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Abstract. Breast cancer is the most common malignant tumor
in women in the majority of countries, such as China, Britain
and Australia, and its morbidity and mortality rates remain very
high. Long non-coding RNAs (IncRNAs) are non-coding RNAs
(ncRNAs) >200 nucleotides in length that lack open reading
frames. LncRNA HI19 is a transcription product of the H19
gene, and the aberrant expression of H19 can be demonstrated
in various types of tumor cell. The purpose of the present review
was to elaborate the role of H19 in breast cancer. H19 can regu-
late gene expression in breast cancer at multiple levels, including
epigenetic, transcriptional and posttranscriptional. The abnormal
expression of H19 is closely associated with the tumorigenesis
and progression of breast cancer via different underlying molec-
ular mechanisms, such as encoding microRNA-675, competing
endogenous RNA regulation and interacting with MYC. A large
number of clinical studies have suggested that H19 can serve as
a potential biomarker for the diagnosis of breast cancer. High
expression levels of H19 increases the drug resistance of breast
cancer cells and is associated with poor prognosis within patients
with breast cancer. Therefore, serum H19 levels may have
momentous significance in the clinical setting.
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1. Introduction

Approximately 93% of human genome DNA is transcribed
into RNAs, but <2% of these nucleotide sequences can code
for proteins, while the other 98% are non-coding RNAs
(ncRNAs) that partially or completely lack the ability to
be coded into proteins. The majority of these ncRNAs are
known as long non-coding RNAs (IncRNAs) whose length
exceeds 200 nucleotides (1). LncRNAs were at first regarded
as the ‘noise’ of gene transcription. According to the position
where they are relative to the protein-coding genes, IncRNAs
can be roughly divided into antisense IncRNAs, enhancer
IncRNAs, large intergenic non-coding RNAs, bidirectional
IncRNAs and intronic transcript IncRNAs (2) (Fig. 1).
With the existence and development of next-generation
sequencing, IncRNAs have been demonstrated to affect
multiple biological processes, including housekeeping func-
tions and specialized functions, such as genomic imprinting
and dosage compensation (3). LncRNAs can regulate gene
expression via multiple mechanisms, including at the epigen-
etic, transcriptional and post-transcriptional levels (4). They
participate in the regulation of a variety of cell activities,
such as cell differentiation, proliferation, invasion, apoptosis
and autophagy. through interacting with RNAs, DNAs or
proteins (5).

The H19 gene is located in 11pl15.5, an imprinted region
of chromosome 11, being adjacent to the insulin-like growth
factor 2 (IGF2) gene, and is expressed only from the mater-
nally inherited chromosome, while IGF2 is expressed only
from the paternally inherited chromosome. H19, a IncRNA,
is the transcription product of the H19 gene, and diversi-
fied transcript variants exist due to alternative splicing (6).
Although H19 RNA molecules can be detected in both
the cytoplasm and nucleus, H19 RNA primarily exists in
cytoplasm. H19 functions in the form of regulatory RNA
or ribosome regulators. H19 promotes biological processes
such as apoptosis, angiogenesis, inflammation and cell
death (7). Furthermore, Gene Ontology (GO) analyses
predicted that H19 is connected with neurogenesis, angio-
genesis and inflammation through DNA transcription,
RNA folding, methylation and gene imprinting (8). The
aberrant expression of H19 is associated with multiple
diseases, including carcinoma, sarcoma, type 2 diabetes and
hypertrophic cardiomyopathy (9-12). The present review
primarily summarizes the role of H19 in the carcinogenesis
and development of breast cancer.
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2.H19 and cancer

Abnormal expression of H19 has been demonstrated in a variety
different types of cancer cells, such as gastric cancer (13),
pancreatic cancer (14), liver cancer (15) and breast cancer (16),
affecting the development and progression of cancer through
various mechanisms. H19 is an estrogen-regulated transcript,
and a wide array of studies have confirmed that H19 regulates
cell differentiation and proliferation (6). In addition, research into
its application in the clinical setting revealed that H19 had the
potential to serve as a biomarker of cancer, and had promise as a
novel therapeutic option in oncotherapy (6,7). However, whether
H19 functions as a tumor promoter or a tumor suppressor remains
controversial (17). It is possible that H19 plays differential roles
depending on the tissue type and developmental stage (6).
Therefore, the clear-cut mechanisms underlying how H19, as an
IncRNA, regulates the biological progression of cancer requires
further investigation. The various roles of H19 in different kinds
of cancers are briefly summarized in Table I.

