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In recent years, microRNAs (miRNAs) have attracted much attention because of their
prominent role in cancer. An increasing number of studies have shown that miRNAs play
an important role in a variety of tumors. miR-608 has been reported to be decreased in
cancers, especially in solid tumors. miR-608 is regarded as a tumor suppressor, which
has been verified through a large number of experiments both in vivo and in vitro. miR-608
participates in many biological processes, including cell proliferation, invasion, migration,
and apoptosis, by inhibiting transmembrane proteins and many signaling pathways. Here,
we summarize the expression profile and biological functions and mechanism of miR-608,
suggesting that miR-608 is an ideal diagnostic and prognostic biomarker and a treatment
target for cancer.

Keywords: miR-608, cancer, biomarker, molecular mechanism, tumor suppressor

BACKGROUND

MicroRNAs (miRNAs) are a class of nonprotein-coding single-stranded RNA with a length of
approximately 18-25 nucleotides, and they are encoded by endogenous genes (1-4). miRNAs are
highly conserved and tissue-specific (5). miRNAs were first found in Caenorhabditis elegans, and
Lee et al. (6) also found that miRNAs participate in lin-14 gene expression regulation through
antisense RNA-RNA interactions. In the past 20 years, the number of miRNA studies has increased
substantially. Researchers have shown that miRNAs are involved in the negative posttranscriptional
regulation of gene expression and maintain cell homeostasis (7) in the human body by binding with
the 3’ untranslated region (3’-UTR) of mRNAs of target genes and degrading the target mRNAs.
Generally, a single miRNA has a single mRNA target. However, a miRNAs can possess multiple
targets, and a single miRNA target can also be shared by several miRNAs. Proper control of miRNA
expression is required for a balanced physiological environment, as these small molecules influence
almost every cellular process from the cell cycle and cell proliferation to apoptosis, with a wide range
of target genes (8).

In recent research, numerous aberrantly expressed miRNAs were found to be related to the
development and prognosis of cancers (9, 10). Among them, miR-608 (GenelD: 693 193), mapped
to chromosome 10q24.31, has attracted extensive interest because its dysregulated expression plays
a key role in the occurrence and development of various malignant tumors by affecting the
posttranscriptional regulation of target genes (11). Further studies have demonstrated that miR-608
expression may affect the treatment efficacy in colorectal cancer (CRC) patients treated with
chemotherapy alone or chemoradiotherapy alone (12). Choi et al. (13) demonstrated that miR-608
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had the strongest inhibitory effect on the growth of A549 tumor
cells by screening a miRNA library. Moreover, the expression
level of miR-608 is decreased in many kinds of tumors, including
acute myeloid leukaemia (14, 15), bladder cancer (BCa) (11),
breast cancer (16), chordoma (17), clear cell renal cell carcinoma
(18), gastric cancer (19), glioma (20, 21), melanoma (22), head
and neck squamous cell carcinoma (23), hepatocellular
carcinoma (HCC) (24, 25), lung cancer (LC) (26-28),
osteosarcoma (29), ovarian cancer (30, 31), pancreatic cancer
(32), and prostate cancer (33).

In this review, we summarize the latest progress of miR-608
research in the past decade and detail the expression, biogenesis,
biological functions, and functional mechanisms of miR-608 in
different cancers.

REGULATION OF MIR-608 EXPRESSION

The 3’-UTR is the crucial area by which miRNAs exert
posttranscriptional regulatory functions. Upstream molecules
can also bind to the 3’-UTR of miRNAs, downregulate miRNA
levels and suppress the biological functions of miRNAs.
Generally, upstream molecules mainly include IncRNAs,
proteins, circular RNAs (circRNAs), chemical substances and
drugs. Among these, 3’-UTR regions of CD44, which is a
transmembrane glycoprotein, was firstly identified to bind to
miR-608. The CD44 3’-UTR competitively binds with the 3’-
UTR of miR-608, thus inhibiting miR-608 functions and
releasing the inhibition of downstream mRNAs (34). As
additional upstream molecules of miR-608, tumor suppressor
candidate-2 pseudogene (TUSC2P) and tumor suppressor
candidate 2 (TUSC2) arrest the functions of miR-608 via their
3’-UTRs, which subsequently increases translation of TUSC2.
TUSC2 is a tumor suppressor, and TUSC2P represses cell
invasion, migration, and colony formation via the TUSC2P/
miR-608/TUSC2 axis (35). Moreover, the TUSC2P/miR-608/
TUSC2 axis has been verified to be related to esophageal
squamous cell carcinoma (ESCC) (36). In addition, in human
lung adenocarcinoma (LUSC), B-cell lymphocyte xL (Bcl-xL), as
an anti-apoptotic protein, can interact with hsa-miR-608 and
further play a carcinogenic role through the PI3K/AKT, WNT,
TGE-b, and ERK signaling pathways (37). Xu et al. (38) revealed
that in neuroblastoma, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) could bind to the aryl hydrocarbon receptor (AhR),
induce upregulation of miR-608 and regulate the expression level
of cell division cycle 42 (CDC42). An antagonist of AhR,
CH223191, can reverse the effect of TCDD, further enhancing
the reliability of the above results (38). Kang et al. (39)
successfully demonstrated that during Kaposi’s sarcoma-
associated herpesvirus (KSHV) lytic infection, open reading
frame 57 (ORF57) combined with miRNA and induces the
expression of human interleukin 6 (hIL-6), accelerating cell
proliferation and tumorigenesis. Thus, the virus can promote
the occurrence and development of tumors by interfering with
the function of miRNAs (39, 40). Equally notable is that natural
products can influence the expression level of miR-608.

For example, toosendanin (TSN) upregulates miR-608 and
inhibits downstream targets, including Notchl and Notch2
(41). In addition, circRNAs can also interact with miR-608,
and Liu et al. (42) revealed that a circ_0089153/miR-608/
EGFR/p53 interaction pathway exists in ameloblastoma (AB).
The biological function of circ_0089153 relies on the MAPK
signaling pathway (42).

Among the confirmed upstream targets of miR-608, long
noncoding RNAs (IncRNAs) account for the highest proportion,
which will be described in detail below. LINC00963 sponges
miR-608 and upregulates the miR-608 target matrix
metallopeptidase 15 (MMP-15) (14) in acute myeloid
leukaemia (AML). Interestingly, in melanoma, LINC00963 can
also interact with miR-608 and further elevate nucleus
accumbens associated 1 (NACC1) expression, facilitating cell
proliferation, migration and invasion (22), similar to what is seen
in AML. Moreover, the IncRNA HOXD-AS1 was also found to
bind with miR-608 and promote cell proliferation, migration,
invasion, metastasis, and chemoresistance (43). Wang et al. (30)
indicated that HOXD-AS1 combines with miR-608 and increases
frizzled class receptor 4 (FZD4), participating in the
development of ovarian cancer. The IncRNA NORAD has also
been found to bind to miR-608 in cancer and upregulate
forkhead box O6 (FOXO6) in gastric cancer, accelerating cell
growth (19, 44). A similar axis also exists in ovarian cancer, but
surprisingly, NORAD induces overexpression of signal
transducer and activator of transcription 3 (STAT3) by
interacting with miR-608 and functions as a tumor suppressor
(31). Remarkably, Zhang et al. (20) also confirmed that
IncHAS2-AS1 is another upstream target of miR-608, and
STAT1 was found to be an upstream factor of IncHAS2-AS1.
Both STAT1 and STAT3 belong to the STAT family. Thus,
IncRNAs, miRNAs, mRNAs, and proteins can together form
networks of mutual influence and interaction. With the
increasing number of relevant studies, a more comprehensive
and detailed understanding of these networks will be achieved. In
addition, LINC02747, LINC00052, the IncRNA MALAT1, and
the IncRNA BLACAT1 can also act as upstream molecules of
miR-608 (Table 1) (Figure 1) (18, 23, 29, 45).

DYSREGULATION OF MIR-608 IN
MALIGNANT DISEASES

MiR-608 in Acute Myeloid

Leukaemia (AML)

For adults, AML is the most common leukaemia and is
characterized by a reduction in normal haematopoietic cells
and their replacement by primitive cells. At present, diagnosis
is generally achieved by identifying cell immunophenotypes
(46-48). Abnormal genetic examination results are recognized
as an important prognostic factor. However, accumulating
evidence has revealed that some people with normal genetic
test results may also have AML (49). Therefore, it is necessary to
find new diagnostic markers to screen these patients. Zuo et al.
(14) demonstrated that both LINC00963 and MMP15 are
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TABLE 1 | The upstream and target genes of miR-608 in multiple cancers.

