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a b s t r a c t

Background: Changes to work-life balance has increased the incidence of cervical cancer among younger
people. A minor ginseng saponin known as ginsenoside Rk1 can inhibit the growth and survival of
human cancer cells; however, whether ginsenoside Rk1 inhibits HeLa cell proliferation is unknown.
Methods and results: Ginsenoside Rk1 blocked HeLa cells in the G0/G1 phase in a dose-dependent
manner and inhibited cell division and proliferation. Ginsenoside Rk1 markedly also activated the
apoptotic signaling pathway via caspase 3, PARP, and caspase 6. In addition, ginsenoside Rk1 increased
LC3B protein expression, indicating the promotion of the autophagy signaling pathway. Protein pro-
cessing in the endoplasmic reticulum signaling pathway was downregulated in Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses, consistent with teal-
time quantitative PCR and western blotting that showed YOD1, HSPA4L, DNAJC3, and HSP90AA1
expression levels were dramatically decreased in HeLa cells treated with ginsenoside Rk1, with YOD1
was the most significantly inhibited by ginsenoside Rk1 treatment.
Conclusion: These findings indicate that the toxicity of ginsenoside Rk1 in HeLa cells can be explained by
the inhibition of protein synthesis in the endoplasmic reticulum and enhanced apoptosis, with YOD1
acting as a potential target for cervical cancer treatment.
© 2023 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cervical cancer is a common gynecological malignant tumor
that occurs in people aged 35e55 years, but has been increasing
among young women because of changes in living habits and
professional stress [1]. Epidemiological studies have shown that
HeLa cells are closely associated to human papillomavirus infection
and defects in immune function [2]. Early symptoms of cervical
cancer are atypical, with most patients already presenting an
advanced stage of disease when they are diagnosed and miss the
best opportunity for surgery, requiring chemotherapy to kill tumor
cells [3].

Ginseng has many pharmacological effects, such as anti-aging
[4], antitumor, antineuralgic [5], antidepressant, and immune
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regulation [6]. Ginsenosides are the main active ingredients of
ginseng and have been intensively evaluated in pharmacological
studies. Previous studies have shown that Rk1 significantly reduces
telomerase activity, limits cellular development, and causes
morphological abnormalities. The synchronization of telomerase
activity inhibition with apoptosis induction is the basis for the
antitumor effect of Rk1 [7]; however, it remains unknownwhether
ginsenoside Rk1 inhibits cervical cancer cell proliferation.

Traditional research primarily adopts biochemical and molecu-
lar methods to collect relevant information on cancer proliferation
etc. However, this strategy has a low throughput and requires
cumbersome operations. RNA sequencing (RNA-seq) uses cDNA
libraries reverse-transcribed from RNA isolated from tissues using
high-throughput sequencing technology [8] to quickly and accu-
rately screen relevant gene expression information. Rk1 is a potent
inhibitor of cell growth and induced cancer cell apoptosis in this
study's in vitro cell studies. RNA-seq transcriptome sequencing
revealed that different signaling pathways and genes were
expressed after treatment with ginsenoside Rk1. The biological
processes regulated by ginsenoside Rk1 were investigated by
is is an open access article under the CC BY-NC-ND license (http://creativecommons.
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western blotting and real-time quantitative PCR (RT-qPCR). This
study indicates that ginsenoside Rk1 can be used to inhibit
regeneration and promote apoptosis in HeLa cells.

