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Background. Promoter methylation of tumor suppressor gene is crucial process in the pathogenesis
ofcancer. Drugs with the capacity of demethylation may be candidates for the anti-cancer therapy. This
study was designed to investigate the roles of PTPLI gene in diffuse large B cell lymphoma (DLBCL).
Additionally, we investigated the effects of arsenic disulfide on PTPL1 demethylation.

Methods. Based on two DLBCL cell lines (i.e. DB and SU-DHL-4 cells), we knocked down the expression
of PTPL1 using siRNA. Then we determined the DLBCL proliferation in the presence of PTPL1 silencing.
The methylation of PTPL1 in DLBCL cells was analyzed by methylation specific PCR (MSPCR). The function
of arsenic disulfide in the demethylation of PTPL1 was determined in DLBCL cell lines using 5 uM, 10 uM
and 20 uM arsenic disulfide, respectively. To investigate the potential mechanism on the arsenic disulfide
mediated demethylation, we measured the mRNA expression of DNMT1, DNMT3b and MBD2,respectively.

Results. PTPL1 served as a tumor suppressor gene in DLBCL cells, which was featured by the fact that
PTPL1 knockdown promoted the proliferation of DLBCL cells. PTPL1 was hypermethylated in DLBCL cells.
Arsenic disulfide promoted the PTPL1 demethylation in a dose-dependent manner, which may be related
to the inhibition of DNA methyltransferases (DNMTs) and the increase of methyl-CpG-binding domain 2
(MBD2).

Conclusion. PTPLI 1111y be a tumor suppressor gene in DLBCL progression. PTPL1 methylation could
bereversed by arsenic disulfide in a dose-dependent manner. Our study may provide a theoretical basis
for the clinical application of arsenic disulfide in DNA methylation-related diseases.
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Abstract

Background. Promoter methylation of tumor suppressor gene is crucial process in the
pathogenesis of cancer. Drugs with the capacity of demethylation may be candidates for the anti-
cancer therapy. This study was designed to investigate the roles of PTPLI gene in diffuse large B
cell lymphoma (DLBCL). Additionally, we investigated the effects of arsenic disulfide on PTPLI
demethylation.

Methods. Based on two DLBCL cell lines (i.e. DB and SU-DHL-4 cells), we knocked down the
expression of PTPLI using siRNA. Then we determined the DLBCL proliferation in the presence
of PTPL]I silencing. The methylation of PTPLI in DLBCL cells was analyzed by methylation
specific PCR (MSPCR). The function of arsenic disulfide in the demethylation of PTPLI was
determined in DLBCL cell lines using 5 uM, 10 uM and 20 pM arsenic disulfide, respectively. To
investigate the potential mechanism on the arsenic disulfide mediated demethylation, we measured
the mRNA expression of DNMT1, DNMT3b and MBD2, respectively.

Results. PTPLI served as a tumor suppressor gene in DLBCL cells, which was featured by the
fact that PTPLI knockdown promoted the proliferation of DLBCL cells. PTPLI was
hypermethylated in DLBCL cells. Arsenic disulfide promoted the PTPLI demethylation in a dose-
dependent manner, which may be related to the inhibition of DNA methyltransferases (DNMTs)
and the increase of methyl-CpG-binding domain 2 (MBD2).

Conclusion. PTPLI may be a tumor suppressor gene in DLBCL progression. PTPLI methylation
could be reversed by arsenic disulfide in a dose-dependent manner. Our study may provide a

theoretical basis for the clinical application of arsenic disulfide in DNA methylation-related
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin’s
lymphoma in adults accounting for about 30-40% (Goldfinger and Cooper, 2022). It is an
aggressive malignant lymphoma with untreated median survival of less than 12 months. After
treatment with the combination-chemotherapy regimen CHOP consisting of doxorubicin,
prednisone, vincristine, and cyclophosphamide, patients can achieve a progression-free survival
rate of approximately 40% and a long-term survival rate of 50% (Fisher et al., 1993). Besides,
CD20 monoclonal antibody (rituximab) further improves the treatment outcome and prognosis of
DLBCL patients. Unfortunately, about 20-40% of patients still show no response or even rapid
progression and relapse after treatment (Chapuy et al., 2018).

Most DLBCL patients have epigenetic heterogeneity, and varied degrees of heterogeneity were
related to different prognosis (Cerhan et al., 2014, Y. Jiang and A. Melnick, 2015). DNA
methylation is one form of epigenetic modification. Studies have shown that DNA
hypermethylation in tumor suppressor genes could lead to transcriptional silencing, thereby
leading to the loss or attenuation of functions (Lopez et al., 2022). PTPLI is a protein tyrosine
phosphate (PTP) encoded by the human PTPNI3 gene, which can exert tumor suppressor role by
antagonizing protein tyrosine kinase (PTK) (Freiss and Chalbos, 2011). Promoter methylation of
PTPNI13/PTPLI has been confirmed in a variety of malignancies including non-small cell lung
cancer, ovarian cancer, prostate cancer, and breast cancer (Bompard et al., 2002, Castilla et al.,
2012; J. Wang et al., 2022; Wang et al, 2018). In DLBCL and follicular lymphoma,

hypermethylation could also be detected in the majority of the PTPLI gene promoter, along with
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attenuation or silencing of PTPLI (Wang et al., 2016). Because this epigenetic inheritance of
methylation is reversible, activation of tumor suppressor genes induced by pharmacologic
demethylation is considered an attractive therapeutic strategy to block tumor growth and
progression.

