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miR-1301 is a newly discovered miRNA, which is abnormally expressed in 14 types of
tumors. miR-1301 inhibits 23 target genes, forms a ceRNA network with 2 circRNAs and
8 lncRNAs, and participates in 6 signaling pathways, thereby affecting tumor cell
proliferation, invasion, metastasis, apoptosis, angiogenesis, etc. Abnormal expression
of miR-1301 is often associated with poor prognosis of cancer patients. In addition, miR-
1301 is related to the anti-tumor effect of epirubicin on osteosarcoma and imatinib on
chronic myeloid leukemia(CML) and can enhance the cisplatin sensitivity of ovarian
cancer. This work systematically summarizes the abnormal expression and prognostic
value of miR-1301 in a variety of cancers, depicts the miR-1301-related signaling
pathways and ceRNA network, and provides potential clues for future miR-
1301 research.
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INTRODUCTION

There is increasing evidence that non-coding RNAs, including microRNAs (miRNAs), long non-
coding RNAs (lncRNAs), and circular RNAs (circRNAs), play an important role in various
biological processes (1). Long non-coding RNA (lncRNA) is an ncRNA that is more than 200
nucleotides in length. LncRNA has no coding function and can be transcribed autonomously.
LncRNA has many functions, such as remodeling chromatin and genome structure, stabilizing
RNA, and regulating transcription (2). Circular RNAs (circRNAs) are a new type of endogenous
non-coding RNA with a closed-loop structure that can regulate linear RNA transcription,
downstream gene expression, and protein production (2). MicroRNAs (miRNAs) are small non-
coding RNAs (ncRNAs) of 20-22 nucleotides (3). miRNA usually binds to the 3’-untranslated
regions (3’-UTRs) of its target mRNA, thereby inhibiting target gene expression (3). LncRNAs and
circRNAs may competitively bind to miRNA through miRNA response elements, thereby
regulating the expression level of miRNA and its target mRNA (2). Hsa-mir-1301 is a newly
identified miRNA gene (4) located at chromosome 2p23.3. Hsa-mir-1301 can produce two mature
miRNAs, miR-1301-3p and miR-1301-5p. At present, all miR-1301-related studies only involve
miR-1301-3p, and there is no report about miR-1301-5p.

miR-1301-3p (miR-1301) is abnormally expressed in 16 cancers. Abnormal expression of miR-
1301 is significantly related to the clinicopathological characteristics and prognosis of 4 cancers (4–8).
miR-1301 is related to the anti-tumor effect of epirubicin (EPI) on osteosarcoma and imatinib
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(IM) on chronic myeloid leukemia (CML). miR-1301 also inhibit
the cisplatin resistance of ovarian cancer (9–11). miR-1301 can
compete with endogenous competitive RNA (ceRNA) and
regulate at least 6 classic signaling pathways.

At present, many studies have shown that miR-1301 is
closely related to the occurrence and development of cancer,
but there is still a lack of systematic understanding of miR-
1301. Therefore, we perform a PUBMED search with the
following combination: “((((miR1301) OR (miR-1301)) OR
(microRNA-1301)) OR (miRNA-1301)) AND (cancer)”, and
conduct a comprehensive analysis of the retrieved literature.
This work summarizes the diagnostic and prognostic value of
miR-1301 in cancers, as well as the ceRNA network and
signaling pathways it participates in and looks forward to the
future challenges of miR-1301 research.
THE ABERRANT EXPRESSION OF
miR-1301 IN CANCER

As shown in Table 1, miR-1301 is aberrantly expressed in 16
cancers. Among them, miR-1301 was down-regulated in 11
cancers, up-regulated in 2 cancers, and there were inconsistent
expression results of miR-1301 expression in 3 cancers. miR-
1301 is involved in the biological processes of tumor cell
proliferation, migration, invasion, and apoptosis by regulating
multiple downstream genes (Figure 1). In all tumor types
involved in miR-1301, the abnormal expression of miR-1301
can affect the proliferation of tumor cells by affecting cell cycle
and apoptosis (1, 7, 9, 12, 16, 17, 24, 26–29, 33–36). Metastasis is
characterized by cancer cells invading the basement membrane
into the adjacent matrix, then invading and surviving into the
circulatory system (including blood and lymphatic tissue), and
extravasation to distant tissues. A core step in the process of
cancer metastasis is the acquisition of migratory and aggressive
phenotypes (37). In 9 types of tumors, the abnormal down-
regulation of miR-1301 will affect p53, WNT, STAT3, and other
signaling pathways, which can promote tumor cell migration
and invasion.
miR-1301 Is Down-Regulated in 11 Tumors
Studies have shown that miR-1301 is down-regulated in 11
cancers. These tumors include esophageal cancer (12, 38, 39),
oral squamous cell carcinoma (OSCC) (13), colorectal cancer
(CRC) (6, 17, 18, 40), laryngeal squamous cell carcinoma (LSCC)
(41), papillary thyroid carcinoma (PTC) (7, 23, 42), clear cell
renal cell carcinoma (ccRCC) (27), bladder cancer (28), cervical
cancer (33), glioma (4, 24, 29), osteosarcoma (8, 9, 43), and CML
(10). In these tumors, miR-1301 is regulated by at least 12
ncRNAs, including 3 circRNAs (MYLK, circ_0004370 and
circ_0067934) and 9 lncRNAs (LINC01433, MIAT,
LINC01207, RNCR3, VPS9D1-AS1, ABHD11-AS1, SNHG16,
NNT-AS1, PVT1). Up-regulation of these upstream ncRNAs
can inhibit the function of miR-1301, thereby changing the
behavioral characteristics of tumor cells.
Frontiers in Oncology | www.frontiersin.org 2
miR-1301 Is Up-Regulated in
2 Types of Tumors
miRNA can target different downstream genes, and play an anti-
cancer effect or carcinogenic effect in different tumors. Although
miR-1301 is down-regulated in 9 tumors, miR-1301 is up-
regulated in lung cancer (5, 21) and breast cancer (3, 20).

In four lung cancer cell lines, the expression of miR-1301 was
higher than that of human normal lung epithelial cells (BEAS-
2B) (5, 21). Thy-1 is a cell surface glycoprotein, which is closely
related to idiopathic pulmonary fibrosis (22) and lung cancer (5).
Polymerase I and transcript release factor (PTRF) is also known
as cavin-1, and its down-regulation has been shown to promote
the progression of prostate cancer, breast cancer, and
glioblastoma (30). In lung cancer, miR-1301 acts as an
oncogene by inhibiting the Thy-1 and PTRF genes (5, 21).

The expression of miR-1301 is significantly up-regulated in a
variety of breast cancer cell lines and tissues, and it promotes
cancer cell proliferation by directly targeting and inhibiting the
expression of ICAT (3). In triple-negative breast cancer (TNBC),
there is a negative feedback loop between EZH2 and miR-1301.
Specifically, EZH2 can promote the expression of miR-1301,
thereby inhibiting the expression of EZH2 itself. At the same
time, the overexpression of miR-1301 can inhibit the
proliferation of TNBC cells and the growth of xenograft
tumors in mouse (20). The above evidence indicates that the
dual role of miR-1301 may depend on the regulation of upstream
factors in different pathological tissues. Compared with 2
primary normal breast epithelial cell lines, miR-1301 is highly
expressed in 9 breast cancer cell lines. Inhibitor of b-catenin and
TCF4 (ICAT) can suppress the activity of Wnt/b-catenin and
play a tumor suppressor effect in a variety of tumors (31, 32).
miR-1301 can inhibit the expression of ICAT, thereby increasing
the risk of breast cancer (3). In addition, analysis of TCGA data
showed that miR-1301 is highly expressed in TNBC. Both in vivo
and in vitro experiments have shown that miR-1301
overexpression can inhibit breast cancer tumor growth (20).
The tumor suppressor ability of miR-1301 may be derived from
EZH2, which is a recognized oncogene (14). EZH2 is
overexpressed in a variety of human malignancies (14). The
overexpression of EZH2 is often associated with the advanced
stage and poor prognosis of human cancer (15). It is worth
noting that the expression of miR-1301 and EZH2 in TNBC is
positively correlated, and the high expression of the two is
correlated with poor metastasis-free survival and poor overall
survival of TNBC patients (20).

Inconsistent Results of miR-1301
Expression in 3 Kinds of Tumors
As shown in Table 2, there are inconsistent results of miR-1301
expression in hepatocellular carcinoma (19, 36, 44), prostate
cancer (34, 35, 45), and gastric cancer (1, 16).

The expression of miR-1301 in the five hepatoma cell lines
(Hep3B, Huh-7, HepG2, SMMC-7721, and MHCC97L) was
significantly lower than that in LO2, a human fetal hepatocyte
line (19, 44). In addition, in hepatoma cell line HepG2, the
expression of miR-1301 was significantly lower than that in
January 2022 | Volume 11 | Article 789626
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TABLE 1 | The role of miR-1301 in various tumors.

