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Abstract
Objective: This study aimed to investigate functional role of long ncRNA (lncRNA) 91H in liver cancer tumorigenesis, 
focusing on its effect on cell proliferation, apoptosis, cell cycle progression, migration, invasion, epithelial-mesenchymal 
transition (EMT) and in vivo tumor growth.  
Materials and Methods: In this experimental study, liver cancer tissues and cell lines were analyzed for lncRNA 91H 
expression using quantitative reverse transcription polymerase chain reaction (qRT-PCR). By employing si-RNA to 
silence 91H, we aimed to gain a more in-depth understanding of its specific contributions and effects within these cells. 
Cell proliferation was assessed through the CCK-8 assay, while apoptosis and cell cycle progression were quantified 
using Annexin V-FITC staining and flow cytometry, respectively. Migration and invasion capabilities of liver cancer cells 
were assessed through transwell assay. EMT was assessed by analyzing protein expression levels of EMT-associated 
markers through western blotting. In vivo effect of 91H was assessed through xenograft experiments. 
Results: Significantly higher levels of lncRNA 91H were observed in the liver cancer tissues and cell lines, than the 
normal cells. Silencing 91H in liver cancer cells led to a notable reduction of cell proliferation by inducing apoptosis 
and arresting the cell cycle. Liver cancer cells with decreased 91H expression exhibited diminished migration and 
invasion abilities, suggesting a role for 91H in promoting these processes. Furthermore, 91H knockdown weakened 
EMT in liver cancer cells, indicating its involvement in modulating this critical cellular transition. Furthermore, growth of 
subcutaneous xenograft tumors and weight was effectively suppressed by sh-lncRNA 91H.  
Conclusion: Our study strongly supports lncRNA 91H's role in liver cancer progression by enhancing proliferation, migration, 
invasion, and EMT. Targeting 91H reduced in vivo tumor growth, highlighting its potential as a therapeutic liver cancer target. 
These findings suggest 91H's pivotal role in liver cancer aggressiveness, opening doors for future therapeutic approaches.
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Introduction
In the recent years, liver cancer has become one of the 

most overwhelming and highly challenging human health 
disorders. Neoplastic human malignancies are grouped 
with the top five human cancers, both in terms of disease 
prevalence and associated mortality at the global level (1, 
2). Liver cancer ranks as the fourth leading global cause 
of mortality, and the overall incidence of liver cancer has 
increased over the last two to three decades (3). Liver 
cancer incidence is anticipated to surge by 55.0%, with 
a corresponding 56.4% rise in the number of fatalities 
expected between 2020 and 2040. Moreover, this disease 
occurs at a comparatively high frequency in East Asian 
countries (4). However, the incidence of liver cancer has 
slightly declined in China and Japan (5). Chronic liver 
infections, such as hepatitis B and C, fatty liver disease, 
alcohol consumption, and obesity are among some of 
the commonly reported risk factors for liver cancer (6). 

While surgery and liver transplantation are the first-line 
treatment strategies employed for liver cancer, fewer 
than 20% of patients qualify for therapy (7). In the rest of 
cases, localized or systematic chemo- or radiotherapeutic 
approaches showed limited clinical success and often 
exhibited metastasis because of the heterogeneous nature 
of cancer cells (8). In addition, advanced stages of liver 
cancer are associated with a high risk of recurrence (9). 
Hence, exploration of liver cancer pathogenesis at the 
molecular level is necessary for better understanding of its 
progression and allocation of more effective therapeutic 
targets.

Long non-coding RNAs (lncRNAs) have gained 
immense attention with development of the human 
genome project, and they have received considerable 
research attention. Classified as the RNA transcripts 
lacking protein coding potential and comprising more 
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than 200 nucleotides, lncRNAs have been demonstrated 
to affect several physiological and pathological aspects of 
the human body including the growth, progression, and 
metastasis of cancer (10, 11). 