Arsenic trioxide (ATO, As,03), which induces DNA demethylation, has been utilized as an anti-
cancer agent by suppressing cancers of the liver, prostate, and breast apparently through
demethylation and apoptosis (Thomas et al., 2010, Xia et al., 2012). Arsenic disulfide (As,S,), the
main component of traditional Chinese medicine (TCM) realgar, has been reported to exhibit
similar antitumor effects to ATO with lower toxicity (Skoczynska and Skoczynska, 2022). Zhao et
al (Zhao et al., 2018) showed that As;S, could exert anticancer efficacies via apoptosis induction,
cell cycle arrest, and pro-survival signal inhibition in human breast cancer cells. Besides, As,S,
induced apoptosis and autophagy through the activation of ROS/INK and suppression of
Akt/mTOR signaling pathways in osteosarcoma (Wang et al., 2017). Furthermore, As,S, had
obvious antitumor effect on mouse model of human lymphoma transplanted tumor in a dose
dependent manner (Wang, Li, & Li, 2021).

However, the demethylation role of As,S, in DLBCL remains unclear. In the present study, we
knocked down PTPLI in two DLBCL cell lines (i.e. DB and SU-DHL-4 cells) using siRNA to
investigate the role of PTPLI in DLBCL proliferation. Promoter methylation of PTPLI in DLBCL
cell lines was detected using methylation specific polymerase chain reaction (MSPCR). We then
analyzed the effects of arsenic disulfide on PTPLI methylation. The results obtained from this

study may contribute to a better understanding of the role of PTPLI in DLBCL and highlight that
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arsenic disulfide may be a potential new therapeutic approach to improve the poor outcomes
associated with DLBCL.

Materials & Methods

Cell culture

Two human DLBCL cell lines (i.e. DB and SU-DHL-4 cell lines, generously donated by Qilu
Hospital of Shandong University) and one normal human GM12878 cell line were cultured in
Iscove’s modified Dulbecco’s medium (IMDM, Gibco-Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS, Hyclone, Logan, UT, USA) at 37°C in an
incubator with 5% CO,. Cells in the logarithmic growth phase were collected for subsequent
experiments.

Screening of small interfering RNA (siRNA)

To screen siRNA with better knockdown efficiency, DB and SU-DHL-4 cells of logarithmic phase
were plated into 6-well plates and transfected respectively using three siRNAs against PTPLI for
48 h with riboFect™ CP (RIB Bio, Guangzhou, China) according to the manufacturer's
instructions. Three siRNAs were siRNA1 (sequence, GGATGATGTTAGTCTAATA), siRNA2
(sequence, CCACCATGCTGCAATTGAA), and siRNA3 (GCATGAGACTACAAAGACA).
Cells transfected with randomized control siRNA were used as a negative control (NC) group,
Knockdown efficiencies of three siRNAs was verified using reverse transcription PCR (RT-PCR)
and Western blotting.

RT-PCR

Total RNA was extracted from cells using TRIzol reagent (ThermoFisher, CA, USA) according to
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the manufacturer’s instructions. After the synthesis of cDNA by RT-PCR, reverse transcription
amplification of PTPLI was conducted with the specific primers (5°-
CAACAATGGTCAGCAACAG-3’; 5’-CACCACAAAGCCCTTCA-3’). The specific primers
were designed based on the sequence of the transcript CDS regions of the PTPLI gene searched
in NCBI. The amplification conditions were as follows: 95°C for 5 min, followed by 40 cycles of
95°C for 10 s and 60°C for 30 s. GAPDH was used as an internal reference. A fluorescence
quantitative PCR instrument (CFX Connect, Bio-Rad) was used to analyze the data.

Western blotting

Total protein was extracted from cells in each group using RIPA lysis buffer (P0013D, Beyotime,
China). The protein content was evaluated using Pierce™ Rapid Gold BCA Protein Assay Kit
(A53225, Thermo Fisher). Next, the protein was separated on 10% SDS-PAGE gel, transferred
onto PVDF membranes (IPVHO00010, Millipore, Bedford, USA), and blocked with 5% skimmed
milk under room temperature for 1 h. Subsequently, the membranes were incubated overnight at
4°C with anti-PTPL1 goat polyclonal primary antibody (1:1000; AF3577, R&D) and anti-GAPDH
mouse monoclonal primary antibody (1:10000; ab8245, abcam). Then the membranes were
washed in Tris-Buffered Saline and Tween (TBST) and incubated with HRP-conjugated donkey
anti goat secondary antibody (1:3000; E-AB-1050, Elabscience) or HRP-conjugated goat anti-
mouse secondary antibody (1:3000; E-AB-1001, Elabscience) at room temperature for 1 h. After
washing three times in TBST, images were acquired with an Electro-Chemi-Luminescence (ECL)
chemiluminescence kit (POO18M, Biyuntian Bio, China). Signal intensities of bands were

quantified using Image J software.
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Silencing of PTPL1

To investigate the roles of PTPLI in DLBCL, DB and SU-DHL-4 cells were divided into the
following groups: i) control group, with no transfection; ii) negative control (NC) group,
transfected with randomized control siRNA; iii) siRNA group, transfected with the best siRNA
from the three siRNAs. Transfection was performed using riboFect™ CP (RIB Bio, Guangzhou,
China), according to the manufacturer’s instructions. Briefly, 2 mL of cell suspension was seeded
into a 6-well plate, and the cell density was adjusted to 1x103-5x10° cells/well to achieve a cell
density of 30-50% at transfection. Cells were then cultured at 37°C overnight in an incubator with
5% CO,. Next, 10 uL. of siRNA solution (20 uM, diluted with 120 pL of 1X riboFect™ CP buffer)
and 12 pL riboFect™ CP reagent were added for transfection. The mixture was incubated at room
temperature for 15 min and was transferred to a serum-containing medium. After mixing gently,
the cells were cultured at 37°C for 48 h in an incubator with 5% CO,. Cell proliferation was
observed using microscopy.