3. H19 is involved in the tumorigenesis and progression of
breast cancer

Breast cancer is a malignant tumor deriving from the epithe-
lium of the mammary gland, and >99% of breast cancer cases
occur in women worldwide; less than 1% (0.02%) of all breast
cancer cases develop in men (18). According to data released
by Globocan in 2012, the standardized mortality rate of breast
cancer in the developed world was 149/100,000, and that in
the less developed world was 115/100,000 (19). The global
incidence and mortality rate of breast cancer increased in the
late 1970s, while the mortality rate indicated signs of decline
in the 1990s due to the introduction of breast cancer screening
and comprehensive treatment. Metastasis is the leading cause
of mortality in patients with breast cancer. The H19 gene is an
oncogene in breast cancer and is highly expressed in cancer
tissues compared with normal tissues. The expression level
of H19 is associated with the oncogenesis, proliferation, inva-
sion, metastasis and drug resistance of breast cancer, but the
underlying molecular mechanisms are very different (7). Thus,
serum H19 levels may possess clinical significance in the early
diagnosis, treatment and prognosis of breast cancer.

H19 promotes breast tumorigenesis. A recent case-control
study in China revealed that high expression levels of H19 were
associated with an increased risk of breast carcinogenesis in
both codominant and dominant models, and the association was
more apparent in patients with estrogen receptor-positive (ER+),
human epidermal growth factor receptor 2-negative (HER2-),
and ER+-HER2-negative (HER2-) molecular subtypes (20). In
addition, two single nucleotide polymorphisms (SNPs) were
identified, and another study suggested that the expression
levels of H19 in breast cancer cells with the rs2071095 CC
genotype were significantly higher than those with the AA
genotype, and that the CC genotype was markedly associated
with an increased risk of breast cancer compared with the
CA + AA genotypes (21). Furthermore, animal experiments
demonstrated that the probability of breast carcinogenesis was
increased in severe combined immunodeficiency mice injected
with cells overexpressing the H19 gene (22).

The molecular mechanisms underlying H19-associated
carcinogenesis may involve several aspects. The H19 promoter
was activated by E2F transcription factor 1 (E2F1), which
promoted cell cycle progression (particularly in the S-phase) of
MCEF-7 cells (23). Furthermore, H19 contributed to the epigenetic
regulation of gene expression in breast cancer. H19 bound to and
inhibited S-adenosylhomocysteine hydrolase, the sole enzyme
that can hydrolyze S-adenosylhomocysteine (SAH) in humans.
SAH can markedly suppress S-adenosylmethionine-dependent
methyltransferases, which can methylate multiple cellular compo-
nents, including DNA, RNAs and proteins, through a feedback
mechanism. H19 knockdown increased the DNMT3B-mediated
methylation of Nctcl, a gene encoding IncRNAs, within the
Igf2-H19-Nctcl locus. Thus, H19 altered DNA methylation
and led to breast tumorigenesis (24). A new IncRNA within the
H19/IGF2 locus named 91H is an antisense gene to H19. The
91H IncRNA also regulated the expression levels of H19 and
IGF2 by epigenetic modifications and increased the tumorigenic
properties of MDA-MB-231 cells both in vitro and in vivo (25).In
summary, H19 plays an oncogenic role in breast tumorigenesis.

