
Page 1/19

Autophagy Overactivity Regulate Terf1 and Terf2 in
Positive and Negative-Telomerase Cancer Cell Lines
mohammad panahi  (  mohammad.panahi.ali110@gmail.com )

Pasteur Institute of Iran https://orcid.org/0000-0002-1045-1097
Saeed Samani 

Tehran University of Medical Sciences
Nasrin Mohajeri 

Pasteur Institute of Iran
Akram Sadat Tabatabee Bafroee 

Islamic Azad University
Kazem Baesi 

Iranian Institute of Philosophy
Asghar Abdoli 

Pasteur Institute of Iran

Research Article

Keywords: Autophagy, Beclin1, Cancer, Terf

Posted Date: November 30th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1102455/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1102455/v1
mailto:mohammad.panahi.ali110@gmail.com
https://orcid.org/0000-0002-1045-1097
https://doi.org/10.21203/rs.3.rs-1102455/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/19

Abstract
A recent suggestion for cancer therapy is targeting intracellular homeostatic signaling pathways like
autophagy providing the balance between metabolism and cell cycling. Our study focused on
investigating the relationship between autophagy activation by Beclin1 transfection and assessing Terf1
and Terf2 expression as shelterin proteins. The beclin1-containing plasmid was introduced to the U-2OS
and Huh7 cell lines using Lipofectamine. The LC3-II as an intracellular autophagosomal marker was
detected in transfected cells by �ow cytometry. Also, the cells were treated with 3-methyladenine and
metformin as autophagy inhibitors and inducers, respectively. Finally, the expression levels of Terf1 and
Terf2 were analyzed by real-time PCR. Fluorescent images and �ow cytometry results proved excellent
GFP expression in the transfected cells. The results of real-time PCR demonstrated that autophagy
induction by Beclin1 was increased Terf1 expression level in U-2OS cells up to 451%, while Huh7 cells
suffered from the decreased expression of Terf1. Altogether, Terf2 expression was enhanced signi�cantly
in both cell lines after 48h treatment in comparison with 24h treatment. The obtained data provided that
Beclin1-based activation of autophagy leads to overexpression of some protective shelterin proteins.

Introduction
Cancer as an uncontrollable cell division phenomenon results from disruption of the cell metabolism, cell
cycle, and cell death signaling [1]. Some speci�c signaling pathways might be helpful to administer
suitable drugs against cancer. Therefore, a development of medicines associated with cell death
pathways seems worthwhile [2–5]. Nowadays, identifying and targeting critical points in a signaling
pathway are among the most important research goals for cancers therapy. Unambiguously, much
attention has been paid to signaling pathways of cell energy and cell longevity [6, 7].

Autophagy or basal autophagy as a conserved intracellular process during evolution is used by the cells
to clear and digest the affected organelles, folded-down or degraded proteins, and intracellular pathogens
[8, 9]. Therefore, it is necessary to replace the damaged cells with new ones and keep natural vitality [10].
Additionally, the basal autophagy signaling pathway has a directly connects with intracellular energy, cell
cycle, and cell longevity [11]. Beclin1 is the �rst identi�ed gene in the mammalian autophagy pathway
that organizes the Phosphatidylinositol 3-kinase catalytic subunit type 3 complex (PI3KC3) and activates
the autophagy process [12, 13].

Basal autophagy plays two contradictory functions in cancer: as a cancer suppressor or supporter,
depending on the oncogenes and cancer progression stage [14]. The cancer progression stage and the
active oncogenes in each stage are important issues to decide for cancer therapy [6]. According to
literature review, tumor suppressor genes (ARF tumor suppressor (p14Arf), Liver kinase B1 (LKB1),
Tuberous sclerosis1/2 (TSC1/2), Phosphatase and tensin homolog (PTEN), and Tumor protein 53 (p53))
have positive adjustment effects on autophagy, while mammalian target of rapamycin (mTOR)/PI3K/
Protein kinase B (AKT or PKB) pathway oncogenes have a negative effect on the basal autophagy [15,
16]. As a cancer suppressor, basal autophagy prevents cancer progression in the early stages of cancer
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by removing damaged organelles, oncogenic protein substrates, and toxic unfolded proteins [17, 18]. On
the contrary, basal autophagy dysfunction in cancer may cause damages to DNA and raise genes
transcription, causing acceleration in carcinogenesis. Therefore, basal autophagy suppression can act as
a pathway for cancer stability [15, 16, 19]. Due to the dual role of basal autophagy in cancer progression
or cancer therapy, the main point is that what progress stages and related oncogenes should be
considered to decide to increase or decrease autophagy activity.