CCK-8 analysis for cellular proliferation

DB and SU-DHL-4 cells (1x10%/mL, 100uL) in each group were added into the wells of 96-well
plate and incubated in an incubator with 5% CO, at 37°C for 48h. Afterwards, cells were incubated
with 10 pL/well CCK-8 reagents for about 1 h. Absorbance at 450 nm was measured with a
microplate reader. The cell proliferation rate was calculated as the ratio of the OD value in
treatment group and the control group.

DNA extraction and methylation

DB and SU-DHL-4 cells in the logarithmic growth phase without any treatment were washed twice

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

143

144

145

146

147

148

149

150

151

152

153

154

155

154

157

158

159

160

161

162

163

with PBS, followed by genomic DNA extraction using a commercial kit (Omega, USA)
accordance to the manufacturer’s instructions. Afterwards, DNA methylation was performed using
200 ng genomic DNA with a commercial kit (Epigentek, USA).

Methylation specific PCR (MSPCR)

MSPCR was conducted to measure the PTPLI methylation as previously described (Wang et al.,
2016). Briefly, two pairs of primers (primer M: 5’-TATAGAAATAAGGTTGAGAGGTAGC-3’,
5’-CGAACGACAAAATTCCTAACG-3’; primer U: 5’-
AATATAGAAATAAGGTTGAGAGGTAGT-3’; 5’-ACCAAACAACAAAATTCCTAACAC-
3’) were used to amplify methylated DNA and non-methylated DNA, respectively. The
amplification conditions were as follows: 95°C for 5 min, followed by 40 cycles of 95°C for 30 s,
58°C for 30 s (for methylated DNA) or 60°C for 30 s (for non-methylated DNA), and 72°C for 30
s, and72°C for 10 min. Finally, the amplified PCR products were subjected to DNA agarose gel
electrophoresis (1.5%), followed by observation using a gel imaging system.

PTPL1 gene methylation after As,S, treatment

To investigate the effects of As,S; on PTPL1 gene methylation, GM 12878, DB and SU-DHL-4
cell lines were treated with SuM, 10uM, and 20uM of As,S, (Sigma-Aldrich, Missouri, America;
dissolved in 1 M NaOH and adjusted pH value to 7.35-7.45 using HCL) for 72h, respectively. The
cells without Ag,S, treatment were used as control. The mRNA levels of DNMTs (i.e. DNMTI and
DNMT3) and methyl-CpG-binding domain 2 (MBD2) were detected. DNMTI primers were 5°-
CAACGGGCAGATGTTTCA-3’ and 5’-TCCTCACATTCATCCACCA-3’. DNMT3B primers

were 5’-GAGAAAGCTAGGGTGCGA-3" and 5’-CACTGGTTGCGTGTTGTT-3°. MBD2
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primers were 5’-AGTAAGCCCCAGTTGACACG-3’ and 5’-AACTGACACAGGCTGCTTGA-
3’. GAPDH (5’-ACAACTTTGGTATCGTGGAAGG-3’ and 5’-GCCATCACGCCACAGTTTC-
3’) was used as an internal reference.

Statistical analysis

SPSS 21.0 was used to statistical analysis. One-way analysis of variance (ANOVA) was used for
significance test. The significance level was set at P < 0.05.

Results

Selection of optimal siRNAs for the knockdown of PTPLI gene

Among three siRNAs, siRNA2 (sequence: CCACCATGCTGCAATTGAA) had the best
knockdown efficiency (Fig. 1). Therefore, siRNA2 was used to transfect DB and SU-DHL-4 cells
to silence PTPLI in subsequent experiments.

PTPL1 knockdown promoted DLBCL cell proliferation

Micrographs and CCK-8 result together showed that compared with control and NC groups,
siRNA group showed significant increase in cellular proliferation rate (P < 0.01, Fig. 2). This
indicated that PTPLI knockdown promoted the proliferation of DB and SU-DHL-4 cells and
PTPL1 exhibited the role of suppressing DLBCL. Therefore, PTPLI gene served as a tumor
suppressor gene in the DLBCL.

Increased PTPL1 promoter methylation in DLBCL cell lines

Methylation was characterized by the appearance of amplification products of primer M.
Unmethylation was characterized by the appearance of amplification products of primer U. The

amplification products of both primer M and primer U indicated partial methylation. The
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amplification of primer M was observed in DB and SU-DHL-4 cell lines (Fig. 3), indicating the
promoter methylation of PTPLI.

Arsenic disulfide inhibited the methylation of PTPLI in a dose-dependent manner

As,S, treatment showed no effects on PTPLI methylation levels in GM 12878 cell line, which
demonstrated that PTPLI methylation was not present in normal cell lines (Fig. 4). In contrast,
As;S,; treatment significantly reduced PTPLI methylation levels in both DB and SU-DHL-4 cell
lines (P < 0.01). Besides, compared with NC group, the PTPLI methylation was attenuated in
three As,S, treatment groups (Fig. 5), especially 20 uM AS,S, group. These indicated that As,S,
exhibited demethylation role, showing a dose-dependent manner.

Arsenic disulfide regulated DNMTI, DNMT3b and MBD2 mRNA expression

To investigate the potential mechanisms on arsenic disulfide mediated PTPL1 methylation
inhibition, we performed RT-PCR to analyze the mRNA expression of three crucial enzymes
involved in the methylation including DNMT1, DNMT3b and MBD2. RT-PCR results showed
that arsenic disulfide significantly decreased the mRNA expression of DNMT1 and DNMT3b and
significantly increased the mRNA expression of MBD2 (Fig. 6). Such phenomenon showed a
dose-dependent manner.