H19 encoding microRNA (miR)-675 contributes to the devel-
opment of breast cancer. H19 is a precursor for miR-675
and generates two functional miRNAs, miR-675-5p and
miR-675-3p (26). miR-675 is harbored in the first exon of H19
and miR-675 regulated by H19 was originally demonstrated
to restrict the growth of the placenta prior to birth (27).
A study of miR-675 in formalin-fixed paraffin-embedded
(FFPE) tissues demonstrated that the expression of miR-675
was significantly higher in the FFPE tissues of patients with
breast cancer compared with the control group. However,
the expression levels were not associated with age, lymph
node stage, ER status or progestrogen receptor (PR) status.
The frequency of miR-675 overexpression was higher in
patients with low histological grade (histological grade I-1T)
cancer. In addition, there was a strong association between
miR-675 and miR-24/93/98/378 levels in patients with breast
cancer (28). In a prospective cohort study, DNA methylation
levels of 517 miRNA-encoding genes were analyzed in the
prediagnostic peripheral leukocytes of patients with colorectal
cancer (n=159) or breast cancer (n=166). In the subjects who
developed breast cancer, 8§ miRNAs, including miR-675, were
aberrantly methylated, while there were no significant associa-
tions in those with colorectal cancer. This aberrant methylation
significantly affected the development of breast cancer (29).
A luciferase assay revealed that H19/miR-675-5p decreased
the expression levels of the ubiquitin ligase E3 family (c-Cbl
and Cbl-b), and activated epidermal growth factor receptor
(EGFR) and c-Met, enhancing the proliferation and migra-
tion of MDA-MB-231 breast cancer cells through the protein
kinase B (Akt) and extracellular signal-regulated kinase (Erk)
pathways (30). Furthermore, miR-675 was also involved in
the mechanism through which H19 promoted Slug expression
accompanied by the suppression of E-cadherin, and thereby
increased the potential of cell invasion and metastasis in breast
cancer (31). Huaier extract, a traditional Chinese medicine,
decreased the expression levels of H19 and miR-675-5p and
increased the expression levels of calcineurin B-like (CBL)
protein. Huaier extract decreased the viability and increased
the apoptosis rates of MDA-MB-231 and MDA-MB-468 cells
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IncRNA, long non-coding RNA.

by regulating the approach of the H19/miR-675-5p/CBL axis.
Huaier extract was expected to be a novel clinical treatment
for breast cancer (32). In summary, the ectopic expression of
H19/miR-675 reinforced the aggressive phenotype of breast
cancer cells. This abnormal expression aggrandized cell
proliferation, cell migration, tumor growth and metastasis.

Competing endogenous RNA (ceRNA) regulatory network of
H19 plays a vital role in the development of breast cancer.
Multitudinous RNA transcripts have miRNA binding sites,
which are also known as miRNA response elements (MREs).
These RNA transcripts include mRNAs, pseudogene tran-
scripts, IncRNAs and circular RNAs (circRNAs). They can
compete with each other to bind to a shared miRNA through
a common MRE, functioning as ceRNAs. There are multiple
MREs on mRNA transcripts of protein-coding genes, and
miRNAs can bind to corresponding mRNAs through MREs,
leading to the degradation of mRNAs or inhibition of mRNA
translation. Thus, RNA transcripts acting as ceRNAs can
weaken the negative regulation of miRNA on target genes,
promoting the expression of target genes. The example of
IncRNAs as ceRNAs was first described in plants. LncRNAs
indirectly regulate the expression level and translation of
mRNAs through the bridge of MREs, so as to regulate the
biological process of cells (33-36). H19 acted as a sponge for
miR-200b/c and let-7b and promoted the expression of miRNA
targets GIT2 and CYTH3, which motivated breast cancer
cell migration through the epithelial-to-mesenchymal transi-
tion (EMT) and dissemination of breast cancer cells (37). In
addition, H19 functioned as a ceRNA and bound to miR-152,
which directly targeted DNA methyltransferase 1 (DNMT1).
The overexpression of H19 diminished the inhibitory effect

of miR-152 on DNMT1 expression and thereby promoted
the proliferation and invasion of MCF-7 and MDA-MB-231
cells (38). H19 was indicated to be a target of miR-93-5p,
and this molecule upregulated the expression levels of signal
transducers and activators of transcription 3 (STAT3), a target
of miR-93-5p. STAT3 significantly promotes the prolif-
eration, migration and invasion of MCF-7 and MDA-MB-231
cells (39). H19 may also function as a ceRNA to sponge
miRNA let-7a/b, resulting in the high expression level of the
transcriptional factor LIN28. H19, let-7a/b and LIN28 formed
a double-negative feedback loop that profoundly influenced
the migration of breast cancer stem cells (BCSCs) (40). This
ceRNA regulating effect released hypoxia-inducible factor la,
leading to an increase of pyruvate dehydrogenase kinase 1,
which influenced BCSC reprogramming and malignancy (41).
In addition, let-7-regulated-Wnt signaling pathway activity was
enhanced by the inhibitory effect of H19 on miR-146, which
decreased asymmetric division and increased the self-renewal
of BCSCs. H19 had a positive feedback regulatory effect on
let-7 (42). Inversely, the knockdown of H19 reactivated let-7c,
restraining the oestrogen receptor activated Wnt signaling
pathway and inhibited the symmetric division of BCSCs (43).