lncRNAs have garnered substantial attention in the 
recent years, due to their pivotal roles in regulating 
various cancer pathways and their potential as valuable 
biomarkers for diagnosing diseases. What was once 
considered an enigmatic facet of molecular biology has 
now evolved into a significant area of study, shedding light 
on the intricate involvement of lncRNAs in virtually all 
of the fundamental characteristics associated with cancer. 
Various studies showed that lncRNAs exhibited significant 
dysregulation in human cancers, including liver cancer, 
while they were implicated to serve as key prognostic and 
therapeutic targets (12, 13). Traditionally, cancer research 
revolved around several well-defined hallmarks of the 
disease, including sustained proliferation, replicative 
immortality, evasion of growth suppressors, induction of 
angiogenesis, resistance to programmed cell death, and the 
formidable process of metastasis. Notably, lncRNAs have 
become instrumental in understanding and manipulating 
these hallmark features. They are now recognized as key 
orchestrators, exerting a profound influence on each of 
these facets of cancer progression. For instance, lncRNAs 
have been found to govern the uncontrolled cell division 
observed in the sustained proliferation, thereby playing 
a central role in driving tumor growth. Moreover, they 
contributed to the cancer cell ability to evade the normal 
mechanisms that would otherwise halt their relentless 
growth, thus ensuring replicative immortality. lncRNAs 
have also been implicated in promoting formation of the 
new blood vessels, a process known as angiogenesis, 
which is crucial for the nutrient supplied to the growing 
tumor. Additionally, they are closely linked to thwarting 
the programmed cell death or apoptosis, allowing cancer 
cells to persist and proliferate unchecked. Perhaps one of 
the most concerning hallmarks of cancer is metastasis, 
the spread of cancer cells to distant organs and tissues. 
lncRNAs have been identified as key facilitators in this 
perilous journey, aiding cancer cells in their escape 
from the primary tumor and enabling their successful 
establishment in new sites.

lncRNAs affect diverse signaling pathways in liver 
cancer cells to regulate their malignant behavior and 
promote tumorigenesis (14). Significantly, lncRNAs 
have a pivotal role in modulating the immune response, 
facilitating liver regeneration, and regulating redox 
signaling. These functions are of paramount importance 
in shaping the liver microenvironment and influencing the 
course of chronic liver diseases. When lncRNAs become 
dysregulated within these processes, it can trigger chronic 
hepatitis, abnormal liver growth, and oxidative stress, 
ultimately paving the way for the onset and advancement 
of hepatocellular carcinoma (HCC). Certainly, high-
throughput technologies like RNA-sequencing and 
microarrays have unveiled distinct expression profiles of 

lncRNAs in HCC tissues compared to noncancerous liver 
tissues. These findings strongly suggested that biogenesis 
of the specific lncRNAs underwent dysregulation during 
development of HCC. Aberrations in lncRNA biogenesis 
encompassed various processes, including the epigenetic 
silencing or activation of lncRNAs with tumor-
suppressive or promoting roles, transcriptional activation 
or repression of lncRNAs by specific oncogenic or tumor-
suppressive transcription factors, distinct processing 
patterns that imbue lncRNAs with oncogenic properties, 
and interactions between lncRNAs, microRNAs or 
proteins that have an impact on lncRNA stability.

lncRNA 91H exhibited expression patterns during 
embryonic development and it is typically suppressed after 
birth, except in the particular tissues, like the mammary 
gland and uterus. Imprinting modifications, leading to 
aberrant H19 expression, are associated with developmental 
disorders. lncRNA 91H is known for its tumor-promoting 
regulatory role in colorectal cancer (15). Overexpression of 
91H has been shown to be associated with the growth and 
metastasis of hepatocellular, in addition to affecting survival 
via positive regulation of IGF2 (16). Involvement of H19 in 
tumorigenesis has been extensively documented, with H19 
being consistently overexpressed in the various solid tumors 
such as prostate, bladder, and breast cancers. In fact, it has 
been demonstrated that H19 is overexpressed in 73% of the 
breast cancer tissues compared to the healthy tissues. This 
study aimed to investigate functional role of 91H in liver 
cancer. The results indicated that 91H acted as an oncogene 
in liver cancer and suggested its possible prognostic and 
therapeutic utility in the future.