System Tumor type Clinical
samples

Cell lines Animals Expression Regulatory
mechanism

Effect in vitro Effect in
vivo

Ref.

Digestive
system

EC 50 pairs of
tissues (From 50
patients)

EC: OE19, KYSE410, EC109,
and TE11; Normal: HEEC

nude
mice
(female,
4 weeks
old)

Downregulation circ_0004370/
miR-1301-3p/
COL1A1

proliferation↓
migration↓
invasion↓
EMT↓
apoptosis↑

tumor
growth↓
(tumor
volume and
weight↓)

(10)

ESCC 40 pairs of
tissues (From 40
patients)

ESCC: Eca109, KYSE70, and
TE-1; Normal: HEEC

– Downregulation LINC01433/
miR-1301-3p

proliferation↓
migration↓
invasion↓

– (11)

– ESCC: EC9706, EC1, EC109,
and KYSE150; Normal: Het-
1A

6 BALB/
c nude
mice
(female)

Downregulation SOX2/MIAT/
miR-1301-3p/
INCENP

proliferation↓
migration↓
invasion↓

tumor
growth↓

(12)

OSCC 30 pairs of
tissues (From 30
patients)

OSCC: HSC-3 and HSC-4;
Normal: NOK

– Downregulation LINC01207/
miR-1301-3p/
LDHA

proliferation↓
migration↓
invasion↓
apoptosis↑
autophagy↑

– (13)

GC 60 pairs of
tissues (From 60
patients)

GC: MGC-803 and SGC-
7901; Normal: GES-1

30
BALB/c
nude
mice
(4 weeks
old)

Upregulation miR-1301-3p/
SIRT1

proliferation↑
cell cycle↑

tumor
growth↑
(tumor
volume and
weight↑)

(14)

76 pairs of
tissues (From 76
patients)

GC: MGC-803, HGC-27,
MKN-45, and BGC-823;
Normal: GES-1

6 BALB/
c nude
mice
(6 weeks
old)

Downregulation CTCF/
LINC01207/
miR-1301-3p/
PODXL

proliferation↓
migration↓
invasion↓
apoptosis↑

tumor
growth↓
(tumor
growth rate↓
tumor
volume and
weight↓)

(15)

CRC – CRC: LoVo and SW480 – Downregulation miR-1301-3p/
STAT3/MMPs

migration↓
invasion↓

– (16)

76 pairs of
tissues (From 76
patients)

CRC: HCT116, SW480, Caco-
2 and PKR
Normal: NCM460

6 BALB/
c nude
mice
(female,
5 weeks
old)

Downregulation RUNX1/
RNCR3/miR-
1301-3p/
AKT1

proliferation↓
invasion↓
apoptosis↑

tumor
growth↓
(tumor
volume and
weight↓)

(17)

113 patients – – Downregulation miR-1301-3p/
B7-H3

migration↓
invasion↓

tumor
metastasis↓

(4)

Colon
adenocarcinoma

36 pairs of
tissues (From 36
patients)

Colon adenocarcinoma: DLD1,
SW620, SW480, and
HCT116; Normal: FHC

– Downregulation VPS9D1-AS1/
miR-1301-3p/
CLDN1

proliferation↓
migration↓
invasion↓
apoptosis↑

– (18)

HCC 35 pairs of
tissues (From 35
patients)

HCC: Huh-7, HepG2, Hep3B,
PLC/PRF/5 and Bel-7404;
Normal: MIHA

– Upregulation miR-1301-3p/
KLF6-FL

migration↑
angiogenesis↑

– (19)

– HCC: Huh-7, HepG2, Hep3B,
MHCC97L, and SMCC-7721;
Normal: LO2

12
BALB/c
mice

Downregulation LINC01433/
miR-1301-3p/
STAT3

proliferation↓
migration↓
invasion↓

tumor
growth↓
(tumor
volume and
weight↓)

(20)

60 pairs of
tissues (From 60
patients)

HCC: Huh-7, HepG2, Hep3B,
and SMMC-7721; Normal:
LO2

30
BALB/c
nude
mice
(female,
4 weeks
old)

Downregulation miR-1301-3p/
BCL9

migration↓
invasion↓
angiogenesis↓
EMT↓

tumor
metastasis↓

(21)

– HCC: HepG2; Normal:
Qsg7701

– Downregulation – proliferation↓
migration↓

– (22)

(Continued)
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TABLE 1 | Continued

System Tumor type Clinical
samples

Cell lines Animals Expression Regulatory
mechanism

Effect in vitro Effect in
vivo

Ref.

invasion↓
apoptosis↑

Respiratory
system

LSCC – LSCC: FD-LSC-1 and TU-177;
Normal: HOK

– Downregulation PVT1/miR-
1301-3p/
MBNL1

proliferation↓
apoptosis↑
susceptibility
to NK cells↑

– (23)

NSCLC 124 pairs of
tissues (From
124 patients)

NSCLC: A549, H1299, MRC5,
and SK-LU-1; Normal: BEAS-
2B

– Upregulation miR-1301-3p/
Thy-1

proliferation↑
migration↑
invasion↑

– (3)

Lung cancer 40 pairs of
tissues (From 40
patients)

Lung cancer: A549 and
H1299; Normal: BEAS-2B

– Upregulation miR-1301-3p/
PTRF

proliferation↑
migration↑
EMT↑

– (24)

Endocrine
system

PTC 30 pairs of
tissues (From 30
patients)

PTC: TPC-1, SW579,
FTC133, MDA-T32, MDA-
T120 and XTC-1; Normal:
Nthy-ori3-1

– Downregulation circ_0067934/
miR-1301-3p/
HMGB1

proliferation↓
migration↓
invasion↓
EMT↓
apoptosis↑

– (23)

70 pairs of
tissues [From 70
patients with
PTC (n = 35) and
benign tumors (n
= 35)]

PTC: TPC-1; Normal: Nthy-
ori3-1

– Downregulation – proliferation↓
cell cycle↓

– (5)

82 pairs of
tissues (From 82
patients)

PTC: BCPAP and K1; Normal:
Nthy-ori 3-1

12
BALB/c
nude
mice
(male, 4-
5 weeks
old)

Downregulation ABHD11-
AS1/miR-
1301-3p/
STAT3

proliferation↓
migration↓
invasion↓
EMT↓
apoptosis↑

tumor
growth↓
(tumor
volume and
weight↓)
tumor
metastasis↓

(25)

Urinary
system

ccRCC 45 pairs of
tissues (From 45
patients)

ccRCC: A498, 786-O, Caki-1,
and OSRC-2; Normal: HK2

– Downregulation SNHG16/
miR-1301-3p/
STARD9

proliferation↓
apoptosis↑

– (26)

BCa – BCa: RT-4, UM-UC-3, J82,
and T24; Normal: SV-HUC-1

– Downregulation NNT-AS1/
miR-1301-3p/
PODXL

proliferation↓
migration↓
invasion↓
EMT↓
apoptosis↑

– (27)

Reproductive
system

CC – CC: DoTc2 4510, HCC94, C-
33A, and HT3; Normal: Ect1/
E6E7

– Downregulation MYLK/miR-
1301-3p/
RHEB

proliferation↓
apoptosis↑

– (28)

BC 8 pairs of tissues
(From 8 patients)

BC: MCF-7, MDA-MB231,
T47D, MDA-MB453, SKBR3,
BT549, MDA-MB435, ZR-75-
30, and Bcap37; Normal: 2
primary normal breast
epithelial cells

– Upregulation miR-1301-3p/
ICAT

proliferation↑ – (1)

TNBC – TNBC: MDA-MB231,
SUM149PT, HCC1937, and
HCC1806

12 nude
mice
(female)

Upregulation EZH2/miR-
1301-3p/
EZH2

proliferation↓
migration↓
invasion↓

tumor
growth↓
(tumor
volume and
weight↓)

(29)

Prostate cancer 8 pairs of tissues
(From 8 patients)

– – Upregulation miR-1301-3p/
SFRP1,
GSK3b

self-renewal of
PCSCs↑

– (30)

8 pairs of tissues
(From 8 patients)

Prostate cancer: Tsu-Pr1,
PC3, DU145, LNCaP, and
22RV1; Normal: prostate
epithelial cells

– Upregulation miR-1301-3p/
PPP2R2C

proliferation↑
cell cycle↑

– (31)

Number not
shown

LNCaP and MDAPCa2b Downregulation miR-1301-3p/
UBE4B

proliferation↓
cell cycle↓
migration↓

– (32)

(Continued)
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human hepatocyte Qsg-7701 (36). However, compared with
normal hepatocyte MIHA, miR-1301 has a significantly higher
expression in five hepatoma cells (Hep3B, Huh-7, HepG2, Bel-
7404, and PLC/PRF/5) (46).

The expression of miR-1301 in 5 prostate cancer cell lines
(Tsu-Pr1, PC3, DU145, LNCAP, and 22RV1) was higher than
that of normal prostate epithelial cells (34). Similarly, the
expression of miR-1301 in prostate cancer tissues was also
significantly higher than that in adjacent non-tumor tissues
(34, 45). However, another study found that the expression of
miR-1301 in prostate cancer tissues was significantly lower than
that in non-cancerous tissues (35).

