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Abstract 

Background Dysregulation of long non-coding RNA H19 (lncRNA H19) is involved in cervical cancer (CC) progres-
sion. This study aims to unveil the specific role and relevant mechanism of lncRNA H19 in CC.

Methods The expression of lncRNA H19 in CC cells was detected by quantitative reverse transcriptase polymerase 
chain reaction (qRT-PCR). CC cells were transfected with sh-H19, followed by cell proliferation, apoptosis, migration 
and invasion were examined. After location of H19 in cells using fluorescence in Situ Hybridization (FISH), target 
microRNAs (miRNAs) and genes associated with lncRNA H19 were predicted using bioinformatics analysis and vali-
dated by dual-luciferase reporter assay. Finally, the specific role of lncRNA H19 in CC was explored in vivo.

Results The upregulation of lncRNA H19 was observed in CC cells. LncRNA H19 knockdown inhibited the prolif-
eration, migration, and invasion of CC cells, and remarkably promoted CC cell apoptosis. LncRNA H19 was local-
ized in the nucleus and interacted with miR-140 that was downregulated in CC cells. MiR-140 inhibition reversed 
the effects of lncRNA H19 knockdown on CC cell development. MiR-140 targets ALDH1A1, and lncRNA H19 knock-
down decreased the ALDH1A1 expression, which was rescued by miR-140 inhibition. In vivo experiments also shown 
that reduction of lncRNA H19 diminishes tumor growth via targeting the miR-140/ALDH1A1 axis.

Conclusion LncRNA H19 promotes the malignant progression of CC through targeting miR-140/ALDH1A1 axis.
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Background
Cervical cancer (CC) is a prominent health burden for 
women worldwide, ranking fourth of all the other com-
mon cancers [1, 2]. An estimated 569,847 new cases of 
CC and 311,365 deaths occur each year [3]. The 5-year 
overall survival (OS) rate of CC is 68%, and the average 
OS of patients with advanced stage is only 16.8 months 
[4]. Although high diagnostic efficiency of current 
screening methods such as cytology and human papil-
lomavirus nucleic acid testing for cervical precancerous 
lesions, and the widespread vaccination of HPV vac-
cine, the morbidity of CC remains quite high [5]. This 
highlights the necessity to explore the crucial molecular 
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mechanisms underlying CC for promoting precision in 
disease diagnosis and individualized treatment.

It is well known that non-coding RNAs (ncRNAs) 
account for the vast majority (98%) of human transcripts, 
which include a wide variety of RNA species, such as 
microRNAs (miRNAs, ~ 19–25 nucleotides in length) [6] 
and long non-coding RNA (lncRNAs, longer than 200 
nucleotides) [7]. Moreover, accumulating studies have 
revealed that lncRNAs function as competing endog-
enous RNAs (ceRNAs) for miRNAs, thereby impeding 
the regulation of miRNAs on their target mRNAs [8]. 
For instance, LINC00861 plays a tumor suppressor role 
in CC by acting as a ceRNA for miR-513b-5p to target 
PTEN [9]; lncRNA ACTA2-AS1 accelerates CC progres-
sion via up-regulating SMAD3 by sponging miR-143-3p 
[10]. These findings underscore the potential of studying 
the regulatory interplay among diverse types of RNAs 
in CC cells for the development of targeted treatment 
strategies.

LncRNA H19 is located on chromosome 11 in human 
and plays a vital role in diverse cancer types [11]. Dereg-
ulation of lncRNA H19 is revealed to participate in CC 
development [12, 13]. Notably, previous studies indicated 
that lncRNA H19 can interact with miR-140 to modulate 
the development of ovarian cancer [14] and glioma [15]. 
In addition, miR-140-3p plays an inhibitory role in CC 
via targeting RRM2 to inhibit cell proliferation [13], and 
miR-140-5p impedes the aggressive phenotypes of CC 
cells by down-regulating FEN1 to induce cell cycle arrest 
[16]. However, the potential regulatory role of lncRNA 
H19, acting as a sponge for miR-140 in the CC develop-
ment, remains largely unexplored.

In a previous study, aldehyde dehydrogenase 1 
(ALDH1) was identified as a direct target of miR-140 
[17]. ALDH1 are identified as a key regulator during gen-
eration and progression in CC [18]. ALDH1A1 is one of 
the ALDH1 family members, which is up-regulated in 
CC from precancerous lesions (CIN II–III) [19]. There-
fore, we hypothesize that lncRNA H19 could influence 
CC progression via the miR-140/ALDH1A1 axis.

