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Abstract

Long non-coding RNA (IncRNA) H19 has gained significant recognition as a pivotal contributor to the initia-

tion and advancement of gynecologic cancers, encompassing ovarian, endometrial, cervical, and breast cancers.
H19 exhibits a complex array of mechanisms, demonstrating dualistic effects on tumorigenesis as it can function

as both an oncogene and a tumor suppressor, contingent upon the specific context and type of cancer being inves-
tigated. In ovarian cancer, H19 promotes tumor growth, metastasis, and chemoresistance through modulation of key
signaling pathways and interaction with microRNAs. Conversely, in endometrial cancer, H19 acts as a tumor suppres-
sor by inhibiting proliferation, inducing apoptosis, and regulating epithelial-mesenchymal transition. Additionally, H19
has been implicated in cervical and breast cancers, where it influences cell proliferation, invasion, and immune eva-
sion. Moreover, H19 has potential as a diagnostic and prognostic biomarker for gynecologic cancers, with its expres-
sion levels correlating with clinical parameters and patient outcomes. Understanding the functional roles of H19

in gynecologic cancers is crucial for the development of targeted therapeutic strategies and personalized treatment
approaches. Further investigation into the intricate molecular mechanisms underlying H19's involvement in gyneco-
logic malignancies is warranted to fully unravel its therapeutic potential and clinical implications. This review aims

to elucidate the functional roles of H19 in various gynecologic malignancies.
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Introduction

Gynecological cancers (GCs), encompassingbreast, cervi-
cal, ovarian, and uterine cancers, pose a substantial global
health burden, with malignancies playing a prominent
role [1]. These cancers affecting women’s health are a
matter of great concern, as they have a significant impact
on the lives of those affected [2, 3]. A variety of factors
make the female population vulnerable to GCs, includ-
ing genetic predisposition, lifestyle choices, exposure to
certain viruses, and hormonal imbalances [4, 5]. Numer-
ous studies have demonstrated a correlation between
polycystic ovary syndrome (PCOS), a hormonal disor-
der marked by elevated androgen levels and the presence
of numerous ovarian follicles, and endometrial cancer
[6, 7]. Lifestyle factors are known to contribute signifi-
cantly to GCs. For example, tobacco smoking has been
linked to a higher risk of cervical cancer by accelerating
the malignant transformation of cervical cells following
human papillomavirus infection. Similarly, smoking has
also been identified as a risk factor for the development
of breast cancer. In contrast, the consumption of antioxi-
dant vitamins has been suggested to interfere with these
cancer-promoting effects [8, 9].

The current landscape of GC diagnosis and treatment
embraces a multidisciplinary strategy that integrates
diverse methodologies and technological advancements
[10]. To evaluate the size and metastasis of GCs, imag-
ing modalities such as ultrasound, computed tomog-
raphy (CT), magnetic resonance imaging (MRI), and
positron emission tomography (PET) scans are routinely
employed [11]. Also, various biopsy techniques, including
colposcopy [12], endometrial biopsy [13], hysteroscopy
[14], and laparoscopy [15], are utilized to procure tissue
samples from suspected tumors or abnormal regions for
further analysis and confirmation. Molecular tests can
identify specific biomarkers associated with GCs, such as
human papillomavirus (HPV) testing for cervical cancer
or genetic testing for ovarian cancer [16, 17]. The treat-
ment of GCs depends on various factors including the
type and stage of cancer [18], overall health of the patient,
and the patient’s preferences [19]. Treatment options may
include surgery to remove the cancerous tissue (laparos-
copy, hysterectomy, oophorectomy) [20], radiation ther-
apy using high-energy radiation beams to destroy cancer
cells (externally or internally) [21], chemotherapy to kill
cancer cells (orally or intravenously) in combination with
surgery or radiation therapy [22], targeted drugs [23], and
immunotherapy [24]. Over the years, treatment strategies
for GCs have become more personalized and targeted
[25]. In the case of ovarian cancer, the primary focus is
on implementing tumor-reducing surgeries, followed by
conventional platinum-based chemotherapy, which has
been shown to be effective in many cases [26]. Similar to
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other types of cancer, the molecular features of GCs, par-
ticularly genomic analysis, are playing an increasingly sig-
nificant role in the timely detection of these cancers and
in the selection of appropriate therapeutic approaches
[27, 28].

Current research has made it clear that despite being
transcribed as RNAs, the majority of the human genome
is not translated into proteins and instead plays various
roles in the characteristics of cancers [29]. Among the
different types of non-coding RNAs (ncRNAs), long ncR-
NAs (IncRNAs) are the most abundant subtype, consist-
ing of linear RNAs that are longer than 200 nucleotides
[30]. LncRNAs can be derived from various regions of the
genome, including exons, introns, 5" and 3" untranslated
regions, and intergenic regions [31]. Among the various
IncRNAs that have been studied, H19 is one of the more
extensively investigated ones. This particular IncRNA
has been shown to play a significant role in cancer cell
survival, progression, and metastasis, acting as either
a promoter or a suppressor [32, 33]. The role of H19 in
GCs has been a topic of intense research in recent years.
Studies have shown that H19 contributes to the progres-
sion of ovarian and endometrial cancer through various
mechanisms, such as inducing epithelial to mesenchymal
transition (EMT). Conversely, the downregulation of H19
has been linked to increased proliferation of cervical can-
cer cells [34]. The focus of this review is on the potential
functions of H19 in GCs.

LncRNA H19: physiological and cancer-related
properties

H19 is one of the most extensively studied classical IncR-
NAs due to its crucial roles in both normal developmen-
tal processes and pathological conditions such as cancer
[35]. This RNA molecule is transcribed from the highly
conserved H19 gene located at the 11p15.5 locus, and is
approximately 2.3kb in length. The H19 gene comprises
of five exons and four introns and undergoes 3" polyade-
nylation and 5" capping. It is part of the H19/IGF2 clus-
ter, in which the two genes exhibit imprinted features,
with H19 transcribed from the maternal allele and Igf2
transcribed from the paternal allele [36]. The regula-
tory mechanisms underlying the expression of H19 gene
products are complex and multifaceted. Furthermore,
apart from its role as a IncRNA, the H19 gene exhibits
an intriguing feature of encoding two miRNAs, specifi-
cally miR-675-3p and miR-675-5p. Extensive research
has demonstrated the significant involvement of these
miRNAs in orchestrating the intricate processes of skel-
etal muscle development and placental growth regulation
[37, 38]. H19 has been shown to modulate gene expres-
sion through various mechanisms, including epigenetic
remodeling and miRNA sponging [37]. The expression



Ghasemian et al. BMC Cancer (2024) 24:4

of this IncRNA is particularly high during tissue devel-
opment in certain tissues, but its levels decrease after
birth, with the notable exception of skeletal and cardiac
muscle. H19 plays a crucial role in the differentiation
of myoblasts by interacting with miR-106a and inhibit-
ing its effects [36, 39]. H19 gene is involved in multiple
machineries essential for development and normal in
utero growth through DNA methylation [40]. H19 takes
part in differentiation of stem cells residing human dental
pulp [41]. Zeng et al. found that H19 knockdown leads
to inhibition of human dental pulp stem cell differen-
tiation; while its upregulation aids to drive this process.
The activity of this IncRNA is mediated by S-adenosyl-
homocysteine hydrolase (SAHH) suppression, so called
H19/SAHH axis, which inhibits distal-less homeobox 3
(DLX3) gene methylation resulting in positive regulation
of odontogenic differentiation [42]. The role of H19 is
also identified in angiogenesis at the mother-fetus inter-
face. H19 is highly expressed in first-trimester tropho-
blasts of human specimens. In a study designed by Zeng
et al. on HTR-8/SVneo, an extravillous trophoblast cell
line, they discovered that overexpression of H19 led to
cell migration and endothelial cell tube formation [42].
Whereas these events were decreased in H19-downregu-
lated condition. The regulatory effect of H19 was exerted
through H19/miR-106a-5p/VEGFA axis [43]. Moreover,
H19 function as competing endogenous RNA (ceRNA)
is evident in Wnt/B-catenin and SMAD-dependent path-
ways. In in vitro investigations, it was depicted that H19
has a pro-osteogenic effect in SMAD-dependent signal-
ing by the means of TGF-f1/Smad3/HDAC pathway.
Interestingly, H19 may cause in vivo bone formation [44].
Considering Wnt/B-catenin pathway, two anti-osteogenic
miRNAs miR-22 and miR-141 sponging via H19 induces
ALP, OCN, RUNX2 and BMP resulting in osteogenesis
[45]. In the context of tension-induced osteogenesis,
H19 also acts as a positive modulator by functioning as
ceRNA for miR-138 in order to upregulate focal adhesion
kinase (FAK), an essential item in osteogenesis mechano-
transduction pathway [46]. Many studied IncRNAs are
shown to be expressed significantly in human CNS indi-
cating their remarkable effect in the brain development.
H19 depicts a stable property in tissues evolving into the
human CNS system (e.g. neural crest) [47]. These model
statements depict the important effect of H19 in path-
ways related to normal histogenesis and development.
Along with the role of H19 in normal human develop-
ment, there are pathologic conditions like cardiac muscle
hypertrophy, osteoporosis and cancer that this IncRNA
is known to take part [32, 48, 49]. H19 expression is
often dysregulated in various types of cancer. It can act
as an oncogene, promoting tumor growth, invasion,
and metastasis. H19 can also interact with other genes