SIRT1 is a type III histone deacetylase that relies on
nicotinamide and can participate in tumor development (25).
The expression levels of miR-1301 in gastric cancer cell lines
(MGC-803 and SGC-7901) are higher than that of normal
human gastric mucosal cell line GES-1. miR-1301 can inhibit
SIRT1, thereby exerting carcinogenic effects (16). However,
another study showed that the expression of miR-1301 in
gastric cancer cell lines (MGC-803, HGC-27, MKN-45, and
BGC-823) was lower than that of normal human gastric
mucosal cell line GES-1 (1). And this result might be due to
the high expression of CCCTC binding factor (CTCF) in gastric
cancer, which can activate the up-regulation of LINC01207
expression, thereby sponge miR-1301 (1).

The inconsistent results of miR-1301 expression in
hepatocellular carcinoma, prostate cancer, and gastric cancer
may be due to the use of different control cell lines and
the presence of tissue-specific upstream regulatory factors of
TABLE 1 | Continued

System Tumor type Clinical
samples

Cell lines Animals Expression Regulatory
mechanism

Effect in vitro Effect in
vivo

Ref.

invasion↓
apoptosis↑

Nervous
system

Glioma 184 patients – – Downregulation – – – (2)
GBM 6 non-cancerous

brain tissues and
33 glioma tissues
(low grade = 15,
high grade = 18)
(From 39
patients)

GBM: U87, U251, U118,
LN229, A172, and H4;
Normal: NHA

10
BALB/c
nude
mice
(female,
4 weeks
old)

Downregulation miR-1301-3p/
N-Ras

proliferation↓
cell cycle↓

tumor
growth↓

(33)

– GBM: U87, U251, and T98G;
Normal: NHA

nude
mice
(male)

Downregulation PVT1/miR-
1301-3p/
TMBIM6

proliferation↓
invasion↓
apoptosis↑

tumor
growth↓

(34)

Others OS – OS: U2OS and SAOS-2;
Normal: hFOB1.19

– Downregulation miR-1301-3p/
TRIAP1

proliferation↓
apoptosis↑

– (7)

– OS: U2OS and MG-63 – Downregulation SNHG16/
miR-1301-3p/
BCL9

proliferation↓
migration↓
invasion↓

– (35)

65 pairs of
tissues (From 65
patients)

OS: U2OS, MG-63, SW1353,
SAOS-2, and HOS; Normal:
hFOB1.19

– Downregulation miR-1301-3p/
BCL9

proliferation↓
migration↓
invasion↓

– (6)

CML 4 blood samples CML: K562 and KU812;
Normal: granulocytes and
monocytes

– Downregulation miR-1301-3p/
RanGAP1

– – (8)
January
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EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; OSCC, oral squamous cell carcinoma; GC, gastric cancer; CRC, colorectal cancer; HCC, hepatocellular carcinoma;
LSCC, Laryngeal squamous cell carcinoma; NSCLC, Non-small cell lung cancer; PTC, papillary thyroid carcinoma; ccRCC, clear cell renal cell carcinoma; CC, cervical cancer; BC, breast
cancer; TNBC, triple negative breast cancer; GBM, glioblastoma multiforme; OS, osteosarcoma; CML, chronic myeloid leukemia.
FIGURE 1 | miR-1301 is abnormally expressed in 16 cancers. These
diseases involve various human systems, including the digestive system,
respiratory system, endocrine system, urinary system, reproductive system,
nervous system, etc. EC, esophageal cancer; ESCC, esophageal squamous
cell carcinoma; OSCC, oral squamous cell carcinoma; GC, gastric cancer;
CRC, colorectal cancer; HCC, hepatocellular carcinoma; LSCC, Laryngeal
squamous cell carcinoma; NSCLC, Non-small cell lung cancer; PTC, papillary
thyroid carcinoma; ccRCC, clear cell renal cell carcinoma; CC, cervical
cancer; BC, breast cancer; TNBC, triple negative breast cancer; GBM,
glioblastoma multiforme; CML, chronic myeloid leukemia.
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miR-1301. The three studies on hepatocellular carcinoma used
LO2 (19, 44), Qsg7701 (36), MIHA (46) as normal control cell
lines, and the hepatocellular carcinoma cell lines used in the
three studies were not the same, and this may explain the
Frontiers in Oncology | www.frontiersin.org 6
inconsistent results in these three studies. The abnormal
expression of miR-1301 may be closely related to upstream
regulatory factors, histone deacetylation, and promoter
methylation. The ceRNAs of miR-1301 comprise at least
TABLE 2 | miR-1301 is inconsistently expressed in three cancers.

Tumor
type

Samples Cell lines Animals Expression Related genes Effect in vitro Effect in
vivo

Ref.

Dataset Clinical
samples

Tumor cell
lines

Normal
cell
lines

Upstream
genes

Downstream
genes

HCC – 35 pairs
of
tissues

HCC: Huh-
7, HepG2,
Hep3B,
PLC/PRF/5,
and Bel-
7404

Normal:
MIHA

– Upregulation – KLF6-FL (Target
gene)

migration↑
angiogenesis↑

– (19)

– – HCC: Huh-
7, HepG2,
Hep3B,
MHCC97L,
and SMCC-
7721

Normal:
LO2

12
BALB/c
mice

Downregulation LINC01433 STAT3 (Target gene) proliferation↓
migration↓
invasion↓

tumor
growth↓
(tumor
volume and
weight↓)

(20)

– 60 pairs
of
tissues

HCC: Huh-
7, HepG2,
Hep3B, and
SMMC-
7721

Normal:
LO2

30
BALB/c
nude
mice
(female,
4 weeks
old)

Downregulation – BCL9 (Target gene),
E-cadherin, Vimentin,
Slug, and VEGF-A

migration↓
invasion↓
angiogenesis↓
EMT↓

tumor
metastasis↓

(21)

– – HCC:
HepG2

Normal:
Qsg7701

– Downregulation – p53, Bcl-2, and Bcl-
xL

proliferation↓
migration↓
invasion↓
apoptosis↑

– (22)

Prostate
cancer

22 normal
prostate
tissues and
136 prostate
cancer tissues
(GSE24279)

8 pairs
of
tissues

– – – Upregulation – SFRP1 (Target
gene), GSK3b
(Target gene), OCT4,
SOX2, NANOG,
CD44, KLF4, MYC,
and MMP2

self-renewal of
PCSCs↑

– (30)

51 normal
prostate
tissues and
407 prostate
cancer tissues
(TCGA)

8 pairs
of
tissues

Prostate
cancer: Tsu-
Pr1, PC3,
DU145,
LNCAP, and
22RV1

Normal:
prostate
epithelial
cells

– Upregulation – PPP2R2C (Target
gene), p27, and
Cyclin D1

proliferation↑
cell cycle↑

– (31)

– Number
not
shown

– – – Downregulation – UBE4B (Target gene) proliferation↓
cell cycle↓
migration↓
invasion↓
apoptosis↑

– (32)

GC 15 normal
tissues and
446 GC
tissues (TCGA)

60 pairs
of
tissues

GC: MGC-
803 and
SGC-7901

Normal:
GES-1

30
BALB/c
nude
mice
(4 weeks
old)

Upregulation – SIRT1 (Target gene),
Cyclin D1, CDK4,
MYC, and P21

proliferation↑
cell cycle↑

tumor
growth↑
(tumor
volume and
weight↑)

(14)

– 76 pairs
of
tissues

GC: MGC-
803, HGC-
27, MKN-
45, and
BGC-823

Normal:
GES-1

6 BALB/
c nude
mice
(6 weeks
old)

Downregulation CTCF/
LINC01207

PODXL (Target gene) proliferation↓
migration↓
invasion↓
apoptosis↑

tumor
growth↓
(tumor
growth rate↓
tumor
volume and
weight↓)

(15)
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HCC, hepatocellular carcinoma; GC, gastric cancer; TCGA, The Cancer Genome Atlas.
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3 circRNAs and 9 lncRNAs. In addition, EZH2 can positively
regulate miR-1301 and become a target gene of miR-1301 to form
a negative feedback loop. 5-Azacytidine and Trichostatin A can
inhibit DNA methyltransferase (DNMT) and histone deacetylase
(HDAC), respectively. Trichostatin A can significantly inhibit the
expression of miR-1301 in hepatocellular cell lines (Huh7, HLC/
PRF/5, and Hep3B), while 5-Azacytidine can reduce the
expression of miR-1301 in Huh7 and Hep3B cell lines (46). The
low expression of miR-1301 in prostate cancer cells (LNCaP,
MCF-7, and HepG2) is significantly related to the
hypermethylated promoter of miR-1301 (35).
THE PROGNOSTIC VALUE OF miR-1301
IN CANCER

miR-1301 is highly expressed in non-small cell lung cancer but is
low expressed in glioma (4, 5), CRC (6), PTC (7), and
osteosarcoma (8). In the 5 tumors, the abnormal expression of
miR-1301 is closely related to tumor staging and metastasis and
can lead to a poor prognosis for patients with NSCLC, glioma,
and osteosarcoma (Table 3).