On the other hand, the telomere length can control the longevity in normal cells and it is shortened during
every cell division, which causes starting cell death signaling after reaching a critical size [20]. A telomere
is a nucleoprotein structure at the end of the linear chromosomes, which is made of repetitive sequences
of 5́-TTAGGG-3́, shelterin Telomeric repeat-binding factor1, Telomeric repeat-binding factor2 (Terf1,
Terf2), Protection of telomeres protein 1 (POT1), TERF1-interacting nuclear factor 2 (TINF2), Ras-
proximate-1 or Ras-related protein 1 (Rap1), Tripeptidyl peptidase 1 (TPP1), and non-shelterin complex
proteins [21]. Telomere preservation is essential in cancer cells, and telomere length is preserved by
Alternative lengthening of telomeres (ALT system). Therefore, the cancer cells are divided into positive
telomerase and negative-telomerase (positive ALT) types [22, 23].Telomerase regulation is increased in
about 85% of cancers (positive telomerase) in contrast to the remaining cancers (positive ALT) in which
the shelterin protein expression is positive [24, 25].They are potential oncogenes in different stages of
cancer that conserve telomeres and cause cell survival [26, 27].

The ALT system consists of shelterin proteins, including Terf1 and Terf2, that maintain the telomere
length to a speci�c limit [28, 29]. Terf1 and Terf2 are the members of the myeloblastosis (Myb)
superfamily, which can transcribe DNA, have physical connections with Telomeric repeat-containing RNA
(TERRA), and can behave as a polymerase [30, 31]. Altogether, Terf1 and Terf2 are the primary oncogene
candidates among the shelterin proteins due to their telomerase-like activity and the possible interaction
of Terf2 with p53 [32, 33].

Also, all kinds of cancer cells can escape type one (apoptosis) and type two (autophagy) cell deaths.
Therefore, the connection between cell survival and autophagy remains a critical challenge in cancer
therapy [34, 35]. Thus, the accurate identi�cation of autophagy effects on different stages of cancer and
different positive and negative-telomerase cancer cells helps us to a better understanding the autophagy
effects in every stage of cancer [36]. The result of our previous study has suggested that the autophagy
induction leads to reduce telomerase activity in positive-telomerase HeLa cell line [37]. Now, the essential
question that we tried to answer in our current study was to evaluate the effects of autophagy over-
activation on positive and negative-telomerase cancers via the ALT system.

According to the previous and present studies, we found that autophagy overactivity increases Terf1 and
Terf2 expression and reduces telomerase activity. Based on the classi�cation, cancer cells can be divided
into positive-telomerase (negative-ALT) and negative-telomerase (positive-ATL). In addition, the
malignancy effects of autophagy overactivity on positive-telomerase cell lines such as Huh7 depend on
cancer development. However, in any case, autophagy overactivity causes malignancy in positive-ALT cell
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lines such as U-2OS. Taken together, our results provide supporting evidence for resolve ambiguity
autophagy's dual role and �nd the best treatment that �ts the type of cancer.

2. Materials And Methods
2.1. Authentication of cell lines

Huh7 (NCBI NO. C158) and U-2OS (NCBI NO. C555) cells were provided by the Cell Bank, Pasteur Institute
of Iran. All cell lines identity was authenticated by Isoenzyme analysis and routinely screened for
mycoplasma absence. All cell lines were propagated upon receipt/authentication and frozen (-80ºC) in
aliquots.

2.2. Beclin1 transfection and treatment of the cells

To investigate the impact of Beclin1 on autophagy activation, the target cell lines were treated by Beclin1-
containing plasmid as the main treatment. The pcDNA3.1(-) plasmid, consisting of the human Beclin1
sequence gene (NM-003766.3), was prepared in our previous study [36]. The cells were cultured using
DMEM (Gibco, USA) supplemented with 10% FBS (Gibco, USA), penicillin (100 units/ml), and
streptomycin (100 µg/ml, Gibco, USA) in an 80% humidi�ed incubator with 5% CO2. The cells were
harvested at 70-90% con�uency and used in suspend transfection. The cell viability was carried out by
trypan blue staining. The cells were seeded in a 6-well plate (1 × 106 cell/ml) (suspended in sterile DMEM
without FBS and antibiotic). The cells were transfected by Lipofectamine 2000 (Invitrogen, USA)
according to the manufacturer’s instruction and incubated for 24 and 48h in the same condition. 