In this study, our objective was to explore the poten-
tial effect of lncRNA H19 on CC progression through 
the miR-140/ALDH1A1 axis. By doing so, we aimed to 
uncover a novel mechanism contributing to the patho-
genesis of CC, thereby establishing a scientific rationale 
for the subsequent findings.

Materials and methods
Cell culture
The CC cells, including Hela (SNL-062, SUNNCELL, 
Hubei, China), Ca-Ski (SNL-067, SUNNCELL, Hubei, 
China), and C33a (SNL-224, SUNNCELL, Hubei, China), 
and normal cervical epithelial H8 cells (YS2579, ATCC, 

Rockville, MD, USA) were cultured in RPMI 1640 
(C11875500BT, Gibco, USA) containing 10% fetal bovine 
serum (FBS, 34080619, Gibco, USA), 100  μg/mL strep-
tomycin, and 100  U/mL penicillin (SV30010, Hyclone, 
Logan, UT). All these cells were identified by Short Tan-
dem Repeat (STR) profiling. HEK293T cells were cul-
tured in DMEM (Hyclone, Logan, UT) supplemented 
with 10% FBS, 100 μg/mL streptomycin, and 100 U/mL 
penicillin. These cells were maintained at 37  °C in an 
atmosphere of 5%  CO2.

Cell transfection
For down-regulation of lncRNA H19, the sh-H19 
sequences (sense sequence: CCT CTA GCT TGG AAA 
TGA A and antisense sequence: TTC ATT TCC AAG CTA 
GAG G) were obtained in the Designer of Small Interfer-
ing RNA website and integrated into pLKO.1 lentiviral 
vector. To generate high-titer lentivirus, the lentivirus 
together with the packaging plasmids were co-trans-
fected into HEK293T cells using HighGene transfection 
reagent (RM09014, ABclonal, Wuhan, China). The multi-
plicity of infection (MOI) was subsequently determined. 
Hela and Ca-Ski cells (2 ×  105) were seeded into a six-well 
plate and cultured until they reached a cell density of 
70–90%. Hela cells were then infected with lentiviral par-
ticles at an MOI of 1 ×  108 TU/mL. After 48 h of transfec-
tion, cells were harvested.

To further investigate whether lncRNA H19 regulated 
CC development by modulating miR-140, the lncRNA 
H19-knockdown Hela cells were further transfected with 
miR-140 inhibitor (20 μM) or inhibitor negative control 
(inhibitor NC) synthetized from Sangon Biotech (Shang-
hai, China) using riboFECT™ CP Reagent (C10502-05, 
RiboBio, Guangzhou, China). The plates were incubated 
at the 37 °C, 5%  CO2 incubator for 48 h.

Quantitative reverse transcriptase polymerase chain 
reaction (qRT‑PCR)
Total RNA was extracted using Trizol reagent (15596018, 
Invitrogen, USA). Total RNA was reversely transcribed 
into cDNA using the PrimeScriptTM RT Master Mix 
Kit (RR036A, Takara, Japan). The expression of lncRNA 
H19, miR-140, and ALDH1A1 was measured with qRT-
PCR reaction containing SYBR Green PCR Master Mix 
(A4004M, Lifeint, Xiamen, China). Table  1 listed the 
sequence of primers for gene amplification. Relative 
expression of target genes was determined using the  2−

ΔΔCT method [20].

CCK‑8 assay
Hela and Ca-Ski cells at logarithmic growth stage were 
collected, digested, and re-suspended with fresh com-
plete medium. Cell suspension was inoculated into the 



Page 3 of 13Ming et al. European Journal of Medical Research           (2025) 30:95  

96-well plate, and the plate was cultured for 48  h in a 
37  °C, 5%  CO2 incubator. Then, CCK-8 solution (10 μL, 
C0037, Beyotime, Jiangsu, China) was added into each 
well. The plate was incubated in the 37 °C, 5%  CO2 incu-
bator for 2 h, and the absorbance value at 450 nm wave-
length was then determined using a micro-plate reader 
(DR-3518G, Wuxi Hiwell Diatek, China).

