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Abstract: Background: Ginsenoside-CK (G-CK), a bioactive molecule found in Korean Panax ginseng
Meyer. According to recent studies, CK exhibits a broad range of pharmacological actions. In this
study, we investigated the G-CK's anticancer efficacy using both in-silico and in-vitro approaches. Our
investigation predicted that G-CK can suppress kidney and colon cancer by suppressing gene targets
such as PHLDA1, PHLDA2, and PHLDA3. Materials & Methods: We performed in-silico
investigation and G-CK exhibited a strong affinity for each of the three target proteins' binding sites.
We used 150 ns of molecular dynamics (MD) simulations to evaluate G-CK's stability, followed by
cytotoxicity assays, RT-PCR, and qRT-PCR validation. Results: Based on its stable and favorable
energies, G-CK demonstrated strong binding to the targets, as demonstrated by free energy
calculations and MD simulations. Similarly, G-CK reduced the PHLDA gene family's (PHLDAI,
PHLDA?2, and PHLDA3) mRNA expression in A498, HT-29 cells at 10 pg/mL, as well as normal
cells HEK-293 and RAW 264.7, without substantial cytotoxicity. Lastly, G-CK treatments resulted in
a significant decrease in PHLDA gene family expression, confirmed by RT-PCR and qRT-PCR results.
Conclusion: Thus, we can conclude that G-CK suppresses the expression of PHLDA gene family gene
targets, hence regulating kidney and colon cancer.

Keywords: ginsenoside CK; cancer; PHLDA gene family; cytotoxicity; kidney cancer; colon cancer

1. Introduction

Kidney cancer comprises up 5% of all cancer cases and is the sixth most prevalent cancer in men.
Renal cell carcinoma (RCC) is the cause of over 90% of cases of kidney cancer, with clear cell RCC
accounting for more than 70% of occurrences [1]. Furthermore, it is the tenth most common female
cancer and accounts for 3% of all cancers [2]. Moreover, Colon cancer is the most frequent form of
gastrointestinal cancer. The second most fatal cancer overall for both sexes and the third most
common diagnosis is colorectal cancer (CRC). CRC has significant environmental connections
(including diet), inflammatory diseases of the digestive tract, and genetic risk factors [3]. So, kidney
and colon cancer are becoming more prevalent in the modern world.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To enhance cancer patient survival with minimal side effects, novel therapeutic techniques are
urgently needed. Natural products are crucial in cancer prevention and therapy due to their efficacy,
safety, and cost-effectiveness [4]. Ginseng from the Araliaceae family, specifically Panax ginseng, is
a naturally occurring medicinal herb with promise for therapeutic use. Panax ginseng is a prominent
natural medicinal herb in East Asian countries like China, Korea, and Japan [5]. Ginseng mostly
consists of ginsenosides, which are aglycones with dammarane skeletons [6]. Ginseng's anti-
inflammatory, anti-cancer, anti-apoptotic, cardiovascular disease, autoimmune disorders, and other
effects are mostly attributed to its more than 150 known ginsenosides [7,8]. P. ginseng and its
metabolites (CK, F1, G-Rh1, Rh2, and Rh3) have been studied for their potential to prevent cancer in
several types of cancers, including those of the breast, colon, prostate, stomach, and lung [9-11].

Some rare ginsenosides that are either absent or present in low amounts in natural ginseng are
CK, Rg3, F2, and Rh2. Although its metabolite, CK, is widely acknowledged to be more readily
absorbed by the body than ginsenosides, CK has rapidly become recognized as a minor tetracyclic
triterpenoid, often referred to as IH901, CK, and M1. Protopanaxadiol-20(S)-glucopyranosyl [12].
Compound K was extracted from saponins like Rc, Rb1, and Rb2 via a variety of biotransformation
techniques because it is absent from natural ginseng [13].

Transformation studies have focused on G-CK, a key metabolite generated from PPD-type
ginsenosides, to increase their biological activity and potency [14]. The numerous procedures (Figure
2) employed for G-CK production include enzymatic transformation, microbial transformation,
heating, and metabolic engineering [15].

Major

1€1M1C3 . .

