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MicroRNA-298 determines the radio-resistance of colorectal cancer cells by directly

targeting human dual-specificity tyrosine(Y)-regulated kinase 1A

Shen MZ et al. CRC determined by miR-298 targeting DYRK1A

Abstract

BACKGROUND

Radiotherapy stands as a promising therapeutic modality for colorectal cancer (CRC);
yet, the formidable challenge posed by radio-resistance significantly undermines its

efficacy in achieving CRC remission.

AIM
To elucidate the role played by microRNA-298 (miR-298) in CRC radio-resistance.

METHODS

To establish a radio-resistant CRC cell line, HT-29 cells underwent exposure to 5 gray
ionizing radiation that was followed by a 7-d recovery period. The quantification of
miR-298 levels within CRC cells was conducted through quantitative RT-PCR, and
protein expression determination was realized through Western blotting. Cell viability
was assessed by 3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide assay
and proliferation by clonogenic assay. Radio-induced apoptosis was discerned through

flow cytometry analysis.

RESULTS

We observed a marked upregulation of miR-298 in radio-resistant CRC cells. MiR-298
emerged as a key determinant of cell survival following radiation exposure, as its
overexpression led to a notable reduction in radiation-induced apoptosis. Intriguingly,

miR-298 expression exhibited a strong correlation with CRC cell viability. Further
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investigation unveiled human dual-specificity tyrosine(Y)-regulated kinase 1A

(DYRK1A) as miR-298’s direct target.

CONCLUSION
Taken together, our findings underline the role played by miR-298 in bolstering radio-
resistance in CRC cells by means of DYRK1A downregulation, thereby positioning miR-

298 as a promising candidate for mitigating radio-resistance in CRC.
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Core Tip: Our findings indicate that microRNA-298 (miR-298) is upregulated in radio-
resistant colorectal cancer (CRC) cells. Overexpression of miR-298 leads to decreased
human dual-specificity tyrosine(Y)-regulated kinase 1A expression, ultimately

enhancing the radio-resistance of CRC cells.

INTRODUCTION

Malignant lesions arising in the colorectal mucosal epithelium give rise to colorectal
cancer (CRC), a pervasive and life-threatening malady worldwide. Notably,
neoadjuvant irradiation confers substantial advantages to individuals afflicted with
CRC in comparison to surgical intervention alone. Research has demonstrated that
following a course of five brief radiotherapy sessions delivering 5 gray (Gy) each,
overall survival rates ascended from 30% to 38%, accompanied by a notable drop in

local recurrence rates from 26% to 9%['?. While radiotherapy stands as a highly
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efficacious therapeutic approach, the inherent radio-resistance exhibited by tumor cells
frequently emerges as a formidable impediment to its effectivenessl3l.

DNA double-stranded breaks (DSBs) represent the gravest form of damage inflicted
upon chromatin by ionizing radiation (IR). The extent of DNA damage induced by IR
varies depending on factors such as radiation dosage, cellular sensitivity to radiation,
and DNA repair capabilities!*®l. The generation of DSBs within specific genomic regions
triggers histone H2AX phosphorylation near the injury site, giving rise to the formation
of what are commonly known as yH2AX focil’l. Within these lesions, a complex
network interconnecting various biochemical pathways has evolved in cells to
neutralize permanent DSB damage, facilitating lesion removal and the restoration of
DNA integrity. The principal pathways encompass canonical non-homologous end-
joining (NHE]J)[7], alternative NHE]I8], and homologous recombinationl?l. Activation of
these DNA repair mechanisms is selectively driven by the nature of the DNA damage,
cell cycle phases, chromatin configuration at the site of damage, DSB characteristics,
and potentially other factorsl*l. Human dual-specificity tyrosine(Y)-regulated kinase 1A
(DYRK1A) belongs to a family of genetically conserved protein kinases that encode a
critical region of chromosome 21 associated with Down syndrome (DS)['0l. The loss of
one copy of the DYRK1A gene, or intragenic deletion, has been linked to syndromes
featured by microcephaly and severe intellectual disabilityl'l. Moreover, a mouse
model with trisomy of the DYRK1A gene was discovered to exhibit certain phenotypic
characteristics reminiscent of DS[2. DYRK1A has also been suggested to participate in
governing the recruitment of the tumor suppressor p53 binding protein 1 (53BP1) to
DNA damage sites, partly by means of its interaction with ring finger protein 169
(RNF169)It31,