Materials and Methods
Patient samples

The current experimental study involved a total of 25 
patients (15 male and 10 female, age range of 32-84 
years old) diagnosed with liver cancer after obtaining 
written informed consent. Tumor and adjacent non-tumor 
liver tissue samples (verified by hospital pathologists) 
were collected once the patients underwent surgery at 
the Shanxi Bethune Hospital, Taiyuan, China, but prior 
to the application of radiotherapy or chemotherapy. The 
tissues were snap-frozen in liquid nitrogen and stored at 
-80°C until use. Diagnosis of pathological and metastatic/
nonmetastatic stages was performed by three pathologists 
of the Shanxi Bethune Hospital, Taiyuan, China, who 
were blinded to the study. This study was approved by 
the Shanxi Bethune Hospital Ethics Committee (No. 
2022521).

Culture and transfection of cell lines
A normal liver epithelial cell line (THLE-3) and four 

liver tumor cell lines (CSQT-2, Hep3B, Huh-7, and PLC) 
were obtained from the Chinese Academy of Sciences 
(Shanghai, China). Dulbecco’s modified Eagle’s medium 
(DMEM, HyClone; GE Healthcare Life Sciences, USA) 
containing 10% fetal bovine serum (FBS, Thermo Fisher 
Scientific, USA) supplemented with 100 U/ml and 100 
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mg/ml concentrations of penicillin and streptomycin, 
respectively (both from Gibco Inc., USA), was used for 
the culture and maintenance of the cell lines at 37°C with 
5% CO2 in a humidified incubator.

Synthetic small-interfering si-91H (45 nM) and negative 
control si-NC (45 nM) oligos were acquired from 
GenePharma Co., Ltd (Shanghai, China). For transfection, 
the cells were cultured in six-well plates until reaching 
more than 80% confluence, at which point they were stably 
transfected with suitable oligos using Lipofectamine® 3,000 
reagent (Invitrogen, Thermo Fisher Scientific Inc., USA) 
according to the manufacturer’s guidelines. The cells were 
harvested 48 hours after transfection.

RNA isolation and quantitative reverse transcription 
polymerase chain reaction

Total RNA was extracted from the tissues and cell lines 
using TRIzol reagent (Thermo Fisher Scientific Inc., 
USA) according to the manufacturer’s protocol. Following 
quantification, using NanoDrop, RNA was reverse-
transcribed into cDNA using the RevertAid First Strand 
cDNA synthesis kit (Thermo Fisher Scientific Inc., USA). 
To detect relative transcript levels of 91H, quantitative 
reverse transcription PCR (qRT-PCR) was performed 
on a QuantStudio 5.0 Real-Time PCR System (Applied 
Biosystems, Thermo Fisher Scientific Inc., USA) using 
SYBRTM Green Master Mix (Thermo Fisher Scientific Inc., 
USA). Relative mRNA expression levels were quantified 
using 2-ΔΔCt method and normalized to that of β-actin. The 
primer sequences used were as follows:

91H-
F: 5′-GCTTGTCAGTAGAGTGCGCC-3′
R: 5′-CATCCAGTTGACCGAGCTTG-3′
β-actin-
F: 5′-CAAGATCATTGCTCCTCCTGA-3′
R: 5′-AGTCCGCCTAGAAGCATTTG-3′.

CCK-8 cell proliferation assay
Proliferation of the transfected cancer cells was 

determined using Cell counting kit-8 (CCK-8, Beyotime 
Inst. of Biotech., China) according to the manufacturer 
recommendations. Briefly, 2×105 cells were seeded per 
well in a 96-well plate. After culturing the cells for 0, 24, 
48, or 72 hour(s) at 37°C, 15 μl of CCK-8 reagent was 
added to each well, followed by incubation for 2 hours at 
37°C. Finally, the optical density (OD) at 450 nm (OD450) 
of each well was determined using a spectrophotometer 
and plotted to generate proliferation curve.

Migration and invasion assays
A 24-well BD Matrigel Transwell chamber (BD Biosciences, 

USA) coated with or without matrigel was used to analyze 
migration and invasion of the transfected cancer cells. Briefly, 
2×104  transfected cells were suspended in serum-free DMEM 
(Gibco, USA) and added to the upper part of the transwell 

chamber, whereas 500 µl of DMEM with 10% FBS was 
placed in the lower portion of the chamber. After 24 hours of 
incubation at 37°C, the non-migrating or invading cells were 
carefully removed with the help of cotton swabs, while those 
migrating or invading the lower part of the chamber were 
fixed with methanol (Thermo Scientific, USA) and stained 
with 0.1% crystal violet (Thermo Scientific, USA). Finally, 
the cells were visualized and counted manually under a light 
microscope (100×, Olympus, Japan).