2. Materials and methods

2.1. Materials and instruments

The phosphate-buffered saline (PBS), CCK 8 kit, cell cycle
detection kit, CHC13, enzyme-free sterile water, and apoptosis
detection kit were purchased from Beijing Suo Laibao Technology
Co., Ltd. Ginsenoside Rk1 was purchased from Jinsheng Biotech-
nology Co. Ltd. Caspase 3, PARP, caspase 6, LC3B, YOD1, HSPA4L,
DNAJC3, and HSP90AA1 were purchased from Beijing Boasen Bio-
logical Co. Ltd. Fetal bovine serum (FBS) was supplied by Beijing
Baiao Laibo Technology Co., Ltd.; PVDF membranes were procured
from Millipore. The reverse transcriptase (1896649) and
R0133DUTP solutions were provided by Invitrogen. SuperScript™ II
Reverse Transcriptase, m0209, and Escherichia coli DNA polymerase
I were acquired from Ambion. The AHTS chain mRNA SEQ library
preparation kit and phenol-chloroform were purchased from
Thermo Fisher Technology Co., Ltd. (China). A nucleic acid purifi-
cation kit was purchased from Aide Technology Co., Ltd., the one-
step SYBR Green PCR reagent kit was obtained from Yeasen, and
all other reagents were of analytical grade. The instruments used
were provided by the processing and utilization teams of the new
food resources.

2.2. Cell resuscitation and culture

The HeLa cell line was purchased from Delta Biotechnology Co.,
Ltd. The cell masses were gently cultured to form single-cell sus-
pensions. The single cell suspensionwas homogenized in a shaking
dish and cultured in an incubator with 5% CO2 at 37�C as previously
described [9].

2.3. Inhibitory effects of ginsenoside Rk1 on HeLa cells

HeLa cells were plated in a 96-well plate at a density of 1 � 105

cells per well and incubated for 24 h at 37�C with 5% CO2. The cells
were then grown for 24 h with 1, 2, 4, 8, 10, 20, and 30 mM ginse-
noside Rk1. Following the addition of 10 mL CCK 8 solution, the cells
were incubated at 37�C for 1 h in the dark. A microplate reader was
used tomeasure absorbance at 450 nm. The changes in cell viability
before and after Rk1 administration were calculated using the
following formula:

Cell viability ð%Þ¼ ðOD ½Rk1 group� �OD ½blank group�
� Þ = ðOD ½control� �OD ½blank group�Þ � 100%

2.4. Apoptosis detection

Apoptosis was detected using the Hoechst staining kit. The cells
were fixed in a 4% paraformaldehyde solution for 2 h after
administration, and the fixing solution was removed. Cells were
rinsed with phosphate-buffered saline (PBS) solution for 3 min and
then removed. The cells were incubated with Hoechst 33258 stain
for 5 min and blue nuclei were detected under a fluorescence
microscope.

The HeLa cells were administered 10, 20, or 30 mM ginsenoside
Rk1, digested with 0.25% trypsin without EDTA, and then rinsed
with precooled PBS solution. Annexin V was labeled with
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fluorescein isothiocyanate (annexin V-FITC) and used as the fluo-
rescent probe to detect apoptosis by flow cytometry.

2.5. Differential gene expression

Differentially expressed mRNAs were chosenwith a fold change
of > 2 or a fold change of < 0.5 and a p value of < 0.05 using the R
package edge R.

2.6. Gene Ontology and pathway enrichment analyses

The Kobas 2.0 server determined the functional categorization,
GO terms, and KEGG pathways of the identified differentially
expressed genes (DEGs). Molecular functions, cellular components,
and biological processes were the three ontologies comprising the
GO term analysis.

To discover the pathways that were considerably enriched in the
significantly differentially expressed genes when compared to the
background of the entire genome, significant enrichment analysis
of the pathway used the KEGG pathway as the unit and performed a
hypergeometric test.

2.7. RT qPCR

Total RNA was extracted and purified using TRIzol reagent
following the manufacturer's instructions. The quantity and quality
of the RNA in each sample were determined using a NanoDrop ND
1000 spectrophotometer. A Bioanalyzer 2100 (RIN score > 7.0) was
used to analyze the integrity of RNA, and denaturing agarose gel
electrophoresis was used to confirm the results. Using Dynabeads
Oligo (dT)25 61005 and two rounds of purification, poly(A) RNA
was isolated from 1 g total RNA. Then, the Magnesium RNA Frag-
mentation Module was used to digest the poly(A) RNA at 94�C for
5-7 min. The reverse-transcribed cDNA was then diluted ten-fold
with RNase-free dH20 after the RNA was fragmented. The PCR re-
action system included l0 mL each forward and reverse primers, 80
mL RNase free dH20, 10 mL SYBR qPCR mix, 1 mL sample cDNA, 1.6 mL
primer mixture, and 7.4 mL enzyme free water. Using the 2�DDCT

approach, the relative gene expression level was calculated. Each
sample was run in triplicate.