Certain pseudogene transcripts also act as ceRNAs and
affect H19 expression in breast cancer cells. For instance,
HMGAI1P7 mRNA, a transcription product of the HMGA1
gene, may increase the expression levels of H19 and IGF2
by a ceRNA mechanism and consequently accelerate cancer
progression (44).

Similar regulatory mechanisms exist in other types of
tumor, such as H19/miR-29b-3p in lung adenocarcinoma (45)
and multiple myeloma (46), H19/miR-324-5p in ovarian
carcinoma (47), H19/miR-194 in pancreatic carcinoma (48),
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Table I. Expression and functional mechanisms of H19 in different types of cancer.

Cancer type

Expression level

Mechanisms (Refs.)

Lung cancer

Gastric cancer

Pancreatic cancer

Liver cancer

Colorectal cancer

Endometrial cancer

Breast cancer

Bladder cancer

Prostate cancer

Increased

Increased

Increased

Increased

Increased

Increased

Increased

Increased

Decreased/
increased

1) H19 depresses miR-196b to elevate LIN28B; ii) H19 serves as a (81-84)
ceRNA and attaches miR-17 to modulate STAT3 expression; induces

iii) H19 promotes EMT by downregulating miR-484; iv) H19 cisplatin

resistance in patients

i) H19 functions as a ceRNA to regulate HER2 expression by (13,85,86)
suppressing let-7c expression; ii) H19-PEG10/IGF2BP3 axis

promotes EMT in gastric cancer; iii) H19/miR-675 axis inhibits

the expression of FADD and the downregulation of FADD inhibits

the caspase cleavage cascades including caspase 8 and caspase 3

i) H19/miR-675/E2F-1 regulatory loop affects the cell cycle; ii) H19 (14,87)
increases HMGA2-mediated EMT through antagonizing let-7

1) H19 targets miR-193a-3p and regulates PSEN1 expression, which (15,88,89)
influences the survival rates and proliferative abilities of HCC cells;

ii) aberrant TGF-3/H19 signaling axis via Sox2 in TICs that regulates
hepatocarcinogenesis; iii) abnormal regulation of H19 results in

biallelic expression of IGF2, leading to exceptional cell proliferation

i) Overexpression of H19 activates the RAS-MAPK signaling pathway, (90-93)
promoting invasion and metastasis of colorectal cancer; ii) H19 induces

the EMT process in colon cancer cells; iii) H19 sponges miR-138 to

upregulate the expression of HMGA1, enhancing the invasion and

migration of colon cancer; iv) H19 competitively binds to miR-200a

and depresses the expression of B-catenin in colorectal cancer

i) Overexpression of H19 regulates the expression of HOXA10 via (94-96)
targeting miR-612, promoting cell proliferation of endometrial

cancer; ii) H19 modulates EMT process, reinforcing the aggressiveness

of endometrial cancer; iii) H19 acts as a sponge to bind let-7, leading

to high expression of IGF1R and therefore promotes endometrial

stromal hyperplasia

1) H19 derives miR-675 and contributes to the development of breast (20-44,53-58)
cancer; ii) H19 functions as a ceRNA of various miRNAs and

regulates the expression of corresponding target genes; iii) association

between MYC and H19 plays an important role in the progression of

breast cancer

i) High expression of H19 inhibits E-cadherin expression and (97-100)
strengthens metastasis of bladder cancer; ii) H19 acts as a ceRNA to

sponge miR-29b-3p and promotes the expression of DNMT3B,

resulting in metastasis and EMT of bladder cancer; iii) H19 increases

miR-675 expression, which can inhibit the activation of p53 and

reduce the expression of Bax/Bcl-2 and cyclin D1, leading to bladder

cancer cell proliferation; iv) H19 increases the expression of ID2 and

promotes bladder cancer growth

i) H19 and miR-675 is significantly downregulated in metastatic (101-102)
prostate cancer cells. miR-675 binds with 3'UTR of TGFBI mRNA

