
Thus, it is unlikely that such epigenetic mechanisms are
involved in the menin-mediated repression of hTERT.

While our data did demonstrate that menin binds to the
hTERT promoter, this binding was not sequence-specific.
Furthermore, menin-mediated repression of the hTERT tran-
scription was observed throughout the promoter regions
tested as all of the 5'-deleted promoters responded similarly
to the overexpression of MENI in reporter assays. Thus,
we concluded that menin exerts its inhibitory effect via a
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sequence-independent binding to the promoter. Our results
are consistent with a recent report that found that menin
has the ability to bind double-stranded DNA in a sequence-
independent manner via its C-terminal region, for which
there are two nuclear localization signals (NLS) that are
essential for the direct DNA binding (16). Multiple positively
charged lysine or arginine residues in the NLSs are thought
to play a role in the DNA binding by simply binding to the
negative charge (16). The precise molecular mechanisms
through which non-specific binding of menin leads to tran-
scriptional repression of A/TERT remain unclear. One possible
explanation is that menin binding may disturb the interaction
of the multiple transcriptional activators with the promoter.
The present electrophoretic mobility shift showed extremely
broad bands of menin-DNA complexes, suggesting that there
are numerous menin molecules that bind to and occupy the
promoter. Therefore, menin may suppress the promoter
activity simply by disturbing the binding or interaction of the
various transcription factors to the promoter. Alternatively,
it is possible that menin binding may affect chromatin
structure, a possibility that we are currently in the process
of examining.

In the present study, there were no significant correlations
between menin expression and hTERT mRNA expression
found between the various cell lines and clinical samples.
In normal liver tissues, expression levels of menin varied
among samples, with some expressing high levels of
menin, while in others, there was no expression exhibited
at all. Nevertheless, in all samples there was no hTERT
mRNA expression noted by RT-PCR. Our in vitro analyses
revealed that siRNA-mediated inhibition of the MENI
gene did not lead to induction of hTERT mRNA expression
in normal cells. This is in contrast to the recent observation
by Lin et al (6), who reported that siRNA inhibition of
MENI dramatically induced telomerase activity in BJ cells,
thus conferring susceptibility for the cell transformation of
normal cells. At present, we do not know the reason for the
discrepancy between our results and their data. However,
while menin may have a role in the repression of TERT
transcription, there is no convincing evidence that disruption
of a single repressor can lead to a dramatic activation of
telomerase in telomerase-negative normal cells. At present,
our data indicate that there is no involvement of menin in
the silencing of A”TERT in normal cells.

What then are the biological roles for menin in h'TERT
regulation? As shown in our study, there was no correlation
between hTERT mRNA expression and menin expression
in the various cell lines and tissues. This suggests that menin
is not a critical determinant of telomerase activity in normal
and cancer cells. Numerous other studies have tried to identify
the transcriptional factors critical for h”TERT regulation but
have failed to find any specific factors that are responsible
for determining the telomerase activity in cells. It is now
widely accepted that a number of nuclear factors are involved
in the regulation of hTERT transcription and that the levels
of hTERT expression are determined by the sum of the effects
of the individual factors. Within these complex regulatory
mechanisms, while menin appears to have a role, never-
theless, this role is not as a potent inhibitory factor in TERT
transcription. While constitutive expression of menin in
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normal and cancer cells may have effects on the modulating
promoter activity of A”TERT, the present study does not
support the hypothesis that menin has a crucial role as a
determinant of telomerase activity in either cancer or normal
cells. These findings are a reminder that careful biochemical
analyses are needed to verify whether so-called hTERT
repressors are real functional repressors.
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