Page 3 of 14

and molecules to regulate key cancer-related processes
[33]. Silencing of H19 results in cell death and progres-
sion arrest in cancers [50]. Mutations or abnormalities
in the H19 gene or its regulatory regions can lead to
developmental disorders, such as Beckwith-Wiedemann
syndrome (BWS), characterized by overgrowth and
increased cancer risk [51]. This IncRNA also can influ-
ence processes such as inflammation, endothelial dys-
function, and smooth muscle cell proliferation [52—-54].

In tumors, H19 has the ability to promote drug resist-
ance by acting as a miR-200c sponge, leading to gefitinib
resistance in non-small cell lung cancer (NSCLC). By
reducing Bcl-2 expression and phosphorylated-Akt sign-
aling, miR-200c sensitizes NSCLC tumor cells to gefitinib
[55]. According to Yoriiker et al., gastric cancer patients
exhibit elevated levels of circulating H19 when compared
to healthy samples, with a negative correlation observed
between plasma H19 levels and tumor size. Addition-
ally, the level of circulatory H19 was found to decrease
following tumor removal [56]. The findings of this study
highlight the diagnostic potential of H19 in cancer and
suggest that it may serve as a promising prognostic
marker for solid tumors. A meta-analysis performed by
Liu et al. revealed that solid cancers with elevated H19
expression were linked to shorter overall and disease-free
survival as well as advanced clinical stage [57]. In ovarian
cancer, for instance, H19 has been found to play a role in
promoting cell proliferation, invasion capability, and drug
resistance [33]. Similarly, elevated levels of H19 expres-
sion have been observed in endometrial cancer, and these
high levels have been linked to increased cell growth
potential [58]. In a study conducted by Zhang et al, a
positive correlation was found between H19 expression
and estrogen and progesterone receptor levels, as well as
lymph node metastasis, in BC patients, highlighting the
oncogenic role of H19. Interestingly, the levels of H19 in
the blood were observed to decrease following surgical
excision of the tumor [59]. Aberrant expression of H19 in
cervical cancer tissues has also been associated with can-
cer progression, providing another example of the onco-
genic potential of this molecule [60]. In a research study
on BC conducted by Smith et al., the level of HER2 was
found to be higher in tumor tissues compared to nor-
mal tissues in the same patients. Moreover, the expres-
sion level of HER2 in the tumor tissues was found to be
a potential predictor of disease progression and response
to treatment [61]. Figure 1 provides the multifaceted
functions of H19, encompassing both its normal physi-
ological roles and its aberrant involvement in pathologi-
cal conditions.

Given the significance of H19 in malignant diseases,
particularly GCs, it would be beneficial to further inves-
tigate the molecular pathways involving H19 in GCs and
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Fig. 1 H19 exhibits a broad spectrum of functionality, intricately participating in a multitude of physiological processes, while also playing
a significant role in the pathogenesis and advancement of diverse pathological conditions

analyze their impact on the advancement and outcome of
these cancer subtypes.

Exploring the significance of IncRNA H19

in gynecologic cancers: functional roles

and molecular mechanisms

Multiple studies have established that H19 has the ability
to regulate numerous miRNA/mRNA axes, thereby play-
ing a crucial role in the development of GCs (as outlined
in Table 1). In the following section, we have provided an
overview of various H19-associated molecular pathways
that are pivotal in the initiation and progression of GCs.

Breast cancer

Studies have shown that H19 expression levels are higher
in ER-positive tumor tissues than in ER-negative ones,
and that 17(-estradiol can increase H19 expression
in MCF-7 cells, which are ER-positive. Thus, it can be
inferred that H19 is an estrogen-inducible gene that plays
a critical role in the survival of MCF-7 cancerous cells
[62]. The role of H19 in drug resistance is crucial, as it
has been shown to inhibit the pro-apoptotic factors BIK

and NOXA, resulting in a decreased rate of apoptotic cell
death in response to paclitaxel (PTX). H19 achieves this
effect through promoter methylation of BIK [63]. Peng
et al. demonstrated a significant increase in H19 expres-
sion levels in breast cancer stem cells (BCSCs). Further-
more, they found that overexpression of H19 significantly
enhanced mammosphere formation ability, migration,
and clonogenicity of BC cells [64]. MRP4 and MDR are
the pivotal molecules responsible for conferring resist-
ance to H19 in cancer cells. Upon silencing of the H19
IncRNA in doxorubicin-resistant MCF-7 cells, there was
a marked improvement in the sensitivity of cancer cells
to chemotherapy agents such as paclitaxel and anthra-
cyclines, accompanied by a significant decrease in the
expression levels of MRP4 and MDRI1 [65]. Resistance
to endocrine therapy is a defining characteristic of ER+
BC. Pratima et al. demonstrated that following treat-
ment of endocrine-resistant BC cells with Fulvestrant
and Tamoxifen, there was a significant upregulation in
the expression levels of the H19. The expression of H19
is regulated by the c-MET and Notch signaling pathways,
and inhibition of these pathways was shown to decrease
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Table 1 Functional roles of INcRNA H19 in gynecologic cancers

Cancer Type Object / Target Results Refs.
Suppression Stimulation Increase Decrease
Breast Cancer 17B-estradiol Estrogen-induced cell growth [62]
and proliferation
ERa-H19-BIK/NOXA signaling Apoptosis [63]
let-7 LIN28 Cancer stem cell viability [64]
CUL4A-ABCB1/ MDR1 Drug resistance [65]
and ABCC4/MRP4 pathway
miR-200b/c and let-7b EMT potential by increasing [66]
GIT2 and CYTH3 expression
ERa expression Endocrine therapy resistance [67]
Wnt/B-catenin pathway EMT Apoptosis [68]
Akt signaling pathway Paclitaxel resistance Apoptosis [69]
SAHH/DNMT3B Autophagy [70]
Tamoxifen resistance
miR-675 Trastuzumab resistance Progression-free survival [71]
TNM stage
miR-491-5p ZNF703 Cell proliferation Apoptosis [72]
Tumor invasion
miR-340-3p YWHAZ Cell proliferation Apoptosis [73]
Metastasis (via EMT induction)
PARP1 Doxorubicin resistance [74]
p53 TNFAIP8 Cell proliferation Cell cycle arrest [75]
Metastasis (via EMT induction)
N-acetyltransferase 1 promoter Tamoxifen resistance [76]
methylation
Lipid ROS Beclin1 Autophagy Ferroptosis [771
LC3
GSH content
Cervical Cancer No mentioned object  No mentioned object Anchorage-independent mul- [78]
ticellular spheroid growth
No mentioned object  No mentioned object Relapse-free survival [79]
miR-138-5p Tumor proliferation Tumor differentiation [80]
Lymph node metastasis Overall survival
FIGO stage
Clinicopathological charac- [81]
teristic
Ovarian Cancer Caspase-dependent  Cyclin A2 and B1 Tumor cell growth Apoptosis [82]
pathway of apoptosis G2/M transition
Glutathione metabolism Cisplatin resistance Relapse-free survival [83]
(GSH content)
miR-370-3p EMT induced by TGF-B [84]
p21 EZH2 Cisplatin resistance Apoptosis [85]
PTEN
miR-324-5p PKM2 Warburg effect/Tumor glucose [86]