Colony formation assay
Hela and Ca-Ski cells (200 cell/well) were inoculated into 
the 6-well plate and cultured in a 37 °C, 5%  CO2 incuba-
tor for 7  days. When visible clones appeared, absolute 
methanol was added to fix cells for 15  min, and appro-
priate amount of crystal violet (C0121, Beyotime, Jiangsu, 
China) was used to stain cells for 20 min. After removing 
excess dye, the colonies in the ix-well plate were photo-
graphed and counted.

Cell apoptosis detection by flow cytometry
After cultured at 37  °C for 24  h, Hela and Ca-Ski cells 
were digested with 0.25% pancreatin without EDTA and 
then collected. Cells (5 ×  104 cells) were lightly re-sus-
pended with 195  μL Annexin V-EGFP binding solution 
and double stained with 5 μL Annexin V-EGFP and 10 μL 
propidium iodide for 15  min in the dark. The percent-
age of apoptotic cells was detected with a flow cytometry 
(CytoFLEX S, Beckman Coulter, Fullerton, CA).

Scratch wound healing assay
The migration abilities of Hela cells at 0 and 24  h were 
assessed by scratch wound healing assay. Briefly, a marker 
pen was used to draw lines on the back of the 6-well 
plates. Hela and Ca-Ski cells (5 ×  l05) were seeded into the 
6-well plates. The next day, cells formed a confluent mon-
olayer, and a ‘‘scratch’’ of the cell monolayer that was per-
pendicular to the back lines was created using a pipet tip. 
The scratched cells were discarded via rinsing three times 
with PBS, and the serum-free medium was added. The 
plates were incubated in a 37 °C, 5%  CO2 incubator. The 
scratch wound healing was photographed at 0 and 24 h.

Transwell assay for measuring cell invasion
The upper compartment surface of the bottom mem-
brane of Transwell chamber (Millipore, Billerica, MA, 
USA) was coated with Matrigel for 4  h at 37  °C. Hela 
and Ca-Ski cells were digested and re-suspended with 
serum-free medium. The upper and lower layers of 
Transwell chambers were, respectively, added with cell 
suspension (1 ×  106/mL, 200 μL) and complete medium 
containing 10% FBS (600 μL). Transwell chambers were 
incubated in a 37 °C, 5%  CO2 incubator for 24 h. After 
discarding culture medium, the Transwell chambers 
were incubated with formaldehyde for fixation and 
0.1% crystal violet for staining. The invasive cells in 
three randomly selected microscopic fields were photo-
graphed and the number of cell invasion was counted.

Fluorescence in Situ Hybridization (FISH) Assay
Hela cell slides were prepared and fixed in 4% para-
formaldehyde (DEPC treatment) for 15  min. Cell 
slides were digested with 0.1% Triton X-100 (DEPC 
treatment) for 15  min and soaked in 2 × SSC solution 
(0.15  M NaCl and 0.015  M sodium citrate) at 37  °C 
for 30  min, dehydrated with gradient ethanol, and air 
dried. The hybridization buffer was incubated at 37  °C 
for 2  h. After denatured in 73 ± 1  °C water bath for 
5  min, the FISH probe solution (1  μg/mL) was added 
into cell slides for hybridization at 37  °C overnight. 
After staining with DAPI, the fluorescence images were 
photographed using a laser scanning confocal micro-
scope (Nikon Instruments Inc., Japan). The specific 
probe sequence utilized in the FISH assay for lncRNA 
H19 was: 5ʹ-TTC ATG TTG TGG GTT CTG GGA GCC -3ʹ.

Dual‑luciferase reporter assay
Hela cells at 70% confluence were seeded into a 96-well 
plate. For studying the targeting interaction between 
lncRNA H19 and miR-140, Hela cells were co-trans-
fected with the dual-luciferase reporter vectors pmir-
GLO-lncRNA H19 wild-type (lncRNA H19 WT) or 
pmirGLO-lncRNA H19 mutated type (lncRNA H19 
MUT) and miR-140 mimic or mimic NC using High-
Gene transfection reagent. For investigating the tar-
geting interaction between miR-140 and ALDH1A1, 
Hela cells were co-transfected with the dual-lucif-
erase reporter vectors pmirGLO-ALDH1A1 wild-type 
(ALDH1A1 WT) or pmirGLO-ALDH1A1 mutated 
type (ALDH1A1 MUT) and miR-140 mimic or mimic 
NC (Sangon Biotech, Shanghai, China). The luciferase 
activity was measured after 48  h of co-transfection 
using Pierce™ Cypridina-Firefly Luciferase Dual Assay 
Kit (Thermo Scientific).