MicroRNAs (miRNAs) constitute a highly conserved family of small, non-coding
RNAs that post-transcriptionally control gene expression by facilitating the degradation
or impeding the translation of their target mRNAs. A mounting body of evidence
underscores the involvement of miRNAs in a wide spectrum of both physiological and

pathological processes!l. Accumulating evidence has linked miR-298 dysregulation to
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CRC development, with miR-298 overexpression demonstrated to accelerate CRC cell
proliferation and metastasis through the targeting of phosphatase and tensin
homologl. Yet, it remains to clarify the precise role played by miR-298 in the radio-
resistance of CRC cells. Herein, we generated a radio-resistant cell strain and utilized it
to scrutinize the genetic alterations induced by radiation that are associated with radio-
resistance. Furthermore, we investigated the involvement of miR-298 in radio-resistance

and revealed that it modulates radio-resistance in CRC cells by targeting DYRKIA.

MATERIALS AND METHODS

Cell cultivation and irradiation
We purchased CRC HT-29 cells from the American Type Culture Collection and
maintained them in a fetal bovine serum (10%; Gibco; Thermo Fisher Scientific, Inc.)
and penicillin-streptomycin (1%)-supplemented Dulbecco’s modified Eagle’s medium
(DMEM; Gibco; Thermo Fisher Scientific) in a humidified atmosphere with the
temperature maintained at 37 °C and 5% CO:z in air. They were then seeded in 60 mm
culture dishes and exposed to a single dose of 5 Gy radiation using a 60 CO source.

To establish a radiation-resistant CRC cell line, the parental cells underwent a series
of treatments. HT-29 cells were planted in 60 mm culture dishes (4 x 103 cells/dish) for
IR at a dose of 5 Gy, followed by a 7-d recovery period. This process was repeated 24

times, resulting in a cumulative radiation dose of 120 Gy.

Western blotting
After cellular proteins isolation using a Protease Inhibitor Cocktail and Protein
Phosphatase Inhibitor (Beijing Solarbio Science & Technolggy Co., Ltd.)-supplemented
Radio-Immunoprecipitation Assay (RIPA) buffer (Gibco; Thermo Fisher Scientific), the
protein samples were loaded onto a sodium dodecyl sulfate polyacrylamide gel and
subsequently blotted onto a PVDF membrane. Primary antibodies (Abs) were applied

and incubated overnight in 5% bovine serum albumin at 4 °C. Western blotting analysis

was conducted using Image] software (Bio-Rad Laboratories, Inc.). The primary Abs
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used were [-actin Ab (1:2000, 3700S, Cell Signaling Technology, Inc.), ATM Ab (1:2000,
ab201022, Abcam), p-ATM Ab (1:1000, ab81292, Abcam), cleaved caspase-3 Ab (1:1500,
ab32042, Abcam), cleaved caspase-9 Ab (1:1500, ab2324, Abcam), 53BP1 Ab (1:1000,
ab175933, Abcam), H2AX Ab (1:1000, 7631S, Cell Signaling Technology), and p-H2AX
Ab (I:E]U, 9718S, Cell Signaling Technology). For secondary Abs, the following were
used: HRP-linked anti-mouse IgG (1:8000, 7076P2) and HRP-linked anti-rabbit IgG
(1:5000, 7074P2), both from Cell Signaling Technology.

RNA analysis
Total RNA was meticulously extracted and purified from HT-29 cells following the
precise guidelines provided by TRIzol® reagent (Thermo Fisher Scientific), followed by
skillful reverse-transcription of it into cDNA at a temperature of 37 °C for 15 min,
employing the PrimeScript RT Master Mix cDNA synthesis system (Bio-Rad
Laboratories). A highly accurate qPCR analysis was then conducted utilizing SYBR
Green (Bio-Rad Laboratories).

The  primers employed were as  follows:  miR-298-forward:  5'-

GAAGCAGGGAGGTTCTC-3'; miR-298-reverse: 5'-GAACATGTCTGCGTATCTC-3".