In NSCLC, the high expression of miR-1301 is significantly
related to the shorter overall survival time of NSCLC patients
and is also closely related to the advanced TNM stage of NSCLC
and positive lymph node metastasis (5). In contrast, the
expression of miR-1301 is decreased in gliomas, and the low
expression of miR-1301 is significantly related to the high WHO
grade, low KPS, and large tumor size of gliomas. Down-
regulation of miR-1301 is also related to the decrease in the
overall survival rate and disease-specific survival of glioma
patients (4). In addition, the expression of miR-1301 in stage-
III CRC tissue is lower than that in stage-IV CRC. In addition,
the expression of miR-1301 in the serum of patients with
metastatic CRC was also significantly lower than that of
patients with non-metastatic CRC (6). The expression of miR-
1301 decreases significantly in normal thyroid tissue, benign
Frontiers in Oncology | www.frontiersin.org 7
thyroid tumor tissue, and PTC tissue. Compared with T1-stage
and N0-stage PTC tumors, miR-1301 in T2-T4-stage and N1-
stage PTC tumors were decreased significantly, respectively (7).
The expression of miR-1301 in osteosarcoma tissues was
significantly lower than that in non-tumor tissues. The low
expression of miR-1301 is significantly related to the patient’s
advanced clinical stage and distant metastasis, and the patient’s
poor overall survival rate (8).
miR-1301 AND THE TREATMENT
OF CANCER DRUGS

Currently, EPI and IM are used for the clinical treatment of
osteosarcoma (9) and CML (10), respectively. Although the
treatment of ovarian cancer has been improving, the treatment
effect has been poor due to the prone to chemotherapy resistance
of ovarian cancer (11). miR-1301 is related to the anti-tumor
effects of EPI and IM (9, 10), and miR-1301 can also inhibit the
cisplatin resistance of ovarian cancer through the NF-kB
signaling pathway (11). The research progress of miR-1301 can
provide new hints for the treatment of osteosarcoma and CML,
and also help further study the mechanism of drug resistance in
ovarian cancer (Figure 2).

EPI Plays an Anti-Tumor Effect in
Osteosarcoma Through the miR-1301/
TRIAP1 Axis
EPI has been widely used in the treatment of various cancers, and
the resistance of tumors to EPI is related to the enhancement of
the bioenergetics of mitochondria (47). TP53-regulated inhibitor
of apoptosis 1 (TRIAP1) is overexpressed in many cancers and
has been shown to act as an oncogene in tumorigenesis (9). In
osteosarcoma, the expression of miR-1301 is down-regulated,
while EPI can up-regulate the expression of miR-1301, which can
play an anti-osteosarcoma effect by targeting inhibition of
TRIAP1 (9).
TABLE 3 | The prognostic and diagnostic value of miR-1301.

Tumor
type

Expression
pattern

Sample
size

Prognostic value Prognosis of patients
with high/low miR-1301

level

Diagnostic
value

Clinicopathological
characteristics

Ref.

NSCLC Upregulation 124
patients

Independent prognostic factor for the
overall survival

Poor – Positively related to the advanced
TNM stages and lymph node
metastasis

(3)

PTC Downregulation 70
patients

– – sensitivity =
59.3%
specificity =
98.1%

Negatively related to the advanced T
and N stages

(5)

CRC Downregulation 113
patients

– – – Negatively related to the advanced
TNM stages and distant metastasis

(4)

Glioma Downregulation 184
patients

Independent prognostic factor for the
overall survival and disease-specific
survival

Poor – Negatively related to the high WHO
grade, low KPS, and large tumor
size

(2)

OS Downregulation 65
patients

Prognostic factor for the overall survival Poor – Negatively related to the advanced
TNM stages and distant metastasis

(6)
J
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NSCLC, Non-small cell lung cancer; PTC, papillary thyroid carcinoma; CRC, colorectal cancer; OS, osteosarcoma.
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IM Exerts an Anti-Tumor Effect in CML
Through the miR-1301/RanGAP1 Axis
IM is a 2-phenylaminopyrimidine-based tyrosine kinase
inhibitor (48). Although IM is the first-line drug for the
treatment of CML at this stage, it is not only expensive but
also induces various side effects (10). IM can induce apoptosis of
CML cell lines and reduce cell viability. Down-regulation of
RanGTPase activating protein 1 (RanGAP1) can enhance the
effects of IM (10). By targeting RanGAP1, miR-1301 can disrupt
the extranuclear transport of BCR-ABL and induce P73-
dependent apoptosis, thereby improving the therapeutic effect
of IM for CML (10). The expression of miR-1301 is down-
regulated in CML, so the combined use of the ectopic expression
of miR-1301 and low-concentration IM can not only achieve a
therapeutic effect similar to that of high-concentration IM but
also reduce the side effects of IM (10).

The Molecular Mechanism of
miR-1301 and Cisplatin Resistance
in Ovarian Cancer
The drug resistance of ovarian cancer can induce tumor cell
proliferation and invasion, leading to poor prognosis and even
death of patients (11). The expression of miR-1301 is increased
in SKOV3/DDP anti-cisplatin ovarian cancer cell line, thereby
inhibiting the expression of autophagy genes ATG5 and Beclin1,
increasing the expression of EMT-related proteins Snail and
Slug, and promoting tumor cell invasion and metastasis (11).
miR-1301 can promote autophagy and EMT by activating the
NF-kB signaling pathway, while down-regulating miR-1301 can
inhibit the NF-kB signaling pathway, thereby preventing the
Frontiers in Oncology | www.frontiersin.org 8
occurrence and development of drug-resistant ovarian
cancer (11).
THE miR-1301-RELATED CERNA
NETWORK

Both lncRNAs and circRNAs can be used as ceRNAs of miRNAs
and participate in the occurrence and development of tumors.
The ceRNAs of miR-1301 include at least 3 circRNAs (MYLK
and circ_0004370) and 9 lncRNAs (MIAT, LINC01433, RNCR3,
LINC01207, ABHD11-AS1, NNT-AS1, SNHG16, and PVT1).
All these ceRNAs can cause the down-regulation of miR-1301
expression (Figure 3). The miR-1301-related ceRNA network
exists in 11 cancers, including cervical cancer (33), esophageal
cancer (12, 38, 39), LSCC (41),CRC (17, 18), gastric cancer (1),
OSCC (13), PTC (23, 26), bladder cancer (28), ccRCC (27),
osteosarcoma (43), and glioblastoma multiforme (GBM) (29).

In cervical cancer, circRNA MYLK up-regulates the
expression of RHEB through sponging miR-1301 and
promotes tumorigenesis (33). In esophageal cancer,
Circ_0004370 up-regulates COL1A1 through sponging miR-
1301 to promote the occurrence and development of
esophageal cancer (12). In esophageal squamous cell carcinoma
(ESCC), SOX2 binds to the MIAT promoter region to promote
FIGURE 2 | The role of miR-1301 in cancer drugs. EPI, Epirubicin; OS,
osteosarcoma; IM, Imatinib; CML, Chronic myeloid leukemia; SKOV3/DDP
Cells, cisplatin-resistant strain cells; OC, ovarian cancer.
FIGURE 3 | The miR-1301 related ceRNA network. CircRNA and lncRNA
can be used as the ceRNA of miR-1301, which promotes the expression of
downstream target genes through sponging miR-1301, and participates in
the occurrence and development of tumors. GC, gastric cancer; EC,
esophageal cancer; ESCC, esophageal squamous cell carcinoma; OSCC,
oral squamous cell carcinoma; LSCC, Laryngeal squamous cell carcinoma;
CRC, colorectal cancer; GBM, glioblastoma multiforme; CC, cervical cancer;
HCC, hepatocellular carcinoma; PTC, papillary thyroid carcinoma; OS,
osteosarcoma; ccRCC, clear cell renal cell carcinoma; BCa, bladder cancer.
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MIAT expression. Through the MIAT/miR-1301/INCENP axis,
MIAT promotes ESCC cell proliferation and cell migration, and
invasion (39). Meanwhile, LINC01433 can also sponge miR-1301
to promote the development of ESCC (38). In LSCC cells, NFIB
directly binds to the PVT1 promoter region to induce the
expression of PVT1, and then the PVT1/miR-1301-3p/MBNL1
axis can promote the proliferation and inhibit apoptosis of LSCC
cells (41). Similarly, in CRC, RUNX1 activates RNCR3, and then
RNCR3 promotes the occurrence and development of CRC
through the RNCR3/miR-1301/AKT1 axis (17). In colon
adenocarcinoma, VPS9D1-AS1 can promote tumor cell
proliferation and invasion, and inhibit apoptosis through the
VPS9D1-AS1/miR-1301-3p/CLDN1 axis (18). In gastric cancer,
CTCF activates LINC01207 to promotes proliferation,
migration, invasion of cancer cells, and inhibits apoptosis
through the LINC01207/miR-1301/PODXL axis (1). In OSCC,
LINC01207 can also up-regulate the expression of LDHA by
inhibiting miR-1301-3p, thereby promoting the growth and
metastasis of OSCC cells (13). In PTC, circ_0067934
upregulates the expression of HMGB1 through sponging miR-
1301-3p, thereby promoting the occurrence and development of
PTC (23). In addition, STAT3 is the upstream transcription
factor of lncRNA ABHD11-AS1. Through STAT3/ABHD11-
AS1/miR-1301/STAT3, a feedback loop is formed to down-
regulate the expression of miR-1301 in PTC (26). In bladder
cancer, NNT-AS1 up-regulates PODXL by sponging miR-1301
(28). In ccRCC, SNHG16 sponges miR-1301 and up-regulates
STARD9 (27). SNHG16 expression is up-regulated in
osteosarcoma and promotes the occurrence and development
of osteosarcoma through the SNHG16/miR-1301/BCL9 axis
(43). In addition, in GBM, PVT1 up-regulates TMBIM6
through sponging miR-1301, promotes proliferation and
invasion of cancer cells, and inhibits apoptosis (29).
THE miR-1301 RELATED SIGNALING
PATHWAYS