Western blotting
To extract total proteins from the cells, we initiated the 

process by lysing the cells using the radioimmunoprecipitation 
assay (RIPA) lysis and extraction buffer (Thermo Fisher 
Scientific, USA), complemented with 1% protease inhibitors 
(Sigma-Aldrich, USA) to ensure integrity of the proteins 
during extraction. Following the lysis step, the cell lysates 
underwent centrifugation to separate cellular components. 
To quantify presence of the total proteins in the suspension, 
we employed Bradford’s assay, a widely-used method for 
protein concentration determination. This step allowed us to 
precisely measure protein content and ensure accuracy in our 
subsequent analyses.

For separation of proteins, we utilized a 12% sodium 
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). The separated proteins were then transferred onto 
polyvinylidene fluoride membranes (Millipore, USA). These 
membranes were subsequently blocked with 5% skimmed 
milk for 1.5 hours, serving as a means to prevent non-specific 
binding during the antibody incubation process. Membranes 
were probed with the specific primary antibodies like anti-
E-cadherin (Sigma-Aldrich, USA) anti-α-catenin, (Thermo 
Fisher Scientific, USA), anti-N-cadherin (Cell signaling 
technology, USA), anti-fibronectin (Abcam, USA) and anti-
GAPDH (Abcam, USA) overnight at 4°C. The membranes 
were then incubated with HRP-conjugated secondary 
antibody (Abcam, USA) and specific protein signals were 
detected using an Enhanced Chemiluminescence kit (Thermo 
Fisher Scientific, USA). The acquired signals were quantified 
with Image J software, and data normalization was achieved 
by utilizing GAPDH protein. 

Flow cytometry
Hep3B and Huh-7 cancer cells, transfected with si-91H 

or si-NC, were seeded into six-well plates at a density 
of 5×103 cells/well and cultured for 24 hours at 37°C. 
Afterward, the cells were collected by centrifugation, 
mixed with 0.025% Triton X-100, and treated with 50 
ng/ml-1 propidium iodide (PI, Thermo Fisher Scientific, 
Fisher) for 25 minutes. A FACSCalibur flow cytometer 
(BD Biosciences, USA) was used to study cell cycle of 
the transfected cells.

To study apoptosis, the transfected cells were analyzed 
using an Annexin V-FITC Apoptosis Detection Kit 
(Dojindo, China) at room temperature following the 
manufacturer’s instructions. Finally, a FACSCalibur flow 
cytometer (Becton Dickinson, San Jose, CA, USA) was 
used to assess apoptosis.
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Animal experiment description
A total of 20 male BALB/c nude mice, aged 6-8 weeks 

and weighting 18 ± 2 g, were procured from Shanxi 
Academy of Medical Sciences, China. The mice were 
divided randomly into two groups. In the first group, 
either Hep3B cells (2×106 cells/100 μl) or Huh-7 cells 
(2×106 cells/100 μl) were injected subcutaneously (100 
μl/mouse) to establish the tumor xenograft model. Each 
group consisted of 10 mice. Subsequently, each group 
was further divided randomly into two subgroups, each 
containing five mice.

For the purpose of gene silencing, lentivirus carrying a short 
hairpin RNA (shRNA) targeting lncRNA 91H (sh-lncRNA 
91H) were obtained from GenePharma company (China). The 
lentivirus had a titer of 108 TU/ml and it was administered at 
a dose of 20 μl per mouse. As a control, a negative control 
shRNA (sh-NC), provided by Invitrogen, was also injected. 
This treatment was carried out weekly for a total of three 
consecutive weeks. In conclusion of the 28-days period, all 
nude mice were humanely euthanized. The subcutaneous 
tumors were then removed, photographed, and weighed for 
further analysis. All of the experimental procedures adhered 
to the established guidelines and received approval from 
the Ethics Committee of Third Hospital of Shanxi Medical 
University.

Statistical analysis
Graphpad prism 7.0 (GraphPad Software, Inc., 

San Diego, CA, USA) offline software was used for 
performing the statistical analysis. The experiments were 
performed using three replicates and the values given are 
the representative of mean ± standard deviation. Student’s 
t test (unpaired, two-tailed) was performed for analyzing 
the differences between two treatments and P<0.05 
difference was considered statistically significant.