—
Acid hydrolysis LT

\lkal hydrolysis
: Microbial :> K
hydrolysis

transformation )

Sulfur fumigation
Microwave

Figure 1. The transformation method for major ginsenosides into minor ginsenosides.
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Figure 2. 3D structure prediction and validation of PHLDA1, PHLDA2, PHLDA3 using Swiss model and
Ramachandran plot. (A) 3D structure prediction of PHLDA1 by Swiss model and validation analysis using
Ramachandran plot server. (B) 3D structure prediction of PHLDA2 by Swiss model and validation analysis using
Ramachandran plot server. (C) 3D structure prediction of PHLDA3 by Swiss model and validation analysis

using Ramachandran plot server.

The pleckstrin homology-like domain A (PHLDA) gene family is substantially expressed in both
kidney and colon malignancies, according to our earlier in-silico investigation [11]. The PH domain
is present in the multifunctional PHLDA protein. It exhibits strong in vitro selectivity when binding
to the phosphorylated head group of phosphatidylinositol 4, 5-bisphosphate (PtdI (4,5) P2) lipids
[16]. PHLDA1, PHLDA?2, and PHLDAS3 are the three members of the PHLDA gene family. PHLDA
genes are implicated in a number of cellular processes that contribute to cancer, such as Akt activation
suppression, growth factor signaling reduction, EGFR/ErbB2 signaling cell negative feedback
inhibition, and mortality [11]. Sakthianandeswaren, however, found that PHLDA1 expression is
linked to the high metastatic potential of osteosarcoma cells and plays a role in the formation of
intestinal carcinomas [17]. During normal development, PHLDA?2 is the first apoptosis-related gene
that is expressed exclusively from the maternal allele through imprinting [18]. Breast cancer invasion
and growth may be inhibited by PHLDA2 knockdown [19]. But Lei et al. also found that PHLDA3
may promote lung cancer cell invasion and multiplication by turning on the Wnt signaling pathway.
When considered collectively, the data suggest that PHLDA family members might perform various
roles in various tumor tissues and cell types, with the tumor cells and surrounding conditions
dictating specific effects [16].
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To produce natural products as drugs, it is essential to understand the molecular interactions
between G-CK and bio-macromolecules. Through the use of in-silico techniques including molecular
docking, pharmacophore modeling, chemoinformatics, molecular dynamics, and computer-aided
drug design (CADD) improves and refines treatment possibilities derived from natural sources [20].
Our in-silico studies predict that the G-CK molecule may suppress cancer-causing gene targets,
PHLDAI1, PHLDA2, and PHLDAS3, which regulate kidney and colon cancer. Although G-CK has
numerous health benefits, the exact mechanism of action for kidney and colon cancer needs further
research. The current study explored into G-CK's possible inhibitory effects on the PHLDA gene
family. The study suggests that G-CK could be an effective treatment for kidney and colon cancers.

2. Materials and Methods

2.1. Ligand and Protein Preparation

We select P. ginseng's triterpenoid saponin, G-CK, for the current investigation. G-CK's three-
dimensional chemical structure was obtained from the PubChem database. Using Autodock tools,
the ligand molecules had further processing, and were transformed into the necessary pdb-qt format
[21]. First, we retrieved the protein symbols of PHLDA1, PHLDA2, and PHLDA3 from the
Genecards.org online database and then selected the protein sequence from the Universal Protein
Resource (Uniport.org) database. Finally, predict the protein structure from the Swiss model [22] by
using the protein sequence. And the structure was validated by (Table.1) Ramachandran Plot [23].
We retrieved each protein structure from the human database (Figure 2. A-C). We selected protein
structures mostly using the X-ray diffraction experimental method and refinement resolutions
ranging from 1.5 to 2.5. The complex structure was removed of cofactors, water molecules, and metal
ions to produce the proteins. To create the proteins, the complex structure has been stripped of
cofactors, water molecules, and metal ions. The PDBQT file format was utilized for additional
screening of such results. Besides, the 3D structures of the active components were obtained using
the database of PubChem (https://pubchem.ncbi.nlm.nih.gov/, retrieved on February 14-20, 2024)
[24]. Eventually, the download format provided was SDF files.