consumption
Tumor cell proliferation

E-cadherin Twist EMT [87]
Slug Cisplatin resistance
Snail
IGF2 (88]
miR-140 Wntl Cancer cell proliferation Patient probability of survival ~ [89]
Colony formation and migra-
tion
E-cadherin N-cadherin Cancer cell viability, prolifera- [90]

tion and invasion
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Table 1 (continued)
Cancer Type Object / Target Results Refs.
Suppression Stimulation Increase Decrease
Endometrial let-7 IGF1R Cancer cell proliferation [91]
Cancer & Endome- Ki67
triosis PCNA
let-7 Hmga2 Cancer cell invasion and migra- [92]
c-Myc tion
Imp3
E-cadherin Snail EMT and cancer progression [93]
miR-612 HOXA10 Cancer cell viability Overall survival [58]
miR-342-3p IER3 Th17 differentiation [94]
Endometrial stromal cell
proliferation
miR-124-3p ITGB3 Ectopic endometrial cell prolif- [95]
eration and invasion
miR-216a-5p ACTA2 Endometrial stromal cell [96]
migration and invasion
No mentioned object  No mentioned object Infertility [61]
Recurrence
Bilateral ovarian lesions
rAFS stage
CA125 level
No mentioned object  No mentioned object Tumorigenicity of ectopic [97]
endometrial cells
No mentioned object  No mentioned object Proliferation and migration [98]
of ectopic endometrial stromal
cell
IGF1 Cell proliferation and differen- [99]
tiation
No mentioned object  No mentioned object Clinical stage(rASRM classifica- [100]

tion scoring)

H19 expression, leading to an increase in the sensitivity
of endocrine-resistant cells to Fulvestrant and Tamox-
ifen [67]. A different research revealed that inhibiting the
EMT and Wnt signaling pathway through knockdown of
H19 not only enhances the rate of apoptosis and sensi-
tivity to tamoxifen but also reduces the invasiveness of
cancer cells [68]. Han et al. demonstrated that silencing
of H19 enhanced the chemosensitivity of triple-negative
breast cancer (TNBC) cell lines to PTX by promoting
apoptosis through the regulation of the Akt signaling
pathway [69]. Numerous studies have confirmed that
aldehyde dehydrogenase 1 (ALDH1) is a well-established
marker of stem cells. Shima et al. reported a strong asso-
ciation between ALDHI1 positivity and H19 expression in
BC patients. They also demonstrated that the silencing of
H19 significantly decreased the ability of cancer cells to
form spheres, indicating a potential role for H19 in reg-
ulating the stemness of BC cells [101]. The involvement
of H19 in tamoxifen resistance in BC cell lines has been

attributed to its interaction with SAHH, which decreases
DNMT3B expression and promotes Beclinl, subse-
quently enhancing the autophagy process. Knockdown of
H19 has been shown to reduce tamoxifen resistance by
increasing the methylation of the Beclinl promoter by
DNMT3B [70]. In trastuzumab-resistant BC cells, there
is a notable upregulation in the expression levels of H19.
However, studies have shown that silencing of H19 can
effectively overcome trastuzumab resistance in these
cells [71]. H19 has been shown to significantly promote
invasion, metastasis, cell proliferation, and EMT pro-
cess while inhibiting apoptosis in PTX-resistant BC cells.
Conversely, silencing of H19 has been demonstrated to
have the opposite biological effects, suggesting a poten-
tial role for H19 in the development and progression of
PTX-resistant BC [73]. The involvement of H19 in doxo-
rubicin resistance has been observed in both tissue and
cancerous cell lines. H19 promoted drug resistance by
downregulating PARP1, a key regulator of DNA repair,
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highlighting the potential role of H19 in modulating cel-
lular responses to chemotherapy agents [74]. NFAIPS,
a target gene of p53 and a key player in the progression
of cancer through various mechanisms such as EMT, is
upregulated by H19 through its antagonistic effect on
p53. Silencing of either TNFAIP8 or H19 has been shown
to reduce the proliferation, invasion, migration, and
expression of EMT markers, while increasing the arrest
of the cell cycle. These findings suggest that the H19/p53/
TNFAIPS8 axis plays a critical role in tumor progression
mediated by the upregulation of TNFAIP8 through the
inhibition of p53 by H19 [75]. Figure 2 illustrates the vari-
ous mechanisms by which H19 contributes to the pro-
gression of BC.

Ovarian cancer

H19 has been found to play a role in the development of
ovarian cancer by regulating various pathways, as evi-
denced by increased expression levels in cisplatin-resist-
ant A2780-DR cells. Further investigations, both in vitro
and in vivo, have shown that knockdown of H19 leads to
increased sensitivity of A2780-DR cells to cisplatin and
reduced expression of NRF2-targeted proteins, including
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G6PD, GSR, NQO1, GCLM, GSTP1, and GCLC. Given
its involvement in the glutathione metabolism pathway,
it can be concluded that H19 contributes to drug resist-
ance by modulating glutathione metabolism [83]. Li
et al. has demonstrated that H19 plays a crucial role in
TGEF-B-induced EMT, and that this function is exerted
through the sponging of miR-370-3p by the H19 [84].
The anti-seizure drug valproic acid has been shown to
decrease the expression of H19 in the cisplatin-resistant
ovarian cell line A2780/CP. Subsequent silencing of H19
led to a significant increase in both the rate of apoptosis
and sensitivity to cisplatin in the A2780/CP cell line [85].
The modulation of glycolysis metabolism by H19 has
been shown to regulate the Warburg effect, as reported
by Zheng et al. Specifically, silencing of H19 resulted in
decreased glucose consumption, PKM2 expression, and
lactate production. This function was found to be exerted
through the sponging of miR-324-5p by H19 [86]. In the
cisplatin-resistant ovarian cancer cell line OVCAR3/
DDP, the expression level of H19 was found to be sig-
nificantly increased compared to the OVCARS3 cell line.
Additionally, OVCAR3/DDP cells exhibited upregula-
tion of EMT markers such as slug, twist, and snail, and
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and apoptosis through various mechanisms. PTX: paclitaxel, EMT: Epithelial-mesenchymal transition, SAHH: S—adenosyl homocysteine hydrolase
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decreased E-Cadherin levels. Subsequent knockdown
of H19 in OVCAR3/DDP cells led to a suppression of
migration and EMT-positive markers, while promot-
ing E-Cadherin expression [87]. Recent reports suggest
that Ginsenoside Rg3, a tetracyclic triterpenoid, has the
ability to inhibit proliferation, invasion, migration, and
colony formation of ovarian cancer cells. Additionally,
treatment with Ginsenoside Rg3 was found to decrease
the expression of N-cadherin while increasing E-cadherin
levels, and these effects were attributed to the suppres-
sion of H19 [90]. Figure 3 shows different signaling path-
ways associated with H19 that impact ovarian cancer.

Cervical cancer

The expression level of H19 was found to be modulated
under conditions of both TGF-p and hypoxia. H19 has
the ability to enhance both independent growth and
anchorage-specific growth of cervical cancer cell lines
[78]. Previous studies have indicated that SIRT1 plays a
critical role in various biological processes, including
cancer progression. Lei et al. have demonstrated that
SIRT1 is a direct target of miR-138-5p in ovarian cancer,
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and that overexpression of miR-138-5p results in GO/G1
cell cycle arrest, induction of apoptosis, and inhibition
of cell proliferation. However, in contrast, H19 has been
shown to upregulate SIRT1 and promote cervical cancer
progression via sponging of miR-138-5p [80]. Another
study has reported that silencing of H19 results in
decreased cell proliferation, induction of apoptosis, and
cell cycle arrest in the cervical cancer cell lines OV90 and
SKOV3 [82]. Figure 3 displays various H19-related sign-
aling pathways that have an impact on cervical cancer.