Table 1 The sequence of primers for gene amplification

Primers Forward (5ʹ−3ʹ) Reverse (5ʹ−3ʹ)

LncRNA H19 CAA AGC CTC CAC GAC TCT GT TGG GGC GTA ATG GAA TGC TT

miR-140 CTG TGT CCT GCC AGT GGT 
TTT 

CGG TAT CCT GTC CGT GGT TCT 

ALDH1A CGT GGC GTA CTA TGG ATG CT GAC TCC TGG GGT CAG AGG AT

GAPDH GAG AAG GCT GGG GCT 
CAT TT

AGT GAT GGC ATG GAC TGT GG

U6 AAG ACA GCG CAG AAT CAC 
CC

CTC ACC AGA TGC CCG TTG TA
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Western blotting
Proteins in cells were extracted for western blotting as 
described previously [21]. Then the collected proteins 
were analyzed by SDS-PAGE and transferred to PVDF 
membrane (FFP24, Beyotime, China). Membranes were 
incubated with primary antibodies against ALDH1A1 
(1:1000; #ab134188, Abcam, CB, UK), Bcl-2 (1:500; 
#ab196495, Abcam, CB, UK), Bax (1:1000, #ab32503, 
Abcam, CB, UK), and GAPDH (1:10,000; #ab181602, 
Abcam, CB, UK) at 4  °C overnight, followed by incuba-
tion with secondary antibody Goat Anti-Rabbit IgG H&L 
(HRP; 1:2000; #ab6721, Abcam, CB, UK). Protein band 
intensities were visualized utilizing an Electrochemical 
luminescence (ECL) reagents (P1000, APPLYGEN, Bei-
jing, China).

Experiments with xenograft tumors
For the subcutaneous xenograft model, female BALB/c 
mice (4  weeks old) were purchased from HFK Biosci-
ence Co. Ltd (Beijing, China). Then, sh-NC control and 
sh-H19-transduced Hela cells suspension at a den-
sity of 1 ×  107 cells per mouse were subcutaneously 
injected into the dorsal side of mice (n = 4 each group). 
Tumor size was measured every 3  days, and tumor 
volume was calculated according to the formula: vol-
ume = 0.5 × (length ×  width2). All mice were anesthetized 
with 200  mg/kg pentobarbital sodium and then sacri-
ficed on day 18 after implantation, the resected xenograft 
tumor masses were harvested for subsequent weight and 
the analysis of qRT-PCR. All animal experiments were 
authorized by the Animal Ethics Committee of Yang-
zhou University (202405040). This study was conducted 
in accordance with the Animal Research: Reporting of 
In Vivo Experiments (ARRIVE) [22].

Statistical analysis
Statistical analyses were completed using GraphPad 
Prism (version 7.0; GraphPad Software, La Jolla, Cali-
fornia). All data are presented as the means ± standard 
deviation. Unpaired t test was used to analyze differences 
between the two groups, and one-way ANOVA assay for 
multigroup analysis, followed by Tukey’s post hoc test for 
comparison. The value of P < 0.05 indicated significant 
results.

Results
LncRNA H19 expression was up‑regulated in CC cells
To examine the potential role of lncRNA H19 as a key 
regulator in CC) development, we initially assessed the 
expression levels of lncRNA H19 in three distinct types 
of CC cells: Hela, Ca-Ski, and C33a cells. Our findings 
demonstrated a significant up-regulation of lncRNA 

H19 expression in the examined CC cells (Hela, Ca-Ski, 
and C33a) compared to normal cervical epithelial H8 
cells (P < 0.01, Fig.  1). Additionally, we observed that 
the expression of lncRNA H19 was significantly higher 
in Hela cells compared to Ca-Ski or C33a cells (P < 0.05, 
Fig. 1). Based on these findings, we selected Hela cells for 
further functional experiments.