Results
91H is overexpressed in liver cancer

qRT-PCR was performed to analyze expression of 
lncRNA 91H in liver cancer and normal adjacent tissues. 
The results showed that 91H expression level was 
significantly higher (P<0.05) in the liver cancer samples 
than the normal tissue samples (Fig.1A). Interestingly, 
metastatic liver cancer tissues showed markedly higher 
(P<0.05) transcript levels of 91H than the matched 
nonmetastatic cancer tissues (Fig.1B). Moreover, 91H 
expression level was significantly lower (P<0.05) in 
tumor tissues corresponding to the stages I and II than 
that in the stages III and IV of liver cancer (Fig.1C). 
Expression analysis was also performed in liver cancer 
cell lines (CSQT-2, Hep3B, Huh-7 and PLC) using 
THLE-3 and normal liver epithelial cells, as a reference. 
The cancer cell lines showed significant overexpression 
(P<0.05) of 91H compared to the normal liver epithelial 
cells (Fig.1D). The Hep3B and Huh-7 cancer cell lines 
were shown to express comparatively higher 91H levels 
among the cancer cell lines, chosen for further studies.

Knockdown of 91H inhibited growth of liver cancer cells
To characterize functional role of 91H in liver cancer, 

Hep3B and Huh-7 cancer cells were transfected with si-
91H to induce 91H knockdown. Using si-NC-transfected 
cancer cells as a negative control, 91H expressions were 
downregulated 6.5 and 7.2-fold in si-91H transfected 
Hep3B and Huh-7 cancer cells, respectively (Fig.2A). 
Relative proliferation of the 91H downregulating liver 
cancer cells was studied with respect to the corresponding 
negative control cells using the CCK-8 assay. Both 
Hep3B and Huh-7 cancer cells with downregulated 91H 
showed significantly lower (P<0.05) proliferation than 
the respective negative control cells (Fig.2B, C). 

Fig.1: Expression analysis of lncRNA 91H in liver cancer tissues and cell lines. A. Comparison of lncRNA 91H expression levels between liver cancer 
tissues and normal adjacent tissues. Liver cancer tissues exhibited significantly higher expression of 91H compared to normal tissues. B. Analysis of 91H 
expression in metastatic and nonmetastatic liver cancer tissues. Metastatic liver cancer tissues showed markedly higher expression of 91H compared to 
nonmetastatic tissues. C. Assessment of 91H expression in different stages of liver cancer. Tumor tissues corresponding to stage III and IV liver cancer 
exhibited significantly higher expression of 91H compared to stage I and II tissues. D. Evaluation of 91H expression in liver cancer cell lines (CSQT-2, Hep3B, 
Huh-7, and PLC) compared to THLE-3 normal liver epithelial cells. The cancer cell lines showed significant overexpression of 91H compared to normal liver 
epithelial cells. Hep3B and Huh-7 cell lines were selected for further study due to their comparatively higher levels of 91H expression. *; P<0.05.
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Knockdown of 91H inhibited migration and invasion 
of liver cancer cells

Transwell assay results demonstrated that knockdown 
of 91H in the both Hep3B and Huh-7 cells significantly 
inhibited their migration and invasion abilities, compared 
to the respective negative control cells. In the invasion 

assay, knockdown of 91H led to a significant decrease 
in the number of invasive cells compared to the negative 
control group in both cell lines (P<0.05, Fig.3A, B). 
Similarly, in the migration assay, number of the migratory 
cells was dramatically reduced in the 91H knockdown 
group compared to that in the negative control group for 
the both Hep3B and Huh-7 cells (P<0.05, Fig.3C, D).

Fig.2: Functional characterization of lncRNA 91H knockdown in liver cancer cells. A. Efficiency of lncRNA 91H knock-down in Hep3B and Huh-7 cancer 
cells. Transfection of si-91H oligos led to a significant downregulation of 91H expression in both Hep3B and Huh-7 cells compared to si-NC-transfected 
cells, with a fold change of 6.5 and 7.2, respectively. Relative proliferation of liver cancer cells after knockdown of 91H. CCK-8 assays demonstrated that B. 
Hep3B and C. Huh-7 cells with downregulated 91H exhibited significantly lower proliferation compared to the respective negative control cells. *; P<0.05 
and h; Hours.