Endometrial cancer

The role of H19 in the progression of endometriosis has
been the subject of conflicting findings in previous stud-
ies. While some investigations have reported upregula-
tion of H19 expression in tumoral tissue compared to
control, others have reported the opposite results. Sanaz
et al. reported that the expression level of H19 in patients
with eutopic endometrium was significantly lower than
that of normal controls [91]. Another study has shown
that H19 plays a role in the progression of endometrial
cancer by affecting the EMT process. Silencing of H19
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Fig. 3 The Mechanisms of H19 in Regulating Tumor Cell Behavior in Ovarian Cancer, Cervical Cancer, and Endometriosis. H19 plays a crucial
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was found to reduce invasion and migration in the HEC-
1-B cancer cell line, while also leading to a decrease in
Snail expression and an increase in E-cadherin expres-
sion. Based on these findings, it can be concluded that
H19 promotes endometriosis by modulating the EMT
process [93]. It was found that the expression of H19 was
significantly suppressed in mononuclear cells obtained
from peritoneal fluid of patients with endometriosis [94].
It has been reported that H19 can stimulate the forma-
tion of fibrotic tissue in women suffering from endome-
triosis through the H19/miR-216a-5p/ACTA2 pathway.
miR-216a-5p can bind to H19 and to ACTA2 in the 3’
untranslated region (3’UTR) [96]. In vivo investiga-
tions using a nude mouse model have demonstrated that
silencing of H19 leads to a significant decrease in endo-
metriosis [97]. It has been observed that 17(-estradiol
plays a role in regulating the expression pattern and func-
tion of H19 in patients with endometriosis. Based on
these findings, it can be concluded that 17B-estradiol is
involved in the development of endometriosis through
the regulation of H19 [98]. According to a study by
Sedigheh et al., the expression level of H19 was found to
be significantly decreased in both ectopic and eutopic
endometrial tissues compared to control tissues. The
researchers suggested that H19, through downregulation
of IGFI and IGFI], leads to impairment of cellular growth
regulation and differentiation [99]. Figure 3 presents dif-
ferent signaling pathways associated with H19 that exert
an impact on endometrial cancer.

The ceRNA network of H9 in gynecologic cancers

Several studies have highlighted the role of IncRNAs as
ceRNAs that sequester specific miRNAs, thereby dimin-
ishing their regulatory impact on target mRNA genes.
This interaction between miRNAs and IncRNAs plays a
significant role in the development and progression of
GCs. Notably, H19 has been identified as a key partici-
pant in miRNA sponging within GCs, including miRNA
let-7 [64], miR-200b/c [66], miR-491-5p [72], miR-340-3p
[73], miR-138-5p [80], miR-370-3p [84], miR-324-5p [86],
miR-140 [89], let-7 [91], miR-612 [58], miR-342-3p [94],
miR-124-3p [95], and miR-216a-5p [96]. H19 functions
as a ceRNA by sequestering let-7, thereby upregulating
LIN28 as a direct target of let-7. Conversely, the upregu-
lation of LIN28 suppresses let-7 biogenesis, establish-
ing a reciprocal negative feedback loop involving H19,
let-7, and LIN28 as a transcriptional factor [64]. In addi-
tion, Wu et al. reported that H19, through its interaction
with miR-200b/c and let-7b, modulates the expression
of its target genes GIT2 and CYTH3, respectively,
which encode regulators of the RAS superfamily. This
modulation promotes cell migration and EMT in tumor
cells [66]. Also, H19 negatively regulated miR-491-5p
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expression and inversely modulated ZNF703 expression
as a target of miR-491-5p. Therefore H19/miR-491-5p/
ZNF703 axis has a critical role in development of BC [72].
Furthermore, H19 has been shown to regulate the expres-
sion of miR-491-5p and inversely modulate ZNF703,
playing a critical role in breast cancer development [73].
In cervical cancer, H19 acts as a miR-138-5p sponge,
reducing SIRT1 expression as a miR-138-5p target gene
[80]. Moreover, H19 is involved in the TGF-B/H19/miR-
370-3p/EMT signaling axis in ovarian cancer progression
[84]. In ovarian cancer, H19 regulates the Warburg effect
by directly binding to miR-324-5p and upregulating
PKM2, a target of miR-324-5p, thereby enhancing glycol-
ysis metabolism [86]. The H19/miR-140/Wnt1 axis is piv-
otal in promoting proliferation and migration in ovarian
cancer [89]. In endometrial stromal cells, the H19/let-7/
IGF1R axis is involved in impaired endometrial prolif-
eration [91]. Furthermore, H19 regulates the percentage
of Th17 cells/CD4+ T cells and IL-17 levels via the miR-
342-3p/IER3 axis [58]. Elevated H19 levels in ectopic
endometrial cells contribute to cell proliferation and
invasion through modulation of miR-124-3p and ITGB3
[94]. In women with endometriosis, ectopic endometrial
cells have an increasing level of H19. Cell proliferation
and invasion was inhibited after H19 down-regulation.
H19 exerts this function by modulating miR-124-3p and
ITGB3 [95]. Additionally, estrogen-induced alterations in
stromal cell invasion and migration in endometriosis are
mediated by the H19/miR-216a-5p/ACTA?2 axis [96]. Fig-
ure 4 provides an overview of the crucial H19-miRNAs
involved in the pathogenesis of GCs.

Clinical application of H19 in gynecologic cancers

The successful translation of laboratory-based and pre-
clinical findings in biology and molecular research to a
clinical context plays a pivotal role in advancing cancer
research. This critical process necessitates the modifi-
cation and adaptation of experimental results to render
them applicable in clinical settings. Ultimately, the effec-
tive translation of basic research findings to clinical prac-
tice is imperative for enhancing our comprehension of
gynecologic cancers and devising efficacious therapeutic
approaches to benefit patients [102]. It was found that
the expression levels of H19 were significantly elevated
in atypical in situ breast lesions within a Lebanese popu-
lation, surpassing those in non-malignant lesions. Nota-
bly, the highest levels of H19 were detected in malignant
tissues. These compelling findings indicate that H19 has
the potential to serve as a promising biomarker for the
early detection of BC [103]. The clinical significance of
H19 levels has been investigated in plasma liquid biop-
sies, an emerging and dynamic field of research due to its
non-invasive and easily accessible nature. Zhang et al.,
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illustrated that the levels of H19 were markedly ele-
vated in the serum of BC patients compared to healthy
individuals. Additionally, increased levels of circulating
H19 were found to be correlated with hormone recep-
tor expression and lymph node metastasis. The study
also determined a specificity of plasma H19 levels for
BC exceeding 0.85, emphasizing its potential as a reliable
biomarker for BC [59]. It was shown that pre-therapeutic
serum levels of H19 could serve as a predictive indica-
tor of neoadjuvant treatment outcomes in BC patients.
Notably, patients with lower levels of serum H19 were
shown to have a higher probability of achieving a com-
plete pathological response to the treatment. Interest-
ingly, patients with elevated plasma H19 levels were
found to exhibit the triple-negative BC subtype. These
significant findings suggest that H19 holds promise as a
valuable biomarker for predicting treatment response
and identifying specific disease subtypes in BC patients
[104]. In the context of TNBC, increased levels of H19
have been linked to reduced overall survival and disease-
free survival durations. Furthermore, a separate study
unveiled an association between the rs2107425 single
nucleotide polymorphism (SNP) located near H19 and
decreased metastasis-free survival. Moreover, serum
levels of H19 have been demonstrated to decline follow-
ing mastectomy, indicating the potential clinical value
of H19 in assessing the efficacy of surgical interventions
[32, 105]. Zhang et al. examined the relationship between
genetic variations in the IGF2/H19 gene locus and the
risk of developing epithelial ovarian cancer (EOC) in a