Transfection and plasmid constructions

All transfection experiments were meticulously conducted using the highly effective
Effectene Transfection Reagent (Qiagen GmbH), strictly following its meticulously
detailed recommendations. The essential reagents, including DYRKIA siRNA (si-
DYRK1A), miR-298 mimic, miR-298 inhibitor, and the negative control (NC), were all
procured from the esteemed supplier Gene Pharma (Shanghai, China). Moreover, for
the purpose of this study, the cDNA corresponding to human DYRKIA was skillfully
amplified through PCR and subsequently integrated into the pcDNA3.0 empty vector
(Thermo Fisher Scientific) to meticulously engineer the pcDNA-DYRKIA vector.

Generation of stable cell lines




For the generation of miR-298-overexpressing HT-29 cell lines, we employed human
pre-miRNA expression constructs, namely lenti-miR-298 (MI0005523), which were
thoughtfully procured from System Biosciences. In addition, we used an anti-miR
scramble control lentiviral vector (scramble) for control purposes. The methodology
involved infecting HT-29 cells with lentiviral particles carrying the miR-298 encoding
sequence. To establish stable cell lines expressing miR-298, a prudent selection process

using puromycin was meticulously conducted.

CRC subcutaneous tumor modeling in nude mice

We purchased 6-8 wk-old BALB/c nude mice, all males, from the Animal Experiment
Center of Guangxi Medical University. These mice were meticulously maintained in a
controlled laboratory environment, featuring a temperature of 23 °C + 2 °C, humidity at
50% + 5%, and a light/dark (10/14 h) cycle. It's worth noting that approval has been
received from the Animal Care and Ethics Committee of Guangxi Medical University,
and all the facilities adhered to ethical standards. To induce CRC tumors, we prepared
miR-298-overexpressing HT-29 cells as well as cells transfected with scrambled control.
After suspension in DMEM (200 pL), these cells were injected subcutaneously into the
mouse right hind feet. Once the xenografts reached a mean size of 20 mm?, the tumor-
bearing mice were randomly grouped as follows, each consisting of 5 mice: Scramble-
UT: Mice in this group did not receive any treatment; rLV-miR-298-UT: Again, this
group of mice did not undergo any treatment; rLV-miR-298-IR: Mice were treated with
5 Gy IR exposure on the 0, 4th d, and 8t d; rLV-miR-298-IR: Similar to the previous
group, these animals were subjected to 5 Gy IR exposure on the 0, 4% d, and 8% d.
Tumor size was regularly assessed by measuring dimensions with calipers on days 0, 4,
8, and 12. The tumor volume for each mouse was calculated using the formula: V (mm?3)
=1/6 i X length (mm) X width? (mm?). At the conclusion of the experiment, which took
place 20 days after tumor implantation, the mice were euthanized to carefully excise the

tumor, which was then weighed and photographed for analysis.
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Clonogenic assay

HT-29 cells were initially seeded into the wells (4000-8000 cells/well) of 6-well plates.
Subsequently, these cells were subjected to IR treatment. After a period of 12 d, colonies
that had formed were meticulously fixed using 10% formalin at room temperature for a
duration of 10 min. Following this, the colonies were stained with a 0.02% crystal violet
solution for another 10 min, also at room temperature. The number of cells within each
colony was then quantified under a dissection microscope. The survival fraction was
subsequently determined by expressing it as the ratio of the relative plating efficiencies

of irradiated cells to non-irradiated cells.

In vitro cell viability assay

We employed a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay kit (Beijing Solarbio Science & Technology Co., Ltd.) to determine cell viability,
with the procedures conducted as per the instructions. Briefly, cells were planted into
the wells of 96-well plates and allowed to grow until reaching approximately 75%
confluence. After the designated treatment, MTT solution with a concentration of 5
mg/mL was introduced into each well for a 4-h cultivation at 37 °C. DMSO (50 pL) was
added to each well after solution removal, followed by absorbance (490 nm)

measurement utilizing a microplate reader (Thermo Fisher Scientific).