Fig.3: Migration and invasion assay results upon 91H knockdown in Hep3B and Huh-7 cancer cells. A, B. Representative images of invasion assays 
indicating the impact of 91H knockdown on Hep3B and Huh-7 cell invasion. 91H downregulation led to a significant decrease in cell invasion compared 
to the negative control cells (*; P<0.05). C, D. Representative images of migration assays showing the effect of 91H knockdown on Hep3B and Huh-7 cell 
migration. Knockdown of 91H resulted in a marked reduction in cell migration compared to the negative control cells (*; P<0.05, scale bar: 50 µm).
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Knockdown of 91H weakened the epithelial to 
mesenchymal transition of liver cancer cells

Our results demonstrated that 91H knockdown in the 
both Hep3B and Huh-7 cells had a significant impact on 
the expression of epithelial-to-mesenchymal transition 
(EMT)-related marker proteins. Downregulation of 
91H in Hep3B and Huh-7 cancer cells significantly 
enhanced (P<0.05) expression of epithelial marker 
proteins (E-cadherin and α-catenin), while it significantly 
suppressed (P<0.05) the intracellular protein levels of 
mesenchymal markers (N-cadherin and fibronectin), 
indicating the inhibitory effect of 91H silencing on the 
EMT of liver cancer cells (Fig.4A-E).

91H silencing induced cell cycle arrest and apoptosis in 
the host liver cancer cells

To determine mechanism underlying the inhibitory 

effects of 91H silencing on the growth, migration, 
invasion and EMT of liver cancer cells, cell cycle and 
apoptosis of the Hep3B and Huh-7 cancer cells with 
downregulated 91H levels were studied with reference 
to the respective negative control cells, using flow 
cytometry. The results showed that knockdown of 
91H significantly increased relative percentage of 
the both Hep3B and Huh-7 cancer cells at the G0/
G1 transition phase (P<0.05), while it significantly 
decreased (P<0.05) relative percentage of the host 
cells in the S-phase, indicative of G0/G1 cell cycle 
arrest (Fig.5A, B). Furthermore, relative percentage 
of apoptotic Hep3B and Huh-7 cancer cells was 
significantly increased by 91H silencing (Fig.5C, D). 
The results revealed that knockdown of 91H induced 
cell cycle arrest and promoted apoptosis to exert 
tumor-suppressive effects against liver cancer cells.

Fig.4: Western blot analysis of epithelial and mesenchymal markers in 91H downregulating Hep3B and Huh-7 cells. A. Representative Western blot 
images showing the protein levels of epithelial markers (E-cadherin and α-catenin) and mesenchymal markers (N-cadherin and fibronectin) in Hep3B and 
Huh-7 cells with 91H knockdown. Silencing of 91H increased the protein levels of epithelial markers and decreased the levels of mesenchymal markers, 
suggesting inhibition of the epithelial-to-mesenchymal transition (EMT) in liver cancer cells. B. Densitometry analysis of the Western blot for E-cadherin 
in Hep3B and Huh-7 cells. The protein level of E-cadherin significantly increased upon 91H knockdown compared to the negative control cells (P<0.05). 
C. Densitometry analysis of the Western blot for α-catenin in Hep3B and Huh-7 cells. The protein level of α-catenin significantly increased upon 91H 
knockdown compared to the negative control cells. D. Densitometry analysis of the Western blot for N-cadherin in Hep3B and Huh-7 cells. The protein 
level of N-cadherin significantly decreased upon 91H knockdown compared to the negative control cells. E. Densitometry analysis of the Western blot 
for fibronectin in Hep3B and Huh-7 cells. The protein level of fibronectin significantly decreased upon 91H knockdown compared to the negative control 
cells. *; P<0.05.
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Fig.5: Effects of lncRNA 91H knockdown on cell cycle progression and apoptosis in Hep3B and Huh-7 cancer cells. A. Cell cycle analysis of Hep3B cells after 
91H knockdown. Flow cytometry revealed a significant increase in the relative percentage of cells at the G0/G1 phase and a decrease in the percentage 
of cells at the S-phase, indicating G0/G1 cell cycle arrest in 91H downregulating cells compared to the negative control cells. B. Cell cycle analysis of Huh-
7 cells after 91H knockdown. Flow cytometry revealed increase in the relative percentage of cells at the G0/G1 phase and a decrease in the percentage 
of cells at the S-phase, indicating G0/G1 cell cycle arrest in 91H downregulating cells compared to the negative control cells. C. Representative flow 
cytometry plots illustrating the apoptotic populations in Hep3B cells after 91H knockdown. Annexin V-FITC/PI staining was used to detect apoptotic cells. 
The relative percentage of apoptotic cells significantly increased in 91H downregulating cells compared to the negative control cells. D. Representative 
flow cytometry plots illustrating the apoptotic/necrotic populations in Huh-7 cells after 91H knockdown. Annexin V-FITC/PI staining was used to detect 
apoptotic/necrotic cells. The relative percentage of necrotic cells increased in 91H downregulating cells compared to the negative control cells.
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Inhibition of liver cancer growth in vivo by silencing 
lncRNA 91H