Chinese population. Their findings unveiled a notewor-
thy connection, indicating that three specific polymor-
phisms, namely rs3741206, rs2525885, and rs2839698,
were significantly associated with an elevated suscepti-
bility to EOC, particularly in patients aged 47 years and
older. Moreover, within the rs2525885 subgroup, indi-
viduals possessing the TC + CC genotype demonstrated a
higher likelihood of advanced FIGO stage, implying that
this particular polymorphism may not only contribute
to the initiation of cancer but also exert influence on the
progression of tumors [88]. Higher levels of H19 expres-
sion in tumor tissues among EOC patients were found
to be linked with shorter overall survival, indicating its
potential as a prognostic marker. Moreover, H19 expres-
sion was identified as a predictive factor for carboplatin
resistance in EOC cells, suggesting its involvement in the
development of chemoresistance and unfavorable treat-
ment outcomes in this disease [106]. The impact of IGF2/
H19 gene polymorphisms on platinum resistance has also
been investigated in EOC patients. A study by Zeng et al.
revealed that individuals with the rs4244809 GG geno-
type exhibited increased sensitivity to platinum-based
chemotherapy agents [107]. Additionally, serum H19
has emerged as a potential biomarker for the diagnosis
and monitoring of cervical cancer. Zhao et al. observed
elevated levels of serum H19 in cervical cancer patients
compared to healthy individuals, with a significant reduc-
tion after surgery. Serum H19 exhibited a specificity of
nearly 95% in diagnosing cervical cancer, although its
sensitivity was relatively low at 30.8%. Notably, plasma
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H19 levels did not show an association with tumor stage
[108]. H19 gene polymorphisms were found to have
predictive value for clinicopathological features in cer-
vical cancer patients. In a study involving a Tai popula-
tion, patients with CC/CT genotypes in H19 rs2839698
demonstrated a lower risk of pelvic node metastasis
compared to those with the TT genotype. Similarly,
patients with AA/AG genotypes in rs3741219 exhibited
a lower risk of pelvic lymph node metastasis, as well as
lower rates of parametrium and vaginal invasion, com-
pared to those with the GG genotype. However, no sta-
tistically significant differences in prognostic parameters
were observed among the various SNP polymorphisms
[81]. According to Liu et al., both eutopic and ectopic
endometrial tissues in endometriosis patients exhibited
upregulated H19 expression, which positively corre-
lated with disease recurrence, infertility, bilateral ovarian
lesions, and the revised American Fertility Society (rAES)
stage. Their study demonstrated that high ectopic H19
expression had a sensitivity of 90.9% in predicting disease
recurrence [61]. However, in contrast to these findings,
Szaflik et al. reported decreased levels of H19 expression
in endometrial tissues of endometriosis patients com-
pared to healthy controls. Furthermore, among endome-
triosis patients, there was an association between H19
expression and the rAFS score for reproductive medicine
classification of endometriosis (rASRM) score [100].

Despite the remarkable discoveries regarding the utili-
zation of tissue/serum H19 levels in assessing the clini-
cal characteristics of GC patients, there remains a need
for further investigation to establish the expression level
or specific single nucleotide polymorphisms (SNPs) of
H19 as a suitable biomarker. One limitation is the cur-
rent scarcity and heterogeneity of the studied SNPs,
which necessitates their validation in larger populations.
Additionally, certain studies have focused on restricted
populations where the expression level of H19 could be
influenced by various confounding factors. The role of
H19 in endometriosis, as revealed by both clinical and
basic studies, presents contradictory data, highlighting
the need for additional confirmation. Furthermore, the
availability of studies assessing sensitivity and specificity
is limited, and they employ diverse sources such as tis-
sue and serum samples. Moreover, some reported ratios
exhibit low values and lack potential reliability, thereby
making false results unavoidable without further con-
firmatory research.

Conclusion

This review study extensively examines the roles of
H19 in the development of GCs. Based on the compre-
hensive collection of molecular and clinical studies dis-
cussed herein, H19 emerges as a noteworthy molecular
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determinant in the landscape of GC tumor initiation and
progression. The involvement of H19 in diverse and dis-
tinctive pathways holds promise for researchers seeking
to unravel the intricate molecular interactions underlying
GC pathogenesis. However, further clinical investigations
are warranted to explore additional potential molecular
markers in conjunction with H19, in order to obtain a
more comprehensive understanding of the disease. A sig-
nificant challenge in the treatment of GCs is drug resist-
ance, and considering the existing data, targeting H19
may offer a promising approach to mitigate this burden.
Although the aforementioned models show promising
potential for clinical use of H19 expression as a bio-
marker in either tumor tissue or plasma samples for dis-
ease detection and prognosis prediction in GCs, Further
research is required to fully establish H19 as a depend-
able and consistent biomarker. Integrating the measure-
ment of H19 levels in tumor tissue and/or plasma, along
with the analysis of its specific SNPs, in conjunction
with established modalities such as molecular tests and
imaging characteristics, has the potential to enhance the
precision and reliability of diagnostic tests, thereby war-
ranting further investigation. Furthermore, conducting
specific in vivo studies to evaluate the potential of H19
as a therapeutic target for reducing the occurrence of
therapy resistance represents a promising avenue in GC
research. Deliberate manipulation of H19 expression
levels within tumor cells could also serve as a means to
modulate their aggressive behavior. Furthermore, larger
sample size studies involving diverse ethnicities, different
stages of disease, and varying responses to therapy would
be necessary to establish the value of H19 as a diagnostic,
prognostic, or therapeutic biomarker.

Abbreviations

INcRNAs  long non-coding RNAs

GCs gynecological cancers

PCOS polycystic ovary syndrome

ncRNAs  non-coding RNAs

EMT epithelial to mesenchymal transition

SAHH S-adenosylhomocysteine hydrolase
DLX3 distal-less homeobox 3

ceRNA endogenous RNA

FAK focal adhesion kinase

NSCLC non-small cell lung cancer

PTX paclitaxel

BCSCs breast cancer stem cells

ALDH1 aldehyde dehydrogenase 1

EOC epithelial ovarian cancer

rAFS revised American Fertility Society.

Acknowledgements
Not applicable.

Authors’ contributions

M. GH., M. AG,, F. KH,, SH. U, GH. AT, F. M., R. MJ, M. B, M. F, and M.Z. have made
contributions to the writing of the manuscript. All authors have approved the
submitted version of the article and have agreed to be personally accountable



Ghasemian et al. BMC Cancer (2024) 24:4

for the author’s own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work. All authors read and approved
the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 June 2023 Accepted: 12 December 2023
Published online: 02 January 2024

References

1. DiFiore R, Suleiman S, Calleja-Agius J. CD133 as biomarker and thera-
peutic target in gynecologic malignancies. Springer; 2023.

2. Ledford LRC, Lockwood S. Scope and epidemiology of gynecologic
cancers: an overview. Semin Oncol Nurs. 2019;35:147-50.

3. tukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R, Stanistawek A.
Breast Cancer—epidemiology, risk factors, classification, prognostic
markers, and current treatment strategies—an updated review. Can-
cers. 2021;13:4287.

4. Sheikhnezhad L, Hassankhani H, Sawin EM, Sanaat Z, Sahebihagh MH.
Intimate partner violence in women with breast and gynaecologic
cancers: a systematic review. J Adv Nurs. 2023;79:1211-24.

5. KeyvaniV, Kheradmand N, Navaei ZN, Mollazadeh S, Esmaeili S-A.
Epidemiological trends and risk factors of gynecological cancers: an
update. Med Oncol. 2023;40:93.

6. Wu R, Wu C, Zhu B, Li J, Zhao W. Screening and validation of potential
markers associated with uterine corpus endometrial carcinoma and
polycystic ovary syndrome based on bioinformatics methods. Front
Mol Biosci. 2023;10:1192313.

7. Shetty C, Rizvi SMHA, Sharaf J, Williams K-AD, Tariq M, Acharekar MV,
et al. Risk of gynecological cancers in women with polycystic ovary
syndrome and the pathophysiology of association. Cureus. 2023;15

8. Jones ME, Schoemaker MJ, Wright LB, Ashworth A, Swerdlow AJ. Smok-
ing and risk of breast cancer in the generations study cohort. Breast
Cancer Res. 2017;19:1-14.

9. Koshiyama M. The effects of the dietary and nutrient intake on gyneco-
logic cancers. In Healthcare MDPI. 2019;88

10. Liontos M, Fiste O, Zagouri F, Dimopoulos MA. Advances in Gynecologi-
cal Cancers. Int J Mol Sci. 2022;23

11. Lother D, Robert M, Elwood E, Smith S, Tunariu N, Johnston SRD, et al.
Imaging in metastatic breast cancer, CT, PET/CT, MRI, WB-DWI, CCA:
review and new perspectives. Cancer Imaging. 2023;23:53.