Statistical analysis

Quantitative data, derived from a minimum of three independent experimentsnare
presented in the form the mean + SD. Data obtained from these experiments were
subjected to statistical analysis using one-way analysis of variance (ANOVA), followed

by Tukey’s post hoc tests, with SPSS 22.0 software (IBM Corp.). The presence of

statistical significance is indicated by P <0.05.

RESULTS
MiR-298 enhanced the radiation resistance of CRC cell lines
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First, we generated a radio-resistant CRC cell line by exposing HT-29 cells to 120 Gy IR
over a two-week treatment. In comparison to the parental cells, HT-29-IR cells exhibited
an obvious increase in radio-resistance. To confirm these observed phenotypes, we
assessed the survival rate through a clonogenic assay in irradiated HT-29-IR cells. The
results demonstrated resistance of HT-29-IR to radiation-induced cell death in
comparison to their parental counterparts (Figure 1A). Furthermore, flow cytometry
analysis of apoptosis consistently indicated that HT-29-IR cells were highly resistant to
radiation-induced apoptotic cell death (Figure 1B). It was found that miR-298 was
upregulated in HT-29-IR, suggesting the potential involvement of miR-298 in radio-
resistance of CRC (Figure 1C). To explore the role of miR-298, HT-29 cells
overexpressing miR-298 and knocking down miR-298 were transfected with miR-298
mimic and miR-298 inhibitor, respectively. Overexpression or knockdown efficiency
was confirmed by qPCR (Figure 1D). Notably, clonogenic assay demonstrated increased
survival of radiation-exposed HT-29 after overexpressing miR-298, whereas knockdown
of miR-298 contributed to the opposite effect on survival versus control group (Figure
1E). Therefore, the results indicated that miR-298 overexpression protected radiation-

induced apoptosis.

MiR-298 reduced radio-sensitivity of CRC tumors
To verify the specificity of the function of miR-298 in radio-resistance, an ectopic
(subcutaneous) CRC model in nude mice was generated as described previously

(Huang et al, 2015). The subcutaneous implantation of scamble-transfected cells resulted

in growing tumors, which is suppressed by a single dose of local radiation (Figure 2A).
However, the data of tumor size and weight showed that overexpression of miR-298
rendered xenograft more resistance to radiation treatment (Figure 2B). These findings

suggested that miR-298 overexpression reduced radio-sensitivity in CRC tumors in vivo.

MiR-298 reduced 53BP1 expression
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In response to radiation, DNA damage response proteins such as H2AX, ATM, and
53BP1 were recruited to the double-strand breaks sites. Subsequently, the role played
by miR-298 in DNA damage was examined. As shown in Figure 3A, overexpression of
miR-298 decreased 53BP1 protein levels, but did not alter the expression of H2AX and
ATM. In addition, miR-298 overexpression displayed no notable effects on radiation-
induced phosphorylated ATM and H2AX, but reduced 53BP1 expression (Figure 3B).

This suggested that miR-298 is required for maintaining 53BP1 expression.

MiR-298 directly targeted DYRK1A

We utilized TargetScan (URL: http://www.targetscan.org) to predict miR-298's
potential target genes. The analysis results revealed that, while 53BP1 is not a direct
target of miR-298, miR-298 could target DYRK1A (Figure 4A), a gene required for
maintaining 53BP1 expression and its subsequent recruitment to DNA damage loci.
Further, a luciferase reporter assay was carried out to assess the direct association of
miR-298 with DYRKIA. HT-29 cells were co-transfected with DYRK1A-UTR-WT- or
DYRK1A-UTR-Mut-containing luciferase reporters along with miR-298 mimics. The
luciferase reporter assay results indicated a 51% inhibition of luciferase activity in cells
transfected with miR-298 mimic fused to DYRK1A UTR, compared to the NC (Figure
4B). Additionally, DYRK1A expression was reduced in miR-298 mimic group but
enhanced in miR-298 inhibitor group (Figure 4C). Compared with the NC group, the
expressions of 53BP1 and DYRKIA proteins in the mimc group were significantly
decreased under 5-cy treatment, while the expressions of 53BP1 and DYRK1A proteins
in the mimc + pcDNA-DYRK1A group were significantly increased compared with the
mimc group. Notably, pcDNA-DYRK1A vector-transfected HT-29 cells were able to
rescue the decreased expression of 53BP1 induced by miR-298 overexpression (Figure
4D), suggesting that miR-298 regulates 53BP1 expression in a DYRKI1A-dependent

manner.