2.8. Western blotting analysis

In brief, the cells were collected with trypsin and fully digested
with pyrolysis fluid at 4�C. The lysate was centrifuged for 15 min at
12,000 rpm at 4�C. The supernatant was collected and protein
concentration was determined using a BCA kit. The supernatant
was then mixed with 10 mL 12% SDS and heated for 5 min before
SDS PAGE electrophoresis. After washing with PBST for 5 min, the
membranes was incubated with 5% skim milk (in TBST) for 1.5 h.
The membranes were washed with PBST for 5 min and then incu-
bated in caspase 3, caspase 6, PARP, LC3B, or GAPDH antibody
(diluted to 1:1,000) in a chromatography cabinet at 4�C for 12 h.
The PVDFmembranes were then treatedwith a secondary antibody
(1:10,000) that had been tagged with horseradish peroxidase at
37�C for 1.5 h. Chromogenic analysis was performed using an ECL
chemiluminescence-photoluminescence kit and amultipurpose gel
imaging system.

2.9. Statistical analyses

Each experiment was conducted at least three times and all data
are shown as the mean ± SD. Statistical analyses were carried out
using Origin 8.5 and Microsoft Excel. A Tukey's test and one-way
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ANOVA were used to assess the differences between the groups at
p < 0.05, which was considered statistically significant [10].
3. Results and analyses

3.1. Inhibitory effects of ginsenoside Rk1 on HeLa cell growth

HeLa cells treated with ginsenoside Rk1 for 8, 16, and 24 h
indicated that ginsenoside Rk1 inhibited HeLa cell growth in dose-
and time-dependent manners (Fig. 1 A). After 24 h, the inhibition of
HeLa cell growth increased from 15.1% to 30.3% as ginsenoside Rk1
concentration increased from l0 -30 mM.
3.2. Effects of ginsenoside Rk1 on HeLa cell morphology

In the control group, HeLa cells had almost no apoptotic cells
and were uniform and complete, with clear edges (Fig. 1 B). After
treatment with different concentrations of ginsenoside Rk1, the
morphology of the cells changed; the cells shrank and became
marginalized and their size decreased considerably, indicating
apoptosis. The numbers of cells markedly decreased when the
concentration of ginsenoside Rk1 was over 30 mM. These data
suggested that Rk1 and Rh1 induced apoptosis.
3.3. Effects of ginsenoside Rk1 on HeLa cell cycle

Ginsenoside Rk1 dose-dependently inhibited HeLa cells in the
G0/G1 phase of the cell cycle (Fig.1 C and 1 D). Moreover, 20 mMand
30 mM ginsenoside Rk1 significantly increased the cell content in
the G0/G1 phase (p < 0.01) and then reduced the cell content in the
S and the G2/M phases. These results showed that ginsenoside Rk1
Fig. 1. Effect of ginsenoside RK1 on HeLa cells (A) As the dose and duration of ginsenoside
senoside Rk1 on HeLa cell morphology. Ginsenoside Rk1 can inhibit the growth of cancer ce
cell proliferation by inhibiting cell division and decreased their proliferative activity in HeL
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exerted an inhibitory effect on cell division, delaying tumor cell
growth and reducing cell proliferation.
3.4. Effects of ginsenoside Rk1 on HeLa cell apoptosis

To determine the effect of ginsenoside Rk1 on HeLa cell
apoptosis, changes in the cell shape were observed in cell cultures
treated with and without Rk1 (Fig. 2 A). The morphology of HeLa
cells treated with ginsenoside Rk1 showed typical apoptotic char-
acteristics, including smaller chromatin, bright blue nuclei, and a
high proportion of bright blue fragments.