and decreases the translation of TGFBI; ii) High expression of H19 is

associated with the process of neuroendocrine transdifferentiation

(NEtD) in prostate cancer

miR, microRNA; ceRNA, competing endogenous RNA; EMT, epithelial-to-mesenchymal transition; HER2, human epidermal growth
factor receptor 2; FADD, fas-associated via death domain; HMG, high-mobility group; PSEN1, presenilin-1; HCC, hepatocellular carci-
noma; TGF-p, tumor growth factor-f3; TICs, tumor-initiating hepatocytes; IGF2, insulin-like growth factor 2; RAS, rat sarcoma; MAPK,
mitogen-activated protein kinase; DNMT3B, DNA-methylase 3f3; ID2, inhibitor of DNA binding/differentiation 2; 3'UTR, 3'untranslated
region; NEtD, neuroendocrine transdifferentiation.
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H19/miR-106b-5p in seminoma (49), H19/miR-3126-5p in
papillary thyroid carcinoma (50), H19/miR-326 in hepato-
cellular carcinoma (51) and H19/miR-194-5p in colorectal
adenocarcinoma (52).

Thus, the ceRNA regulatory network of H19 plays a pivotal
role in the proliferation, invasion and metastasis of breast cancer.

Interaction between MYC and HI19 has profound impacts
on the development of breast cancer. The oncogene MYC,
including c-Myc, n-Myc and 1-Myc, is deregulated in various
types of tumor cell, including breast cancer cells. The over-
expression of H19 influenced the let-7-mediated regulation
of certain metastasis-promoting genes, including c-Myc (53).
c-Myc protein bound to evolutionarily conserved E-boxes
close to the imprinting control region to promote the histone
acetylation and transcriptional initiation of the H19 promoter,
distinctly inducing H19 expression (54). Furthermore, the
c-Myc mRNA coding region instability determinant binding
protein (CRD-BP) may bind to c-Myc and H19 and influ-
ence RNA stability, localization and translation. CRD-BP
has been demonstrated to be associated with tumorigenesis,
and experimental evidence suggested that CRD-BP was a
proto-oncogene (55). Vigilin, a multi-K homology-domain
protein, was present at several target sites of a zinc finger protein
named CCCTC-binding factor, including promoter regions
of c-Myc and several regions within the Igf2/H19 locus (56).
Apart from vigilin, double-strand-break repair protein RAD21
and structural maintenance of chromosome protein 1 also
bound to such regions and were associated with complicated
chromatin organization and gene regulation (57). Furthermore,
n-Myc has been demonstrated as a forceful glycogen synthase
kinase-3-dependent regulator of DNA methyltransferase 3o 2
expression, changing the expression of H19 and the DNA meth-
ylation of corresponding imprinted loci via influencing signal
transduction (58), which altered the biological process of breast
cancer cells. In conclusion, the association between oncogene
MYC and H19 expression plays a large role in the oncogenesis,
proliferation, invasion and metastasis of breast cancer.

4. Potential clinical value of H19 in breast cancer

H19 serves as a potential biomarker for the diagnosis of breast
cancer. The overexpression of H19 is associated with cells
exhibiting higher tumorigenic phenotypes (22), which indicates
that H19 expression levels can be used in the clinical diagnosis
of breast cancer. A statistical analysis of clinical data revealed
that H19 expression was significantly increased in breast cancer
biopsies and plasma compared with that in the control group,
and there was a significant correlation between the levels of
plasma H19 and ER, PR, c-erbB-2 and lymph node metastasis
in breast cancer. The diagnostic value of H19 for breast cancer
was higher than carbohydrate antigen 153 and carcinoembry-
onic antigen (59). Reverse transcription-quantitative PCR was
conducted in 12 IncRNAs that were confirmed as abnormally
expressed in breast cancer cells, and the experimental results
demonstrated that H19 was one of three IncRNAs (H19,
HOTAIR and RP11-445H22 4) that notably increased in patients
with breast cancer compared with the other nine IncRNAs (60).
Furthermore, chromogenic in situ hybridization (CISH) was
performed using the breast cancer tissues of 52 patients. The

expression levels of H19 were disparate in different types of
breast cancer. H19 was expressed in invasive breast carcinoma,
ductal carcinoma in situ and normal adjacent tissue from higher
to lower level, respectively (61). These data suggested that CISH
with H19 is a potential clinical diagnostic assay with the ability
to accurately classify breast cancer. In short, H19 possesses
marked diagnostic significance and may serve as a potential
biomarker for the early diagnosis of breast cancer.

