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Abstract

Objective: To confirm the response of hALP, a telomerase regulation-associated gene, to
DNA damage. Methods: HeLa and Hep2 cells were respectively treated by genotoxic
agents of hydrogen peroxide (H2O2) or cisplatin. The induced expression of hALP was
measured by semi-quantitative RT-PCR and immunofluorescence. The transcriptional
activity of hALP promoter was estimated by luciferase reporter assay. The cell survivor in
the presence of genotoxic agents was analyzed by MTT method. Results: The level of
hALP mRNA could be increased when treated by 0.2 ~ 1.6 mmol/L H2O2 and reach a
peak in the concentration of 0.4 mmol/L. The induction could be observed after 6 h at the
presence of 0.4 mmol/L H2O2 and hold high level for 36 h. Similarly, cisplatin induced
hALP mRNA expression both in dose- or time-dependent. hALP protein was increased in
immunofluorescent staining and concentrated in cellular nuclei with the treatment of
H2O2 or cisplatin, which also stimulated the transcriptional activity of hALP promoter in
luciferase assays through its upstream -705 ~ +20 nt region. On the other hand, HeLa
cells expressing sense hALP gene could grow continuously in the present of 0.4 mmol/L
H2O2 or 0.5µmol/L cisplatin, while cells with anti-sense hALP or control cells were slow
in growth. Conclusions: The expression of hALP gene could be up-regulated by DNA
damage through activating transcription of its promoter, and increase cellular resistance
to genotoxic agents.
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Human N-acetyltransferase-like protein (hALP) gene is a novel telomerase regulation associated gene
cloned by our laboratory. The previous research proved that hALP held histone acetylation activity and
could enhance telomerase activity through stimulating transcription of hTERT, the catalytic subunit of
human telomerase

[1]

. Our latest observation showed that genotoxic agents such as H2O2, cisplatin or

bleomycin could up-regulate the expression of hALP, which urged us to guess that hALP might be involved
in cellular DNA damage responses.
Recently, a close relationship has been established between DNA damage and dynamics of telomere length,
which shortening could trigger DNA damage-like signal that makes cells enter some biological states

[2]

.

Meanwhile, it has been documented that DNA damage is also involved in the regulation of telomerase
activity, which concerns the cellular genomic stability [3, 4], and influences the sensitivity of radiotherapy of
tumors

[5, 6]

. Thus, it seems that the response of DNA damage should be mostly involved in telomere or

telomerase regulation. However, the regulatory process concerning DNA damage and telomerase is little
elucidated.
The present investigation focused on the induction of expression of hALP by genotoxic agents, the induced
mechanism and the effects of ectopic expression hALP on the cell growth, with the purpose to understand
the relationship between DNA damage and telomerase regulation.
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1.1

Materials and Methods

Cells Culture and Treatment

HeLa and Hep2 cells were maintained in DMEM and 1640 medium containing 10% inactivated fetal calf
serum at 37℃ and 5% CO2, respectively. For treatment of cells, different concentrations of H2O2 , cisplatin
or bleomycin was added to the above medium at indicated time, respectively, and for serum starvation, cells
were seeded in serum-free medium, and for heat shock cells were cultured at 42℃ for 4 h.
1.2

RT-PCR

The forward primer (5’- CGCGCGAATTCACTCAAGCAATTGTA-3’) and the reverse primer (5’-CCTGC
AAGCTCTCCTTCAACT-3’) were designed to detect hALP mRNA (GenBank, Accession No. AF489535).
Another pair of primers: 5’-CATGTTTGAGACCTTCAACACC-3’ (forward) and 5’-TTGCCAATGGTGA
TGACCTG-3’ (reverse) was used to amplify internal standard β-actin. Total RNA was isolated from HeLa
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and Hep2 cells by Trizol reagent according to the manufacture’s protocol (Gibco-BRL, Rockville, USA). 5
μg of total RNA was mixed with 1μl of 20 μM reverse primer, 1 μl of 4 mM dNTPs, 6 μl of 5×AMV RT
buffer, 1μl of AMV reverse transcriptase to a final 30 μl, and incubated at 37℃ for 60 min. 5ul of above
reaction was mixed with 20 μM hALP or β-actin primers and run at initial 95℃ for 1min, 30 cycles of 94
°C for 50 s, 55 °C for 40 s, 72 °C for 40 s and last 72 °C for 10 min. The amplified products were
fractionated by electrophoresis on 1.5% agarose gels and analyzed by Gel-Image system (Bio-Rad, Richmond, USA).
1.3