Discussion

DLBCL is the most common lymphoid neoplasm with dismal outcomes (Campo et al., 2011).
DLBCL inherits the cytosine methylation patterns instability that exist in the germinal center B
cells from which DLBCL arises and displays variable degrees of epigenetic heterogeneity. Greater

epigenetic heterogeneity is linked with poor clinical outcome (Yanwen Jiang and Ari Melnick,
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2015). Fortunately, the epigenetic alterations provide a number of additional targets that can be
pharmacologically modified and hold the promise for improved patient outcomes (Shaknovich et
al., 2010). PTPLI/PTPN13 maps to the human chromosomal locus 4q21 (S.-H. Yeh et al., 20006)
and encodes a high-molecular-weight (270 kDa) non-receptor type phosphatase. Studies have
shown that the PTPN13/PTPLI gene had genetic polymorphisms, and some mutations could lead
to the deletion of the entire catalytic phosphatase domain or the inhibition of the phosphatase
activity (Zhu et al., 2008). In addition to genetic polymorphisms, epigenetic regulation of
PTPNI13/PTPLI expression has been demonstrated in cancers. Therefore, we hypothesized that
the regulation of PTPLI could modulate DLBCL progression. Consistent with the hypothesis, the
findings in the present study indicated that PTPLI served as a tumor suppressor gene (TSG) and
showed hypermethylation in DLBCL cells, and arsenic disulfide promoted the demethylation of
PTPL] gene.

PTPLI, a huge tyrosine phosphatase with multiple domains, prevents the conclusive
determination of a positive or negative effect of PTPLI on tumorigenesis. To date, the roles of
PTPLI in the pathogenesis and progression of tumors remains controversial. Li et al demonstrated
that PTPL1 over-expression increased resistance to Fas-induced apoptosis by the anti-Fas antibody
CH-11 in Jurkat and TMK-1 cells (Li et al., 2000). Ungefroren et al found the functional role of
PTPLI as a potential inhibitor of Fas-mediated apoptosis in pancreatic cancer cells (Ungefroren
et al., 2001). In astrocytoma cells, the knockdown of PTPLI by RNA interference led to increased
apoptosis and increased sensitivity to Fas-induced cell death (Foehr et al., 2005). Some studies

have confirmed the negative action of PTPLI on Fas-mediated apoptosis in colon cancer,
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melanoma and myeloid cells using SLV inhibitory peptide (Huang et al., 2008; Yao et al., 2004),
or RNA interference (Schickel et al., 2010, Xiao et al., 2010). Conversely, PTPLI expression was
sufficient to block the IRS-1/PI3K/Akt signaling pathway to inhibit the insulin-like growth factor-I
effect on cell survival and to induce apoptosis (Dromard et al., 2007). In addition, Wang et al
found that PTPLI played a crucial suppressive role in the pathogenesis of lung cancer through
counteracting the Src/ERK/YAP1 pathway (Jing Wang et al., 2022). The findings of Zhu et al
indicated that the knockdown of PTPLI enhanced the migration and invasion capabilities of A549
cells through enhancing TGF-B1-induced EMT (Zhu et al., 2021). In the present study, we used
siRNA to induce the silencing of PTPLI in DB and SU-DHL-4 cell lines to clarify the positive or
negative effects of PTPLI in DLBCL progression. The results showed that PTPLI knockdown
promoted DLBCL cellular proliferation, suggesting that PTPLI served as a TSG and played an
anti-tumor role in DLBCL. The contradictory roles of PTPLI in different cancers may be due to
the unique characteristics of each cancer type and different functional domains in PTPLI.

The loss of TSG function can result in a set of functional capabilities for malignant growth,
usually including self-sufficiency in growth signals, insensitivity to growth-inhibitory signals,
evasion of apoptosis, unlimited replicative potential, sustained angiogenesis, and tissue invasion
and metastasis (Wang and Wang, 2013). TSG may become epigenetically silenced by
hypermethylation of CpG islands located in their promoter regions (Mehta et al., 2015). PTPL1
was downregulated or silenced in multiple cell lines such as non-Hodgkin lymphoma.
Interestingly, methylation of PTPLI was detected by MSPCR in almost all cell lines with reduced

or silenced PTPLI expression (S. H. Yeh et al., 2006, Ying et al., 20006). In this study, we detected
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the PTPLI promoter methylation in two DLBCL cell lines (i.e. DB and SUDHL4 cells) using
MSPCR. Consistently, our data suggested that PTPLI was methylated in both cell lines, which
inhibited PTPLI expression and promoted DLBCL proliferation. Interestingly, unlike genetic
alterations, DNA methylation, an epigenetic modification, is reversible (Kedhari Sundaram et al.,
2019). Therefore, demethylation may restore the expression of tumor suppressor genes, and then
inhibit tumor progression, which provides a new idea for the treatment of tumors. Recently,
decitabine and azacitidine have been approved for the treatment of hematological malignancies as
epigenetic targeting drugs (Blecua, Martinez-Verbo, & Esteller, 2020). Nevertheless, numerous
patients do not respond to these drugs and eventually relapse (Bazinet and Bravo, 2022). Therefore,
there is still a need to develop new drugs targeting DNA methylation.