To further investigate the effects of ginsenoside Rk1 on HeLa cell
apoptosis, annexin V/PI double labeling was measured using flow
cytometry, which showed that ginsenoside Rk1 treatment groups
underwent more apoptosis than those in the control group (Fig. 2 B
and 2 C). A correlation was observed between the percentage of
apoptosis rate, which increased from 4.28 ± 0.47% to 12.39 ± 0.99%
(p < 0.001), and ginsenoside Rk1 content. These results indicated
that ginsenoside Rk1 mainly inhibited HeLa cell proliferation via
the apoptotic pathway.
3.5. Ginsenoside RK1 affects immune protein expression

Western blotting was used to evaluate the expression of several
apoptosis-related proteins, including caspase 3, caspase 6, PARP,
and LC3B, in response to ginsenoside Rk1 treatment in HeLa cells.
The ginsenoside Rk1 treatment groups had higher expression levels
of caspase 3, caspase 6, PARP, and LC3B than the control group
(Fig. 3 A and B). In the ginsenoside Rk1 treatment groups, the
expression of caspase 3 and caspase 6 significantly increa-
sed(p < 0.05). We also found that HeLa cells treated with 20 and 30
mM ginsenoside Rk1 gradually enhanced the expression levels of
Rk1 treatments increase, the growth rate of Hela cells is inhibited. (B) Effects of gin-
lls. (C) and (D) Effects of ginsenoside Rk1 on HeLa cell cycle. Ginsenoside Rk1 reduced
a cells. Compared with the blank control group, *p < 0.05, **p < 0.01, ***p < 0.001.



Fig. 2. Effects of ginsenoside Rk1 on HeLa cell apoptosis (A) The effects of ginsenoside Rk1 on HeLa cell apoptosis via cell morphology. After ginsenoside Rk1 administration, the
proportion of bright blue nuclei increased significantly, indicating induced apoptosis. (B) Scatter plot from the flow cytometry analysis. (C) With the increase of Rk1 concentration,
the apoptosis rate of treated HeLa cells significantly increased compared with the untreated control. Compared with the blank control group, *p < 0.05, **p < 0.01, ***p < 0.001.
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PARP and LC3B in a dose-dependent manner (p < 0.01), suggesting
ginsenoside Rk1 promoted apoptosis through the activation of the
apoptotic signaling pathways that involve caspase 3, PARP, and
caspase 6. Moreover, these results showed that ginsenoside Rk1
promoted autophagy of the HeLa cells through LC3B-dependent
signaling pathways.
3.6. Rk1 treatment alters gene expression in HeLa cells

Four groups of control and ginsenoside Rk1-treated cells were
established to evaluate the effects of ginsenoside RK1 treatment on
human HeLa cells. Total RNA from the four sample groups was
prepared as cDNA libraries and sequenced to obtain high-quality
transcriptome data. Analysis of the quality of the clean data
revealed that the average value of the base quality (Q30) was 98.3%
648
and the average proportion of effective readswas 97.52%. Therefore,
the sequencing results were considered to be accurate and reliable.
3.7. Volcano map analysis of DEGs

The overall distribution of the differentially expressed genes
(DEGs) can be understood as a volcano map. The responsiveness of
these genes to Rk1 therapy was evaluated by comparing the dif-
ferential expression of the genes in the treatment and control
samples. Using FC � 2 and FDR < 0.05 as the criteria, 4,113 DEGs
were identified between the control and 10 mM ginsenoside Rk1
treated groups (Fig. 4 A). These DEGs included 187 upregulated and
3,926 downregulated genes. Additionally, 5,016 DEGs between the
control and 20 mM ginsenoside Rk1 treated groups were found,
which included 534 upregulated and 4,482 downregulated genes.
Additionally, between the control and 30 mM ginsenoside Rk1