Cancer type Upstream factor Target gene Refs.,
Acute myeloid leukaemia LINC00963 MMP-15 (14)
Acute myeloid leukaemia LncRNA HOTTIP DDA1 (15)
Ameloblastoma circ_0089153 EGFR, p53 (42)
Cancer TUSC2P and TUSC2 TUSC2 (35)
Cancer CD44 CDC42 (34)
Cancer LncRNA HOXD-AS1 (43)
Cancer LncRNA NORAD (44)
Clear cell renal cell carcinoma LINC02747 TFES (18)
Esophageal squamous cell carcinoma TUSC2P TUSC2 (36)
Gastric cancer LncRNA NORAD FOXO6 (19)
Glioblastoma STAT1/IncHAS2-AS1 PRPS1 (20)
Glioma toosendanin Notch1 (Notch2) (41)
Head and neck squamous cell carcinoma LncRNA TMEM83 EGFR (23)
Kaposi’s sarcoma associated with herpesvirus ORF57 VvIL-6, hIL-6 (39)
Kaposi's sarcoma associated with herpesvirus ORF57 VvIL-6, hiL-6 (40)
Lung adenocarcinoma Bcel-xL Silencing

Melanoma LINC00963 NACCA (22)
Melanoma LncRNA MALAT1/LINC00047 (45)
Neuroblastoma TCDD/AhR CDC42 (38)
Osteosarcoma LncRNA BLACAT1 SOX12 (29)
Ovarian cancer LncRNA HOXD-AST FzD4 (30)
Ovarian cancer LncRNA NORAD STAT3 (31)

upregulated in AML, while miR-608 is reduced. LINC00963
inhibits miR-608 and increases MMP15, which can repress
AML cell growth and epithelial to mesenchymal transition
(EMT) (14). Interestingly, Zhuang et al. (15) proposed that the
IncRNA HOTTIP can upregulate DET1 and DDB1-associated 1
(DDA1) by sponging miR-608. However, the overexpression of
DDAl promotes AML cell proliferation and cell cycle
progression (15), which contradicts the research results above.
This is because the effector molecules MMP15 and DDA1 have
different biological functions. These results remind us that if we
want to utilize miRNA as a therapeutic target or diagnostic
marker, there may be problems with low specificity.

MiR-608 in Bladder Cancer (BCa)

BCa is one of the most common cancers of the urinary system.
The incidence rate of males is higher than that of females (50).
BCa causes approximately 150000 deaths worldwide annually
(51). Patients with BCa are often admitted to the hospital as an
emergency, and the proportion of patients who are actively
found through physical examination is not high. In addition,
emergency admission often means poor prognosis (52, 53).
Therefore, we urgently need to find new diagnostic biomarkers
for the early detection of BCa. Liang et al. (11) found that miR-
608 is always downregulated in BCa, which accelerates cell
proliferation and cell cycle progression. When miR-608 is
upregulated, it inhibits the expression of FLOT1 and induces
G1 phase arrest via the AKT/FOXO3a signaling pathway. In a
xenograft model in vitro, upregulated miR-608 was shown to
repress BCa cell proliferation (11). In addition, another team also
obtained the same results: overexpression of miR-608 can
suppress cell survival and invasion and promote cell apoptosis
(54). Therefore, miR-608 seems to have the potential to become a
diagnostic marker or therapeutic target.

MiR-608 in Colorectal Cancer (CRC)

CRC currently has the fourth highest incidence rate in the world.
In recent decades, with the continuous development of screening
technology, the incidence rate of CRC has peaked. Early
screening is one of the most effective measures to improve the
prognosis of CRC patients, so finding new diagnostic markers
remains important (55-57). In the past decade, there have been
many meta-analyses and studies of the correlation of miR-608
rs4919510 and CRC, but the conclusions have not been
consistent. Kupcinskas et al. (58) revealed that in Europe, miR-
608 rs4919510 has no association with CRC. Interestingly,
another team proposed that miR-608 rs4919510 is related to
the risk of CRC in both African Americans and Caucasians (59).
Both Dai et al. (60) and Ying et al. (61) further found that miR-
608 rs4919510 is associated with decreased risk of CRC, although
Gong’s team disagrees (60-62). In addition, Pardini et al. (63)
and Xing et al. (64) discovered that miR-608 rs4919510 is related
to the prognosis of CRC, specifically, CRC recurrence-free
survival (RFS). The rs4919510 variant G allele of miR-608 may
upregulate MRPL43 by causing loss of its function, thus
promoting CRC cell proliferation, invasion, and migration,
inhibiting cell apoptosis, and ultimately increasing the risk of
CRC (65). However, in 2018, another study reported that for the
Iranian population, miR-608 rs4919510 was not associated with
the incidence rate of CRC but was associated with metastatic risk
(66). Therefore, we believe that miR-608 is a potential predictive
biomarker of CRC.

MiR-608 in Hepatocellular
Carcinoma (HCC)

HCC is the third leading cancer worldwide. The incidence rate of
HCC has been high due to the pervasiveness of hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection. Therefore, HCC
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has caused massive economic costs to human society. It is
necessary to find new biomarkers to improve the prognosis of
HCC (67-69). Wang et al. (25) found that miR-608 was
downregulated in the HCC cell lines HepG2 and SK-Hep-1.
Correlation analysis was performed with baseline clinical
information. An elevated level of miR-608 was associated with
a good prognosis of HCC and was specifically related to tumor
size, differentiation, clinical stage, overall survival (OS) and
disease-free survival (DFS). Moreover, the researchers also
found that miR-608 inhibits its target macrophage migration
inhibitory factor (MIF) and promotes cell proliferation (25).
Surprisingly, He et al. (24) discovered almost the same pathway,
except that the final effector molecule was not MIF but
bromodomain-containing 4 (BRD4). This result further
confirms that miRNAs can often play a role by targeting
multiple targets. If there is synergy between these targets, the
specific miRNAs can be considered potential biomarkers.
Interestingly, another study revealed that miR-608 rs4919510 is
significantly related to good prognosis (long OS) (70). Wang
et al. (71) confirmed this conclusion by collecting clinical
information from 993 HCC patients and 992 healthy
individuals. Therefore, miR-608 has prognostic value and is
expected to become a potential therapeutic target for HCC.

MiR-608 in Lung Cancer (LC)

Among cancers, the incidence rate of LC is the highest in the
world, and the incidence rate of LC in women with a history of
smoking is the third highest. LC also has the highest mortality
among cancers, and the mortality rates in men and women are
both the second highest (72-75). Therefore, it is of great
significance to reveal the mechanisms underlying the
occurrence and development of LC. In 2016, Li et al. (27)
discovered that miR-608 rs4919510 was likely associated with
both LC risk and susceptibility to LC. In 2019, Xu et al. (26)
revealed that compared with that in normal lung tissue, miR-608
expression was downregulated in LC tissue. A dual-luciferase
reporter experiment showed that BRD4 was a direct target of
miR-608, and the expression level of BRD4 was upregulated in
LC tissues. Reduced miR-608 can also promote LC cell
proliferation, migration, and invasion through the JAK2/
STAT3 signaling pathway (26). These results confirm the
results of a study three years ago. Moreover, miR-608 was also
found to be downregulated in non-small-cell lung cancer
(NSCLC) by of sequencing samples from 106 NSCLC patients
and 124 healthy people. Although miR-608 does not affect the
incidence of NSCLC, miR-608 can target transcription factor
AP-4 (TFAP4) via the Hippo-YAP signaling pathway, thereby
promoting NSCLC cell apoptosis and inhibiting cell proliferation
(28, 76). Through the Hippo-YAP signaling pathway, miR-608
can also target TEA domain transcription factor 2 (TEAD2) and
increase cisplatin sensitivity in NSCLC (77). Moreover, miR-608
can exert a tumor-protecting function in small-cell lung cancer
(78). What is more surprising is that in LUSC, miR-608
promotes LUAD cell death and increases the antiproliferative
effect of gefitinib via the PI3K/AKT, WNT, TGF-B, and ERK
signaling pathways (37, 79). Therefore, there is sufficient

evidence to indicate that miR-608 is a potential therapeutic
target and prognostic biomarker.

MiR-608 in Pancreatic Cancer

Pancreatic cancer has the worst prognosis of solid tumors (80,
81). Pancreatic cancer mortality ranks fourth among cancers
worldwide and has risen considerably in the past few years (82,
83). The incidence of pancreatic cancer continues to slowly
increase. This trend is because most pancreatic cancers are
exocrine cell tumors, and the prognosis for exocrine cell
tumors is worse than that of endocrine cell pancreatic cancers.
Of exocrine cell tumors, pancreatic ductal adenocarcinomas
(PDAC:s) are the most common subtype (84). Unfortunately, it
is very difficult to detect pancreatic cancer early because of the
lack of obvious symptoms. Thus, further discovery of new
predictive biomarkers is urgently needed. In 2020, Nishiwada
et al. (85) successfully constructed a diagnostic model that
consisted of 6 miRNAs and had excellent performance in
identifying lymph node metastasis in PDAC patients. The
success of this model implies that miRNAs can be very
valuable in the early diagnosis of pancreatic cancer.
Interestingly, in pancreatic cancer, miR-608 is downregulated,
and miR-608 can target ribonucleotide reductase M1 (RRM1)
and cytidine deaminase (CDA) and control gemcitabine
resistance (32). miR-608 also promotes PDAC cell apoptosis
and prolongs PDAC patient OS by binding BRD4 (86, 87) and
AKT serine/threonine kinase 2 (AKT2). Therefore, miR-608 has
the potential to act as a new diagnostic and prognostic marker
and even a treatment target for pancreatic cancer.