Our data showed that arsenic disulfide promoted the demethylation of PTPL1 gene, which bring
new information for the development of anti-cancer agents. As important TCM components,
arsenic drugs, including arsenic disulfide (As,S,), arsenic tetrasulfide (As;S;), ATO (Asy03),
exhibit favorable anti-tumor effects in various tumors especially blood-related malignancies
(Wang et al., 2013). The FDA approved ATO for the treatment of acute promyelocytic leukemia
in 2000 (Jing et al., 1999). Compared with ATO, arsenic disulfide showed comparable anti-tumor
effects and more advantages, including lower toxicity of oral administration (Zhao et al., 2019).
To date, the mechanism of arsenic disulfide against tumors is still unclear. In a previous study,
arsenic disulfide exerted anti-tumor role by induction of autophagy and apoptosis, as well as cell
cycle arrest (Zhao et al., 2018). In this study, there was decreased PTPLI gene methylation in cell

lines treated with As;S,, in a dose dependent manner. Overexpression of DNA methyltransferases
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(DNMTs), such as DNMT1, DNMT3A and DNMT3B, could promote DNA hypermethylation,
was closely related to the prognosis in cancer patients (Weisenberger, Lakshminarasimhan, &
Liang, 2022). Besides, MBD2 is a component of the MeCP1 complex and functions as a
demethylase (Feng and Zhang, 2001). For the expression of DNMTs, the RNA expression of
DNMT1 and DNMT3b showed significant decrease after As,S, treatment, while the mRNA
expression of MBD2 showed significant increase in these cells. These suggested that the inhibition
of DNMTs and the increase of MBD2 were potential mechanisms of As;S;-induced PTPL1
demethylation.

This study has some limitations. First, the optimal dose for arsenic disulfide demethylation
remains unclear. Secondly, although we confirmed the demethylation role of arsenic disulfide on
methylated PTPLI, the exact mechanisms are still not well defined. Furthermore, biological
system does not work in isolation. Although As,S, treatment induced the demethylation of PTPL1
by reducing the expressions of DNMT1 and DNMT3B, whether As,S, could cause the disrupted
normal methylation pattern remains unknown. More studies in the future are required to focus on
the delivery of As,S, to the PTPLI DNA promoter using tools such as CRISPR, thereby inducing
specific demethylation of PTPLI.

Conclusion

In summary, PTPLI was a tumor suppressor gene in DLBCL progression. PTPLI methylation
could be reversed by arsenic disulfide in a dose-dependent manner. Our data may provide a
reference for the clinical application of arsenic disulfide in DNA methylation-related diseases and

provide ideas for DLBCL treatment.

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)


prashantkumar
Comment on Text
function as


PeerJ Manuscript to be reviewed

290 Acknowledgement
291 None.

292

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

Reference

Bazinet, A., Bravo, G. M. 2022. New Approaches to Myelodysplastic Syndrome Treatment. Curr
Treat Options Oncol. 23: 668-687. DOI 10.1007/s11864-022-00965-1.

Blecua, P., Martinez-Verbo, L., Esteller, M. 2020. The DNA methylation landscape of
hematological malignancies: an update. Mol Oncol. 14: 1616-1639. DOI 10.1002/1878-
0261.12744.

Bompard, G., Puech, C., Prébois, C., Vignon, F., Freiss, G. 2002. Protein-tyrosine phosphatase
PTPL1/FAP-1 triggers apoptosis in human breast cancer cells. J Biol Chem. 277: 47861-
47869. DOI 10.1074/jbc.M208950200.

Campo, E., Swerdlow, S. H., Harris, N. L., Pileri, S., Stein, H., Jaffe, E. S. 2011. The 2008
WHO classification of lymphoid neoplasms and beyond: evolving concepts and practical
applications. Blood, The Journal of the American Society of Hematology. 117: 5019-5032.

Castilla, C., Flores, M. L., Conde, J. M., Medina, R., Torrubia, F. J., Japon, M. A., Saez, C.
2012. Downregulation of protein tyrosine phosphatase PTPL1 alters cell cycle and
upregulates invasion-related genes in prostate cancer cells. Clin Exp Metastasis. 29: 349-
358. DOI 10.1007/s10585-012-9455-7.

Cerhan, J. R., Berndt, S. 1., Vijai, J., Ghesquieres, H., McKay, J., Wang, S. S., Wang, Z.,
Yeager, M., Conde, L., de Bakker, P. 1., Nieters, A., Cox, D., Burdett, L., Monnereau,
A., Flowers, C. R., De Roos, A. J., Brooks-Wilson, A. R., Lan, Q., Severi, G., Melbye,
M., Gu, J., Jackson, R. D., Kane, E., Teras, L. R., Purdue, M. P., Vajdic, C. M.,

Spinelli, J. J., Giles, G. G., Albanes, D., Kelly, R. S., Zucca, M., Bertrand, K. A.,

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



Peer]

314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

330

Zeleniuch-Jacquotte, A., Lawrence, C., Hutchinson, A., Zhi, D., Habermann, T. M.,
Link, B. K., Novak, A. J., Dogan, A., Asmann, Y. W., Liebow, M., Thompson, C. A.,
Ansell, S. M., Witzig, T. E., Weiner, G. J., Veron, A. S., Zelenika, D., Tilly, H., Haioun,
C., Molina, T. J., Hjalgrim, H., Glimelius, B., Adami, H. O., Bracci, P. M., Riby, J.,
Smith, M. T., Holly, E. A., Cozen, W., Hartge, P., Morton, L. M., Severson, R. K.,
Tinker, L. F., North, K. E., Becker, N., Benavente, Y., Boffetta, P., Brennan, P.,
Foretova, L., Maynadie, M., Staines, A., Lightfoot, T., Crouch, S., Smith, A., Roman,
E., Diver, W. R., Offit, K., Zelenetz, A., Klein, R. J., Villano, D. J., Zheng, T., Zhang,
Y., Holford, T. R., Kricker, A., Turner, J., Southey, M. C., Clavel, J., Virtamo, J.,
Weinstein, S., Riboli, E., Vineis, P., Kaaks, R., Trichopoulos, D., Vermeulen, R. C.,
Boeing, H., Tjonneland, A., Angelucci, E., Di Lollo, S., Rais, M., Birmann, B. M.,
Laden, F., Giovannucci, E., Kraft, P., Huang, J., Ma, B., Ye, Y., Chiu, B. C., Sampson,
J., Liang, L., Park, J. H., Chung, C. C., Weisenburger, D. D., Chatterjee, N.,
Fraumeni, J. F., Jr., Slager, S. L., Wu, X., de Sanjose, S., Smedby, K. E., Salles, G.,
Skibola, C. F., Rothman, N., Chanock, S. J. 2014. Genome-wide association study
identifies multiple susceptibility loci for diffuse large B cell lymphoma. Nat Genet. 46:

1233-1238. DOI 10.1038/ng.3105.