Generation of Polyclonal Antibody

A fragment of hALP cDNA encoding 1~349 aa was cloned into 6×His-tag pEK318 vector and transformed
E.coli. The expressed His-hALP fusion protein was purified by Ni-NTA agarose column (Qiagen, Hilden,
Germany) as described previously, and inoculated New Zealand White rabbits. Polyclonal hALP antibodies
were purified by using Nab TM Protein A Spin Chromatography Kit (Pierce, Rockford, USA) and stored at
-20℃. The affinity and specificity of the polyclonal antibody was detected through Western-blotting assay
using antigen and other independent proteins.
1.4

Immunofluorescent Histochemistry

HeLa or Hep2 Cells (2×105) seeded on sterile slides were treated by 0.2, 0.4 mmol/L H2O2 or 0.2, 0.5
μmol/L cisplatin for 16 h, then rinsed with PBS gently and fixed by formaldehyde and incubated for 60 min
with polyclonal hALP antibody (1：150) at r. t.. With further incubation of FITC-conjugated goat anti-rabbit
IgG, the staining was observed and recorded under fluorescent microscope.
1.5

Luciferase Assay of hALP Promoter

The correct fragments or their restriction digested fragments containing 5’-flanking sequences of hALP
gene from -1382 to +20 nt were reconstructed in luciferase reporter pGL2-basic (Promega, Madisin, USA)
to generate a series of reporters: pGL-hALP1 (-1382 to +20 nt), pGL-hALP2 (-1382 to -396 nt),
pGL-hALP3 (-705 to +20 nt) and pGL-hALP4 (-705 to -397 nt). 1 μg each of luciferase reporter plasmids
(pGL2-basic, pGL2-control, pGL2-hALP1~4) and 0.2 μg β-gal plasmid (Promega, Madisin, USA) were
co-transfected into HeLa or Hep2 cells (5×104 cell/well) in 24-well plates using Tfx-20 Reagent (Promega,
Madisin, USA). After 24h, the transfectants were treated with 0.4 mmol/L H2O2, 0.5 μmol/L cisplatin or 2
mmol/L hydroxycarbamide and the activities of luciferase and β-galactosidase were measured 48 h later.
Transfection efficiency was corrected by β-galactosidase activity and data were presented as relative
luciferase activity. Each of experiments performed in duplicates was repeated three times independently.
1.6

Construction of Eukaryotic Expression Plasmids

The full cDNA fragment of hALP gene was inserted into pcDNA3.1/His B (Invitrogen, Carlsbad, USA) in
frame with the 6×His-tag, generating the recombinant pc3S-hALP (in sense) and pc3AS-hALP (in antisense), respectively. HeLa cells were transfected with pc3S-hALP or pc3AS-hALP or with blank vector
pcDNA3 using Tfx-20 Reagent (Promega, Madisin, USA) following the manufacturer’s instructions. Stable
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clones were selected by G418 (400 μg/ml) and expanded.
1.7

Western Blotting

Each of 50 μg total proteins from cell lysates was resolved on 10% SDS-polyacrylamide gels and
transferred onto PVDF membranes (Pierce, Rockford, USA). With blocking of 5% non-fat milk for 60 min,
the membrane was incubated with the rabbit-anti-human polyclonal antibody (1: 300) followed by
biotin-conjugated goat-anti-rabbit IgG, then alkaline phosphotase-conjugated third antibody was used, and
the staining was visualized using the NBT/BCIP (300μg/150μg).
1.8

MTT Assay

Cells (5×103 cells/well) were cultured in complete medium containing 0.4 mmol/L H2O2, 0.5 μmol/L
cisplatin, 2 mmol/L hydroxyurea, serum-free medium, respectively. The number of survived cells was
measured every day for six days using MTT assay: 20 μl of 5 mg/ml MTT (Thiazolyl Blue) was added to
each well and 4 hr later, the supernatants were discarded and 150 μl of DMSO was used to dissolve the
crystal completely. The absorbance of each well at 595 nm was measured by Microplate reader (Bio-Rad
Rich-mond, USA), respectively. The assay was done three times independently and data were used to plot
the growth curve of cells.
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2.1