Downregulation of LncRNA H19 inhibited the malignant 
characteristics of CC cells
To explore the function of lncRNA H19 in CC, we sup-
pressed lncRNA H19 expression in Hela and Ca-Ski 
cells by transfection with sh-H19. It was observed that 
lncRNA H19 expression was significantly suppressed 
after transfection (all P < 0.01), confirming effective 
transfection (Figs.  2A and 3A). The results of CCK-8 
assay revealed that Hela and Ca-Ski cells viability were 
evidently inhibited after suppression of lncRNA H19 
(all P < 0.01, Figs.  2B and 3B). Consistent results were 
obtained from colony formation assay that lncRNA 
H19 suppression dramatically reduced the proliferative 
capacities of Hela and Ca-Ski cells (all P < 0.01, Figs. 2C 
and 3C). Moreover, by performing flow cytometry, we 
observed that lncRNA H19 suppression remarkably 
promoted Hela and Ca-Ski cells apoptosis (all P < 0.01, 
Figs.  2D and 3D). Furthermore, scratch wound healing 
assay indicated that lncRNA H19 suppression effectively 
decreased the migratory abilities of Hela and Ca-Ski cells 
(all P < 0.01, Figs.  2E and 3E). Similarly, Transwell assay 
showed that the invasive abilities of Hela and Ca-Ski 

Fig. 1 The expression levels of lncRNA H19 were assessed in cervical 
cancer cells (Hela, Ca-Ski, and C33a) as well as normal cervical 
epithelial H8 cells. ** P < 0.01 compared to H8 cells, # P < 0.05 
compared to Ca-Ski cells, and $ P < 0.05 compared to C33a cells
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cells were reduced after suppression of lncRNA H19 (all 
P < 0.01, Figs.  2F and 3F). Also, the expression levels of 
apoptosis related proteins Bcl-2 and Bax in Hela and Ca-
Ski cells were both reversed after suppression of lncRNA 
H19 (all P < 0.01, Figs.  2G and 3G). These data strongly 
manifested that lncRNA H19 acted as an oncogene in 
CC.

LncRNA H19 was localized in the nucleus and exhibited 
targeting interactions with miR‑140
To investigate the regulatory mechanism of lncRNA 
H19, we employed FISH assay to determine the cellular 
localization of lncRNA H19. Our results revealed that 
lncRNA H19 was primarily localized within the nucleus 
of cells (Fig.  4A). Bioinformatics analysis revealed that 
lncRNA H19 had the potential to bind miR-140 through 
starbase database (https:// rnasy su. com/ encori/) (Fig. 4B). 
Also, the dual-luciferase reporter assay was performed 
to further investigate the targeting interactions between 

lncRNA H19 and miR-140. Our results showed that miR-
140 overexpression significantly inhibited the luciferase 
activity of lncRNA H19 WT construct (P < 0.01, Fig. 4C). 
In addition, we found that miR-140 was observably 
down-regulated in CC cells (Hela, Ca-Ski, and C33a cells) 
in relative to normal cervical epithelial H8 cells, espe-
cially Hela cells (P < 0.01, Fig. 4D). Moreover, suppression 
of lncRNA H19 resulted in a significant elevation in miR-
140 expression (P < 0.05, Fig.  4E). These data indicated 
that lncRNA H19 exhibited targeting interactions with 
miR-140.

LncRNA H19 promoted the malignant biological properties 
of CC cells via targeting miR‑140
To examine whether the promotion of CC develop-
ment by lncRNA H19 is mediated through the modula-
tion of miR-140, we proceeded by transfecting lncRNA 
H19-knockdown Hela cells with a miR-140 inhibitor. The 
results obtained from qRT-PCR analysis demonstrated 

Fig. 2 The malignant biological properties of cervical cancer cells were inhibited upon suppression of lncRNA H19. Hela cells were transfected 
with either sh-H19 or sh-NC (negative control). A qRT-PCR analysis demonstrated the expression levels of lncRNA H19 in cells. B Cell viability of Hela 
cells was assessed using a CCK-8 assay (OD450 nm). C Colony formation assay was conducted to assess the proliferative capacities of Hela cells. D 
Flow cytometry analysis was performed to detect the level of apoptosis in Hela cells. E Scratch wound healing assay was conducted to evaluate 
the migratory abilities of Hela cells (scale bar: 50 μm). F Transwell assay was performed to determine the invasive abilities of Hela cells (scale bar: 
50 μm). G Western blotting was employed to explore the expression levels of apoptosis related proteins Bcl-2 and Bax in Hela cells. ** P < 0.01 
compared to the sh-NC group

https://rnasysu.com/encori/


Page 6 of 13Ming et al. European Journal of Medical Research           (2025) 30:95 

that inhibition of miR-140 significantly reversed the 
impact of lncRNA H19 suppression on miR-140 expres-
sion (P < 0.01). However, no significant effect on lncRNA 
H19 expression was observed (Fig. 5A). In addition, the 
inhibition of miR-140 effectively reversed the effects of 
lncRNA H19 knockdown on the proliferation, apoptosis, 
migration, and invasion of Hela cells (P < 0.05, Fig.  5B–
G). All data suggested that LncRNA H19 promoted the 
malignant biological properties of CC cells via targeting 
miR-140.