To thoroughly investigate impact of lncRNA 91H on 
liver cancer growth in a live organism context, we utilized 
nude mouse models, as a platform for our study. In these 
models, we meticulously measured volume and weight 
of the formed tumors. Through the implementation of 
shRNA targeted at lncRNA 91H, we observed a substantial 
hindrance in tumor development. This intervention led 
to a remarkable reduction in the both tumor volume and 
weight, a trend that became evident starting from the 10th 

day post-treatment in the case of the tumor xenograft 

mice injected with Hep3B cells, as compared to the mice 
treated with sh-NC.

Similarly, in the xenograft mice injected with Huh-
7 cells, suppression of lncRNA 91H through shRNA 
yielded parallel results. Following the 10th day of 
treatment, a discernible decrease in tumor volume and 
weight was observed, further highlighting the influence 
of lncRNA 91H silencing on curbing tumor growth 
compared to the sh-NC-treated mice. This experimental 
insight underscored the significant role of lncRNA 91H in 
promoting liver cancer growth in vivo and supported the 
potential therapeutic avenue of targeting this molecule to 
impede tumor progression (Fig.6).

Fig.6: Inhibition of growth by silencing lncRNA 91H. Nude mouse models were utilized to explore the effects of silencing lncRNA 91H on growth. Hep3B 
cells or Huh-7 cells were subcutaneously injected, followed by treatment with either sh-NC or sh-lncRNA 91H. The subcutaneous tumor volume and tumor 
weight of A. Hep3B cells mouse model and B. Huh-7 cells mouse model were plotted. *; P<0.05 and **; P<0.01.
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Discussion
In the recent years, there has been an exponential 

surge in research centered on lncRNAs. The growing 
body of evidence suggested that lncRNAs exerted a 
profound influence on various facets of animal cell 
biology, orchestrating critical processes like cell 
proliferation, differentiation and apoptosis (17, 18). 
Perturbed expression of lncRNAs has been closely 
associated with development and advancement of human 
cancers, including liver cancer (12, 13). These lncRNAs 
can function as either oncogenes or tumor suppressors, 
actively shaping the course of liver cancer tumorigenesis 
(19, 20). Investigation of the specific regulatory targets of 
lncRNAs in liver cancer holds the promise of enhancing 
our understanding of the disease pathogenesis, potentially 
paving the way for more effective therapeutic strategies 
against this formidable malignancy.

Previous reports have indicated that ncRNA 91H 
was upregulated in the various human cancers, with 
hepatocellular carcinoma, the most prevalent form of 
liver cancer, being no exception. Furthermore, this 
upregulation has been linked to the promotion of cancer 
growth and progression (15, 16). The present study 
contributes further insight into the functional role of 91H 
in liver cancer.

Our study revealed that both liver cancer tissues and 
cells exhibited significantly elevated levels of 91H 
expression. Importantly, this expression was found to 
be increased in parallel with the progression of liver 
cancer and establishment of metastatic lesions. These 
findings lent support to the prognostic potential of 91H 
and suggested that it may serve as a predictive marker 
for liver cancer survival, as previously reported (16, 21). 
Notably, knockdown of 91H in liver cancer cells resulted 
in a substantial reduction in their growth, migration 
and invasion, underscoring its direct involvement in 
modulating the aggressiveness and malignant behavior of 
these cancer cells (22).