12. Sahin F, Aydin E, Ocal EUB, Ozdemir S, Kasapoglu AM, Akbayir O.
Evaluation of colposcopy and LEEP results performed in gynecology
and gynecological oncology surgery services. Eur J Gynaecol Oncol.
2023;1:8.

13. Vitale SG, Buzzaccarini G, Riemma G, Pacheco LA, Sardo ADS, Carugno
J, et al. Endometrial biopsy: indications, techniques and recommenda-
tions. An evidence-based guideline for clinical practice. Journal of
gynecology obstetrics and human. Reproduction. 2023:102588.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Page 12 of 14

Bilir £, Kahramanoglu I. The role of hysteroscopy in fertility preserva-
tion in endometrial cancer and atypical endometrial hyperplasia: a
semi-systematic literature review. Arch Gynecol Obstet. 2023:1-14.
LuY, Chen J,Wei R, Lin W, Chen Y, Su Y, et al. Application of robotic
surgery and traditional laparoscopic surgery in lymph node dis-
section for gynecological cancer: a meta-analysis. Oncol Lett.
2023;25:1-10.

Onuki M, Takahashi F, lwata T, Nakazawa H, Yahata H, Kanao H, et al.
Human papillomavirus vaccine impact on invasive cervical cancer in
Japan: preliminary results from cancer statistics and the MINT study.
Cancer Sci. 2023;114(11):4426-32.

Kahn RM, Ahsan MD, Chapman-Davis E, Holcomb K, Nitecki R, Rauh-
Hain JA, et al. Barriers to completion of cascade genetic testing: how
can we improve the uptake of testing for hereditary breast and ovar-
ian cancer syndrome? Familial Cancer. 2023;22:127-33.

Melli B, Sileo FG, Palicelli A, Kuhn E, Nardi V, Mandato VD. Tumor-
infiltrating lymphocytes (TILs) and gynecological cancers. Springer;
2023.

Alur-Gupta S, Fruchtman H, Paroder V. Fertility-sparing options for
cancer patients. Abdom Radiol. 2023;48:1618-28.

Terao Y. Cutting-edge treatment for gynecological malignancies. Jun-
tendo Med J. 2023,69:86-91.

Lee J, Lin J-B, Weng C-S, Chen S-J, Chen T-C, Chen Y-J. Impact of reduced
margin pelvic radiotherapy on gastrointestinal toxicity and outcome in
gynecological cancer. Clin Transl Radiation Oncol. 2023;43:100671.

Qin M, Zhang C, LiY. Circular RNAs in gynecologic cancers: mecha-
nisms and implications for chemotherapy resistance. Front Pharmacol.
2023;14:1194719.

Tolcher A, Hamilton E, Coleman RL. The evolving landscape of
antibody-drug conjugates in gynecologic cancers. Cancer Treat Rev.
2023:102546.

Kobori T. New insights into immunotherapy for gynecological Cancer. J
Clin Med. 2022:11.

Zhang C, Sheng Y, Sun X, Wang Y. New insights for gynecological cancer
therapies: from molecular mechanisms and clinical evidence to future
directions. Cancer Metastasis Rev. 2023:1-35.

Kurnit KC, Fleming GF, Lengyel E. Updates and new options in
advanced epithelial ovarian cancer treatment. Obstet Gynecol.
2021;137:108.

Rai AK, Borah P, Kataki AC. Molecular profiling of Gynaecological Cancer
and breast Cancer. In: Fundamentals in Gynaecologic malignancy.
Springer; 2023. p. 9-24.

Johnson AM, Teoh D, Jewett P, Darst BF, Mattson J, Hoffmann C, et al.
Genetic variants associated with post-traumatic stress symptoms in
patients with gynecologic cancer. Gynecol Oncol. 2023;170:102-7.

Beg A, Parveen R, Fouad H, Yahia ME, Hassanein AS. Role of different
non-coding RNAs as ovarian cancer biomarkers. J Ovar Res. 2022;15:72.
Mattick JS, Amaral PP, Carninci P, Carpenter S, Chang HY, Chen L-L, et al.
Long non-coding RNAs: definitions, functions, challenges and recom-
mendations. Nat Rev Mol Cell Biol. 2023;24:430-47.

Yan H, Bu P. Non-coding RNA in cancer. Essays Biochem.
2021,65:625-39.

Ghafouri-Fard S, Esmaeili M, Taheri M. H19 IncRNA: roles in tumorigen-
esis. Biomed Pharmacother. 2020;123:109774.

Yang J, Qi M, Fei X, Wang X, Wang K. LncRNA H19: A novel oncogene in
multiple cancers. Int J Biol Sci. 2021;17:3188.

Naz F, Tarig I, Ali S, Somaida A, Preis E, Bakowsky U. The role of long
non-coding RNAs (IncRNAs) in female oriented cancers. Cancers.
2021;13:6102.

Xin W, Wang Y, Hua K, Liu S. The role of long noncoding RNA H19 in
gynecological pathologies: insights into gene regulation and immune
modulation (review). Int J Mol Med. 2023;52

Zhang L, Zhou Y, Huang T, Cheng AS, Yu J, Kang W, et al. The interplay
of LncRNA-H19 and its binding partners in physiological process and
gastric carcinogenesis. Int J Mol Sci. 2017;18:450.

Alipoor B, Parvar SN, Sabati Z, Ghaedi H, Ghasemi H. An updated review
of the H19 IncRNA in human cancer: molecular mechanism and diag-
nostic and therapeutic importance. Mol Biol Rep. 2020;47:6357-74.
Monnier P, Martinet C, Pontis J, Stancheva I, Ait-Si-Ali S, Dandolo L. H19
INcRNA controls gene expression of the imprinted gene network by
recruiting MBD1. Proc Natl Acad Sci. 2013;110:20693-8.



Ghasemian et al. BMC Cancer

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

(2024) 24:4

Imig J, Brunschweiger A, Brimmer A, Guennewig B, Mittal N, Kishore S,
et al. miR-CLIP capture of a miRNA targetome uncovers a lincRNA H19-
miR-106a interaction. Nat Chem Biol. 2015;11:107-14.

Wang C, Plusquin M, Ghantous A, Herceg Z, Alfano R, Cox B, et al. DNA
methylation of insulin-like growth factor 2 and H19 cluster in cord
blood and prenatal air pollution exposure to fine particulate matter.
Environ Health. 2020;19:1-12.

Zhong J, Tu X, Kong Y, Guo L, Li B, Zhong W, et al. LncRNA H19
promotes odontoblastic differentiation of human dental pulp stem
cells by regulating miR-140-5p and BMP-2/FGF9. Stem Cell Res Ther.
2020;11:202.

Zeng L, Sun S, Han D, LiuY, Liu H, Feng H, et al. Long non-coding RNA
H19/SAHH axis epigenetically regulates odontogenic differentiation of
human dental pulp stem cells. Cell Signal. 2018;52:65-73.

Zeng H, He D, Xie H, Zhao Y, Peng Z, Deng H, et al. H19 regulates angio-
genic capacity of extravillous trophoblasts by H19/miR-106a-5p/VEGFA
axis. Arch Gynecol Obstet. 2020;301:671-9.

HuangY, Zheng Y, Jia L, Li W. Long noncoding RNA H19 promotes
osteoblast differentiation via TGF-B1/Smad3/HDAC signaling pathway
by deriving miR-675. Stem Cells. 2015;33:3481-92.

Liang W-C, Fu W-M, Wang Y-B, Sun Y-X, Xu L-L, Wong C-W, et al. H19
activates Wnt signaling and promotes osteoblast differentiation by
functioning as a competing endogenous RNA. Sci Rep. 2016;6:1-11.
Lanzillotti C, De Mattei M, Mazziotta C, Taraballi F, Rotondo JC, Tognon
M, et al. Long non-coding RNAs and microRNAs interplay in osteo-
genic differentiation of mesenchymal stem cells. Front Cell Dev Biol.
2021;9:646032.