The tumor growth and development mechanisms involved in
miR-1301 include at least 6 classical signaling pathways,
including the Wnt/b-catenin signaling pathway (3, 19, 28, 45),
p53 signaling pathway (35, 49), mTOR signaling pathway (33),
Ras signaling pathway (24), NF-kB signaling pathway (11), and
PI3K/AKT signaling pathway (17, 20, 26) (Figures 4 and
5, Table 3).

The Wnt/b-Catenin Signaling Pathway
The classic Wnt/b-catenin signaling pathway includes the
following key components: WNT, Frizzled, low-density
lipoprotein receptor-related protein 5 or 6 (LRP5/6), and b-
catenin (50). b-catenin is a signal transduction transcription
activator. Mutations of APC, CTNNB1, and other genes can
abnormally activate the Wnt/b-catenin signaling pathway,
thereby promoting the occurrence and development of a
variety of tumors (51). At the same time, the changes in the
expression of downstream target genes of the Wnt/b-catenin
Frontiers in Oncology | www.frontiersin.org 9
signaling pathway (such as cyclinD1, MYC, AXIN2, MMP2,
MMP9, etc.) may be related to various biological functions of
tumor cells, including stemness, proliferation, differentiation,
etc. (52).

Many components in the Wnt/b-catenin signaling pathway
have become targets for tumor therapy (19). By participating in
the Wnt/b-catenin signaling pathway, miR-1301 can regulate the
occurrence and development of bladder cancer (28),
hepatocellular carcinoma (19), breast cancer (3), and prostate
cancer (45).

Up-regulated miR-1301 inhibits PODXL, activates the Wnt/
b-catenin signaling pathway, and promotes the growth of
bladder cancer cells. Knockdown of lncRNA NNT-AS1 can
inhibit the expression of related genes in the Wnt/b-catenin
signaling pathway, such as CTNNB1, CDK1, AXIN2, cyclinD1,
and MYC (28).

BCL9 is overexpressed in a variety of malignant tumors and
can activate the Wnt/b-catenin signaling pathway to promote
cell proliferation, migration, and invasion (19). In hepatocellular
carcinoma, the down-regulation of miR-1301 expression can up-
regulate the expression of its target gene BCL9 and activate the
Wnt/b-catenin signaling pathway, thereby inhibiting the
migration, invasion, EMT, and angiogenesis of hepatocellular
carcinoma (19).

In breast cancer, the expression of miR-1301 is up-regulated
and plays the role of an oncogene. ICAT is an important
regulator of the Wnt/b-catenin signaling pathway. miR-1301
directly targets and inhibits ICAT, thereby activating the Wnt/b-
catenin signaling pathway and promoting the proliferation of
breast cancer cells (3).
FIGURE 4 | The miR-1301 related signaling pathways. miR-1301 is involved
with the Wnt/b-catenin signaling pathway, p53 signaling pathway, mTOR
signaling pathway, Ras signaling pathway, NF-kB signaling pathway, and
PI3K/AKT signaling pathway.
January 2022 | Volume 11 | Article 789626
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The up-regulation of miR-1301 in prostate cancer can
increase the expression of stem cell-related genes, such as
OCT4, SOX2, NANOG, CD44, KLF4, c-MYC, and MMP2.
miR-1301 targets the inhibition of GSK3b and SFRP1, thereby
activating the Wnt/b-catenin signaling pathway and promoting
the proliferation of prostate cancer stem cells (45).

The p53 Signaling Pathway
p53 acts as a sensor and restricts cell reproduction under high-
level pathological conditions, including oncogene signaling,
hypoxia, ribosome dysfunction, DNA damage, and nutritional
deficiencies. Under low levels of stress, p53 provides pro-survival
and protective responses. When cells are exposed to strong stress
signals, p53 triggers irreversible senescence or apoptosis
programs (53). Ubiquitination factor E4B (UBE4B) is an E3
and E4 ubiquitin ligase that can target phosphorylated p53 and
mediate p53 degradation (35). miR-1301 is significantly under-
expressed in prostate cancer and can target UBE4B to enhance
the function of p53 (49). miR-1301 mediates NO-induced and
p53-dependent cell apoptosis by targeting the anti-apoptotic
proteins Survivin and MET, thereby participating in colitis-
related carcinogenesis (49).

The mTOR Signaling Pathway
The mammalian target of the rapamycin (mTOR) pathway is
involved in many key cellular functions, including protein
synthesis, cell cycle progression, apoptosis, and drug resistance
(54). mTOR has been widely confirmed as an important
downstream molecule of AKT1. The AKT/mTOR signaling
pathway mediates tumor metabolic homeostasis and can
promote tumor growth and metastasis (33). RHEB is a
conserved small GTPase belonging to the Ras superfamily.
Frontiers in Oncology | www.frontiersin.org 10
RHEB is an important upstream regulator of mammalian
mTOR signal transduction (33). In cervical cancer, the mTOR
signaling pathway is activated and promotes tumorigenesis and
development. Inhibition of the MYLK/miR-1301 axis can lead to
down-regulation of mTOR pathway-related genes, such as
RHEB, EIF5, and mTORC1 (33). In addition, inhibiting the
expression of ABHD11-AS1 can increase the levels of p-PI3K,
p-AKT, and p-mTOR (26).

The Ras Signaling Pathway
RAS sarcoma (Ras) protein is a highly homologous small G
protein with GTPase activity. RAS sarcoma (Ras) protein is the
most frequently activated oncogene in human cancers. N-Ras is
involved in cancer and plays a role in the growth, survival,
migration, invasion, and angiogenesis of cancer cells (24). In
GBM, the expression of miR-1301 is down-regulated, which
leads to the activation of the Ras signaling pathway. In glioma
cells, overexpression of miR-1301 can down-regulate N-Ras,
thereby silencing its downstream MEK-ERK1/2 signaling
pathway, inhibiting tumor cell growth, and blocking the G1
phase of the cell cycle (24).

The NF-kB Signaling Pathway
The NF-kB signaling pathway plays an important role in the
processes of autophagy, EMT, cell inflammation, tumor, and
immune response (11). NF-kB transcription factor exists in the
nucleus and is widely involved in the process of gene
transcription (55). The NF-kB family of transcription factors is
composed of five different DNA-binding proteins, namely p65
(RELA), p50 (NFKB1), p52 (NFKB2), c-REL, and RELB. They
can form up to 15 different homo- or heterodimers (55). The NF-
kB signaling pathway is often activated in pathophysiological
conditions such as cancer, inflammation, infection, and so on
(55). Transfection of cisplatin-resistant strain SKOV3/DDP cell
line with miR-1301 mimics can promote the expression of EMT-
related genes Snail and Slug, and inhibit the expression of
autophagy genes ATG5 and Beclin1. At the same time, it also
promotes the expression of NF-kB and N-cadherin and inhibits
the expression of E-cadherin. Targeting miR-1301 can inhibit the
NF-kB signaling pathway to reduce the proliferation of cisplatin-
resistant cells and the development of EMT, thereby preventing
the occurrence and development of drug-resistant ovarian
cancer (11).

The PI3K/AKT Signaling Pathway
The PI3K/AKT signaling pathway is one of the most active
signaling pathways in human tumors and the main signaling
pathway downstream of many growth factor receptors. The
PI3K/AKT signaling pathway can phosphorylate PI3K and
AKT proteins, thereby promoting tumor cell proliferation and
malignant transformation, and inhibiting tumor cell
apoptosis (56).