331 Chapuy, B., Stewart, C., Dunford, A. J., Kim, J., Kamburov, A., Redd, R. A., Lawrence, M.

332

333

334

S., Roemer, M. G. M., Li, A. J., Ziepert, M., Staiger, A. M., Wala, J. A., Ducar, M. D.,
Leshchiner, 1., Rheinbay, E., Taylor-Weiner, A., Coughlin, C. A., Hess, J. M.,

Pedamallu, C. S., Livitz, D., Rosebrock, D., Rosenberg, M., Tracy, A. A., Horn, H.,

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

van Hummelen, P., Feldman, A. L., Link, B. K., Novak, A. J., Cerhan, J. R,
Habermann, T. M., Siebert, R., Rosenwald, A., Thorner, A. R., Meyerson, M. L.,
Golub, T. R., Beroukhim, R., Wulf, G. G., Ott, G., Rodig, S. J., Monti, S., Neuberg,
D. S., Loeffler, M., Pfreundschuh, M., Triimper, L., Getz, G., Shipp, M. A. 2018.
Molecular subtypes of diffuse large B cell lymphoma are associated with distinct
pathogenic mechanisms and outcomes. Nat Med. 24: 679-690. DOI 10.1038/s41591-018-
0016-8.

Dromard, M., Bompard, G., Glondu-Lassis, M., Puech, C., Chalbos, D., Freiss, G. 2007. The
putative tumor suppressor gene PTPN13/PTPLI induces apoptosis through insulin receptor
substrate-1 dephosphorylation. Cancer Research. 67: 6806-6813.

Feng, Q., Zhang, Y. 2001. The MeCP1 complex represses transcription through preferential
binding, remodeling, and deacetylating methylated nucleosomes. Genes Dev. 15: 827-832.
DOI 10.1101/gad.876201.

Fisher, R. 1., Gaynor, E. R., Dahlberg, S., Oken, M. M., Grogan, T. M., Mize, E. M., Glick,
J. H., Coltman, C. A., Jr., Miller, T. P. 1993. Comparison of a standard regimen (CHOP)
with three intensive chemotherapy regimens for advanced non-Hodgkin's lymphoma. N
Engl J Med. 328: 1002-1006. DOI 10.1056/nejm199304083281404.

Foehr, E. D., Lorente, G., Vincent, V., Nikolich, K., Urfer, R. 2005. FAS associated
phosphatase (FAP-1) blocks apoptosis of astrocytomas through dephosphorylation of FAS.
Journal of neuro-oncology. 74: 241-248.

Freiss, G., Chalbos, D. 2011. PTPN13/PTPL1: an important regulator of tumor aggressiveness.

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

Anticancer Agents Med Chem. 11: 78-88. DOI 10.2174/187152011794941262.

Goldfinger, M., Cooper, D. L. 2022. Refractory DLBCL: Challenges and Treatment. Clin
Lymphoma Myeloma Leuk. 22: 140-148. DOI 10.1016/j.clml1.2021.09.011.

Huang, W., Zhu, C., Wang, H., Horvath, E., Eklund, E. A. 2008. The interferon consensus
sequence-binding protein (ICSBP/IRF8) represses PTPN13 gene transcription in
differentiating myeloid cells. Journal of Biological Chemistry. 283: 7921-7935.

Jiang, Y., Melnick, A. 2015. The epigenetic basis of diffuse large B-cell lymphoma. Semin
Hematol. 52: 86-96. DOI 10.1053/j.seminhematol.2015.01.003.

Jiang, Y., Melnick, A. (2015). The epigenetic basis of diffuse large B-cell lymphoma. Seminars in
hematology,

Jing, Y., Dai, J., Chalmers-Redman, R. M., Tatton, W. G., Waxman, S. 1999. Arsenic trioxide
selectively induces acute promyelocytic leukemia cell apoptosis via a hydrogen peroxide-
dependent pathway. Blood. 94: 2102-2111.

Kedhari Sundaram, M., Hussain, A., Haque, S., Raina, R., Afroze, N. 2019. Quercetin
modifies 5'CpG promoter methylation and reactivates various tumor suppressor genes by
modulating epigenetic marks in human cervical cancer cells. J Cell Biochem. 120: 18357-
18369. DOI 10.1002/jcb.29147.

Li, Y., Kanki, H., Hachiya, T., Ohyama, T., Irie, S., Tang, G. 1., Mukai, J., Sato, T. A. 2000.
Negative regulation of Fas - mediated apoptosis by FAP - 1 in human cancer cells.
International journal of cancer. 87: 473-479.

Lopez, M., Gilbert, J., Contreras, J., Halby, L., Arimondo, P. B. 2022. Inhibitors of DNA

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

Methylation. Adv Exp Med Biol. 1389: 471-513. DOI 10.1007/978-3-031-11454-0_17.