LncRNA H19 regulated ALDH1A1 expression via sponging 
miR‑140
To explore the downstream mechanism of lncRNA H19/
miR-140 axis, the binding sites of ALDH1A1 and miR-
140 were explored through mirwalk database (http:// 
mirwa lk. umm. uni- heide lberg. de/) (Fig.  6A). Also, the 
targeting relationship between miR-140 and ALDH1A1 
using dual-luciferase reporter assay was explored. As 
a result, miR-140 overexpression visibly inhibited the 

luciferase activity of ALDH1A1 WT (P < 0.01), but had no 
significant effect on the luciferase activity of ALDH1A1 
MUT, confirming the targeting interactions between 
miR-140 and ALDH1A1 (Fig. 6B). Moreover, ALDH1A1 
was observably up-regulated in CC cells (Hela, Ca-Ski, 
and C33a cells) compared to that in H8 cells (all P < 0.01, 
Fig.  6C and E). Furthermore, we observed a significant 
reduction in ALDH1A1 expression following the sup-
pression of lncRNA H19. However, this reduction was 
notably reversed upon inhibition of miR-140 (all P < 0.01, 
Figs.  6D and F). These data indicated that lncRNA H19 
regulated ALDH1A1 expression via sponging miR-140.

Inhibition of lncRNA H19 diminishes tumor growth in vivo
To evaluate whether lncRNA H19 expression is required 
for tumor growth in  vivo, sh-H19-infected or sh-NC-
transduced Hela cells were implanted into mice by sub-
cutaneous injection. Xenograft tumors derived from 
sh-H19-infected Hela cells exhibited suppressed growth 
compared with the sh-NC group (Fig. 7A–C). Moreover, 

Fig. 3 The malignant biological properties of cervical cancer cells were inhibited upon suppression of lncRNA H19. Ca-Ski cells were transfected 
with either sh-H19 or sh-NC (negative control). A qRT-PCR analysis demonstrated the expression levels of lncRNA H19 in cells. B Cell viability 
of Ca-Ski cells was assessed using a CCK-8 assay (OD450 nm). C Colony formation assay was conducted to assess the proliferative capacities of Ca-Ski 
cells. D Flow cytometry analysis was performed to detect the level of apoptosis in Ca-Ski cells. E Scratch wound healing assay was conducted 
to evaluate the migratory abilities of Ca-Ski cells (scale bar: 50 μm). F Transwell assay was performed to determine the invasive abilities of Ca-Ski cells 
(scale bar: 50 μm). G Western blotting was employed to explore the expression levels of apoptosis related proteins Bcl-2 and Bax in Ca-Ski cells. ** 
P < 0.01 compared to the sh-NC group

http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/


Page 7 of 13Ming et al. European Journal of Medical Research           (2025) 30:95  

in sh-H19-infected Hela cells group, lncRNA H19 and 
ALDH1A1 levels were under-expressed and miR-140 
expression was elevated (Figs. 7D and E). All these results 
also suggested that reduction of lncRNA H19 diminishes 
tumor growth via targeting the miR-140/ALDH1A1 axis.

Discussion
CC is a main cancer worldwide with a high incidence. 
The discovery of novel biomarker can profoundly impact 
the early diagnosis, disease surveillance, and treatment 
of many cancers including CC [23]. Our study demon-
strated that lncRNA H19 was up-regulated in CC cells 

and its suppression inhibited the malignant properties of 
CC cells. LncRNA H19 was localized in the nucleus and 
targeted miR-140. Furthermore, miR-140 downregula-
tion reversed the inhibitory effects of lncRNA H19 sup-
pression on CC cell malignancy. Additionally, miR-140 
targeted and regulated the expression of ALDH1A1. 
These findings suggest that lncRNA H19 promotes CC 
development by functioning as a ceRNA for miR-140 and 
modulating ALDH1A1 expression.