Research results

Induced up-expression of hALP gene by genotoxic agents

The induction of hALP expression in HeLa and Hep2 cells by genotoxic agents was observed through
treatment with H2O2 or cisplatin, and the levels of mRNA of hALP were measured by semi-quantitative
RT-PCR. The results showed that both of H2O2 and cisplatin could up-regulate expression of hALP gene in
dose- or time-dependent way. In the presence of 0.4 mmol/L H2O2, hALP mRNA reached a peak (Fig. 1A),
and the elevated hALP mRNA could be detected after 6 h, and stand for 36 h in time course (Fig. 1B).
While the effects of cisplatin were weaker than that of H2O2 (Fig. 2A, B). In other experiments, bleomycin
(an antitumor antibiotic), 42℃ heat shock, serum starvation or re-feeding were used to induce hALP
expression and the results indicated that bleomycin could induce increasing expression of hALP as H2O2
and cisplatin, while heat shock, serum depletion or re-stimulation presented no effects (data not shown).
The above results suggested that the expression of hALP could be induced specifically by genotoxic agents.
The induced hALP protein and its cellular distribution were analyzed by immunofluorescent staining. Both
HeLa and Hep2 cells were treated by 0.4 ~ 0.8 mmol/L H2O2 or 0.2 ~ 0.5 μmol/L cisplatin for 16 h,
respectively, and then the cells were stained by polyclonal antibody against hALP. In the presence of H2O2
or cisplatin, cells presented much stronger intensity of hALP and the protein predominantly concentrated in
cellular nuclei (Fig. 3). The results proved that hALP protein was involved in the responses of cells to the
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above stresses.

Figure 1: The induced expression of hALP mRNA by H2O2. A. The induced hALP mRNA by treatment of
0, 0.2, 0.4, 0.8, 1.6 mmol/L H2O2, respectively.

B. The induction of hALP mRNA at 0, 6, 12, 24, 36 h

after treatment of 0.4 mmol/L H2O2, respectively. β-actin is the internal standard. Upper: the electrophoresis;
Lower: the ratio of mRNA density of hALP to that of β-actin.

Figure 2: The induced expression of hALP mRNA by cisplatin. A. The induced hALP mRNA by treatment
of 0, 0.5, 2, 4 μmol/L cisplatin, respectively. B. The induction of hALP mRNA at 0, 6, 12, 24, 36 h after
treatment of 0.5 μmol/L cisplatin, respectively. β-actin is the internal standard. Upper: the electrophoresis;
Lower: the ratio of mRNA density of hALP to that of β-actin.
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Figure. 3

Fluorescent immunohistochemistry of H2O2- and cisplatin-induced expression of hALP.

The positive signals were in nuclei of cells. A: untreated control HeLa; B: HeLa in the presence of 0.4
mmol/L H2O2 for 12 h; C: untreated control Hep2; D: Hep2 in the presence of 0.5 umol/L cisplatin for 12 h.
2.2

Stimulated transcriptional activity of hALP promoter by genotoxic agents

The induced transcriptional activities of hALP promoter were analyzed by transient transfection of
luciferase reporters spanning -1382 to + 20 nt of the 5’-flanking sequences of hALP gene to HeLa or Hep2
cells in the presence of 0.4 mmol/L H2O2 or 0.5 μmol/L cisplatin. The results were summarized in Fig. 4.
The transcriptional activities of all hALP reporters were dramatically enhanced in treatment of H2O2 or
cisplatin, especially the reporter pGL-hALP3 (-705 to +20) presented 5.98 folds of pGL2-basic or 3.64
folds of its basal activity, while pGL-hALP4 (-705 to -397) held slightly lower activity than the former.
Similar results were obtained in using Hep2 cells. The data proved that the genotoxic agents could stimulate
the transcriptional activities of hALP upstream regulatory region.

Figure 4: The induction of transcriptional activities of hALP promoter by H2O2 and cisplatin.
1: pGL2-basic, negative control plasmid; 2~5: pGL-hALP1 (-1382 to +20 nt), pGL-hALP2 (-1382 to -396
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nt), pGL-hALP3 (-705 to +20 nt) and pGL-hALP4 (-705 to -397 nt), presenting luciferase reporter plasmids
containing various fragments of hALP 5’-flanking sequences; 6: pGL2-control, positive control plasmid.
2.3