In PTC, ABHD11-AS1 can positively regulate the PI3K/AKT
signaling pathway and promote the progression of PTC (26). In
TNBC, miR-1301, a downstream gene of EZH2, provides a
negative feedback inhibition of EZH2 expression. Meanwhile,
miR-1301 increases the levels of p21 and p27 proteins
FIGURE 5 | miR-1301 regulates multiple molecular processes in cell.
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downstream of the PI3K/AKT signaling pathway by reducing the
levels of p-AKT and Bcl-XL proteins, thereby playing the role of
tumor suppressor genes (20). In CRC, miR-1301 can up-regulate
AKT1 to promote the proliferation and invasion of CRC cells,
and inhibit cell apoptosis (17).
CONCLUSIONS AND PERSPECTIVES

miR-1301 is abnormally expressed in 16 cancers and is related to
the clinicopathological characteristics of 5 tumors (NSCLC, PTC,
CRC, glioma, and osteosarcoma). Besides, miR-1301 may be
related to the chemotherapeutic effects of EPI and IM, and
participate in the inhibition of cisplatin resistance in ovarian
cancer. miR-1301 can interact with 3 circRNAs and 9 lncRNAs
in different cancers. In addition, miR-1301 participates in at least
6 classical signaling pathways.

Although miR-1301 is closely related to the occurrence and
development of a variety of tumors, the mechanisms that affect
various biological processes of tumor cells have not been fully
elucidated. First of all, existing studies have shown that miR-1301
acts as a tumor suppressor in 11 types of tumors. However, miR-
1301 is a protumor factor in lung cancer (3, 24) and breast cancer
(1, 29). The mechanism of these differences has not been clarified
yet. Secondly, the expression levels of miR-1301 in hepatocellular
carcinoma (23, 41, 42), prostate cancer (20, 21, 43) and gastric
cancer (22, 30) tumors are inconsistent. The complex regulation
mechanism needs to be further explored in these three cancers.
Thirdly, miR-1301 can promote tumor cell metastasis in a variety
of tumors, but existing research does not involve the metastasis
of cancer cells to secondary sites. In the future, more research on
Frontiers in Oncology | www.frontiersin.org 11
the mechanism of miR-1301 regulating cancer metastasis is
needed. Finally, the miR-1301-related ceRNA network
described in this work only includes 9 lncRNAs, 3 circRNAs,
and 27 mRNAs. Future research needs to focus on discovering
more genes and ceRNAs that can interact with miR-1301, which
will help further understand the mechanism of miR-1301 in
tumors. In addition, the mechanism of miR-1301 in oncogenesis
and cancer therapy is also worthy of further research, which will
provide a solid theoretical basis for better tumor-targeted
therapy and prognosis.

In summary, miR-1301 is a potential tumor target of
treatment. More research will focus on the specific molecular
mechanism of miR-1301 and its related targets genes in the
future. This will lay the foundation for precisely targeted therapy
and drug development of related tumors in the future.
AUTHOR CONTRIBUTIONS

CZ and YD collected and analyzed literature. CZ drafted the
figures. CZ, YD, QZ, CY, and SD wrote this paper. All the
authors conceived and gave the final approval of the
submitted version.
FUNDING

The research was supported by National Natural Science
Foundation of China (32100521) and Qiantang Scholar Fund
in Zhejiang University City College.
REFERENCES

1. Yu L, Gao Y, Ji B, Feng Z, Li T, Luan W. CTCF-Induced Upregulation of
LINC01207 Promotes Gastric Cancer Progression via miR-1301-3p/PODXL
Axis. Digestive Liver Dis Off J Ital Soc Gastroenterol Ital Assoc Study Liver
(2021) 53(4):486–95. doi: 10.1016/j.dld.2020.12.006

2. Xu Q, Jia X, Wu Q, Shi L, Ma Z, Ba N, et al. Esomeprazole Affects the
Proliferation, Metastasis, Apoptosis and Chemosensitivity of Gastric Cancer
Cells by Regulating lncRNA/circRNA-miRNA-mRNA ceRNA Networks.
Oncol lett (2020) 20(6):329. doi: 10.3892/ol.2020.12193

3. Lin WH, Li J, Zhang B, Liu LS, Zou Y, Tan JF, et al. MicroRNA-1301 Induces
Cell Proliferation by Downregulating ICAT Expression in Breast Cancer.
Biomed Pharmacother = Biomed Pharmacother (2016) 83:177–85.
doi: 10.1016/j.biopha.2016.06.011

4. Bai QL, Hu CW, Wang XR, Yin GF, Shang JX. Association Between
Downexpression of miR-1301 and Poor Prognosis in Patients With
Glioma. Eur Rev Med Pharmacol Sci (2017) 21(19):4298–303.

5. Xu L, Ni N, Gao H, Hu P. MicroRNA-1301-3p Promotes the Progression of
Non-Small Cell Lung Cancer by Targeting Thy-1 and Predicts Poor Prognosis
of Patients. Oncol lett (2021) 21(4):327. doi: 10.3892/ol.2021.12589

6. Wang L, Zhao YJ, Xu MY, Zhou FF, Yan J. Serum miR-1301-3p, miR-335-5p,
miR-28-5p, and Their Target B7-H3 may Serve as Novel Biomarkers for
Colorectal Cancer. J BUON (2019) 24(3):1120–7.

7. Qiao DH, He XM, Yang H, Zhou Y, Deng X, Cheng L, et al. miR-1301-3p
Suppresses Tumor Growth by Downregulating PCNA in Thyroid Papillary
Cancer. Am J Otolaryngol (2021) 42(2):102920. doi : 10.1016/
j.amjoto.2021.102920
8. Wang L, Hu K, Chao Y. MicroRNA-1301 Inhibits Migration and Invasion of
Osteosarcoma Cells by Targeting BCL9. Gene (2018) 679:100–7. doi: 10.1016/
j.gene.2018.08.078

9. Yu L, Meng M, Bao Y, Zhang C, Gao B, Sa R, et al. miR-1301/TRIAP1 Axis
Participates in Epirubicin-Mediated Anti-Proliferation and Pro-Apoptosis in
Osteosarcoma. Yonsei Med J (2019) 60(9):832–41. doi: 10.3349/
ymj.2019.60.9.832

10. Lin TY, Chen KC, Liu HJ, Liu AJ, Wang KL, Shih CM. MicroRNA-1301-
Mediated RanGAP1 Downregulation Induces BCR-ABL Nuclear Entrapment
to Enhance Imatinib Efficacy in Chronic Myeloid Leukemia Cells. PloS One
(2016) 11(5):e0156260. doi: 10.1371/journal.pone.0156260

11. Yu JL, Gao X. MicroRNA 1301 Inhibits Cisplatin Resistance in Human
Ovarian Cancer Cells by Regulating EMT and Autophagy. Eur Rev Med
Pharmacol Sci (2020) 24(4):1688–96. doi: 10.26355/eurrev_202002_20343

12. Chen X, Sun H, Zhao Y, Zhang J, Xiong G, Cui Y, et al. CircRNA
Circ_0004370 Promotes Cell Proliferation, Migration, and Invasion and
Inhibits Cell Apoptosis of Esophageal Cancer via miR-1301-3p/COL1A1
Axis. Open Med (2021) 16(1):104–16. doi: 10.1515/med-2021-0001

13. Lu X, Chen L, Li Y, Huang R, Meng X, Sun F. Long Non-Coding RNA
LINC01207 Promotes Cell Proliferation and Migration But Suppresses
Apoptosis and Autophagy in Oral Squamous Cell Carcinoma by the
microRNA-1301-3p/Lactate Dehydrogenase Isoform A Axis. Bioengineered
(2021) 12(1):7780–93. doi: 10.1080/21655979.2021.1972784

14. Chang CJ, Hung MC. The Role of EZH2 in Tumour Progression. Br J Cancer
(2012) 106(2):243–7. doi: 10.1038/bjc.2011.551

15. Jang SH, Lee JE, Oh MH, Lee JH, Cho HD, Kim KJ, et al. High EZH2 Protein
Expression Is Associated With Poor Overall Survival in Patients With
January 2022 | Volume 11 | Article 789626

https://doi.org/10.1016/j.dld.2020.12.006
https://doi.org/10.3892/ol.2020.12193
https://doi.org/10.1016/j.biopha.2016.06.011
https://doi.org/10.3892/ol.2021.12589
https://doi.org/10.1016/j.amjoto.2021.102920
https://doi.org/10.1016/j.amjoto.2021.102920
https://doi.org/10.1016/j.gene.2018.08.078
https://doi.org/10.1016/j.gene.2018.08.078
https://doi.org/10.3349/ymj.2019.60.9.832
https://doi.org/10.3349/ymj.2019.60.9.832
https://doi.org/10.1371/journal.pone.0156260
https://doi.org/10.26355/eurrev_202002_20343
https://doi.org/10.1515/med-2021-0001
https://doi.org/10.1080/21655979.2021.1972784
https://doi.org/10.1038/bjc.2011.551
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhong et al. miR-1301 Dysfunction in Cancer
Luminal A Breast Cancer. J Breast Cancer (2016) 19(1):53–60. doi: 10.4048/
jbc.2016.19.1.53