MiR-298 influenced CRC cell radio-sensitivity via DYRK1A
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We assessed DYRK1A expression in both HT-29 and HT-29-IR cells via Western blotting
analysis. Interestingly, DYRK1A was observed to be under-expressed in radio-resistant
cells (Figure 5A). To investigate whether DYRK1A expression influences radiation
resistance, we transfected HT-29 cells with a pcDNA-DYRK1A vector, with pcDNA
empty vector-transfected cells served as controls. According to the clonogenic assay,
cells characterized by DYRKIA overexpression exhibited a reduced survival rate
(Figure 5B). Furthermore, flow cytometry apoptosis assay results indicated that
DYRKI1A-transfected HT-29-IR cells displayed increased sensitivity to radiation (Figure
5C). MTT assay identified weakened cell viability in the pcDNA-DYRK1A group versus
the control group (Figure 5D), suggesting that DYRKIA may functionally enhance
radio-sensitivity. Intriguingly, miR-298 downregulation in HT-29 realized through
inhibitor transfection significantly enhanced radiation-induced cleaved-caspase3 and
cleaved-caspase9, and this effect was counteracted by DYRKIA silencing (Figure 5E).
These results imply that miR-298 reduces radiation-induced CRC cell apoptosis and
radio-sensitivity by modulating DYRK1A expression.

DISCUSSION
Radiotherapy resistance is considered a conundrum to decipher in radiotherapy
treatment of CRC. Therefore, a thorough understanding of the mechanism underlying
radio-resistance is important to enhance radiotherapy efficacy. After radiation, some
cellular processes begin to repair the damage, whereas cells that fail repair undergo
deathl’¢l. In this study, a radiation resistant HT-29 (HT-29-IR) cell strain was
established, with which an in vitro model was built to study the molecular mechanisms
behind radio-resistance. The results showed that caspases activity and apoptosis of HT-
29-IR cells decreased after irradiation. Additionally, a connection between high miR-298
expression in tumors and CRC cell radio-resistance was determined.

Indeed, there is compelling evidence that miR-298 is essential in the regulation of
various signaling transduction mediators, contributing to cell cycle regulation and

tumour survival. For instance, miR-298 showed upregulated expression in prostate
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cancer tissues than in normal counterparts(l’7. Moreover, overexpressing miR-298
reduces hepatocellular carcinoma cell migration and invasiveness by suppressing the
Wnt/B-catenin axis!'8l. Furthermore, miR-298 inhibited pro-apoptotic Bcl-2-associated X
(BAX) protein expression, leading to decreased gastric carcinoma cell apoptosis/1?l.
Upregulated miR-298 was found in radio-resistant CRC cells in the present study.
Overexpressing miR-298 reduced radiation-induced apoptosis. In vitro experiment, it
was also confirmed the beneficial role: MiR-298 overexpression decreased radio-
sensitivity of CRC tumors. The present study showed miR-298 is required for the basal
expression of 53BP1, a DNA repair protein that rapidly recruited to the DSB site
following exposure to radiation(2’l. 53BP1 Localization to DSBs depends on multiple
chromatin changes that occur in the vicinity of DNA damage. Studies have shown that
53BP1 and di-methylation of histone H4 lysine 20 (H4K20me?2) is closely related to DNA
damage induced by radiation(?%?2. Besides, RNF8 and RNF168, the RING finger E3
ubiquitin ligases, are essential for 53BP1 recruitment!1321.