Fig. 3. Protein expression levels in HeLa cells after ginsenoside Rk1 treatment (A) and (B) Protein expression of caspase 3, caspase 6, PARP, and LC3B in HeLa cells is significantly
increased after ginsenoside Rk1 treatment when compared with the untreated control. (C) and (D) Protein expression of YOD1, HSPA4L, DNAJC3, and HSP90AA1 in HeLa cells after
ginsenoside Rk1 treatment is significantly reduced when compared with the untreated control. Among all proteins, YOD1 was the most significantly inhibited by Rk1; its expression
was downregulated by nearly 5-fold compared to that of the control. Compared to the blank control group, *p < 0.05, **p < 0.01, ***p < 0.001.
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treated groups, 5,438 DEGs were found, of which 766 were upre-
gulated and 4,582 were downregulated.
3.8. GO enrichment analysis of DEGs associated with ginsenoside
Rk1 treatment

Three GO term categories were annotated for each DEG group:
molecular functions, cellular components, and biological processes.
The top 50 functionally-enriched classes in each group were pri-
marily enriched for protein binding, metal ion binding, and DNA
binding in terms of molecular activities (Fig. 5). DEGs were largely
abundant in the membrane, cytoplasm, and nucleus of the bio-
logical components, as well as the cell cycle, DNA template, positive
regulation of transcription by RNA polymerase II, and regulation of
transcription. Consistent with previous studies, the present data
also showed that HeLa cells were significantly enriched in signaling
pathways, such as material transport, cytoskeleton components,
protein folding, cell cycle, and apoptosis when compared to normal
cervical tissues.
3.9. KEGG pathway enrichment analysis of DEGs in response to
ginsenoside Rk1 treatment

In organisms, various genes work together to perform biological
functions. It would be beneficial to further understand the
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biological functions of these genes via pathway-based analyses. The
primary online database for pathways is called KEGG.

Most genes related to the cell cycle (e.g., CDC27, GSK3B, TGFB2,
CDC6, CDC23, and CDC7) were highly enriched in cell proliferation-
related pathways (Fig. 6). Moreover, genes involved in signaling
pathways related to cell aging, such as CCNA2, CDKN2B, ATM, CHEK1,
FOXO1, and ITPR1, were also significantly enriched in cell cycle
genes DEGs associated with Rk1 treatment. Furthermore, one of the
most significantly enhanced signaling pathways among the three
ginsenoside Rk1 concentrations was protein processing in the
endoplasmic reticulum signaling pathway. In this pathway, some
“star” genes, such as YOD1, HSPA4L, DNAJC3, and HSP90AA1, were
downregulated. These genes are related to endoplasmic reticulum
protein processing and transportation and are also closely related
to apoptosis resistance.
3.10. Hierarchical clustering of DEGs in the endoplasmic reticulum
signaling pathway

All DEGs involved in protein processing in the endoplasmic re-
ticulum signaling pathway were tested for ten pathway-related
genes and listed in a hierarchical cluster diagram (Fig. 4 B). All of
these DEGs (e.g., SSR3, SSR1, HSPA4L, HSP90AA1, STTSB, YOD1,
DNAJC3, UBQLN1, DNAJA1, and DNAJC10) were downregulated.



Fig. 4. Differential gene expression after ginsenoside Rk1 treatment (A) An MA plot of levels of differential gene expression in HeLa cells treated with ginsenoside RK1. The response
of genes to ginsenoside Rk1 treatment was assessed by determining their differential gene expression between treated and untreated samples. The total number of differentially
expressed genes (DEGs) in response to ginsenoside Rk1 treatment in Hela cells increased significantly with ginsenoside Rk1 concentration. (B) A heat map of representative DEGs.
The darker the color, the more significant the change in gene expression. (C) Ten DEGs related to protein processing in the endoplasmic reticulum signaling pathway (SSR3, SSR1,
YOD1, HSPA4L, HSP90AA1, STTSB, DNAJC3, UBQLN1, DNAJA1, and DNAJC10) were selected for RT-qPCR. Compared with other genes studied, YOD1 expression was inhibited by
ginsenoside Rk1 treatment, but also showed stable expression in western blotting and RT-qPCR validation experiments, consistent with the RNA-seq results.
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3.11. RT-qPCR analysis of associated with ginsenoside Rk1
treatment