MiR-608 in Esophageal Squamous Cell
Carcinoma (ESCC)

The incidence rate and mortality rate of esophageal cancer are
among the top ten rates of all cancers (88-90). Esophageal
adenocarcinoma (EAC) and ESCC are the two major subtypes
of esophageal cancer (88). New biomarkers for ESCC are
currently a hot topic of research, and miRNAs have already
shown some advantages. Liu et al. (36) revealed that in ESCC
EC109 and TE-1 cells, miR-608 targets TUSC2, inhibits cell
proliferation and invasion, and promotes cell apoptosis. In
addition, miR-608 rs4919510 can also act as a predictive factor
for ESCC, as proven by bioinformatics methods (91).

MiR-608 in Other Cancers

In addition to the cancers mentioned above, miR-608 is also
reduced in many other cancers. In chordoma, miR-608 is
significantly downregulated and interacts with EGFR and Bcl-
xL. The downregulation of miR-608 can accelerate chordoma cell
proliferation and migration and repress cell apoptosis (17). In
addition, miR-608 sponges RAC2/BCL2L1 and promotes
prostate cancer cell proliferation, G2/M transition, and
migration (33). In addition, miR-608 also exerts a tumor-
inhibiting effect in breast cancer (92), clear cell renal cell
carcinoma, gastric cancer, glioblastoma (GBM), glioma, head
and neck squamous cell carcinoma, rectal cancer, Kaposi’s sarcoma
associated with herpesvirus infection, melanoma, nasopharyngeal
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TABLE 2 | The expression profile and biological functions and mechanisms of miR-608.

Cancer type Expression Clinical features Target gene Function Refs.
Acute myeloid leukaemia downregulated MMP-15 cell growth| and epithelial to mesenchymal (14)
transition (EMT)|
Acute myeloid leukaemia downregulated DDA1 proliferation?, cell cycle progressiont (15)
Bladder cancer downregulated FLOTH proliferationt (11)
Bladder cancer upregulated proliferation|, invasion|, apoptosist (54)
Chordoma downregulated EGFR, Bcl-xL proliferationt, migrationt, apoptosis| (17)
Clear cell renal cell downregulated high TNM stage and histological TFES3 proliferationt (18)
carcinoma grade and poor prognosis
Colon cancer NAA10 proliferation|, migration|, and cell cycle (93)
progression), apoptosist
Colorectal cancer MRPL43 apoptosis|, proliferationt, invasiont, migrationt, cell  (65)
cycle progressiont
Colorectal cancer metastasis], (66)
Colorectal cancer 61)
Colorectal cancer (58)
Colorectal cancer (59)
Colorectal cancer 62)
Colorectal cancer (63)
Colorectal cancer recurrence-free survival (64)
Colorectal cancer (60)
Metastatic colorectal tumor recurrence (94)
cancer
Esophageal squamous cell 91)
carcinoma
Esophageal squamous cell TUSC2 proliferation], invasion, apoptosist (36)
carcinoma
Gastric cancer downregulated poor prognosis FOXO6 cell growtht (19)
Gastric cancer (95)
Glioblastoma downregulated poor prognosis PRPS1 migrationt, invasiont (20)
Glioma Notch1 (Notch2) apoptosis? (41)
Glioma stem cells downregulated MIF proliferationt, migrationt, invasiont, apoptosis| 21)
Head and neck squamous  downregulated EGFR progressiont (23)
cell carcinoma
Head and neck squamous tumor growth| (96)
cell carcinoma
Hepatocellular carcinoma good prognosis, long OS (70)
Hepatocellular carcinoma (71)
Hepatocellular carcinoma  downregulated BRD4 proliferationt (24)
Hepatocellular carcinoma downregulated tumor size, differentiation, clinical MIF proliferationt (25)
stage, overall survival, disease-free
survival
Rectal cancer better prognosis (12)
Kaposi’s sarcoma vIL-6, hIL-6 cell proliferationt, tumorigenesist (39)
associated with
herpesvirus (KSHV)
Kaposi's sarcoma VvIL-6, hIL-6 (40)
associated with
herpesvirus (KSHV)
Lung adenocarcinoma/ AKT2 apoptosist 87)
non-small-cell lung cancer
Lung adenocarcinoma progression-free survival anti-proliferation effect of gefitinibt (79)
Lung adenocarcinoma cell deatht 37)
Lung cancer downregulated BRD4 proliferationt, migrationt, invasiont (26)
Lung cancer downregulated lung cancer riskt, susceptibility to lung cancert (27)
Non-small-cell lung cancer  downregulated does not influence the incidence of TFAP4 apoptosis|, migrationt (76)
NSCLC patients
Non-small-cell lung cancer ~ downregulated TEAD2 cisplatin sensitivity| (77)
Non-small-cell lung cancer ~ downregulated TFAP4 apoptosis] (28)
Small-cell lung cancer (78)
Melanoma downregulated poor prognosis NACC1 proliferationt, migrationt, invasiont (22)
Melanoma downregulated proliferationt, migrationt, invasiont (45)
Nasopharyngeal carcinoma 97)
Nasopharyngeal carcinoma (98)
(Continued)
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TABLE 2 | Continued

Cancer type Expression Clinical features Target gene Function Refs.

Neuroblastoma CDC42 (38)

Osteosarcoma downregulated SOX12 proliferationt, migrationt, invasiont (29)

Ovarian cancer downregulated poor prognosis FzD4 proliferationt, colony formationt, migrationt, (30)
invasiont

Ovarian cancer downregulated STAT3 cancer growth-inhibiting effects of physcion 8-O-B- (31)
glucopyranosidel, invasion|, migration|, apoptosist

Pancreatic cancer downregulated RRM1 and CDA gemcitabine resistance?t (32)

Pancreatic ductal oS BRD4 apoptosist (86)

adenocarcinoma

Prostate cancer downregulated RAC2/BCL2L1 proliferationt, G2/M transitiont, migrationt (33)

1 means promote and | means inhibit.

carcinoma (NPC), neuroblastoma, osteosarcoma, and ovarian
cancer (Table 2).

Mechanism by Which MiR-608 Inhibits
Tumor Growth

Clinically, in almost all cancers, tumor size is closely related to
the prognosis of patients and influences the choice of treatment.
Thus, the mechanisms of tumor growth and progression deserve
attention. Tumor growth is closely related to the degrees of
tumor cell proliferation and apoptosis. Whether a tumor grows
often depends on which of these processes is stronger. Increasing
evidence shows that miR-608 can significantly inhibit the
proliferation of a variety of solid tumors, suggesting that miR-
608 is closely related to cell proliferation and apoptosis. Next, we
will elaborate the molecular mechanism by which miR-608 is
involved in tumor growth from two perspectives.

MiR-608 and Transmembrane Proteins

Membrane proteins are the main executors of biofilm function.
They can effectively participate in cell energy exchange,
information recognition and transmission and material
transport. According to the different positions of membrane
proteins in the cell membrane, these proteins can be divided
into peripheral membrane proteins and internal membrane
proteins, which are also called transmembrane proteins (99).
miR-608 can bind to the 3’-UTR of many transmembrane
proteins to inhibit cancer cell proliferation and accelerate cell
apoptosis. Among these transmembrane proteins, EGFR is
especially important because EGFR can interact with epidermal
growth factor (EGF) and induce receptor dimerization and
tyrosine autophosphorylation, resulting in cell proliferation.
Both Liu et al. (42) and Zhang et al. (17) reported that EGFR is
a target of miR-608 and that miR-608 can indirectly attenuate cell
proliferation by inhibiting EGFR. Moreover, MMP-15, another
transmembrane protein, binds to miR-608 and participates in the
progression of AML. Furthermore, rescue experiments indicate
that overexpression of LINC00963 promotes cell proliferation and
EMT by modulating MMP-15 (14). Interestingly, FZD4 is
reported to be upregulated in ovarian cancer, and FZD4 is a
transmembrane protein that belongs to the P-catenin signaling
pathway. Generally, HOXD4-AS1 exerts tumor-promoting
functions through the miR-608/FZD4 axis in ovarian cancer
(30). These four studies all clearly indicate that the inhibition of

transmembrane proteins by miR-608 leads to suppression of
cell growth.