According to predictions from the TargetScan database, miR-298 appears to directly
target DYRK1A. Previous research has reported that the knockdown of DYRKIA
reduced p53Ser-15 phosphorylation in neurons(2!l. DYRK1A plays a part in regulating
mitochondrial apoptotic signaling by increasing the levels of mitochondrial apoptotic
proteins, including caspase-9/3. Additionally, a study by Laguna ef all®®! demonstrated
the ability of DYRKIA to modulate caspase-9-mediated apoptosis during retinal
development. Consistent with prior reportsi?®l, our study reveals that DYRKIA is
downregulated in radio-resistant CRC cells. Lan et all?7l showed that DYRKIA is a target
of radiothe&py sensitization in pancreatic cancer. Their study confirmed that DYRKIA
inhibition, used in combination with radiotherapy, increases DNA double-strand breaks
and impacts homologous repair, leading to more cancer cell death. Consequently,
DYRKIA may function as a tumor suppressor due to its ability to promote radio-
sensitivity in CRC cells. This study has shed light on the roles of miR-298 and DYRKI1A

in CRC cells. To gain a more comprehensive understanding of miR-298's function,
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clinical analyses should be considered to assess its diagnostic and prognostic value in

CRC.

CONCLUSION

In summary, our findings indicate that miR-298 is upregulated in radio-resistant CRC
cells. Overexpression of miR-298 leads to decreased DYRK1A expression, ultimately

enhancing the radio-resistance of CRC cells.

ARTICLE HIGHLIGHTS

Research background
Radiotherapy stands as a promising therapeutic modality for colorectal cancer (CRC);
yet, the formidable challenge posed by radio-resistance significantly undermines its

efficacy in achieving CRC remission.

Research motivation

Radiotherapy can effectively inhibit the proliferation of cancer cells, but a considerable
number of CRC patients are still resistant to radiotherapy, and further exploration of
potential drug resistance targets is needed to provide a theoretical basis for developing

effective treatment strategies to improve response rate.

Research objectives

To analyze the role of microRNA-298 (miR-298) in the radioresistance of CRC and its
molecular mechanism. MiRNAs are involved in a wide range of physiological and
pathological processes, and the dysregulation of miR-298 has been shown to be related
to the development of CRC. However, the exact role that miR-298 plays in the

radioresistance of CRC cells remains to be elucidated.

Research methods
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This study established a radiation-resistant CRC cell line, which exposes HT-29 cells to
5 gray ionizing radiation, followed by a 7-d recovery period. The miR-298 expression
level and the biological behavior of HT-29 cells were examined before and after
radiotherapy. To explore the radiosensitivity and the expression of downstream target
genes in ectopic CRC model tumors after overexpressing miR-298. Dual-luciferase
reporter assay for the binding site of DYRKIA with miR-298. Knockdown of miR-298
observed DYRK1A expression and radiation-induced apoptosis were improved in HT-

29 cells.

Research results

We observed a significant upregulation of miR-298 in radioresistant CRC cells. MiR-298
emerged as a key determinant of cell survival after radiation exposure, as its
overexpression resulted in a significant reduction in radiation-induced apoptosis.
Interestingly, there was a strong correlation between miR-298 expression and CRC cell
viability. Further studies revealed DYRKIA as a direct target of miR-298. Taken
together, our results highlight the role that miR-298 plays in enhancing radioresistance
in CRC cells by downregulation of DYRKIA, thereby positioning miR-298 as a

promising candidate gene.

Research conclusions
This study revealed an important target of CRC resistance to radiotherapy, miR-298, an
effect of DYRK1A to enhance radioresistance in CRC cells. This study provides proof of

principle for the development of a protocol based on radiotherapy + targeting for CRC.

Research perspectives
Cancer radiotherapy resistance remains a major challenge for cancer patients. To
improve patient outcomes, we need to further understand the mechanisms by which

tumor ecosystem tumor cell proliferation, apoptosis, invasion, and migration under the

13/20




induction of continuous therapy. Analysis of the targets of radiotherapy

sensitive /resistant to tumors will help to discover new therapeutic opportunities.
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Figure 1 MicroRNA-298 overexpression promoted the radiation resistance of
colorectal cancer cell strains. A: As demonstrated by clonogenic assay, radiation-
resistant cell lines (HT-29-IR) exhibited a notable increase in survival rates compared to
the radio-sensitive parental cell lines (HT-29) upon exposure to radiation treatment; B:
Annexin V/PI staining was performed on HT-29 and HT-29-IR exposed to 5 Gy
irradiation. The results indicated that HT-29-IR cells were highly resistant to radiation-
induced apoptotic cell death than HT-29; C: Real-time reverse transcriptase-polymerase

chain reaction (RT-qPCR) was performed to determine microRNA-298 (miR-298)
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expression in HT-29 and HT-29-IR; D: RT-qPCR was conducted to assess miR-298 levels
in HT-29 transfection with either the miR-298 mimic or miR-298 inhibitor; E: HT-29 cells
were transfected with miR-298 mimic or miR-298 inhibitor and then exposed to
radiation, followed by cell survival assessment by clonogenic assay. miR-298:
MicroRNA-298; HT-29-IR: Radiation-resistant cell lines; IR: Ionizing radiation. P < 0.05,
bp <0.01.