2.2. Grid Box Adjust and Binding Site Identification

Binding sites were found by analyzing pockets of known protein-ligand interactions. Protein
binding sites were investigated using BIOVIA Discovery Studio Visualizer v19.1 (BIOVIA), and
protein structures were evaluated using PDB and CASTp (http://sts.bioe.uic.edu/castp/, available 14—
20 February 2024) to extract known and unknown active sites of the protein structures [25,26]. Using
the virtual screening tool PyRx—Python Prescription 0.8 —binding sites were identified from the
complex structure and the receptor grid was generated by molecular docking [27] .

2.3. Molecular Docking Simulation

The PyRx v0.8 tool was utilized to perform a molecular docking simulation in order to identify
the most compatible candidates with the target proteins [28]. AutoDock Vina and AutoDock v4 are
available for comparison with a physiologically focused macromolecule on a large dataset using the
open-source PyRx computational screening software. The AutoDock Vina Wizard v4 configuration
comes with PyRx v0.8 [29], which simulates molecular docking. As compared to other compounds,
the top compounds have the highest binding affinity (kcal/mol) to the target protein. In final stages,
receptor grids with the default configuration were created.

2.4. Chemical Reagents for In-Vitro Investigations

The experiment included four distinct cell lines: the kidney cancer cell line (A498) cell line, the
normal kidney cell line (HEK293) cell line, the human colorectal adenocarcinoma (HT-29) cell line,
and the normal murine macrophage (RAW 264.7) cell line. The Korean Cell Line Bank (KCLB, South
Korea) was the source of all the cell lines. Each of the other cell lines (Raw 264.7, HT-29) were
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cultivated in media containing dimethyl ether (DMEM), whereas the HEK293 and A498 cell lines
were grown in minimal essential medium (MEM). Furthermore, vitamins and antibiotics in the form
of penicillin-streptomycin and fetal bovine serum are added to the media. Gyeongsan-si, South
Korea's Welgene Inc. provided the medium and serum. Suwon, Korea: MTT solution, also known as
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, is a product of Life Technologies.
Each reagent is analytical grade, and used exactly as provided.

2.5. Preparation of Sample Extract

Ginsenoside Compound K (G-CK) is becoming more well-known due to its medicinal and
biological qualities. Ginsenoside CK is a ginsenoside found in Panax species. G-CK obtained from
Kyung Hee University's Hanbang Bio Laboratory in South Korea, bought from Chengdu Must
Biotechnology Co., Ltd, and used in a powder form. The powder was dissolved in water. In the A498,
HT-29 cell lines, the CK exhibits more cellular absorption. G-CK is one of the most significant among
other ginsenosides due to its high uptake and absorption rate.

2.6. In-Vitro Cytotoxicity

In general, human kidney cancer cells (A498) were grown in 89% minimum essential medium
(MEM) with 10% inactivated FBS and 1% penicillin-streptomycin, while normal kidney cells (HEK-
293) were cultured in 89% MEM with 1% penicillin-streptomycin, and 10% FBS. Human colon cancer
cells (HT-29) with murine macrophages (Raw 264.7) cells were cultured in Dulbecco's Modified
Eagle's Medium (DMEM) supplemented with 10% inactivated FBS and 1% penicillin-streptomycin.
All cell lines were allowed to adhere and grow for 24 hours in a 37 °C humidified incubator with 5%
CO:z before being sampled.

The same amounts of penicillin-streptomycin and FBS were used to cultivate different cultures
of human normal kidney (HEK-293) cell lines in round Petri dishes [1,30]. Additionally, in a 75-T
flask containing the same volume of antibiotics and serum, murine macrophages (RAW 264.7), the
human kidney cancer cell line (A498), and the colorectal adenocarcinoma (HT-29) cell lines were
cultured. After trypsinization, each cell line was seeded at a density of 1 x 10* cells/well into 96-well
plates. The plates were then allowed to grow in a humidified incubator at 37 °C with 5% CO2. Upon
reaching 80% confluence, distinct doses of G-CK were administered to each cell line (5, 10, 20, and
40) ug/mL and 10 pg/mL of cisplatin as a positive control. After a 24-hour incubation period, 20 pL
of MTT solution (5 mg/mL in PBS; Life Technologies, Eugene, OR, USA) was added to both the
treated cells and the control group. Within the living cells, the MTT reagent transformed into a
purple-colored crystal formazan. After adding 100 puL of DMSO to the cells to dissolve the crystal
formazan, an Enzyme-Linked Immunosorbent Assay (ELISA) reader (Bio-Tek, Instruments, Inc.,
Winooski, VT, USA) calibrated to operate at 570 nm was used to measure the vitality of the cells.