2.3. Alternative treatments by Lipofectamine, 3-methyladenin, and metformin 

3-methyladenin (Sigma-Aldrich, USA) at ten mM and metformin (Sigma-Aldrich, USA) at 20 mM
concentrations as non-toxic concentrations determined by MTT assay, was used as the autophagy
inhibitor and inducer, respectively. At 70–90% cellular con�uency, the complete culture medium was
replaced with the 3-methyladenin and metformin solutions, separately and incubated for 24 and 48h
under the same cell culture conditions. As lipids and their metabolizing enzymes have an important role
in autophagy, the in�uence of Lipofectamine was studied on both cell lines. 

2.4. Detection of LC3-II as an intracellular autophagosomal marker

Anti- Microtubule-associated protein 1A/1B-light chain 3 (LC3-II) (ab48394) and Goat Anti-Rabbit IgG Fc
(FITC) pre-adsorbed (ab98466) were acquired from Abcam, as primary and secondary antibodies,
respectively. After transfection by Beclin1 for 48h, the cells were �xed by 0.01% (v/v) formaldehyde for
10-15 min, and permeabilized with Tween 20 (0.5% (v/v) in Phosphate-buffered saline (PBS). Then, the
cell lines were tagged using anti-LC3-II antibody diluted in 1% (w/v) Bovine serum albumin (BSA) with
agitation for 1h at room temperature. After three washes with PBS, the labeled cells were incubated for 1h
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with FITC-conjugated secondary antibody diluted in 1% (w/v) BSA. Ultimately, the formation of LC3-II-
positive structures was estimated by the percentage of stained cells using �ow cytometry.

2.5. Real-time PCR assay

Human Terf1 (NM_017489.2) and Terf2 (NM_005652.4) sequences were taken from the NCBI database
to design forward and reverse primers (Table 1). β-Actin (Human ACTB primer/Double-dye probe mix,
Primer Design, England) was used as the reference gene.

According to the manufacturer’s instructions, total RNA was isolated using guanidinium isothiocyanate
(Yekta Tajhiz Azma, Iran) and total RNA was treated by DNase (Sigma-Aldrich, USA). The RNA integrity
and purity were checked and 260/280 and 260/230 ratios were close to 2. The One-Step TB Green
PrimeScript RT-PCR Kit II (Takara, Japan) was used for cDNA synthesis from RNA using PrimeScript
Reverse Transcriptase and PCR ampli�cation. The amount of the reaction was 10 µl and contained 5 µl
of SYBR Green buffer, 0.1 µl forward primer, 0.1 µl reverse primer, 0.3 µl Taq polymerase enzyme, 0.5 µl
RNA template, and 4.0 µl DEPC water. After Taq polymerase activation at 42°C for 15 min, the second
hold in real-time PCR was started at 95°C for 10s in a Rotor-Gene 6000 Series System followed by 40
cycles of 95°C for 5s and 62°C for the 30s. Subsequently, the visualized �uorescent signals were
analyzed with Rotor-Gene 6000 Series Software 1.7 and gene expression was evaluated based on the
threshold cycle (Ct) and using the REST 2009 software (QIAGEN). Each sample was analyzed at least in
triplicate.

3. Results
3.1. Transfection e�ciency evaluation

The successful Beclin1 transfection in U-2OS and Huh7 cells was proved by �uorescence microscopy
(Fig. 1) and the percentage of Green �uorescent protein (GFP) transfection was accurately calculated by
�ow cytometry (Fig. 2). In both cell lines, the best transfection e�ciency was obtained in quantities 400-
700 µg/ml of DNA and 6-10 µl of Lipofectamine 2000. Flow cytometry quantitative results showed that
the expression of Beclin1 in cell lines was 40-70 percent. The GFP expression in control groups was less
than 2% and more than 40% in transfected U-2OS and Huh7 cells, respectively.

3.2. Autophagy induction by exogenous Beclin1  

Flow cytometry results (Fig. 3) demonstrated that the exogenous Beclin1 caused an increase in
autophagy activity with 69.8% in U-2OS and 65.34% in Heh7 cells sorting by LC3-II positive.

3.3. Assessment of Terf1 and Terf2 expression level

The expression levels of Terf1 and Terf2 are shown in Fig. 4 and 5, respectively. According to Fig. 4,
except with 3-methyladenin treatment which would be expected, other treatments, particularly Beclin1
transfection, caused an increase in EL of Terf1 in U-2OS after 48h up to 451.1% for Beclin1-containing
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plasmid. The expression level of Terf1 decreased by 9.9% under 3-methyladenin treatment after 48h.
Variations of Terf1 expression levels for the Huh7 cell line were opposite to U-2OS except for 3-
methyladenin treatment which was similar. Although a decrease in expression level after 48h in
comparison with 24h expression was not considerable, it would be expected that treatments for a longer
time might lead to lower expression levels. Terf2 expression had similar variations for both U-2OS and
Huh7 cell lines (Fig. 5). The different treatment for 24h led to a signi�cant improvement in the expression
level for all treatments that could have a positive effect on Terf2 upregulation. 3-methyladenin treatment
displayed its intrinsic and expectative downregulating effect on Terf2 expression, which resulted in a
31.4% and 33.1% decrease in Terf2 expression level for U-2OS and Huh7 cells, respectively.