Zhong L, Liu P, Fan J, Luo Y. Long non-coding RNA H19: physiologi-

cal functions and involvements in central nervous system disorders.
Neurochem Int. 2021;148:105072.

Chen'S, Liu D, Zhou Z, Qin S. Role of long non-coding RNA H19 in the
development of osteoporosis. Mol Med. 2021;27:1-10.

SuW, Huo Q Wu H, Wang L, Ding X, Liang L, et al. The function of
LncRNA-H19 in cardiac hypertrophy. Cell Biosci. 2021;11:1-11.
Hashemi M, Moosavi MS, Abed HM, Dehghani M, Aalipour M,

Heydari EA, et al. Long non-coding RNA (IncRNA) H19 in human
cancer: from proliferation and metastasis to therapy. Pharmacol Res.
2022;184:106418.

Shuman C, Kalish JM, Weksberg R. Beckwith-wiedemann syndrome.
GeneReviews®[Internet]; 2023.

Tang F, Zhang S, Wang H, Xu S, Yang S, Zhu X, et al. IncRNA H19 Pro-
motes Ox-LDL-Induced Dysfunction of Human Aortic Endothelial Cells
through the miR-152/VEGFA Axis. J Healthcare Eng. 2022, 2022;

Fan Z, Liu S, Zhou H. LncRNA H19 regulates proliferation, apoptosis and
ECM degradation of aortic smooth muscle cells via miR-1-3p/ADAM10
axis in thoracic aortic aneurysm. Biochem Genet. 2022;60:790-806.
Heydari R, Fayazzadeh S, Shahrokh S, Shekari F, Farsad F, Meyfour

A. Plasma extracellular vesicle LncRNA H19 as a potential diagnos-

tic biomarker for inflammatory bowel diseases. Inflam Bowel Dis.
2023:izad219. https://doi.org/10.1093/ibd/izad219.

Zhang X, Luo M, Zhang J, Guo B, Singh S, Lin X, et al. The role of INcRNA
H19 in tumorigenesis and drug resistance of human cancers. Front
Genet. 2022;13:1005522.

Yoruker EE, Keskin M, Kulle CB, Holdenrieder S, Gezer U. Diagnostic and
prognostic value of circulating INcRNA H19 in gastric cancer. Biomed
Rep. 2018;9:181-6.

Liu F-t. Pan H, Xia G-f, Qiu C, Zhu Z-m: prognostic and clinicopathologi-
cal significance of long noncoding RNA H19 overexpression in human
solid tumors: evidence from a meta-analysis. Oncotarget. 2016;7:83177.
Zhang L, Wang D, Yu P. LncRNA H19 regulates the expression of its
target gene HOXA10 in endometrial carcinoma through competing
with miR-612. Eur Rev Med Pharmacol Sci. 2018;22:4820-7.

Zhang K, Luo Z, Zhang Y, Zhang L, Wu L, Liu L, et al. Circulating INcRNA
H19in plasma as a novel biomarker for breast cancer. Cancer Biomark.
2016;17:187-94.

Tornesello ML, Faraonio R, Buonaguro L, Annunziata C, Starita N, Cerasu-
olo A, et al. The role of microRNAs, long non-coding RNAs, and circular
RNAs in cervical cancer. Front Oncol. 2020;10:150.

Liu'S, Xin W, Tang X, Qiu J, Zhang Y, Hua K. LncRNA H19 overexpression
in endometriosis and its utility as a novel biomarker for predicting
recurrence. Reprod Sci. 2020;,27:1687-97.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

Page 13 of 14

Sun H,Wang G, Peng Y, Zeng Y, Zhu QN, Li TL, et al. H19 IncRNA medi-
ates 17B-estradiol-induced cell proliferation in MCF-7 breast cancer
cells. Oncol Rep. 2015;33:3045-52.

Si X, Zang R, Zhang E, LiuY, Shi X, Zhang E, et al. LncRNA H19 confers
chemoresistance in ERa-positive breast cancer through epigenetic
silencing of the pro-apoptotic gene BIK. Oncotarget. 2016,7:81452-62.
Peng F, Li TT, Wang KL, Xiao GQ, Wang JH, Zhao HD, et al. H19/let-7/
LIN28 reciprocal negative regulatory circuit promotes breast cancer
stem cell maintenance. Cell Death Dis. 2017;8:€2569.

Zhu QN,Wang G, Guo Y, Peng Y, Zhang R, Deng JL, et al. LncRNA H19 is
a major mediator of doxorubicin chemoresistance in breast cancer cells
through a cullin4A-MDR1 pathway. Oncotarget. 2017;8:91990-2003.
Zhou W, Ye XL, Xu J, Cao MG, Fang ZY, Li LY, et al. The IncRNA H19
mediates breast cancer cell plasticity during EMT and MET plasticity by
differentially sponging miR-200b/c and let-7b. Sci Signal. 2017;10
Basak P, Chatterjee S, BhatV, Su A, Jin H, Lee-Wing V, et al. Long
non-coding RNA H19 acts as an estrogen receptor modulator that is
required for endocrine therapy resistance in ER+ breast Cancer cells.
Cell Physiol Biochem. 2018;51:1518-32.

Gao H,Hao G, Sun, Li L, Wang Y. Long noncoding RNA H19 mediated
the chemosensitivity of breast cancer cells via Wnt pathway and EMT
process. Onco Targets Ther. 2018;11:8001-12.

Han J, Han B, Wu X, Hao J, Dong X, Shen Q, et al. Knockdown of INcRNA
H19 restores chemo-sensitivity in paclitaxel-resistant triple-negative
breast cancer through triggering apoptosis and regulating Akt signal-
ing pathway. Toxicol Appl Pharmacol. 2018;359:55-61.

Wang J, Xie S, Yang J, Xiong H, JiaY, Zhou Y, et al. The long noncod-

ing RNA H19 promotes tamoxifen resistance in breast cancer via
autophagy. J Hematol Oncol. 2019;12:81.

Sun Z, Zhang C, Wang T, Shi P, Tian X, Guo Y. Correlation between long
non-coding RNAs (IncRNAs) H19 expression and trastuzumab resist-
ance in breast cancer. J Cancer Res Ther. 2019;15:933-40.

WangY,Wu Z, LiY, Zheng Z,Yan J, Tian S, et al. Long non-coding

RNA H19 promotes proliferation, migration and invasion and inhibits
apoptosis of breast Cancer cells by targeting miR-491-5p/ZNF703 Axis.
Cancer Manag Res. 2020;12:9247-58.

Yan L, Yang S, Yue CX, Wei XY, Peng W, Dong ZY, et al. Long noncoding
RNA H19 acts as a miR-340-3p sponge to promote epithelial-mesen-
chymal transition by regulating YWHAZ expression in paclitaxel-resist-
ant breast cancer cells. Environ Toxicol. 2020;35:1015-28.

Wang Y, Zhou P, Li P, Yang F, Gao XQ. Long non-coding RNA H19
regulates proliferation and doxorubicin resistance in MCF-7 cells by
targeting PARP1. Bioengineered. 2020;11:536-46.

LiY, Ma H-Y, Hu X-W, Qu Y-Y, Wen X, Zhang Y, et al. LncRNA H19
promotes triple-negative breast cancer cells invasion and metastasis
through the p53/TNFAIP8 pathway. Cancer Cell Int. 2020;20:200.

Sun H,Wang G, Cai J, Wei X, Zeng Y, Peng Y, et al. Long non-coding
RNA H19 mediates N-acetyltransferase 1 gene methylation in the
development of tamoxifen resistance in breast cancer. Exp Ther Med.
2022;23:12.

Chen J,Qin C, Zhou'Y, Chen Y, Mao M, Yang J. Metformin may induce
ferroptosis by inhibiting autophagy via INcRNA H19 in breast cancer.
FEBS Open Bio. 2022;12:146-53.

lempridee T. Long non-coding RNA H19 enhances cell proliferation and
anchorage-independent growth of cervical cancer cell lines. Exp Biol
Med (Maywood). 2017;242:184-93.

Peng L, Yuan XQ, Liu ZY, Li WL, Zhang CY, Zhang YQ, et al. High

INcRNA H19 expression as prognostic indicator: data mining in female
cancers and polling analysis in non-female cancers. Oncotarget.
2017,8:1655-67.