An analysis of the expression of EMT molecular markers 
unveiled that downregulation of 91H inhibited EMT in 
liver cancer cells in vitro. EMT is a dynamic cellular 
process characterized by cytoskeletal rearrangements that 
underlie transition from an epithelial to a mesenchymal 
phenotype, enhancing cell motility and, consequently, 
promoting migration and invasion (23). EMT in 
cancer cells is characterized by distinct features and 
plays a pivotal role in fostering characteristics such as 
stemness, drug resistance and metastasis (24). Therefore, 
suppression of cancer cell EMT due to 91H knockdown 
hints at the therapeutic potential of targeting 91H in the 
context of liver cancer.

Furthermore, our study revealed that inhibition of 91H 
resulted in cell cycle arrest and induction of apoptosis in 
liver cancer cells. Similar findings have been reported in 
relation to silencing H19 (the sense RNA of 91H) in breast 
cancer cells (25). In summation, this study established 
that H19, an lncRNA, was upregulated in the both liver 

cancer tissues and cell lines and it may represent one 
of the underlying molecular factors propelling growth, 
progression, and metastasis of liver cancer.

In our quest to unveil the oncogenic role of lncRNA 
91H in liver cancer and its implications for proliferation, 
migration, invasion, EMT and in vivo tumor growth, it is 
essential to consider the potential molecular mechanisms 
underlying these effects. While this study primarily 
focused on the functional outcomes of 91H dysregulation, 
it is plausible that specific pathways and molecular 
interactions are at play. One key avenue for investigation 
involves the potential targets of lncRNA 91H. Identifying 
downstream genes or proteins regulated by 91H may shed 
light on its influence on cell proliferation, as well as its 
role in promoting metastasis and EMT. For instance, prior 
studies demonstrated modulation of the key EMT-related 
genes by lncRNAs, and it would be valuable to explore 
whether 91H similarly impacts these genes in liver cancer 
cells. Moreover, examining the interaction between 91H 
and other non-coding RNAs or proteins is of interest. It 
is conceivable that 91H may act in concert with other 
molecules to drive its oncogenic effects. Elucidating 
these interactions can provide insights into the complex 
regulatory networks that underlie liver cancer progression. 
The study observation of cell cycle arrest and apoptosis 
induction following 91H knockdown suggests potential 
involvement in cell cycle regulation and anti-apoptotic 
pathways. Investigating these pathways, including 
cyclins, cyclin-dependent kinases and anti-apoptotic 
proteins, may provide mechanistic insights into how 91H 
influences cell proliferation and survival. Furthermore, a 
deeper exploration of signal transduction pathways, such 
as PI3K/AKT and MAPK/ERK, which are known to play 
crucial roles in cancer progression, could reveal whether 
91H is connected to these pathways. It is possible that 91H 
indirectly influences these signaling cascades, impacting 
cell migration, invasion and EMT in liver cancer.

Limitations of this study include the exclusive reliance 
on in vitro experiments, the study limited clinical sample 
size, omission of the exploration of potential variations in 
91H expression among different populations, absence of 
long-term patient follow-up, and need for further research 
to understand 91H molecular mechanisms and translate 
findings into clinical therapies. Additionally, the study 
exclusive focus on 91H does not consider other lncRNAs 
implicated in liver cancer, warranting further comparative 
research.

Conclusion
The lncRNA 91H was significantly upregulated in liver 

cancer and its expression was increased with disease 
progression and metastasis. Silencing 91H expression 
in liver cancer cells inhibited their growth, migration, 
invasion and EMT in vitro. These inhibitory effects were 
deduced to result from induction of cell cycle arrest and 
apoptosis in liver cancer cells. Future investigations should 
prioritize gaining a deeper understanding of its underlying 
mechanisms, validate its clinical relevance through larger 
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patient cohorts and trials, develop therapeutic strategies, 
explore combination therapies, incorporate it into broader 
biomarker panels, utilize in vivo models and conduct 
long-term patient follow-up studies. These avenues hold 
promise for advancing liver cancer research and improving 
clinical outcomes.
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