Mehta, A., Dobersch, S., Romero-Olmedo, A. J., Barreto, G. 2015. Epigenetics in lung cancer
diagnosis and therapy. Cancer and Metastasis Reviews. 34: 229-241.

Schickel, R., Park, S.-M., Murmann, A. E., Peter, M. E. 2010. miR-200c regulates induction of
apoptosis through CD95 by targeting FAP-1. Molecular cell. 38: 908-915.

Shaknovich, R., Geng, H., Johnson, N. A., Tsikitas, L., Cerchietti, L., Greally, J. M.,
Gascoyne, R. D., Elemento, O., Melnick, A. 2010. DNA methylation signatures define
molecular subtypes of diffuse large B-cell lymphoma. Blood, The Journal of the American
Society of Hematology. 116: e81-e89.

Skoczynska, A., Skoczynska, M. 2022. Breast Cancer and Arsenic Anticancer Effects:
Systematic Review of the Experimental Data from In Vitro Studies. Biomed Res Int. 2022:
8030931. DOI 10.1155/2022/8030931.

Thomas, D. J., Nava, G. M., Cai, S. Y., Boyer, J. L., Hernandez-Zavala, A., Gaskins, H. R.
2010. Arsenic (+ 3 oxidation state) methyltransferase and the methylation of arsenicals in
the invertebrate chordate Ciona intestinalis. Toxicol Sci. 113: 70-76. DOI
10.1093/toxsci/kfp250.

Ungefroren, H., Kruse, M.-L., Trauzold, A., Roeschmann, S., Roeder, C., Arlt, A., Henne-
Bruns, D., Kalthoff, H. 2001. FAP-1 in pancreatic cancer cells: functional and
mechanistic studies on its inhibitory role in CD95-mediated apoptosis. Journal of cell
science. 114: 2735-2746.

Wang, G., Zhang, T., Sun, W., Wang, H., Yin, F., Wang, Z., Zuo, D., Sun, M., Zhou, Z., Lin,

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

B., Xu, J., Hua, Y., Li, H., Cai, Z. 2017. Arsenic sulfide induces apoptosis and autophagy
through the activation of ROS/JNK and suppression of Akt/mTOR signaling pathways in
osteosarcoma. Free Radic Biol Med. 106: 24-37. DOI
10.1016/j.freeradbiomed.2017.02.015.

Wang, J., Li, S., Zhang, X., Zhu, N., Yiminniyaze, R., Dong, L., Li, C., Gulinuer, W., Xia, J.,
Li, J. 2022. Protein tyrosine phosphatase PTPL1 suppresses lung cancer through
Src/ERK/Y AP1 signaling. Thoracic Cancer. 13: 3042-3051.

Wang, J., Li, S., Zhang, X., Zhu, N., Yiminniyaze, R., Dong, L., Li, C., Gulinuer, W., Xia, J.,
Li, J., Zhou, D., Liu, X., Zhang, Y., Zhang, Y., Li, S. 2022. Protein tyrosine phosphatase
PTPL1 suppresses lung cancer through Src/ERK/YAPI1 signaling. Thorac Cancer. 13:
3042-3051. DOI 10.1111/1759-7714.14657.

Wang, J., Li, X., Li, Y. 2021. Experimental study of realgar on tumor suppression in lymphoma
model. International Journal of Early Childhood Special Education (INT-JECSE). 30:
739.

Wang, L., Liu, X., Li, X., Lv, X., Lu, K., Chen, N., Li, P., Wang, X. 2013. Arsenic disulfide
induces apoptosis of human diffuse large B cell lymphoma cells involving Bax cleavage.
Oncol Rep. 30: 2427-2434. DOI 10.3892/0r.2013.2729.

Wang, S., Wang, Z. 2013. Epigenetic aberrant methylation of tumor suppressor genes in small
cell lung cancer. Journal of thoracic disease. S: 532.

Wang, W., Wang, J., Li, Z., Zhu, M., Zhang, Z., Wang, Y., Jing, H. 2016. Promoter

hypermethylation of PTPL1, PTPN6, DAPK, pl6 and 5-azacitidine inhibits growth in

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

DLBCL. Oncol Rep. 35: 139-146. DOI 10.3892/0r.2015.4347.

Wang, Y., Li, M., Huang, T., Li, J. 2018. Protein tyrosine phosphatase L1 inhibits high-grade
serous ovarian carcinoma progression by targeting [kBa. Onco Targets Ther. 11: 7603-
7612. DOI 10.2147/0tt.S167106.

Weisenberger, D. J., Lakshminarasimhan, R., Liang, G. 2022. The Role of DNA Methylation
and DNA Methyltransferases in Cancer. Adv Exp Med Biol. 1389: 317-348. DOI
10.1007/978-3-031-11454-0_13.

Xia, J., Li, Y., Yang, Q., Mei, C., Chen, Z., Bao, B., Ahmad, A., Miele, L., Sarkar, F. H.,
Wang, Z. 2012. Arsenic trioxide inhibits cell growth and induces apoptosis through
inactivation of notch signaling pathway in breast cancer. Int J Mol Sci. 13: 9627-9641. DOI
10.3390/ijms13089627.

Xiao, Z.-Y., Wu, W., Eagleton, N., Chen, H.-Q., Shao, J., Teng, H., Liu, T.-H., Jiang, Z.-M.,
Yao, H.-R. 2010. Silencing Fas-associated phosphatase 1 expression enhances efficiency
of chemotherapy for colon carcinoma with oxaliplatin. World journal of gastroenterology:
WJG.16: 112.

Yao, H., Song, E., Chen, J., Hamar, P. 2004. Expression of FAP-1 by human colon
adenocarcinoma: implication for resistance against Fas-mediated apoptosis in cancer.
British journal of cancer. 91: 1718-1725.