Figure 2 MicroRNA-298 overexpression decreases radio-sensitivity in the tumor of
ectopic colorectal cancer model. A and B: Mice were treated with ionizing radiation
when tumor volume reached 20 mm?, and then tumor growth was monitored for 12 d.
Data are mean + SD values from 5 individual mice in each group. Tumor weights were
measured after mice were sacrificed on day 20, representative tumors from
corresponding treatments groups. The control group (A) was more sensitive to
radiation than the microRNA-298 overexpression group (B). miR-298: MicroRNA-298;
UT: IR: Ionizing radiation. 2P < 0.05; NS: Not significant.

Figure 3 MicroRNA-298 overexpression decreases p53 binding protein 1 expression.
A: After scramble or microRNA-298 (miR-298) mimic transfection, HT-29 cells were
detected by Western blotting for ATM, H2AX, and p53 binding protein 1 (53BP1)
protein levels; B: HT-29 cells were subjected to radiation exposure after scamble or miR-
298 mimic transfection. Western blotting was performed to detect the total and
phosphorylated ATM, H2AX, and 53BP1 expression. miR-298: MicroRNA-298; IR:
Ionizing radiation; AYM: H2AX: 53BP1: p53 binding protein 1. 2P < 0.05, PP < 0.01.
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Figure 4 Human dual-specificity tyrosine(Y)-regulated kinase 1A is microRNA-298's
target. A: A schematic diagram depicts the putative binding loci of microRNA-298
(miR-298) within the 3’ untranslated region (3'UTR) of the human dual-specificity
tyrosine(Y)-regulated kinase 1A (DYRK1A) gene; B: A luciferase reporter assay was
carried out to assess the direct association of miR-298 with DYRK1A in HT-29. These
cells were co-transfected with the miR-298 mimic plus a luciferase reporter construct
containing either the wild-type (WT) DYRK1A 3'UTR or a mutant (Mut) version that
disrupted the putative miR-298 binding sites; C: Following negative control (NC), miR-
298 inhibitor, or miR-298 mimic transfection, and Western blotting was carried out to
determine DYRK1A protein expression in HT-29 cells; D: HT-29 cells were subjected to
NC, or miR-298 mimic transfection, or miR-298 mimic plus pcDNA-DYRK1A vector co-
transfection, followed by western blotting determination of DYRK1IA and p53 binding
protein 1 expressions. miR-298: MicroRNA-298; IR: Ionizing radiation; DYRKTA:
Human dual-specificity tyrosine(Y)-regulated kinase 1A; NC: Negative control. 2P <
0.05, P < 0.01.

Figure 5 MicroRNA-298 knockdown regulates radio-induced apoptosis depended on
human dual-specificity tyrosine(Y)-regulated kinase 1A expression. A: Western
blotting was carried out to examine human dual-specificity tyrosine(Y)-regulated kinase
1A (DYRK1A) levels in HT-29 and HT-29-IR cell lines; B: HT-29 cells were exposed to
radiation following empty vector or pcDNA-DYRKIA vector transfection. Clonogenic
assay was performed to assess cell survival; C: HT-29 cells were treated with radiation
exposure after empty vector or pcDNA-DYRKIA vector transfection, followed by cell
apoptosis examination by Annexin V/PI staining; D: HT-29 cells were treated with
radiation exposure after empty vector or pcDNA-DYRKIA vector transfection, and cell
viability was then determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide assay; E: HT-29 cells were transfected with inhibitor, or co-transfected with
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inhibitor and si-DYRKIA, and then exposed to radiation. Western blotting was carried

out to measure cleaved-caspase 3/9 protein levels. 2P < 0.05.
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