4. Discussion
Cancer cells are categorized into malignant and benign, in which the malignant cancer cells are classi�ed
into positive and negative-telomerase. Besides, there are four stages to transform a normal cell into a
metastatic form: 1) carcinogenesis, 2) tumorigenesis (stabilization and development of cancer cells), 3)
malignancy, and 4) metastasis [1].

Basal autophagy is active in all eukaryotic cells to maintain cell homeostasis [38]. Basal autophagy has
shown a dual role in carcinogenesis, tumorigenesis, and tumor progression, which depends on the active
oncogenes, type of cancer, and the stage of carcinogenesis, tumorigenesis, and malignancy [39, 40]. At
the beginning of carcinogenesis and tumorigenesis, basal autophagy restrains cancer progress, but
causes malignancy and metastasis after cancer stability [15]. In the early stage of malignancy, tumor
cells are dividing, and a slight increase in the basal autophagy rate causes the stability of tumor cells
because it maintains the cell cycle by p53 pathway inhibition [1, 41]. Also, starvation, anorexia, and other
stressful situations increase the basal autophagy rate slightly in stable malignant tumor cells and supply
cell energy that causes increased longevity of malignant tumor cells [42].

In this study, autophagy activation increased by Beclin1 overexpression and induction by metformin and
decreased by 3-Methyladenine [43–45]. An increase or decrease in autophagy activation should be
sudden to involve the whole-cell organs, especially the mitochondria as the center of energy [46, 47]. Terf1
and terf2 protein levels can be detected as Double-strand DNA break (DSB) molecular markers, because
they are common in positive and negative-telomerase cells [48]. We detected LC3-II as an intracellular
autophagy marker in U2OS cells (69.8%) and Huh7 cells (65.35%). The results of the real-time PCR assay
indicated that autophagy induction along with Beclin1 transfection raised Terf1 expression in U2OS and
Terf2 expression levels in both U2OS and Huh7 cell lines. Thus, it seems that there is a correlation
between the Beclin1-related autophagy pathway and Terf1/Terf2 expression. Metformin treatment raised
Terf1 in U2OS and Terf2 expression levels in both U2OS and Huh7 cell lines. Besides, 3-Methyladenine
treatment decreases Terf1 and Terf2 in both U2OS and Huh7 cells. Terf2 as a member of the ALT system,
has an inhibitory effect on telomerase which blocks the telomerase pathway in the long telomeres [25].
Therefore, in positive-telomerase cell lines such as HeLa and Huh7, it can be inferred that the effects of
decreasing or increasing autophagy activation depend on the cancer stage, and control of cell cycle on
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oncogenes. Usually, the ALT complex (Terf1, Terf2, POT1, TIN2, Rap1, and TPP1) is more active in
negative-telomerase cancer cell lines, and can renovate the telomere when its length reaches a critical
level. Consequently, autophagy activation in BET-3M, SUSM-1, Saos-2, and U-2OS cell lines which are
negative-telomerase and positive-ALT, induces carcinogenesis and tumorigenesis by the increase of Terf2
expression [49, 50]. Although autophagy dysfunction can start carcinogenesis, it is not enough for
malignancy because malignancy occurrence in this pathway depends on other oncogenes such as p53/
Auxin response factors (ARF)/ Ataxia-telangiectasia mutated (ATM) (Fig. 6).

It has been proved that Terf2 is responsible for suppressing ATM kinase. On the other hand, deletion or
inhibition of Terf2 creates DSB, which activates the ATM kinase pathway that arrests the cell cycling by
p53 at the end of the chromosomes in mice and humans [51]. Thus, a decrease in Terf2 causes an
increase in ATM serine/threonine kinase, and �nally, activates p53 [32, 52]. Indeed, if the p53 gene
mutates, cell cycling will not be arrested, and some oncogenes such as p53 are present when normal cells
are transformed to malignancy and metastasis cells (Fig. 6, pathway 2).