H19 expression is negatively correlated with the prognosis of
breast cancer. The expression levels of H19 were associated
with tumor size, lymph node status and hormone negativity.
Patients with breast cancer who exhibited high H19 expres-
sion levels had relatively unfavorable disease-free survival
and overall survival (OS). The most prominent effect of
H19 expression on clinical cancer prognosis was observed
in triple-negative breast cancer (TNBC) (62). Another study
examined the association between SNPs tagging the low-risk
breast cancer loci in or near eight IncRNAs and the prognosis
of breast cancer. The results revealed that only SNP rs2107425
near H19 were significantly associated with shorter metas-
tasis-free survival (P=0.006 in univariate analysis; P=0.004 in
multivariate analysis) (63). The postsurgical expression levels
of H19 were significantly decreased in 82.1% of patients with
breast cancer (32/39) compared with those in paired preopera-
tive plasma (64), which indicated that the expression levels of
H19 may reflect the curative effect of radical mastectomy. In
summary, a negative correlation exists between the expression
levels of H19 and the prognosis of patients with breast cancer.

Overexpression of HI19 increases the drug resistance of breast
cancer cells. H19 is a downstream target molecule of ERa., and
the expression of ERa has been demonstrated to alter H19 levels,
which decreases cell apoptosis in response to paclitaxel (PTX)
treatment by suppressing the expression of the pro-apoptotic
genes BIK and NOXA (65). Concrete mechanisms may include
the inhibiting effect of H19 on the promoter activity of BIK via
recruiting enhancer of zeste homolog 2 and trimethylating the
lysine 27 of histone H3 (65). Endocrine therapies are widely
used as an effective treatment for ERa* breast cancer, such
as Luminal A and Luminal B. However, the frequent occur-
rence of endocrine therapy resistance (ETR) leads to increased
disease relapse and decreased OS. The expression levels of
H19 were positively correlated with the expression of ERa in
primary breast tumors (66). H19 regulated ERa expression at
the transcript and protein levels and H19/ERa levels could be
significantly downregulated by blocking the Notch and c-MET
signaling pathway. Pharmacological inhibitors against this
signaling pathway helped reverse the resistance to endocrino-
therapy such as Tamoxifen and Fulvestrant (67). In addition,
the expression levels of H19 were significantly increased in
PTX-resistant TNBC cells compared with that in PTX-sensitive
TNBC cells. Inversely, the knockdown of H19 can recover the
chemosensitivity of PTX-resistant TNBC by mediating the Akt
signaling pathway (16). Furthermore, overexpression of H19
enhanced breast cancer cell resistance to doxorubicin (Dox).
The major effector proteins of H19-induced Dox resistance
may include multidrug resistance protein 1 (MDRI) and
multidrug resistance protein 4. The ubiquitin ligase compo-
nent cullin 4A (CUL4A) has been regarded as an important
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factor that connects H19 and MDR1 expression, and the high
expression levels of CUL4A compromised the cell chemical
sensitivity to Dox and led to lower survival rates of patients
with breast cancer undergoing chemotherapy (68). In summary,
H19 affects the drug resistance and chemosensitivity of breast
cancer cells. As a consequence, the response of breast cancer
cells to chemotherapeutic drugs weakens, which leads to a
decrease in the curative effect for the tumor.