MiR-608 and Signaling Pathways

miR-608 modulates tumor growth not only by affecting
transmembrane proteins but also by affecting multiple
signaling pathways. The MAPK pathway has three levels of
signal transmission: MAPK, MAPK kinase (MEK or MKK)
and kinase of MAPK kinase (MEKK or MKKK). These three
kinase levels can be activated in sequence and together regulate a
variety of important physiological/pathological effects, such as
cell growth and differentiation (100). Importantly, MAPK is also
involved in the apoptosis induced by ultraviolet radiation (101).
miR-608 targets EGFR and p53 and affects cell cycle processes
via the MAPK pathway (42). Interestingly, p53 can further
activate the PI3K/AKT pathway and influence the cell cycle
and mitosis (102). In addition, miR-608 also affects the AKT/
FOXO3a signaling pathway to control cell proliferation. miR-608
inhibits both the AKT and FOXO3a kinases and blocks the
signaling pathway to attenuate cell proliferation (11) and
accelerate cell apoptosis. Moreover, when miR-608 is
overexpressed, the expression levels of BRD4, p-JAK2, p-
STATA3, CD44, and MMP9 are significantly decreased,
indicating that the JAK2/STAT3 signaling pathway is inhibited
by miR-608 (26). The inhibition of miR-608 is essential for
tumor suppression.

MiR-608 as a Biomarker

MiR-608 as a Diagnostic Biomarker

Early detection and diagnosis are key to improving the prognosis
of cancers. An increasing number of studies have shown that the
expression of miRNAs is significantly different between cancer
tissues and normal tissues (12, 18, 33, 94). This difference can
even be detected directly in body fluids (103), which has laid a
foundation for the noninvasive detection of miRNA. single-
nucleotide polymorphisms of genes encoding miRNAs
significantly influence tumor susceptibility and can also act as
diagnostic biomarkers for cancers. Ju et al. (18) demonstrated
that in clear cell renal cell carcinoma, LINC02747 can sponge
miR-608 and further upregulate the mRNA of the target TFE3.
The authors suggest that LINC02747 has diagnostic potential for
renal cell carcinoma (18). We also believe that miR-608 can be
regarded as a diagnostic marker of renal cell tumors because
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FIGURE 1 | Upstream targets of miR-608. Not only many IncRNAs can
regulate the level of miR-608, but also some circRNAs and drugs, such as
toosendanin, can also play the role of regulator of miR-608.

miR-608 is inhibited by upstream LINC02747. In addition,
Tokarz et al. (94) found that single-nucleotide polymorphisms
of the gene encoding miR-608 can also be used to accurately

diagnose metastatic CRC. Moreover, after determining the
genotypes of 1358 CRC patients and 1079 healthy controls
through sequencing, another team found that miR-608
rs4919510 is obviously related to CRC susceptibility (61).
Interestingly, researchers in LC also proposed that miR-608
rs4919510 can significantly affect tumor susceptibility (27).

MiR-608 as Prognostic Biomarker

In addition to its diagnostic biomarker potential, miR-608 also
has the potential to become a prognostic marker for cancers.
Expression of miR-608 is correlated with TNM stage, histological
grade, and prognosis; and miR-608 has a close relationship with
the prognosis of clear cell renal cell carcinoma (18). In addition,
several studies have revealed that miR-608 can function as a
prognostic marker (63, 65) and predict CRC recurrence (94).
miR-608 rs4919510 was also found to be related to the RFS of
CRC (64). Moreover, after collecting basic HCC
clinicopathological information, Wang et al. (25) proved that
miR-608 is highly correlated with HCC tumor size,
differentiation, clinical stage, OS, and DFS. The researchers
verified that a decrease in miR-608 facilitated the proliferation
of the HCC cell lines HepG2 and SK-Hep-1 (25). Interestingly,
Ma et al. (70) confirmed that miR-608 rs4919510 is associated
with good prognosis and long OS. To our surprise, miR-608 was
reported to be related to the PFS of LUSC patients, and miR-608
expression can indicate poor prognosis of ovarian cancer
patients (30, 79). In summary, we found that miR-608 has
unprecedented potential for predicting prognosis in solid
tumors. However, there are few studies on the prognostic role
of miR-608 in haematopoietic system tumors. miR-608 will likely
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be a promising prognostic marker for multiple tumors, including
both solid tumors and non-solid tumors.

MiR-608 as Therapeutic Target

Intriguingly, miR-608 has already shown obvious therapeutic
effects in tumors according to dozens of studies. TSN can elevate
the expression level of miR-608, enhancing glioma cell apoptosis
via the Notch signaling pathway. In vivo experiments also
showed that TSN clearly inhibits tumor growth (41). Wang
et al. (21) indicated that overexpression of miR-608 attenuates
glioma stem cell proliferation, invasion, and migration and
induces cell apoptosis, clearly explaining the therapeutic effect
of miR-608 in tumors. Moreover, miR-608 can be sponged by
LINCO00052, regulate the expression of EGFR, and further
promote the progression of head and neck squamous cell
carcinoma in vivo and in vitro (23). Overexpression of miR-
608 promoted doxorubicin-induced NSCLC cell apoptosis by
repressing the expression of TFAP4, and TFAP4 was
overexpressed in NSCLC tissues (28). Jiao et al. (22) illustrated
that the LINC00963-miR-608-NACC1 pathway might be a
potential treatment target for melanoma. Moreover, the roles
of the BLACAT1/miR-608/SOX12 axis in osteosarcoma (29),
HOXD4-AS1/miR-608/FZD4 axis (30) in ovarian cancer, and
IncRNA NORAD/miR-608/STAT3 (31) axis in melanoma
indicate that miR-608 could be an ideal therapeutic target. Li
et al. (86) revealed that miR-608 can decrease the level of BRD4
and facilitate cell apoptosis. However, in PDAC, miR-608 is
usually significantly reduced. A strategy to overexpress miR-608
utilizing gene editing technology or targeted therapy could
significantly improve the prognosis for PDAC (86). Zhang
et al. (33) also elucidated that miR-608 can obviously alleviate
the progression of prostate cancer. Taken together, our findings
provide valuable insights for the chemotherapy of multiple
tumors, especially solid tumors.

CONCLUSIONS

In this review, we comprehensively summarized the latest and
most valuable research on miR-608. Many researchers in the field
of cancer are constantly looking for more potential tumor
biomarkers to achieve tumor prevention and treatment. In
recent decades, researchers have gradually found that miRNAs
play an important role in the occurrence and development of

REFERENCES

1. Rupaimoole R, Slack FJ. MicroRNA Therapeutics: Towards a New Era for
the Management of Cancer and Other Diseases. Nat Rev Drug Discov (2017)
16:203-22. doi: 10.1038/nrd.2016.246

2. Simonson B, Das S. MicroRNA Therapeutics: The Next Magic Bullet? Mini Rev
Med Chem (2015) 15:467-74. doi: 10.2174/1389557515666150324123208

3. Lu TX, Rothenberg ME. MicroRNA. | Allergy Clin Immunol (2018)
141:1202-7. doi: 10.1016/j.jaci.2017.08.034

4. Thorpe TE. Priestley in America, 1794-1804. Nature (1921) 108:394-7.
doi: 10.1038/108394a0

tumors, and an increasing number of people have devoted
themselves to studying this field. In addition, miR-608 is a
novel miRNA with much potential. miR-608 is decreased in
almost all solid tumors except bladder cancer (54). Interestingly,
although the results of individual studies are different, miR-608
has been found to consistently play a role in inhibiting cancer in
all tumors (Figure 2) . This result is surprising and provides new
hope for tumor treatment.

Unfortunately, there are no clinical trials related to miR-608
yet, which may be a result of the failure of other drugs with
similar targets, such as MRX34, which is miR-34a mimic (104).
According to the results of previous clinical trials, the problems
with such drugs are probably related to the multiple serious
adverse reactions. We speculate that such reactions are caused by
the low specificity of miRNA drugs. Thus, in future drug design,
organ-specific drug dosages should be designed according to the
characteristics of different organs to increase the accuracy of
pharmacological effects and reduce complications. In addition,
due to the wide distribution of RNases in vivo, miRNA drugs also
face the challenge of RNA degradation. At present, most
strategies use nanocarriers to reduce RNA degradation, but the
toxicity of such drugs remains to be studied. In summary, miR-
608 has obvious potential for the diagnosis, prognostication and
treatment of cancer. To benefit patients in the future, new drugs
need to be designed through potential technical routes, and
clinical trials need to be carried out as soon as possible.

AUTHOR CONTRIBUTIONS

LL designed and guided the study. JL and DZ wrote and edited
the manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by the National Key Research and
Development Program of China (2019YFC0840600 and
2019YFC0840609), and the Independent Project Fund of the
State Key Laboratory for Diagnosis and Treatment of Infectious
Diseases, the National Key Research and Development Program
of China (2016YFC1101404/3).