Since most of these oncogenes are cell cycling and energy level control factors, they usually cooperate
with the autophagy and apoptosis pathways. Furthermore, Terf2 is the telomeric preserving factor, which
has an inverse relationship with telomerase and an increase in autophagy activation causes
overexpression of Terf2 and Terf1 [53]. Hence, overexpression of Terf2 and Terf1 was expected in Beclin1-
containing plasmid, metformin, and Lipofectamine treatments [54, 55]. According to the data, in the early
stages of positive-telomerase cancer, when there is a cell cycling control oncogene such as p53,
autophagy down-regulation is recommended, because it reduces cell energy level and cell division.
However, when there is no cell cycling control oncogene, autophagy up-regulation is recommended,
because it harms the mitochondria and cell cycling regulations. Nevertheless, in cancer stability stages, it
is recommended to reduce autophagy. Anyway, an enhancement of autophagy activation causes
malignancy and metastasis in negative-telomerase (positive-ALT) cells [4, 5]. Thus, in positive-ALT cancer,
a decrease in autophagy activity is recommended in all cancer stages. Eventually, it is logical to say that
autophagy is the cause to form some cancer cells. The autophagy pathway is probably an Achilles heel
in malignancy which needs further detailed study.

5. Conclusion
This study focused on the correlation between autophagy activity and Terf1 and Terf2 expression levels
in U-2OS and Huh7 cell lines. The second type of cell death or autophagy is the intracellular autolysis
process, which protects the cell metabolism pathways. According to the studies, the rise in Beclin1
expression increases autophagy activation and consequently decreases telomerase activity. The results
of �ow cytometry and �uorescent microscopy revealed satisfying expression of Beclin1 in both cells.
Also, real-time PCR results indicated that autophagy induction using Beclin1-containing plasmid
increased Terf1 and Terf2 expression levels in U-2OS cells. Although all treatments possibly affecting on
the expression of Terf genes caused up-regulation of Terf2 in the Huh7 cell line, their Terf1 expression
level lowered after 48h. Also, the results demonstrated a relationship between Beclin1 expression and
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activation of the autophagy pathway. We hope this research and future studies help identify cancer
controlling factors and choosing an appropriate treatment regimen for a cancer progression stage.
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Genes Primer (5́à3́)
Terf1 Forward AATAATAGACACTGGGGAGGTAGG

Reverse ATACTGTGTGATGTTGAGGTTTGG
Terf2 Forward CCATCCAAGCCTACCGTTCTCA

Reverse TGACCCACTCGCTTTCTTCTACA

Figures

Figure 1

GFP �uorescent microscopic images of transfected U-2OS (A and B) and Huh7 (C and D) cell lines.
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Figure 2

A) Flow cytometry results for GFP expression in (a) non-transfected U-2OS (control group) (b) Beclin1-
transfected U-2OS (c) non-transfected Huh7 (control group) and (d) Beclin1-transfected Huh7 cell lines.
B) Formation of LC3-II dots in (a) non-transfected U-2OS (control group) (b) Beclin1-transfected U-2OS (c)
non-transfected Huh7 (control group) and (d) Beclin1-transfected Huh7 cell lines.
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Figure 3

A) Terf1 expression in U-2OS and Huh7 cell lines after 24 and 48 h treatment with (Lipo) Lipofectamine
2000, (PlsBec1) Beclin1-containing plasmid, (3-MA) 3-methyladenine, and (Met) metformin (* p<0.05). B)
Terf2 expression in U-2OS and Huh7 cell lines after 24 and 48 hours treatment with (Lipo) Lipofectamine
2000, (PlsBec1) Beclin1-containing plasmid, (3-MA) 3-methyladenine, and (Met) metformin (* p<0.05).
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Figure 4

Pathways for autophagy and telomeric shelterin protein (Terf1 and Terf2) crosstalk in (1) positive-
telomerase cell lines and (2) negative-telomerase (ALT positive) cell lines. The dual role of autophagy
(malignant cells suppressor or supporter) depends on oncogenes that are present in malignant cells.
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Figure 5

Terf2 expression had similar variations for both U-2OS and Huh7 cell lines (Fig. 5). The different
treatment for 24h led to a signi�cant improvement in the expression level for all treatments that could
have a positive effect on Terf2 upregulation. 3-methyladenin treatment displayed its intrinsic and
expectative downregulating effect on Terf2 expression, which resulted in a 31.4% and 33.1% decrease in
Terf2 expression level for U-2OS and Huh7 cells, respectively.
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Figure 6

Although autophagy dysfunction can start carcinogenesis, it is not enough for malignancy because
malignancy occurrence in this pathway depends on other oncogenes such as p53/ Auxin response
factors (ARF)/ Ataxia-telangiectasia mutated (ATM) (Fig. 6).
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