5. Conclusion

Breast cancer is the most common malignant tumor in
women in the majority of countries and usually occurs in
women at 35-70 years of age (69,70). In recent years, breast
cancer incidence has demonstrated a younger trend (71). The
incidence of breast cancer had been demonstrated to be associ-
ated with multiple factors, such as a family history of breast
cancer, early menarche, not being married, not having had
children, radiographic exposure, long-term use of exogenous
estrogen, postmenopausal obesity and alcohol consump-
tion (72). Therefore, the tertiary prevention of breast cancer
appears to be particularly important. In addition, primary and

secondary prevention, including decreasing risk factors, early
diagnosis and timely treatment, are key ways to decrease the
mortality rate of patients with breast cancer.

According to a number of studies, many IncRNAs can
be used as potential biomarkers in the diagnosis and prog-
nostic evaluation of tumors. Excluding H19, there are a
number of IncRNAs recently investigated in breast cancer,
including NORAD (73), MIR2052HG (74), NAMPT-AS (75),
HISLA (76), TROJAN (77), TINCR (78) and LINCO00511 (79),
some of which have also been reported as potential biomarkers.
Among these IncRNAs, H19 is abnormally expressed in various
cancer cells and is involved in the regulation of multiple physi-
ological and pathological processes, affecting the occurrence
and development of different types of cancer, including breast
cancer. Likewise, the development of human breast cancer is
influenced by polygenes and multifactor regulation, including
H19 regulation (6,7). The regulatory mechanisms involve
numerous aspects, such as encoding miR-675, regulating
ceRNA, regulating the EMT and regulating tumor angiopoiesis.

The primary mechanisms underlying the effect that H19
has on breast cancer are summarized in Fig. 2. A: As indicated,
E2F1 activated H19 promoter to accelerate cell cycle progression
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(particularly the S-phase) of breast cancer cells. B: H19 bound
SAHH to increase SAH levels and suppressed the methylation
of DNA, RNAs and proteins. C: H19 generated miR-675-5p
and miR-675-3p. H19/miR-675-5p decreased the expression
levels of c-Cbl/Cbl-b and activated EGFR/c-Met, enhancing
the proliferation and migration of breast cancer via Akt and
Erk pathways. D: miR-675 was involved in the process in
which H19 increased Slug expression and inhibited E-cadherin,
promoting the cell invasion and metastasis in breast cancer.
E-H: H19 acted as a ceRNA for miR-200b/c, let-7a/b, miR-152
and miR-93-5p, increasing the expression of related genes. The
interaction between MYC and H19 has great influences on the
development of breast cancer. I: C-Myc bound evolutionarily
conserved E-boxes close to ICR to promote histone acetylation
and transcriptional initiation of the H19 promoter, increasing
the H19 expression. J: The complex of CRD-BP, c-Myc and
H19 promoted tumorigenesis of breast cancer. K: Vigilin was
present at several CTCF target sites, such as c-Myc promoter
regions and IGF2/H19 locus, upregulating the H19 expression,
and affecting the chromatin organization.

The diagnostic sensitivity and specificity of H19 in breast
cancer is high (59,80), indicating that H19 is of high value in
the diagnosis of breast cancer. Furthermore, clinical studies
have demonstrated that high H19 expression is one of the
factors leading to poor prognosis. Nevertheless, it remains
difficult to develop clinical therapy targeting H19 due to
certain adversities in its feasibility and possibility. In addition,
drug resistance is a major difficulty in the treatment of breast
cancer. With the development of research, there may be other
antineoplastic drugs, as well as PTX, Dox and endocrine
drugs, whose therapeutic effect may be impaired due to the
high expression of H19.

Currently, certain deficiencies and problems remain in
the studies that focus on the association between H19 and
breast cancer. For instance, the potential mechanisms under-
lying H19/miR-675 regulation in gene expression and any
specific molecular mechanisms underlying the interaction
between H19 and MYC remain to be elucidated. In addition,
the combination of basic research into H19 and the clinical
diagnosis of breast cancer could be more proficient, and a
unified standard for judging the expression level of H19 in the
clinical setting should be available. Furthermore, to the best
of our knowledge, there are few studies that have investigated
whether H19 can be used in the treatment of breast cancer. In
order to apply the studies on H19 to the clinical treatment of
breast cancer, further research is required to comprehensively
understand the complicated underlying mechanisms through
which H19 regulates the biological characteristics of human
breast cancer. As research on H19 progresses, anticancer
drugs targeting H19 will be used to treat breast cancer more
safely and effectively.
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