We performed RT-qPCR to confirm the accuracy of the RNA-seq
results. Ten DEGs involved in protein processing in the endoplasmic
reticulum signaling pathway (e.g., SSR3, SSR1, YOD1, HSPA4L,
HSP90AA1, STTSB, DNAJC3, UBQLN1, DNAJA1, and DNAJC10) were
selected for RT-qPCR analyses and confirmed to be significantly
downregulated (p < 0.05) (Fig. 4 C). Notably, the expression of YOD1
was significantly inhibited (p < 0.01) in response to ginsenoside
Rk1 treatment, consistent with the trend of change after YOD1
standardization in the hierarchical cluster diagram of DEGs (Fig. 4
B). These findings supported the hypothesis that ginsenoside Rk1
650
controls the expression of genes involved in protein synthesis in the
endoplasmic reticulum signaling pathway.
3.12. Western blotting analysis of associated with ginsenoside Rk1
treatment

Western blotting was performed to determine the protein levels
of genes related to the endoplasmic reticulum signaling pathway.
These findings were used to extrapolate the effects of ginsenoside
Rk1 on protein processing in the endoplasmic reticulum and
apoptosis suppression in HeLa cells. The expression levels of YOD1,
HSPA4L, DNAJC3, and HSP90AA1 were significantly lower in the
ginsenoside Rk1 treatment groups were significantly lower than in



Fig. 5. GO enrichment map of DEGs associated with ginsenoside Rk1 treatment. Each group of DEGs was annotated into three classifications: molecular functions, cellular
components, and biological processes. In descending order from large to small, select the GO Term of top 25, top 15 and top 10 respectively for drawing display.
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the untreated groups (Fig. 3 C and D). As the ginsenoside Rk1
concentration increased, the expression levels of these proteins
gradually decreased, indicating a dose-dependent toxicity effect of
ginsenoside Rk1 on HeLa cells. The higher the concentration of
ginsenoside Rk1, the more obvious its inhibitory effects on protein
synthesis and processing and on genes related to anti-apoptosis.
The expression of YOD1 was most significantly inhibited by ginse-
noside Rk1 (p < 0.001). Additionally, compared to HSPA4L, DNAJC3,
and HSP90AA1, whose expression was downregulated approxi-
mately three-fold, YOD1 expression was nearly five-fold lower
(p< 0.01). These findings suggested that the endoplasmic reticulum
protein production inhibition and anti-apoptotic effects of ginse-
noside Rk1 could account for it toxicity in HeLa cells.
4. Discussion

Cervical cance is the fourth most frequent cancer in women
globally [11], and in China it is also the most frequent malignant
tumor of the female reproductive system. The cure rate for early
cervical cance is high, but once metastasis or recurrence occurs,
recovery is poor [12]. It was reported that 20 (S) ginsenoside Rh2
triggered protective autophagy and increased the death of cervical
cancer cells by blocking the AMPK/mTOR pathway [13], and that
ginsenoside Rg5 could inhibit the activation of NFkB by suppressing
its upstream kinase transforming growth factor b-activated kinase
1 in TNF-a-treated HeLa or A549 cells [14]. Ginsenoside Rk1 is the
major component of ginseng and we found it suppressed cell
growth in a dose- and time-dependent manner in HeLa cell cul-
tures. Hoechst 33258 fluorescence staining demonstrated that the
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number of apoptotic cells increased with increasing ginsenoside
Rk1 concentration. Among all caspase families, caspase 3 is an
important apoptosis effector that can lead to cytoskeletal rupture,
nuclear death, and other apoptosis-related cell changes [15]. PARP
is also an important index of activated caspase 3 during apoptosis
[16], while caspase 6 functions downstream protein in this cascade
reaction [17]. When stimulated by an apoptotic signal, it activates
upstream proteins and modifies their active forms to induce cell
apoptosis. LC3 is the core component of autophagy and its function
is to transport autophagy signals/factors [18]. Western blotting
analysis between control and ginsenoside Rk1 treated cells showed
that the protein expression of PARP, caspase 6, caspase 3, and LC3B
substantially increased in the treated cells when compared to the
untreated control, indicating that ginsenoside Rk1 activated the
apoptotic signaling pathways of caspase 3, PARP, and caspase 6 to
promote apoptosis. Moreover, ginsenoside Rk1 considerably
increased the expression of the autophagy marker LC3B, indicating
that ginsenoside Rk1 promoted autophagy in HeLa cells through
the autophagy signaling pathway.