5. Su JL, Chen PS, Johansson G, Kuo ML. Function and Regulation of Let-7
Family microRNAs. Microrna (2012) 1:34-9. doi: 10.2174/2211536611201
010034

6. Lee RC, Feinbaum RL, Ambros V. The C. Elegans Heterochronic Gene Lin-4
Encodes Small RNAs With Antisense Complementarity to Lin-14. Cell
(1993) 75:843-54. doi: 10.1016/0092-8674(93)90529-Y

7. Lee YS, Dutta A. MicroRNAs in Cancer. Annu Rev Pathol (2009) 4:199-227.
doi: 10.1146/annurev.pathol.4.110807.092222

8. Mishra S, Yadav T, Rani V. Exploring miRNA Based Approaches in Cancer
Diagnostics and Therapeutics. Crit Rev Oncol Hematol (2016) 98:12-23.
doi: 10.1016/j.critrevonc.2015.10.003

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 870983


https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.2174/1389557515666150324123208
https://doi.org/10.1016/j.jaci.2017.08.034
https://doi.org/10.1038/108394a0
https://doi.org/10.2174/2211536611201010034
https://doi.org/10.2174/2211536611201010034
https://doi.org/10.1016/0092-8674(93)90529-Y
https://doi.org/10.1146/annurev.pathol.4.110807.092222
https://doi.org/10.1016/j.critrevonc.2015.10.003
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Luetal

Functions of MiR-608 in Cancer

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Zhang L, Liao Y, Tang L. MicroRNA-34 Family: A Potential Tumor

Suppressor and Therapeutic Candidate in Cancer. J Exp Clin Cancer Res
(2019) 38:53. doi: 10.1186/s13046-019-1059-5

Okugawa Y, Grady WM, Goel A. Epigenetic Alterations in Colorectal
Cancer: Emerging Biomarkers. Gastroenterology (2015) 149:1204-25.e12.
doi: 10.1053/j.gastro.2015.07.011

Liang Z, Wang X, Xu X, Xie B, Ji A, Meng S, et al. MicroRNA-608 Inhibits
Proliferation of Bladder Cancer via AKT/FOXO3a Signaling Pathway. Mol
Cancer (2017) 16:96. doi: 10.1186/s12943-017-0664-1

Sclafani F, Chau I, Cunningham D, Lampis A, Hahne JC, Ghidini M, et al.
Sequence Variation in Mature microRNA-608 and Benefit From Neo-
Adjuvant Treatment in Locally Advanced Rectal Cancer Patients.
Carcinogenesis (2016) 37:852-7. doi: 10.1093/carcin/bgw073

Choi YC, Yoon S, Byun Y, Lee G, Kee H, Jeong Y, et al. MicroRNA Library
Screening Identifies Growth-Suppressive microRNAs That Regulate Genes
Involved in Cell Cycle Progression and Apoptosis. Exp Cell Res (2015)
339:320-32. doi: 10.1016/j.yexcr.2015.10.012

Zuo W, Zhou K, Deng M, Lin Q, Yin Q, Zhang C, et al. LINC00963
Facilitates Acute Myeloid Leukemia Development by Modulating miR-608/
MMP-15. Aging (Albany NY) (2020) 12:18970-81. doi: 10.18632/
aging.103252

Zhuang MF, Li L], Ma JB. LncRNA HOTTIP Promotes Proliferation and
Cell Cycle Progression of Acute Myeloid Leukemia Cells. Eur Rev Med
Pharmacol Sci (2019) 23:2908-15. doi: 10.26355/eurrev_201904_17569
Hashemi M, Sanaei S, Rezaei M, Bahari G, Hashemi SM, Mashhadi MA,
et al. miR-608 Rs4919510 C>G Polymorphism Decreased the Risk of Breast
Cancer in an Iranian Subpopulation. Exp Oncol (2016) 38:57-9.
doi: 10.31768/2312-8852.2016.38(1):57-59

Zhang Y, Schiff D, Park D, Abounader R. MicroRNA-608 and microRNA-
34a Regulate Chordoma Malignancy by Targeting EGFR, Bcl-xL and MET.
PLoS One (2014) 9:¢91546. doi: 10.1371/journal.pone.0091546

Ju X, Sun Y, Zhang F, Wei X, Wang Z, He X. Long non-Coding RNA
LINC02747 Promotes the Proliferation of Clear Cell Renal Cell Carcinoma
by Inhibiting miR-608 and Activating TFE3. Front Oncol (2020) 10:573789.
doi: 10.3389/fonc.2020.573789

Miao Z, Guo X, Tian L. The Long Noncoding RNA NORAD Promotes the
Growth of Gastric Cancer Cells by Sponging miR-608. Gene (2019) 687:116-
24. doi: 10.1016/j.gene.2018.11.052

Zhang L, Wang H, Xu M, Chen F, Li W, Hu H, et al. Long Noncoding RNA
HAS2-AS1 Promotes Tumor Progression in Glioblastoma via Functioning
as a Competing Endogenous RNA. J Cell Biochem (2020) 121:661-71.
doi: 10.1002/jcb.29313

Wang Z, Xue Y, Wang P, Zhu J, Ma J. MiR-608 Inhibits the Migration and
Invasion of Glioma Stem Cells by Targeting Macrophage Migration
Inhibitory Factor. Oncol Rep (2016) 35:2733-42. doi: 10.3892/0r.2016.4652
Jiao H, Jiang S, Wang H, Li Y, Zhang W. Upregulation of LINC00963
Facilitates Melanoma Progression Through miR-608/NACC1 Pathway and
Predicts Poor Prognosis. Biochem Biophys Res Commun (2018) 504:34-9.
doi: 10.1016/j.bbrc.2018.08.115

Ouyang T, Zhang Y, Tang S, Wang Y. Long non-Coding RNA LINC00052
Regulates miR-608/EGFR Axis to Promote Progression of Head and Neck
Squamous Cell Carcinoma. Exp Mol Pathol (2019) 111:104321. doi: 10.1016/
j.yexmp.2019.104321

He L, Meng D, Zhang SH, Zhang Y, Deng Z, Kong LB. microRNA-608
Inhibits Human Hepatocellular Carcinoma Cell Proliferation via Targeting
the BET Family Protein BRD4. Biochem Biophys Res Commun (2018)
501:1060-7. doi: 10.1016/j.bbrc.2018.05.108

Wang K, Liang Q, Wei L, Zhang W, Zhu P. MicroRNA-608 Acts as a
Prognostic Marker and Inhibits the Cell Proliferation in Hepatocellular
Carcinoma by Macrophage Migration Inhibitory Factor. Tumor Biol (2016)
37:3823-30. doi: 10.1007/s13277-015-4213-5

Xu W, Sun D, Wang Y, Zheng X, Li Y, Xia Y, et al. Inhibitory Effect of
microRNA-608 on Lung Cancer Cell Proliferation, Migration, and Invasion
by Targeting BRD4 Through the JAK2/STAT3 Pathway. Bosn ] Basic Med
Sci (2020) 20:347-56. doi: 10.17305/bjbms.2019.4216

Li D, Zhu G, Di H, Li H, Liu X, Zhao M, et al. Associations Between Genetic
Variants Located in Mature microRNAs and Risk of Lung Cancer.
Oncotarget (2016) 7:41715-24. doi: 10.18632/oncotarget.9566

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Wang YF, Ao X, Liu Y, Ding D, Jiao W], Yu Z, et al. MicroRNA-608
Promotes Apoptosis in non-Small Cell Lung Cancer Cells Treated With
Doxorubicin Through the Inhibition of TFAP4. Front Genet (2019) 10:809.
doi: 10.3389/fgene.2019.00809

Chen X, Cui Y, Ma Y. Long non-Coding RNA BLACATI1 Expedites
Osteosarcoma Cell Proliferation, Migration and Invasion via Up-
Regulating SOX12 Through miR-608. ] Bone Oncol (2020) 25:100314.
doi: 10.1016/j.jb0.2020.100314

Wang Y, Zhang W, Wang Y, Wang S. HOXD-AS1 Promotes Cell
Proliferation, Migration and Invasion Through miR-608/FZD4 Axis in
Ovarian Cancer. Am ] Cancer Res (2018) 8:170-82.