Ou L, Wang D, Zhang H, Yu Q, Hua F. Decreased expression of miR-
138-5p by INcRNA H19 in cervical Cancer promotes tumor proliferation.
Oncol Res. 2018;26:401-10.

Huang MC, Chou YH, Shen HP, Ng SC, Lee YC, Sun YH, et al. The
clinicopathological characteristic associations of long non-coding
RNA gene H19 polymorphisms with uterine cervical cancer. J Cancer.
2019;10:6191-8.

Zhu Z,Song L, He J, Sun'Y, Liu X, Zou X. Ectopic expressed long non-
coding RNA H19 contributes to malignant cell behavior of ovarian
cancer. Int J Clin Exp Pathol. 2015;8:10082-91.


https://doi.org/10.1093/ibd/izad219

Ghasemian et al. BMC Cancer

83.

84.

85.

86.

87.

88.

89.

90.

o1

92.

93.

94.

95.

96.

97.

98.

99.

102.

104.

(2024) 24:4

Zheng ZG, Xu H, Suo SS, Xu XL, Ni MW, Gu LH, et al. The essential role
of H19 contributing to cisplatin resistance by regulating glutathione
metabolism in high-grade serous ovarian Cancer. Sci Rep. 2016;6:26093.
LiJ,Huang Y, Deng X, Luo M, Wang X, Hu H, et al. Long noncoding

RNA H19 promotes transforming growth factor-p-induced epithelial-
mesenchymal transition by acting as a competing endogenous RNA of
miR-370-3p in ovarian cancer cells. Onco Targets Ther. 2018;11:427-40.
Sajadpoor Z, Amini-Farsani Z, Teimori H, Shamsara M, Sangtarash

MH, Ghasemi-Dehkordi P, et al. Valproic acid promotes apoptosis and
cisplatin sensitivity through downregulation of H19 noncoding RNA in
ovarian A2780 cells. Appl Biochem Biotechnol. 2018;185:1132-44.
Zheng X, Zhou'Y, Chen W, Chen L, Lu J, He F, et al. Ginsenoside 20(S)-
Rg3 prevents PKM2-targeting miR-324-5p from H19 sponging to
antagonize the Warburg effect in ovarian Cancer cells. Cell Physiol
Biochem. 2018;51:1340-53.

Wu'Y, Zhou Y, He J, Sun H, Jin Z. Long non-coding RNA H19 mediates
ovarian cancer cell cisplatin-resistance and migration during EMT. Int J
Clin Exp Pathol. 2019;12:2506-15.

Zhang H-B, Zeng Y, Li T-L, Wang G. Correlation between polymorphisms
in IGF2/H19 gene locus and epithelial ovarian cancer risk in Chinese
population. Genomics. 2020;112:2510-5.

Wang Y, Gao WJ. Long non-coding RNA-H19 promotes ovarian cancer
cell proliferation and migration via the microRNA-140/Wnt1 axis. Kaoh-
siung J Med Sci. 2021;37:768-75.

Zhao L, Sun W, Zheng A, Zhang Y, Fang C, Zhang P. Ginsenoside Rg3
suppresses ovarian cancer cell proliferation and invasion by inhibiting
the expression of INCRNA H19. Acta Biochim Pol. 2021;

Ghazal S, McKinnon B, Zhou J, Mueller M, Men 'Y, Yang L, et al. H19 Inc
RNA alters stromal cell growth via IGF signaling in the endometrium of
women with endometriosis. EMBO Mol Med. 2015;7:996-1003.

Yan L, Zhou J, GaoY, Ghazal S, Lu L, Bellone S, et al. Regulation of tumor
cell migration and invasion by the H19/let-7 axis is antagonized by
metformin-induced DNA methylation. Oncogene. 2015;34:3076-84.
Zhao L, Li Z, Chen W, Zhai W, Pan J, Pang H, et al. H19 promotes endo-
metrial cancer progression by modulating epithelial-mesenchymal
transition. Oncol Lett. 2017;13:363-9.

Liu Z, Liu L, Zhong Y, Cai M, Gao J, Tan C, et al. LncRNA H19 over-expres-
sion inhibited Th17 cell differentiation to relieve endometriosis through
miR-342-3p/IER3 pathway. Cell Biosci. 2019;9:84.

Liu'S, Qiu J, Tang X, Cui H, Zhang Q, Yang Q. LncRNA-H19 regulates cell
proliferation and invasion of ectopic endometrium by targeting ITGB3
via modulating miR-124-3p. Exp Cell Res. 2019;381:215-22.
XuZ,Zhang L, Yu Q Zhang Y, Yan L, Chen Z.The estrogen-regulated
INcRNA H19/miR-216a-5p axis alters stromal cell invasion and migration
via ACTA2 in endometriosis. Mol Hum Reprod. 2019;25:550-61.

Liu S, Xin W, Lu Q, Tang X, Wang F, Shao W, et al. Knockdown of

INcRNA H19 suppresses endometriosis in vivo. Braz J Med Biol Res.
2021;,54:210117.

Liu S, Qiu J, Tang X, Li Q, Shao W. Estrogen regulates the expression and
function of INcRNA-H19 in ectopic endometrium. Int J Women's Health.
2022;14:821.

Kamrani S, Amirchaghmaghi E, Ghaffari F, Shahhoseini M, Ghaedi K.
Altered gene expression of VEGF, IGFs and H19 IncRNA and epigenetic
profile of H19-DMR region in endometrial tissues of women with endo-
metriosis. Reprod Health. 2022;19:1-9.

Szaflik T, Romanowicz H, Szytto K, Kotacifiski R, Michalska MM, Samulak
D, et al. Analysis of long non-coding RNA (IncRNA) UCA1, MALATT1,
TC0101441, and H19 expression in endometriosis. Int J Mol Sci.
2022;23:11583.

Shima H, Kida K, Adachi S, Yamada A, Sugae S, Narui K, et al. Lnc RNA
H19 s associated with poor prognosis in breast cancer patients and
promotes cancer stemness. Breast Cancer Res Treat. 2018;170:507-16.
Sabnis AJ, Bivona TG. Principles of resistance to targeted cancer
therapy: lessons from basic and translational cancer biology. Trends Mol
Med. 2019;25:185-97.

Elias-Rizk T, El Hajj J, Segal-Bendirdjian E, Hilal G. The long non coding
RNA H19 as a biomarker for breast cancer diagnosis in Lebanese
women. Sci Rep. 2020;10:22228.

Ozgiir E, Ferhatoglu F, Sen F, Saip P, Gezer U. Circulating IncRNA H19
may be a useful marker of response to neoadjuvant chemotherapy in
breast cancer. Cancer Biomark. 2020,27:11-7.

105.

106.

Page 14 of 14

Wang J, Sun J, Yang F. The role of long non-coding RNA H19 in breast
cancer. Oncol Lett. 2020;19:7-16.

Tian X, Zuo X, Hou M, Li C, Teng Y. LncRNA-H19 regulates chemoresist-
ance to carboplatin in epithelial ovarian cancer through microRNA-
29b-3p and STAT3. J Cancer. 2021;12:5712.

Zeng Y, Li T-L, Zhang H-B, Deng J-L, Zhang R, Sun H, et al. Polymor-
phisms in IGF2/H19 gene locus are associated with platinum-based
chemotherapeutic response in Chinese patients with epithelial ovarian
cancer. Pharmacogenomics. 2019;20:179-88.

Zhao'Y, Yin B, Xia B. Expression and clinical significance of long non-
coding ribonucleic acid LOC554202 and H19 in serum of cervical
Cancer. Indian J Pharm Sci. 2022:247-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC




	The emerging roles of long non-coding RNA (lncRNA) H19 in gynecologic cancers
	Abstract 
	Introduction
	LncRNA H19: physiological and cancer-related properties
	Exploring the significance of lncRNA H19 in gynecologic cancers: functional roles and molecular mechanisms
	Breast cancer
	Ovarian cancer
	Cervical cancer
	Endometrial cancer
	The ceRNA network of H9 in gynecologic cancers
	Clinical application of H19 in gynecologic cancers

	Conclusion
	Acknowledgements
	References