LncRNAs have gained massive attention due to their 
significant roles in modulating diverse physiological 
and pathological processes [24, 25]. LncRNAs can exert 

Fig. 4 The localization of lncRNA H19 within cells and its interactions with miR-140 were investigated. A Fluorescence in situ hybridization (FISH) 
assay was employed to visualize the localization of lncRNA H19 (scale bar: 25 μm). B The binding sites of lncRNA H19 and miR-140 through starbase 
database. C Dual-luciferase reporter assay demonstrated the targeting interactions between lncRNA H19 and miR-140. ** P < 0.01 compared 
to the mimic NC group. D The expression of miR-140 was measured in cervical cancer cells (Hela, Ca-Ski, and C33a) and normal cervical epithelial 
H8 cells. * P < 0.05, ** P < 0.01 compared to H8 cells, ## P < 0.01 compared to Ca-Ski cells, and $$ P < 0.01 compared to C33a cells. E The expression 
of miR-140 was evaluated in Hela cells transfected with either sh-H19 or sh-NC. * P < 0.05 compared to the sh-NC group

Fig. 5 Downregulation of miR-140 reversed the inhibitory effects of lncRNA H19 suppression on the malignant biological properties of cervical 
cancer cells. LncRNA H19-knockdown Hela cells were transfected with a miR-140 inhibitor. A qRT-PCR analysis was conducted to assess 
the expression levels of lncRNA H19 and miR-140 in cells. B Cell viability of Hela cells was evaluated using a CCK-8 assay (OD450 nm). C Colony 
formation assay was conducted to assess the proliferative capacities of Hela cells. D Flow cytometry analysis was performed to detect the level 
of apoptosis in Hela cells. E Scratch wound healing assay was conducted to evaluate the migratory abilities of Hela cells (scale bar: 50 μm). F 
Transwell assay was performed to determine the invasive abilities of Hela cells (scale bar: 50 μm). G Western blotting was employed to explore 
the expression levels of apoptosis related proteins Bcl-2 and Bax in Hela cells. ** P < 0.01 compared to the vector group, # P < 0.05 and ## P < 0.01 
compared to the sh-H19 + inhibitor NC group

(See figure on next page.)
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Fig. 5 (See legend on previous page.)
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oncogenic or tumor suppressor roles in human cancers, 
including CC [26, 27]. Accumulating evidence has indi-
cated that lncRNA H19 functions as an oncogene in vari-
ous cancers [28, 29]. It has been reported that lncRNA 
H19 accelerates cell proliferation, invasion, and migration 
in ovarian cancer [30]. Elevated lncRNA H19 expression 
is related to colon cancer recurrence [31]. In CC, lncRNA 

H19 has the biological role in promoting cell migration 
and proliferation [32]. Consistent with these findings, the 
expression of lncRNA H19 was found to be up-regulated 
in CC cells. Moreover, the suppression of lncRNA H19 
led to a substantial reduction in cell proliferation, migra-
tion, and invasion in CC cells, and remarkably promoted 
CC cell apoptosis. Based on these observations, we can 

Fig. 6 LncRNA H19 targeted miR-140/ALDH1A1 axis in cervical cancer cells. A The binding sites of ALDH1A1 and miR-140 through mirwalk 
database. B Dual-luciferase reporter assay was performed to demonstrate the targeting interactions between ALDH1A1 and miR-140. ** P < 0.01 
compared to the mimic NC group. C The mRNA expression levels of ALDH1A1 were examined in cervical cancer cells (Hela, Ca-Ski, and C33a) 
and normal cervical epithelial H8 cells. ** P < 0.01 compared to H8 cells, ## P < 0.01 compared to Ca-Ski cells, and $$ P < 0.01 compared to C33a cells. 
D The mRNA expression levels of ALDH1A1 were analyzed. E The protein expression level of ALDH1A1 was examined in cervical cancer cells (Hela, 
Ca-Ski, and C33a) and normal cervical epithelial H8 cells. ** P < 0.01 compared to H8 cells. F Western blotting was employed to explore the protein 
expression levels of ALDH1A1. ** P < 0.01 compared to the vector group, ## P < 0.01 compared to the sh-H19 + inhibitor NC group
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Fig. 7 LncRNA H19 inhibition hinders tumor growth in vivo. A Representative images of xenograft tumors isolated from nude mice in the different 
groups. B Growth curve of the xenograft tumors. C Weight of the xenograft tumors. D qRT-PCR for lncRNA H19, miR-140 and ALDH1A1 
mRNA in the xenograft tumors. 3 biological replicates for each group, and 4 mice in each group. E Western blotting was employed to explore 
the expression levels of ALDH1A1. * P < 0.05, ** P < 0.01 compared to the Control group, # P < 0.05, ## P < 0.01 compared to the sh-NC group
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conclude that lncRNA H19 plays an oncogenic role in the 
context of CC. According to these conclusions, lncRNA 
H19 could serve as a useful diagnostic tool and lncRNA 
H19 treatment target for CC.