Yang X, Yan Y, Chen Y, Li J, Yang J. Involvement of NORAD/miR-608/
STAT3 Axis in Carcinostasis Effects of Physcion 8-O-B-Glucopyranoside on
Ovarian Cancer Cells. Artif Cells Nanomed Biotechnol (2019) 47:2855-65.
doi: 10.1080/21691401.2019.1637884

Rajabpour A, Afgar A, Mahmoodzadeh H, Radfar JE, Rajaei F, Teimoori-
Toolabi L. MiR-608 Regulating the Expression of Ribonucleotide Reductase
M1 and Cytidine Deaminase is Repressed Through Induced Gemcitabine
Chemoresistance in Pancreatic Cancer Cells. Cancer Chemother Pharmacol
(2017) 80:765-75. doi: 10.1007/500280-017-3418-2

Zhang X, Fang J, Chen S, Wang W, Meng S, Liu B. Nonconserved miR-608
Suppresses Prostate Cancer Progression Through RAC2/PAK4/LIMK]1 and
BCL2L1/caspase-3 Pathways by Targeting the 3'-UTRs of RAC2/BCL2L1
and the Coding Region of PAK4. Cancer Med (2019) 8:5716-34.
doi: 10.1002/cam4.2455

Jeyapalan Z, Deng Z, Shatseva T, Fang L, He C, Yang BB. Expression of
CD44 3'-Untranslated Region Regulates Endogenous microRNA Functions
in Tumorigenesis and Angiogenesis. Nucleic Acids Res (2011) 39:3026-41.
doi: 10.1093/nar/gkq1003

Rutnam ZJ, Du WW, Yang W, Yang X, Yang BB. The Pseudogene TUSC2P
Promotes TUSC2 Function by Binding Multiple microRNAs. Nat Commun
(2014) 5:2914. doi: 10.1038/ncomms3914

Liu F, Gong R, He B, Chen F, Hu Z. TUSC2P Suppresses the Tumor
Function of Esophageal Squamous Cell Carcinoma by Regulating TUSC2
Expression and Correlates With Disease Prognosis. BMC Cancer (2018)
18:894. doi: 10.1186/5s12885-018-4804-9

Othman N, In LL, Harikrishna JA, Hasima N. Bcl-xL Silencing Induces
Alterations in hsa-miR-608 Expression and Subsequent Cell Death in A549
and SK-LU1 Human Lung Adenocarcinoma Cells. PLoS One (2013) 8:
e81735. doi: 10.1371/journal.pone.0081735

Xu T, Xie HQ, Li Y, Xia Y, Chen Y, Xu L, et al. CDC42 Expression is Altered
by Dioxin Exposure and Mediated by Multilevel Regulations via AhR in
Human Neuroblastoma Cells. Sci Rep (2017) 7:10103. doi: 10.1038/s41598-
017-10311-3

Kang JG, Pripuzova N, Majerciak V, Kruhlak M, Le SY, Zheng ZM. Kaposi's
Sarcoma-Associated Herpesvirus ORF57 Promotes Escape of Viral and
Human Interleukin-6 From microRNA-Mediated Suppression. ] Virol
(2011) 85:2620-30. doi: 10.1128/JV1.02144-10

Kang JG, Majerciak V, Uldrick TS, Wang X, Kruhlak M, Yarchoan R, et al.
Kaposi's Sarcoma-Associated Herpesviral IL-6 and Human IL-6 Open
Reading Frames Contain miRNA Binding Sites and are Subject to Cellular
miRNA Regulation. J Pathol (2011) 225:378-89. doi: 10.1002/path.2962
Wang Q, Wang Z, Hou G, Huang P. Toosendanin Suppresses
Glioma Progression Property and Induces Apoptosis by Regulating miR-
608/Notch Axis. Cancer Manag Res (2020) 12:3419-31. doi: 10.2147/
CMAR.S240268

Liu J, Qiao X, Liu J, Zhong M. Identification of Circ_0089153/miR-608/
EGFR P53 Axis in Ameloblastoma via MAPK Signaling Pathway. Oral Dis
(2021) 28(3):756-70. doi: 10.1111/0di.13788

Xie SC, Yang YJ, Zhang JQ, Zhou S, Xie SW, Hua YY. HOXD-AS1: A Novel
Oncogenic Long Intergenic non-Coding RNA in Humans. Eur Rev Med
Pharmacol Sci (2019) 23:2898-907. doi: 10.26355/eurrev_201904_17568
Ghafouri-Fard S, Azimi T, Hussen BM, Abak A, Taheri M, Dilmaghani NA.
Non-Coding RNA Activated by DNA Damage: Review of its Roles in the
Carcinogenesis. Front Cell Dev Biol (2021) 9:714787. doi: 10.3389/
fcell.2021.714787

Wu S, Chen H, Zuo L, Jiang H, Yan H. Suppression of Long Noncoding
RNA MALATI1 Inhibits the Development of Uveal Melanoma via

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 870983


https://doi.org/10.1186/s13046-019-1059-5
https://doi.org/10.1053/j.gastro.2015.07.011
https://doi.org/10.1186/s12943-017-0664-1
https://doi.org/10.1093/carcin/bgw073
https://doi.org/10.1016/j.yexcr.2015.10.012
https://doi.org/10.18632/aging.103252
https://doi.org/10.18632/aging.103252
https://doi.org/10.26355/eurrev_201904_17569
https://doi.org/10.31768/2312-8852.2016.38(1):57-59
https://doi.org/10.1371/journal.pone.0091546
https://doi.org/10.3389/fonc.2020.573789
https://doi.org/10.1016/j.gene.2018.11.052
https://doi.org/10.1002/jcb.29313
https://doi.org/10.3892/or.2016.4652
https://doi.org/10.1016/j.bbrc.2018.08.115
https://doi.org/10.1016/j.yexmp.2019.104321
https://doi.org/10.1016/j.yexmp.2019.104321
https://doi.org/10.1016/j.bbrc.2018.05.108
https://doi.org/10.1007/s13277-015-4213-5
https://doi.org/10.17305/bjbms.2019.4216
https://doi.org/10.18632/oncotarget.9566
https://doi.org/10.3389/fgene.2019.00809
https://doi.org/10.1016/j.jbo.2020.100314
https://doi.org/10.1080/21691401.2019.1637884
https://doi.org/10.1007/s00280-017-3418-2
https://doi.org/10.1002/cam4.2455
https://doi.org/10.1093/nar/gkq1003
https://doi.org/10.1038/ncomms3914
https://doi.org/10.1186/s12885-018-4804-9
https://doi.org/10.1371/journal.pone.0081735
https://doi.org/10.1038/s41598-017-10311-3
https://doi.org/10.1038/s41598-017-10311-3
https://doi.org/10.1128/JVI.02144-10
https://doi.org/10.1002/path.2962
https://doi.org/10.2147/CMAR.S240268
https://doi.org/10.2147/CMAR.S240268
https://doi.org/10.1111/odi.13788
https://doi.org/10.26355/eurrev_201904_17568
https://doi.org/10.3389/fcell.2021.714787
https://doi.org/10.3389/fcell.2021.714787
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Luetal

Functions of MiR-608 in Cancer

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

microRNA-608-Mediated Inhibition of HOXC4. Am ] Physiol Cell Physiol
(2020) 318:C903-12. doi: 10.1152/ajpcell.00262.2019

Prada-Arismendy J, Arroyave JC, Réthlisberger S. Molecular Biomarkers in
Acute Myeloid Leukemia. Blood Rev (2017) 31:63-76. doi: 10.1016/
j.blre.2016.08.005

De Kouchkovsky I, Abdul-Hay M. 'Acute Myeloid Leukemia: A
Comprehensive Review and 2016 Update'. Blood Cancer ] (2016) 6:e441.
doi: 10.1038/bcj.2016.50

Kayser S, Levis MJ. Clinical Implications of Molecular Markers in Acute
Myeloid Leukemia. Eur ] Haematol (2019) 102:20-35. doi: 10.1111/
ejh.13172

Riva L, Luzi L, Pelicci PG. Genomics of Acute Myeloid Leukemia: The Next
Generation. Front Oncol (2012) 2:40. doi: 10.3389/fonc.2012.00040
Dobruch J, Daneshmand S, Fisch M, Lotan Y, Noon AP, Resnick MJ, et al.
Gender and Bladder Cancer: A Collaborative Review of Etiology, Biology,
and Outcomes. Eur Urol (2016) 69:300-10. doi: 10.1016/j.eururo.2015.
08.037

Aghaalikhani N, Rashtchizadeh N, Shadpour P, Allameh A, Mahmoodi M.
Cancer Stem Cells as a Therapeutic Target in Bladder Cancer. ] Cell Physiol
(2019) 234:3197-206. doi: 10.1002/jcp.26916

Bladder Cancer: Diagnosis and Management of Bladder Cancer: © NICE
(2015) Bladder Cancer: Diagnosis and Management of Bladder Cancer. BJU
Int (2017) 120:755-65. doi: 10.1111/bju.14045

Seidl C. Targets for Therapy of Bladder Cancer. Semin Nucl Med (2020)
50:162-70. doi: 10.1053/j.semnuclmed.2020.02.006

Xiang M, Yuan W, Zhang W, Huang J. Expression of miR-490-5p, miR-
148a-3p and miR-608 in Bladder Cancer and Their Effects on the Biological
Characteristics of Bladder Cancer Cells. Oncol Lett (2019) 17:4437-42.
doi: 10.3892/01.2019.10143

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal Cancer.
Lancet (2019) 394:1467-80. doi: 10.1016/50140-6736(19)32319-0

Simon K. Colorectal Cancer Development and Advances in Screening. Clin
Interv Aging (2016) 11:967-76. doi: 10.2147/CIA.S109285

Aran V, Victorino AP, Thuler LC, Ferreira CG. Colorectal Cancer:
Epidemiology, Disease Mechanisms and Interventions to Reduce Onset
and Mortality. Clin Colorectal Cancer (2016) 15:195-203. doi: 10.1016/
j.clcc.2016.02.008