Yeh, S.-H., Wu, D.-C., Tsai, C.-Y., Kuo, T.-J., Yu, W.-C., Chang, Y.-S., Chen, C.-L., Chang,
C.-F., Chen, D.-S., Chen, P.-J. 2006. Genetic characterization of fas-associated

phosphatase-1 as a putative tumor suppressor gene on chromosome 4q21. 3 in

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

hepatocellular carcinoma. Clinical cancer research: an official journal of the American
Association for Cancer Research. 12: 1097-1108.

Yeh, S. H., Wu, D. C., Tsai, C. Y., Kuo, T. J., Yu, W. C., Chang, Y. S., Chen, C. L., Chang,
C. F., Chen, D. S., Chen, P. J. 2006. Genetic characterization of fas-associated
phosphatase-1 as a putative tumor suppressor gene on chromosome 4q21.3 in
hepatocellular carcinoma. Clin Cancer Res. 12: 1097-1108. DOI 10.1158/1078-0432.Ccr-
05-1383.

Ying, J., Li, H., Cui, Y., Wong, A. H., Langford, C., Tao, Q. 2006. Epigenetic disruption of two
proapoptotic genes MAPK10/JNK3 and PTPNI13/FAP-1 in multiple lymphomas and
carcinomas through hypermethylation of a common bidirectional promoter. Leukemia. 20:
1173-1175. DOI 10.1038/sj.1eu.2404193.

Zhao, Y., Onda, K., Sugiyama, K., Yuan, B., Tanaka, S., Takagi, N., Hirano, T. 2019.
Antitumor effects of arsenic disulfide on the viability, migratory ability, apoptosis and
autophagy of breast cancer cells. Oncol Rep. 41: 27-42. DOI 10.3892/0r.2018.6780.

Zhao, Y., Yuan, B., Onda, K., Sugiyama, K., Tanaka, S., Takagi, N., Hirano, T. 2018.
Anticancer efficacies of arsenic disulfide through apoptosis induction, cell cycle arrest, and
pro-survival signal inhibition in human breast cancer cells. Am J Cancer Res. 8: 366-386.

Zhu, J. H., Chen, R, Yi, W., Cantin, G. T., Fearns, C., Yang, Y., Yates, J. R, 3rd, Lee, J. D.
2008. Protein tyrosine phosphatase PTPN13 negatively regulates Her2/ErbB2 malignant
signaling. Oncogene. 27: 2525-2531. DOI 10.1038/sj.onc.1210922.

Zhu, N., Zhang, X.-j., Zou, H., Zhang, Y .-y., Xia, J.-w., Zhang, P., Zhang, Y.-z., Li, J., Dong,

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ Manuscript to be reviewed

461 L., Wumaier, G. 2021. PTPLI suppresses lung cancer cell migration via inhibiting TGF-
462 Bl-induced activation of p38 MAPK and Smad 2/3 pathways and EMT. Acta
463 Pharmacologica Sinica. 42: 1280-1287.

464

Peer] reviewing PDF | (2023:03:84081:4:0:NEW 27 Dec 2023)



PeerJ

465

466

467

468

469

470

471

472

473

474

475

476

477

478

Figure Legends

Figure 1. Knockdown efficiencies of three siRNAs verified using RT-PCR and Western blotting.
(A) PTPL1 mRNA expression in control, NC, siRNAT1, siRNA2, and siRNA3 groups detected by
RT-PCR; (B) Western blotting bands and PTPL1 protein expression in control, NC, siRNAI,
siRNA2, and siRNA3 groups. *P < 0.05, **P <0.01 and ***P < 0.001.

Figure 2. Cell proliferation and proliferation rate of control group, NC group and siRNA group in
DB and SU-DHL-4 cell lines. **P < 0.01.

Figure 3. PTPLI methylation in DB and SU-DHL-4 cell lines detected by MSPCR.

Figure 4. PTPLI methylation levels before and after arsenic disulfide (20uM) treatment in
GM 12878, DB and SU-DHL-4 cell lines. **P < 0.01 and ***P < 0.001.

Figure 5. PTPLI methylation in DB and SU-DHL-4 cells treated with different doses of arsenic
disulfide detected by MSPCR.

Figure 6. DNMTI, DNMT3b, and MBD2 mRNA expression in DB and SU-DHL-4 cells treated

with different doses of arsenic disulfide detected by RT-PCR. *P < 0.05 and **P < 0.01.
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Figure 1

Figure 1.

Knockdown efficiencies of three siRNAs verified using RT-PCR and Western blotting. (A)
PTPL1 mRNA expression in control, NC, siRNAL, siRNA2, and siRNA3 groups detected by RT-
PCR; (B) Western blotting bands and PTPL1 protein expression in control, NC, siRNA1,
SiRNA2, and siRNA3 groups. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Figure 2

Figure 2

Cell proliferation and proliferation rate of control group, NC group and siRNA group in DB and

SU-DHL-4 cell lines. **P < 0.01.
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Figure 3

Figure 3

PTPL1I methylation in DB and SU-DHL-4 cell lines detected by MSPCR.
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Figure 4

Figure 4

PTPLI methylation levels before and after arsenic disulfide (20uM) treatment in GM12878,
DB and SU-DHL-4 cell lines. **P < 0.01 and ***P < 0.001.
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Figure 5

Figure 5

PTPLI methylation in DB and SU-DHL-4 cells treated with different doses of arsenic disulfide
detected by MSPCR.
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Figure 6

Figure 6

DNMTI, DNMT3b, and MBD2 mRNA expression in DB and SU-DHL-4 cells treated with different
doses of arsenic disulfide detected by RT-PCR. *P < 0.05 and **P < 0.01.
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