16. Luo D, Fan H, Ma X, Yang C, He Y, Ge Y, et al. miR-1301-3p Promotes Cell
Proliferation and Facilitates Cell Cycle Progression via Targeting SIRT1 in
Gastric Cancer. Front Oncol (2021) 11:664242. doi: 10.3389/fonc.
2021.664242

17. Xu G, Wang H, Yuan D, Yao J, Meng L, Li K, et al. RUNX1-Activated
Upregulation of lncRNA RNCR3 Promotes Cell Proliferation, Invasion, and
Suppresses Apoptosis in Colorectal Cancer via miR-1301-3p/AKT1 Axis In
Vitro and In Vivo. Clin Trans Oncol Off Publ Fed Spanish Oncol Soc Natl
Cancer Inst Mex (2020) 22(10):1762–77. doi: 10.1007/s12094-020-02335-5

18. Liu W. Long Non-Coding RNA VPS9D1-AS1 Promotes Growth of Colon
Adenocarcinoma by Sponging miR-1301-3p and CLDN1.Hum Cell (2021) 34
(6):1775–87. doi: 10.1007/s13577-021-00604-1

19. Yang C, Xu Y, Cheng F, Hu Y, Yang S, Rao J, et al. miR-1301 Inhibits
Hepatocellular Carcinoma Cell Migration, Invasion, and Angiogenesis by
Decreasing Wnt/beta-Catenin Signaling Through Targeting BCL9. Cell Death
Dis (2017) 8(8):e2999. doi: 10.1038/cddis.2017.356

20. Wu Q, Chen Z, Zhang G, Zhou W, Peng Y, Liu R, et al. EZH2 Induces the
Expression of miR-1301 as a Negative Feedback Control Mechanism in Triple
Negative Breast Cancer. Acta Biochim Biophys Sinica (2018) 50(7):693–700.
doi: 10.1093/abbs/gmy050

21. Wu Y, Shen Q, Chen X, Wu Y, Niu Y, Lv F. miR-1301-3p Promotes the
Proliferation and Migration of Lung Cancer Cells via Direct Repression of
Polymerase I and Transcript Release Factor. Oncol lett (2020) 20(6):286.
doi: 10.3892/ol.2020.12149

22. Hagood JS, Prabhakaran P, Kumbla P, Salazar L, MacEwen MW, Barker TH,
et al. Loss of Fibroblast Thy-1 Expression Correlates With Lung Fibrogenesis.
Am J Pathol (2005) 167(2):365–79. doi: 10.1016/S0002-9440(10)62982-3

23. Dong LP, Chen LY, Bai B, Qi XF, Liu JN, Qin S. Circ_0067934 Promotes the
Progression of Papillary Thyroid Carcinoma Cells Through miR-1301-3p/
HMGB1 Axis. Neoplasma (2021). doi: 10.4149/neo_2021_210608N771

24. Zhi TL, Jiang K, Zhang CZ, Xu XP, Wu WN, Nie E, et al. MicroRNA-1301
Inhibits Proliferation of Human Glioma Cells by Directly Targeting N-Ras.
Am J Cancer Res (2017) 7(4):982–98.

25. Garcia-Peterson LM, Li XL. Trending Topics of SIRT1 in Tumorigenicity.
Biochim Biophys Acta Gen Subj (2021) 1865(9):129952. doi: 10.1016/
j.bbagen.2021.129952

26. Wen J, Wang H, Dong T, Gan P, Fang H, Wu S, et al. STAT3-Induced
Upregulation of lncRNA ABHD11-AS1 Promotes Tumour Progression in
Papillary Thyroid Carcinoma by Regulating miR-1301-3p/STAT3 Axis and
PI3K/AKT Signalling Pathway. Cell Prolif (2019) 52(2):e12569. doi: 10.1111/
cpr.12569

27. Cheng T, Shuang W, Ye D, Zhang W, Yang Z, Fang W, et al. SNHG16
Promotes Cell Proliferation and Inhibits Cell Apoptosis via Regulation of the
miR-1303-P/STARD9 Axis in Clear Cell Renal Cell Carcinoma. Cell Signal
(2021) 84:110013. doi: 10.1016/j.cellsig.2021.110013

28. Liu Y, Wu G. NNT-AS1 Enhances Bladder Cancer Cell Growth by Targeting
miR-1301-3p/PODXL Axis and Activating Wnt Pathway. Neurourol
Urodynamics (2020) 39(2):547–57. doi: 10.1002/nau.24238

29. Jin Z, Piao LH, Sun GC, Lv CX, Jing Y, Jin RH. Long Non-Coding RNA
Plasmacytoma Variant Translocation 1 (PVT1) Promotes Glioblastoma
Multiforme Progression via Regulating miR-1301-3p/TMBIM6 Axis. Eur
Rev Med Pharmacol Sci (2020) 24(22):11658–65. doi: 10.26355/
eurrev_202011_23810

30. Cai Y, Ruan J, Yao X, Zhao L, Wang B. MicroRNA-187 Modulates Epithelial-
Mesenchymal Transition by Targeting PTRF in Non-Small Cell Lung Cancer.
Oncol Rep (2017) 37(5):2787–94. doi: 10.3892/or.2017.5548

31. Zhang K, Zhu S, Liu Y, Dong X, Shi Z, Zhang A, et al. ICAT Inhibits
Glioblastoma Cell Proliferation by Suppressing Wnt/beta-Catenin Activity.
Cancer Lett (2015) 357(1):404–11. doi: 10.1016/j.canlet.2014.11.047

32. Wu Z, Zheng S, Li Z, Tan J, Yu Q. E2F1 Suppresses Wnt/beta-Catenin Activity
Through Transactivation of Beta-Catenin Interacting Protein ICAT.
Oncogene (2011) 30(37):3979–84. doi: 10.1038/onc.2011.129

33. Chen R, Mao L, Shi R, Wang W, Cheng J. circRNA MYLK Accelerates
Cervical Cancer via Up-Regulation of RHEB and Activation of mTOR
Signaling. Cancer Manage Res (2020) 12:3611–21. doi: 10.2147/
CMAR.S238172
Frontiers in Oncology | www.frontiersin.org 12
34. Bi D, Ning H, Liu S, Que X, Ding K. miR-1301 Promotes Prostate Cancer
Prol i ferat ion Through Direct ly Target ing PPP2R2C. Biomed
Pharmacother = Biomed Pharmacother (2016) 81:25–30. doi: 10.1016/
j.biopha.2016.03.043

35. Wang B, Wu H, Chai C, Lewis J, Pichiorri F, Eisenstat DD, et al. MicroRNA-
1301 Suppresses Tumor Cell Migration and Invasion by Targeting the P53/
UBE4B Pathway in Multiple Human Cancer Cells. Cancer lett (2017) 401:20–
32. doi: 10.1016/j.canlet.2017.04.038

36. Fang L, Yang N, Ma J, Fu Y, Yang GS. microRNA-1301-Mediated Inhibition
of Tumorigenesis. Oncol Rep (2012) 27(4):929–34. doi: 10.3892/or.2011.1589

37. Miquel M, Zhang S, Pilarsky C. Pre-Clinical Models of Metastasis in
Pancreatic Cancer. Front Cell Dev Biol (2021) 9:748631. doi: 10.3389/
fcell.2021.748631

38. Zheng L, Liu YT, Wu CP, Jiang JT, Zhang L, Wang ZL, et al. Long Non-Coding
RNA Linc01433 Promotes Tumorigenesis and Progression in Esophageal
Squamous Cell Carcinoma by Sponging miR-1301. Eur Rev Med Pharmacol
Sci (2020) 24(9):4785–92. doi: 10.26355/eurrev_202005_21167

39. Zhang C, Xie L, Fu Y, Yang J, Cui Y. lncRNA MIAT Promotes Esophageal
Squamous Cell Carcinoma Progression by Regulating miR-1301-3p/INCENP
Axis and Interacting With SOX2. J Cell Physiol (2020) 235(11):7933–44.
doi: 10.1002/jcp.29448

40. Yang F, Wang H, Yan B, Li T, Min L, Chen E, et al. Decreased Level of miR-
1301 Promotes Colorectal Cancer Progression via Activation of STAT3
Pathway. Biol Chem (2021) 402(7):805–13. doi: 10.1515/hsz-2020-0301

41. Tang T, Zeng F. NFIB-Mediated lncRNA PVT1 Aggravates Laryngeal
Squamous Cell Carcinoma Progression via the miR-1301-3p/MBNL1 Axis.
J Immunol Res (2021) 2021:8675123. doi: 10.1155/2021/8675123

42. Fischer-Valuck BW, Michalski JM, Contreras JA, Brenneman R,
Christodouleas JP, Abraham CD, et al. A Propensity Analysis Comparing
Definitive Chemo-Radiotherapy for Muscle-Invasive Squamous Cell
Carcinoma of the Bladder vs. Urothelial Carcinoma of the Bladder Using
the National Cancer Database. Clin Transl Radiat Oncol (2018) 15:38–41.
doi: 10.1016/j.ctro.2018.12.001