Kupcinskas J, Bruzaite I, Juzenas S, Gyvyte U, Jonaitis L, Kiudelis G, et al.
Lack of Association Between miR-27a, miR-146a, miR-196a-2, miR-492 and
miR-608 Gene Polymorphisms and Colorectal Cancer. Sci Rep (2014)
4:5993. doi: 10.1038/srep05993

Ryan BM, McClary AC, Valeri N, Robinson D, Paone A, Bowman ED, et al.
Rs4919510 in Hsa-Mir-608 is Associated With Outcome But Not Risk of
Colorectal Cancer. PLoS One (2012) 7:¢36306. doi: 10.1371/
journal.pone.0036306

Dai ZM, Lv JR, Liu K, Lei XM, Li W, Wu G, et al. The Role of microRNA-608
Polymorphism on the Susceptibility and Survival of Cancer: A Meta-
Analysis. Aging (Albany NY) (2018) 10:1402-14. doi: 10.18632/aging.101476
Ying HQ, Peng HX, He BS, Pan YQ, Wang F, Sun HL, et al. MiR-608, pre-
miR-124-1 and Pre-Mir26a-1 Polymorphisms Modify Susceptibility and
Recurrence-Free Survival in Surgically Resected CRC Individuals.
Oncotarget (2016) 7:75865-73. doi: 10.18632/oncotarget.12422

Rong GQ, Zhang XM, Chen B, Yang XD, Wu HR, Gong W. MicroRNA
Gene Polymorphisms and the Risk of Colorectal Cancer. Oncol Lett (2017)
13:3617-23. doi: 10.3892/01.2017.5885

Pardini B, Rosa F, Naccarati A, Vymetalkova V, Ye Y, Wu X, et al
Polymorphisms in microRNA Genes as Predictors of Clinical Outcomes
in Colorectal Cancer Patients. Carcinogenesis (2015) 36:82-6. doi: 10.1093/
carcin/bgu224

Xing J, Wan S, Zhou F, Qu F, Li B, Myers RE, et al. Genetic Polymorphisms
in pre-microRNA Genes as Prognostic Markers of Colorectal Cancer. Cancer
Epidemiol Biomarkers Prev (2012) 21:217-27. doi: 10.1158/1055-9965.EPI-
11-0624

Zhu X, Liu Y, Xu J, Cheng Z, Yu Y, Chu M, et al. miR-608 Rs4919510
Polymorphism may Affect Susceptibility to Colorectal Cancer by
Upregulating MRPL43 Expression. DNA Cell Biol (2020) 39:2017-27.
doi: 10.1089/dna.2020.5689

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Ranjbar R, Chaleshi V, Aghdaei HA, Morovvati S. Investigating the
Association Between miR-608 Rs4919510 and miR-149 Rs2292832 With
Colorectal Cancer in Iranian Population. MicroRNA (2018) 7:100-6.
doi: 10.2174/2211536607666180206145540

Sherman M. Epidemiology of Hepatocellular Carcinoma. Oncology (2010)
78 Suppl 1:7-10. doi: 10.1159/000315223

Ferlay ], Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
Worldwide Burden of Cancer in 2008: GLOBOCAN 2008. Int ] Cancer
(2010) 127:2893-917. doi: 10.1002/ijc.25516

Altekruse SF, Henley SJ, Cucinelli JE, McGlynn KA. Changing Hepatocellular
Carcinoma Incidence and Liver Cancer Mortality Rates in the United States. Am
] Gastroenterol (2014) 109:542-53. doi: 10.1038/ajg.2014.11

Ma XP, Yu G, Chen X, Xiao Q, Shi Z, Zhang LY, et al. MiR-608 Rs4919510 is
Associated With Prognosis of Hepatocellular Carcinoma. Tumor Biol (2016)
37:9931-42. doi: 10.1007/s13277-016-4897-1

Wang R, Zhang J, Ma Y, Chen L, Guo S, Zhang X, et al. Association Study of
Mir-149 Rs2292832 and Mir-608 Rs4919510 and the Risk of Hepatocellular
Carcinoma in a Large—Scale Population. Mol Med Rep (2014) 10:2736-44.
doi: 10.3892/mmr.2014.2536

Schwartz AG, Cote ML. Epidemiology of Lung Cancer. Adv Exp Med Biol
(2016) 893:21-41. doi: 10.1007/978-3-319-24223-1_2

Nasim F, Sabath BF, Eapen GA. Lung Cancer. Med Clin North Am (2019)
103:463-73. doi: 10.1016/j.mcna.2018.12.006

Bade BC, Dela Cruz CS. Lung Cancer 2020: Epidemiology, Etiology, and
Prevention. Clin Chest Med (2020) 41:1-24. doi: 10.1016/j.ccm.2019.10.001
Nanavaty P, Alvarez MS, Alberts WM. Lung Cancer Screening: Advantages,
Controversies, and Applications. Cancer Control (2014) 21:9-14.
doi: 10.1177/107327481402100102

Huang C, Yue W, Li L, Li S, Gao C, Si L, et al. Expression of MiR-608 in
Nonsmall Cell Lung Cancer and Molecular Mechanism of Apoptosis and
Migration of A549 Cells. BioMed Res Int (2020) 2020:8824519. doi: 10.1155/
2020/8824519

Wang Y, Li F, Ma D, Gao Y, Li R, Gao Y. MicroRNA-608 Sensitizes non
—Small Cell Lung Cancer Cells to Cisplatin by Targeting TEAD2. Mol Med
Rep (2019) 20:3519-26. doi: 10.3892/mmr.2019.10616

Yan H, Xin S, Ma J, Wang H, Zhang H, Liu J. A Three microRNA-Based
Prognostic Signature for Small Cell Lung Cancer Overall Survival. J Cell
Biochem (2018) 1-8. doi: 10.1002/jcb.28159

Zhang N, Li Y, Zheng Y, Zhang L, Pan Y, Yu J, et al. miR-608 and miR-4513
Significantly Contribute to the Prognosis of Lung Adenocarcinoma Treated With
EGFR-TKIs. Lab Invest (2019) 99:568-76. doi: 10.1038/s41374-018-0164-y
Goral V. Pancreatic Cancer: Pathogenesis and Diagnosis. Asian Pac ] Cancer
Prev (2015) 16:5619-24. doi: 10.7314/APJCP.2015.16.14.5619

Simoes PK, Olson SH, Saldia A, Kurtz RC. Epidemiology of Pancreatic
Adenocarcinoma. Chin Clin Oncol (2017) 6:24. doi: 10.21037/cc0.2017.06.32
Ilic M, Ilic I. Epidemiology of Pancreatic Cancer. World J Gastroenterol
(2016) 22:9694-705. doi: 10.3748/wjg.v22.144.9694

De La Cruz MS, Young AP, Ruffin MT. Diagnosis and Management of
Pancreatic Cancer. Am Fam Physician (2014) 89:626-32.

Grossberg AJ, Chu LC, Deig CR, Fishman EK, Hwang WL, Maitra A, et al.
Multidisciplinary Standards of Care and Recent Progress in Pancreatic
Ductal Adenocarcinoma. CA Cancer J Clin (2020) 70:375-403.
doi: 10.3322/caac.21626

Nishiwada S, Sho M, Banwait JK, Yamamura K, Akahori T, Nakamura K,
et al. A MicroRNA Signature Identifies Pancreatic Ductal Adenocarcinoma
Patients at Risk for Lymph Node Metastases. Gastroenterology (2020)
159:562-74. doi: 10.1053/j.gastro.2020.04.057

LiM, Li T, Ma W, Wang X, Zhao G. MicroRNA-608 Promotes Apoptosis via
BRD4 Downregulation in Pancreatic Ductal Adenocarcinoma. Oncol Lett
(2020) 19:1418-26. doi: 10.3892/01.2019.11246

Othman N, Nagoor NH. miR-608 Regulates Apoptosis in Human Lung
Adenocarcinoma via Regulation of AKT2. Int ] Oncol (2017) 51:1757-64.
doi: 10.3892/ij0.2017.4174

Reichenbach ZW, Murray MG, Saxena R, Farkas D, Karassik EG, Klochkova
A, et al. Clinical and Translational Advances in Esophageal Squamous Cell
Carcinoma. Adv Cancer Res (2019) 144:95-135. doi: 10.1016/
bs.acr.2019.05.004