Inhibition of the occurrence of cervical tumor cells involves
multiple factors, several steps, and complex biological processes, in
which multiple gene mutations and abnormal expression occur
[19]. In this study, DEGs from HeLa cells were assessed using RNA-
seq and functional enrichment analysis. The endoplasmic reticulum
is not only the organelle responsible for protein folding in cells
[20,21], but it also participates in the storage site of intracellular
calcium ions [22] and the molecular chaperones for storing and
regulating protein folding [23]. These molecules are crucial in
determining the sensitivity of cells to apoptosis and endoplasmic



Fig. 6. KEGG pathway analysis of DEGs enriched in response to ginsenoside Rk1 treatment. The horizontal axis represents the enrichment factor and the vertical axis represents the
enriched KEGG pathway. The dot size indicates the number of DEGs enriched in a KEGG pathway. Dot colors represent different p-values associated with the DEGs. The enrichment
factor indicates the number of DEGs in a KEGG pathway/the total number of genes belonging to this KEGG pathway. The larger the enrichment factor, the higher the enrichment
degree for that KEGG pathway.
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reticulum stress. The quality control system of the endoplasmic
reticulum includes several molecular chaperones that help fold
proteins correctly and transport them through the endoplasmic
reticulum. Moreover, these chaperones can detect and refold mis-
folded proteins. If refolding cannot be completed, misfolded pro-
teins are transported for degradation via the proteasome or
autophagy pathways [24]. When the number of misfolded proteins
exceeds a biological limit, they exert toxic effects and activate
apoptosis signals that lead to cell death. Notably, some “hot” genes
were downregulated in HeLa cells after drug interference in this
pathway. These genes include YOD1, HSPA4L, DNAJC3, and
HSP90AA1. YOD1 is a protein ubiquitination gene that was previ-
ously reported to be highly expressed in hysteromyoma cells [25],
HSPA4L is a newly discovered oncogene in pheochromocytoma
[26], DNAJC3 is highly expressed in breast cancer cells [27], and
HSP90AA1 is a relatively “hot”multiple tumor target gene that is not
only related to the processing and transportation of endoplasmic
reticulum proteins but also closely related to apoptosis resistance
[28]. Although the endoplasmic reticulum protein folding effects of
ginsenoside Rk1 in HeLa cells can be regulated by pertinent targets,
it remains unclear whether these genes are related to the occur-
rence and development of cervical cancer in clinical conditions.

Notably, the expression levels of the associated proteins
decreased as the ginsenoside Rk1 concentration increased,
652
indicating that ginsenoside Rk1 affects HeLa cells in a dose-
dependent manner. The higher the concentration of ginsenoside
Rk1, the more obvious its inhibitory effects on the control of protein
synthesis and processing and the expression of genes related to
anti-apoptosis pathways. In addition, YOD1 expression was signif-
icantly inhibited by ginsenoside Rk1 (p < 0.001); its expressionwas
downregulated nearly five-fold that of the untreated control. YOD1
expression was reduced from approximately 0.5 before treatment
to approximately 0.1 after treatment at the highest concentration of
ginsenoside Rk1. These results showed that the cytotoxicity of
ginsenoside Rk1 in HeLa cells was explained by the inhibition of
protein synthesis in the endoplasmic reticulum and anti-apoptosis
gene expression, consistent with previous studies.

The findings from the RNA-seq analysis discovered that YOD1
was not only significantly reduced in response to ginsenoside Rk1
treatment, but that it also had a steady expression. Therefore, YOD1
is a potential target for the clinical treatment of cervical cancer.
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