43. Wang X, Hu K, Chao Y, Wang L. LncRNA SNHG16 Promotes Proliferation,
Migration and Invasion of Osteosarcoma Cells by Targeting miR-1301/BCL9
Axis. Biomed Pharmacother = Biomed Pharmacother (2019) 114:108798.
doi: 10.1016/j.biopha.2019.108798

44. Huang H, Bu YZ, Zhang XY, Liu J, Zhu LY, Fang Y. LINC01433 Promotes
Hepatocellular Carcinoma Progression via Modulating the miR-1301/STAT3
Axis. J Cell Physiol (2019) 234(5):6116–24. doi: 10.1002/jcp.27366

45. Song XL, Huang B, Zhou BW, Wang C, Liao ZW, Yu Y, et al. miR-1301-3p
Promotes Prostate Cancer Stem Cell Expansion by Targeting SFRP1 and
GSK3beta. Biomed Pharmacother = Biomed Pharmacother (2018) 99:369–74.
doi: 10.1016/j.biopha.2018.01.086

46. Liang WC, Wang Y, Xiao LJ, Wang YB, Fu WM, Wang WM, et al.
Identification of miRNAs That Specifically Target Tumor Suppressive
KLF6-FL Rather Than Oncogenic KLF6-SV1 Isoform. RNA Biol (2014) 11
(7):845–54. doi: 10.4161/rna.29356

47. McGuirk S, Audet-Delage Y, Annis MG, Xue Y, Vernier M, Zhao K, et al.
Resistance to Different Anthracycline Chemotherapeutics Elicits Distinct and
Actionable Primary Metabolic Dependencies in Breast Cancer. eLife (2021)
10. doi: 10.7554/eLife.65150

48. Cools J, DeAngelo DJ, Gotlib J, Stover EH, Legare RD, Cortes J, et al.
A Tyrosine Kinase Created by Fusion of the PDGFRA and FIP1L1 Genes
as a Therapeutic Target of Imatinib in Idiopathic Hypereosinophilic
Syndrome. N Engl J Med (2003) 348(13):1201–14. doi: 10.1056/
NEJMoa025217

49. Li W, Han W, Ma Y, Cui L, Tian Y, Zhou Z, et al. P53-Dependent miRNAs
Mediate Nitric Oxide-Induced Apoptosis in Colonic Carcinogenesis. Free
Radical Biol Med (2015) 85:105–13. doi: 10.1016/j.freeradbiomed.
2015.04.016

50. Yun S-I, Kim HH, Yoon JH, Park WS, Hahn M-J, Kim HC, et al. Ubiquitin
Specific Protease 4 Positively Regulates the WNT/b-Catenin Signaling in
Colorectal Cancer. Mol Oncol (2015) 9(9):1834–51. doi: 10.1016/
j.molonc.2015.06.006

51. Ma B, Hottiger MO. Crosstalk Between Wnt/b-Catenin and NF-kb Signaling
Pathway During Inflammation. Front Immunol (2016) 7:378. doi: 10.3389/
fimmu.2016.00378
January 2022 | Volume 11 | Article 789626

https://doi.org/10.4048/jbc.2016.19.1.53
https://doi.org/10.4048/jbc.2016.19.1.53
https://doi.org/10.3389/fonc.2021.664242
https://doi.org/10.3389/fonc.2021.664242
https://doi.org/10.1007/s12094-020-02335-5
https://doi.org/10.1007/s13577-021-00604-1
https://doi.org/10.1038/cddis.2017.356
https://doi.org/10.1093/abbs/gmy050
https://doi.org/10.3892/ol.2020.12149
https://doi.org/10.1016/S0002-9440(10)62982-3
https://doi.org/10.4149/neo_2021_210608N771
https://doi.org/10.1016/j.bbagen.2021.129952
https://doi.org/10.1016/j.bbagen.2021.129952
https://doi.org/10.1111/cpr.12569
https://doi.org/10.1111/cpr.12569
https://doi.org/10.1016/j.cellsig.2021.110013
https://doi.org/10.1002/nau.24238
https://doi.org/10.26355/eurrev_202011_23810
https://doi.org/10.26355/eurrev_202011_23810
https://doi.org/10.3892/or.2017.5548
https://doi.org/10.1016/j.canlet.2014.11.047
https://doi.org/10.1038/onc.2011.129
https://doi.org/10.2147/CMAR.S238172
https://doi.org/10.2147/CMAR.S238172
https://doi.org/10.1016/j.biopha.2016.03.043
https://doi.org/10.1016/j.biopha.2016.03.043
https://doi.org/10.1016/j.canlet.2017.04.038
https://doi.org/10.3892/or.2011.1589
https://doi.org/10.3389/fcell.2021.748631
https://doi.org/10.3389/fcell.2021.748631
https://doi.org/10.26355/eurrev_202005_21167
https://doi.org/10.1002/jcp.29448
https://doi.org/10.1515/hsz-2020-0301
https://doi.org/10.1155/2021/8675123
https://doi.org/10.1016/j.ctro.2018.12.001
https://doi.org/10.1016/j.biopha.2019.108798
https://doi.org/10.1002/jcp.27366
https://doi.org/10.1016/j.biopha.2018.01.086
https://doi.org/10.4161/rna.29356
https://doi.org/10.7554/eLife.65150
https://doi.org/10.1056/NEJMoa025217
https://doi.org/10.1056/NEJMoa025217
https://doi.org/10.1016/j.freeradbiomed.2015.04.016
https://doi.org/10.1016/j.freeradbiomed.2015.04.016
https://doi.org/10.1016/j.molonc.2015.06.006
https://doi.org/10.1016/j.molonc.2015.06.006
https://doi.org/10.3389/fimmu.2016.00378
https://doi.org/10.3389/fimmu.2016.00378
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhong et al. miR-1301 Dysfunction in Cancer
52. Yan D, Wiesmann M, Rohan M, Chan V, Jefferson AB, Guo L, et al. Elevated
Expression of Axin2 and Hnkd mRNA Provides Evidence That Wnt/beta
-Catenin Signaling is Activated in Human Colon Tumors. Proc Natl Acad Sci
USA (2001) 98(26):14973–8. doi: 10.1073/pnas.261574498

53. Rahman N, Khan H, Zia A, Khan A, Fakhri S, Aschner M, et al. Bcl-2
Modulation in P53 Signaling Pathway by Flavonoids: A Potential Strategy
Towards the Treatment of Cancer. Int J Mol Sci (2021) 22(21). doi: 10.3390/
ijms222111315

54. Tasian SK, Teachey DT, Rheingold SR. Targeting the PI3K/mTOR Pathway in
Pediatric Hematologic Malignancies. Front Oncol (2014) 4:108. doi: 10.3389/
fonc.2014.00108

55. Meier-Soelch J, Mayr-Buro C, Juli J, Leib L, Linne U, Dreute J, et al.
Monitoring the Levels of Cellular NF-kappaB Activation States. Cancers
(2021) 13(21). doi: 10.3390/cancers13215351

56. Lu YZ, Li LH, Wu GY, Zhuo HQ, Liu GY, Cai JC. Effect of PI3K/Akt Signaling
Pathway on PRAS40Thr246 Phosphorylation in Gastric Cancer Cells. Iran J
Public Health (2019) 48(12):2196–204. doi: 10.18502/ijph.v48i12.3551
Frontiers in Oncology | www.frontiersin.org 13
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhong, Dong, Zhang, Yuan and Duan. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
January 2022 | Volume 11 | Article 789626

https://doi.org/10.1073/pnas.261574498
https://doi.org/10.3390/ijms222111315
https://doi.org/10.3390/ijms222111315
https://doi.org/10.3389/fonc.2014.00108
https://doi.org/10.3389/fonc.2014.00108
https://doi.org/10.3390/cancers13215351
https://doi.org/10.18502/ijph.v48i12.3551
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Aberrant Expression of miR-1301 in Human Cancer
	Introduction
	The Aberrant Expression of miR-1301 in Cancer
	miR-1301 Is Down-Regulated in 11 Tumors
	miR-1301 Is Up-Regulated in 2 Types of Tumors
	Inconsistent Results of miR-1301 Expression in 3 Kinds of Tumors

	The Prognostic Value of miR-1301 in Cancer
	miR-1301 and the Treatment of Cancer Drugs
	EPI Plays an Anti-Tumor Effect in Osteosarcoma Through the miR-1301/TRIAP1 Axis
	IM Exerts an Anti-Tumor Effect in CML Through the miR-1301/RanGAP1 Axis
	The Molecular Mechanism of miR-1301 and Cisplatin Resistance in Ovarian Cancer

	The miR-1301-Related ceRNA Network
	The miR-1301 Related Signaling Pathways
	The Wnt/β-Catenin Signaling Pathway
	The p53 Signaling Pathway
	The mTOR Signaling Pathway
	The Ras Signaling Pathway
	The NF-κB Signaling Pathway
	The PI3K/AKT Signaling Pathway

	Conclusions and Perspectives
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