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 870983


https://doi.org/10.1152/ajpcell.00262.2019
https://doi.org/10.1016/j.blre.2016.08.005
https://doi.org/10.1016/j.blre.2016.08.005
https://doi.org/10.1038/bcj.2016.50
https://doi.org/10.1111/ejh.13172
https://doi.org/10.1111/ejh.13172
https://doi.org/10.3389/fonc.2012.00040
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1002/jcp.26916
https://doi.org/10.1111/bju.14045
https://doi.org/10.1053/j.semnuclmed.2020.02.006
https://doi.org/10.3892/ol.2019.10143
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.2147/CIA.S109285
https://doi.org/10.1016/j.clcc.2016.02.008
https://doi.org/10.1016/j.clcc.2016.02.008
https://doi.org/10.1038/srep05993
https://doi.org/10.1371/journal.pone.0036306
https://doi.org/10.1371/journal.pone.0036306
https://doi.org/10.18632/aging.101476
https://doi.org/10.18632/oncotarget.12422
https://doi.org/10.3892/ol.2017.5885
https://doi.org/10.1093/carcin/bgu224
https://doi.org/10.1093/carcin/bgu224
https://doi.org/10.1158/1055-9965.EPI-11-0624
https://doi.org/10.1158/1055-9965.EPI-11-0624
https://doi.org/10.1089/dna.2020.5689
https://doi.org/10.2174/2211536607666180206145540
https://doi.org/10.1159/000315223
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1038/ajg.2014.11
https://doi.org/10.1007/s13277-016-4897-1
https://doi.org/10.3892/mmr.2014.2536
https://doi.org/10.1007/978-3-319-24223-1_2
https://doi.org/10.1016/j.mcna.2018.12.006
https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.1177/107327481402100102
https://doi.org/10.1155/2020/8824519
https://doi.org/10.1155/2020/8824519
https://doi.org/10.3892/mmr.2019.10616
https://doi.org/10.1002/jcb.28159
https://doi.org/10.1038/s41374-018-0164-y
https://doi.org/10.7314/APJCP.2015.16.14.5619
https://doi.org/10.21037/cco.2017.06.32
https://doi.org/10.3748/wjg.v22.i44.9694
https://doi.org/10.3322/caac.21626
https://doi.org/10.1053/j.gastro.2020.04.057
https://doi.org/10.3892/ol.2019.11246
https://doi.org/10.3892/ijo.2017.4174
https://doi.org/10.1016/bs.acr.2019.05.004
https://doi.org/10.1016/bs.acr.2019.05.004
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Luetal

Functions of MiR-608 in Cancer

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. Epidemiology of
Esophageal Cancer: Update in Global Trends, Etiology and Risk Factors.
Clin ] Gastroenterol (2020) 13:1010-21. doi: 10.1007/s12328-020-01237-x
Lam AK. Introduction: Esophageal Squamous Cell Carcinoma-Current
Status and Future Advances. Methods Mol Biol (2020) 2129:1-6.
doi: 10.1007/978-1-0716-0377-2_1

Yang PW, Huang YC, Hsieh CY, Hua KT, Huang YT, Chiang TH, et al.
Association of miRNA-Related Genetic Polymorphisms and Prognosis in
Patients With Esophageal Squamous Cell Carcinoma. Ann Surg Oncol
(2014) 21 Suppl 4:5601-9. doi: 10.1245/s10434-014-3709-3

Huang AJ, Yu KD, Li J, Fan L, Shao ZM. Polymorphism Rs4919510:C>G in
Mature Sequence of Human microRNA-608 Contributes to the Risk of
HER2-Positive Breast Cancer But Not Other Subtypes. PLoS One (2012) 7:
€35252. doi: 10.1371/journal.pone.0035252

Yang H, Li Q, Niu J, Li B, Jiang D, Wan Z, et al. microRNA-342-5p and miR-
608 Inhibit Colon Cancer Tumorigenesis by Targeting NAA10. Oncotarget
(2016) 7:2709-20. doi: 10.18632/oncotarget.6458

Tokarz P, Blasiak J. The Role of microRNA in Metastatic Colorectal Cancer
and its Significance in Cancer Prognosis and Treatment. Acta Biochim Pol
(2012) 59:467-74. doi: 10.18388/abp.2012_2079

Jiang J, Jia ZF, Cao DH, Wu YH, Sun ZW, Cao XY. Association of the miR-
146a Rs2910164 Polymorphism With Gastric Cancer Susceptibility and
Prognosis. Future Oncol (2016) 12:2215-26. doi: 10.2217/fon-2016-0224
Pan W, Wu C, Su Z, Duan Z, Li L, Mi F, et al. Genetic Polymorphisms of
non-Coding RNAs Associated With Increased Head and Neck Cancer
Susceptibility: A Systematic Review and Meta-Analysis. Oncotarget (2017)
8:62508-23. doi: 10.18632/oncotarget.20096

Zheng J, Deng J, Xiao M, Yang L, Zhang L, You Y, et al. A Sequence
Polymorphism in miR-608 Predicts Recurrence After Radiotherapy for
Nasopharyngeal Carcinoma. Cancer Res (2013) 73:5151-62. doi: 10.1158/
0008-5472.CAN-13-0395

Qiu F, Yang L, Zhang L, Yang X, Yang R, Fang W, et al. Polymorphism in
Mature microRNA-608 Sequence is Associated With an Increased Risk of
Nasopharyngeal Carcinoma. Gene (2015) 565:180-6. doi: 10.1016/
j.gene.2015.04.008

Haffke M, Duckely M, Bergsdorf C, Jaakola VP, Shrestha B. Development of
a Biochemical and Biophysical Suite for Integral Membrane Protein Targets:

A Review. Protein Expr Purif (2020) 167:105545. doi: 10.1016/
j.pep.2019.105545

Guo Y], Pan WW, Liu SB, Shen ZF, Xu Y, Hu LL. ERK/MAPK Signaling
Pathway and Tumorigenesis. Exp Ther Med (2020) 19:1997-2007. doi:
10.3892/etm.2020.8454

Zhen AX, Piao MJ, Hyun Y], Kang KA, Ryu YS, Cho SJ, et al. Purpurogallin
Protects Keratinocytes From Damage and Apoptosis Induced by Ultraviolet
B Radiation and Particulate Matter 2.5. Biomol Ther (Seoul) (2019) 27:395-
403. doi: 10.4062/biomolther.2018.151

Schaefer T, Steiner R, Lengerke C. SOX2 and P53 Expression Control
Converges in PI3K/AKT Signaling With Versatile Implications for
Stemness and Cancer. Int ] Mol Sci (2020) 21:4902. doi: 10.3390/
ijms21144902

Cortez MA, Bueso-Ramos C, Ferdin ], Lopez-Berestein G, Sood AK, Calin
GA. MicroRNAs in Body Fluids-the Mix of Hormones and Biomarkers. Nat
Rev Clin Oncol (2011) 8:467-77. doi: 10.1038/nrclinonc.2011.76

Beg MS, Brenner AJ, Sachdev ], Borad M, Kang YK, Stoudemire J, et al. Phase
I Study of MRX34, a Liposomal miR-34a Mimic, Administered Twice
Weekly in Patients With Advanced Solid Tumors. Invest New Drugs
(2017) 35:180-8. doi: 10.1007/s10637-016-0407-y

100.

101.

102.

103.

104.

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 Lu, Zhu and Li. 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.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 870983


https://doi.org/10.1007/s12328-020-01237-x
https://doi.org/10.1007/978-1-0716-0377-2_1
https://doi.org/10.1245/s10434-014-3709-3
https://doi.org/10.1371/journal.pone.0035252
https://doi.org/10.18632/oncotarget.6458
https://doi.org/10.18388/abp.2012_2079
https://doi.org/10.2217/fon-2016-0224
https://doi.org/10.18632/oncotarget.20096
https://doi.org/10.1158/0008-5472.CAN-13-0395
https://doi.org/10.1158/0008-5472.CAN-13-0395
https://doi.org/10.1016/j.gene.2015.04.008
https://doi.org/10.1016/j.gene.2015.04.008
https://doi.org/10.1016/j.pep.2019.105545
https://doi.org/10.1016/j.pep.2019.105545
https://doi.org/10.3892/etm.2020.8454
https://doi.org/10.4062/biomolther.2018.151
https://doi.org/10.3390/ijms21144902
https://doi.org/10.3390/ijms21144902
https://doi.org/10.1038/nrclinonc.2011.76
https://doi.org/10.1007/s10637-016-0407-y
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Biological Functions and Molecular Mechanisms of MiR-608 in Cancer
	Background
	Regulation of MiR-608 Expression
	Dysregulation of MiR-608 in Malignant Diseases
	MiR-608 in Acute Myeloid Leukaemia (AML)
	MiR-608 in Bladder Cancer (BCa)
	MiR-608 in Colorectal Cancer (CRC)
	MiR-608 in Hepatocellular Carcinoma (HCC)
	MiR-608 in Lung Cancer (LC)
	MiR-608 in Pancreatic Cancer
	MiR-608 in Esophageal Squamous Cell Carcinoma (ESCC)
	MiR-608 in Other Cancers
	Mechanism by Which MiR-608 Inhibits Tumor Growth
	MiR-608 and Transmembrane Proteins
	MiR-608 and Signaling Pathways
	MiR-608 as a Biomarker
	MiR-608 as a Diagnostic Biomarker
	MiR-608 as Prognostic Biomarker
	MiR-608 as Therapeutic Target


	Conclusions
	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