It was widely known that lncRNAs can act as ceRNAs 
for miRNAs, thus modulating tumor progression in CC 
[33, 34]. Dysregulation of miRNAs contributes to tumori-
genesis and progression of many human cancers [35–37]. 
Numerous studies have also revealed that miRNAs affect 
the pathophysiologic process of CC [38, 39]. This study 
analyzed miR-140 expression in CC cells and investigated 
the relationship between lncRNA H19 and miR-140. 
Growing studies have reported that miR-140 partici-
pates in multiple cell biological functions and affects the 
pathogenesis of diverse cancers [40], such as esopha-
geal cancer [41] and thyroid cancer [42]. Chang et  al. 
revealed that lncRNA PVT1 accelerated CC development 
by sponging miR-140-5p to enhance Smad3 expression 
[43]. Consistent with previous findings [14, 15], we also 
found that miR-140 was down-regulated in CC tumor 
cells, and lncRNA H19 could sponge miR-140. Moreover, 
inhibition of miR-140 significantly reversed the inhibi-
tory effect of lncRNA H19 suppression on the malignant 
biological properties of CC cells. Overall, it can be con-
cluded that lncRNA H19 may promote CC development 
via sponging miR-140. Thus, our results provide a basis 
for future efforts to develop novel therapeutic strategies 
for CC.

Furthermore, we confirmed that miR-140 could directly 
target ALDH1A1. The ALDH family consists of 19 differ-
ent isoforms, and the ALDH activity is a marker of can-
cer stem-like cells [44]. Increased ALDH1 expression 
was observed in cervical tumors and was related to poor 
prognosis and chemotherapy resistance in CC patients 
[45, 46]. Among the six ALDH1 isoenzymes, ALDH1A1 
is considered as a main contributor of ALDH1 activity, 
which shows vital pathophysiological functions in vari-
ous cancers [47]. It has been observed that ALDH1A1 is 
implicated in CC precancerous process and may serve as 
early diagnostic marker for CC [19]. Here, we found that 
ALDH1A1 was up-regulated in CC cells. Also, suppres-
sion of lncRNA H19 caused the decrease of ALDH1A1 
expression, which was reversed after inhibition of miR-
140. Based on our findings, we postulate that ALDH1A1 
could potentially contribute to the development of CC. 
Furthermore, we propose that lncRNA H19 may promote 
the expression of ALDH1A1 by acting as a sponge for 
miR-140, thereby sequestering miR-140 and relieving its 
inhibitory effects on ALDH1A1.

Our study still has some limitations. First, the lncRNA 
H19, miR-140, and ALDH1A1 expression was not con-
firmed in clinical cervical tumors. Second, the role and 
regulatory mechanism of lncRNA H19, miR-140, and 

ALDH1A1 was not investigated in protein level. Third, 
independent biological replicates should be conducted in 
this study. In addition, the US-FDA has approved some 
siRNA delivery systems for treating various diseases [48–
50], whether nanoparticle loading siRNA could be used 
for clinical therapy of CC need further explore. Lastly, 
correlation between drug resistance and the activation 
of H19/miR-140/ALDH1A1 axis should be further ana-
lyzed. More studies are warranted to explore their clinical 
application as potential biomarkers or treatment targets.

Conclusion
In summary, our results reveal that lncRNA H19 pro-
motes carcinogenesis of CC and elevates ALDH1A1 
expression through functioning as a ceRNA of miR-
140. Detecting or targeting lncRNA H19, miR-140, and 
ALDH1A1 expression may aid for CC diagnosis and 
treatment. Overall, our study provides new insights into 
the pathogenesis of CC and offers potential avenues for 
the development of novel therapeutic strategies.
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