Effects of ectopic expression of hALP on cellular stresses

To determine what effects of hALP expression could exert on cellular activities, hALP was stably
introduced into HeLa cells in sense (pc3S-hALP) or anti-sense (pc3AS-hALP) way, in which the change in
the expression of hALP was confirmed by western blotting (Fig. 5). Three independent clones of each kind
were exposed to treatment of H2O2 or cisplatin and cell survivors were estimated. The ectopic introduction
of the hALP gene (pc3S-hALP) could enhance the cell survivor under the presence of 0.4 mmol/L H2O2 or
0.5 μmol/L cisplatin, and grew quicker than the anti-sense expression (pc3AS-hALP) or blank transfectants
(Fig. 6A). The resistant effect of hALP on the treatment of cisplatin was similar to H2O2 but somehow
weaker than that of the latter (Fig. 6B). While, the growth of all kind of cells in serum starvation was
markedly suppressed and almost all cells died in the treatment of hydroxyurea after 48 h (data not shown).
The data indicated that over-expression of hALP could specifically enhance the resistance of cells to
genotoxic agents.

Figure 5: Ectopic expression of hALP in transfected HeLa cells by western blotting.
M: protein molecular weight marker; 1: untransfected HeLa cells; 2: pcDNA3 blank vectors transfected
cells; 3: sense hALP transfected cells; 4: anti-sense hALP transfected cells.
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Figure 6: The effects of ectopic expression of hALP on cell survivors in the presence of genotoxic agents.
A. The cell survivors in the presence of H2O2. B. The cell survivors in the presence of cisplatin. HeLa:
untransfected HeLa cells; pcDNA3: pcDNA3 blank vectors transfected cells; pc3S-hALP: sense hALP
transfected cells; pc3AS-hALP: anti-sense hALP transfected cells.
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Discussion

Recent investigations reveal a close relationship between cellular DNA damage and telomeric dynamics or
regulation of telomerase activity. DNA double-strand damage signaling has been identified to be shared by
telomeric shortening, which disrupts the DNA-protein complex leading to exposure of free ends of telomere,
and makes cells into state of crisis such as cell cycle arrest, apoptosis, aging. Several key factors
responsible for the mediation, including ATM, TRF and BRCA1, have been defined [2, 7]. On the other hand,
cells overcoming the crisis will become immortal or transformed accompanied with telomeric elongation
and activation of telomerase activity

[3, 4, 8]

. As a matter of fact, telomerase activity closely relates with the

potential of DNA damage response, which is credited to genomic stability or radiosensitivity of cancer cells
[6, 8-10]

. Therefore, DNA damage response and telomerase regulation are intrinsically correlated and

elucidation of its mechanism may improve understanding of cellular activities, genetic stability,
tumorigenesis, senescence and response under stresses.
Histone acetyltransferases have been believed to be the major remodeling factor of chromatin by
acetylation of histones, which make chromatin accessible to transcriptional factors in the formation of
initiative transcription complex. However, recent documents also suggest that the acetylation of histones
can help cells repair their damaged DNA, especially double-stranded break, through activating responsive
genes or directly modifying the broken ends

[11-13]

. The described experiments revealed that hALP gene

could be up-regulated by genotoxic agents of H2O2, cisplatin or bleomycin, all of which could induce
strand-breaking or cross-linking of DNA strands

[14, 15]

. Besides, the induced hALP predominantly

concentrated in nuclei where factors involved in the DNA damage repair usually distribute. Meanwhile,
ectopic expression of hALP gene could make cells resist the damage of H2O2 and cispltin, but not in the
presence of growth inhibitor or serum-starvation. The data strongly suggested that hALP might take part in
the cellular response to DNA damage.
Previous research shows that hALP can enhance telomerase activity through stimulating transcription of
hTERT, and consequently up-regulates telomerase activity [1]. Thus, it could be assumed that the increased
resistance of cells by expression of hALP might be involved in regulation of telomerase activity, and that
hALP gene might also be a link between the response of DNA damage and the expression of telomerase.
This report also found that H2O2 and cisplatin up-regulated the mRNA and protein levels of hALP gene
through stimulating transcriptional activity of hALP upstream sequences from -705 to +20 nt, indicating the
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specificity of the induced expression of hALP gene. The regulating sequences between -705 and +20 nt
contain some binding elements of transcriptional factors such as AP-1, HSF, E2F1. Further research should
be done to isolate and study the exact transcriptional factors participating in the expression regulation of
hALP gene.
The presented report provides new findings that genotoxic factors could up-regulated the expression of
hALP, and discusses the possible mechanism. This gives clues to elucidation of biological function of
hALP gene and will be helpful to exploit the mechanism on telomerase activation during overcoming
cellular damage and the sensitivity during radiotherapy of tumors.
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