2.7. In-Vitro Validation by Reverse Transcription Polymerase Chain Reaction (RT-PCR)

After the G-CK treatment, lysis reagent (QLAzol, from QIAGEN, Hermantown, MD, USA) was
used to extract the total RNA from A498 and HT-29 cells. We used primer, purified nuclease-free
water, buffer mixture, and 20 pL of RT-PCR premix (amfiivert, GenDepot, Barker, TX, USA) for the
RT-PCR technique. The primers indicated in Table 1 were utilized for RT-PCR. The RT-PCR was
conducted for 38 cycles, with 30 s for primer annealing, 30 s for denature, and 50 s for elongation at
95 C and 60 C, respectively. Finally, we used 1% agarose gel electrophoresis to visualize the RT-
PCR results, and a UV chamber was used to take an image.

d0i:10.20944/preprints202503.1254.v1
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Table 1. Protein symbol from Genecards.org online database protein sequence from the Universal Protein

Resource (Uniport.org) database.

Gene Name Protein Symbol Protein Sequence

PHLDAI QSWV24-PHLAI_HUMAN MRRAPAAERLLELGFPPRCGRQEPPFPLGVTRGWGRWPIQKRREGARPVPFSERSQEDG
RGPAARSSGTLWRIRTRLSLCRDPEPPPPLCLLRVSLLCALRAGGRGSRWGEDGARLLL
LPPARAAGNGEAEPSGGPSYAGRMLESSGCKALKEGVLEKRSDGLLQLWKKKCCILTE
EGLLLIPPKQLQHQQQQ0QQQQQQQ0QQPGQGPAEPSQPSGPAVASLEPPVKLKELHFS
NMKTVDCVERKGK YMYFTVVMAEGKEIDFRCPQDQGWNAEITLQMVQYKNRQAILA
VKSTRQKQQHLVQQQPPSQPQPQPQLQPQPQPQPQPQPQPQSQPQPQPQPKPQPQQLHP
YPHPHPHPHSHPHSHPHPHPHPHPHQIPHPHPQPHSQPHGHRLLRSTSNSA

PHLDA2 Q53GA4-PHLA2_ HUMAN MKSPDEVLREGELEKRSDSLFQLWKKKRGVLTSDRLSLFPASPRARPKELRFHSILKVD
CVERTGKYVYFTIVITDHKEIDFRCAGESCWNAAIALALIDFQNRRALQDFRSRQERTA
PAAPAEDAVAAAAAAPSEPSEPSRPSPQPKPRTP

PHLDA3 QOYSI5-PHLA3_HUMAN MTAAATATVLKEGVLEKRSGGLLQLWKRKRCVLTERGLQLFEAKGTGGRPKELSFAR
IKAVECVESTGRHIYFTLVTEGGGEIDFRCPLEDPGWNAQITLGLVKFKNQQAIQTVRAR
QSLGTGILY

2.8. Real-Time Quantitative Reverse Transcription PCR (gRT-PCR) Assay Validation

For gqRT-PCR, SYBR TOPreal qPCR2X Premix (Enzynomics, Daejeon, Republic of Korea) was
used. There were three duplicates and a 20 uL volume in the qRT-PCR assay. This contained 10 pL
of TOPreal qPCR2X master Premix, 1 yL of each primer listed in the RT-PCR section, 1 uL of cDNA
template, and the remaining nuclease-free water. The qRT-PCR was conducted under the following
conditions: 95 °C for five minutes; 38 cycles of 95 °C for ten seconds and 55-60 °C for forty-five
seconds; and finally, 15 seconds at 72 °C. By utilizing the comparative 2-AACt approach, we
computed and normalized expression from the GAPDH gene expression. All qRT-PCR investigations
were performed using the aCFX Connect Real-Time PCR (Bio-Rad, Hercules, CA, USA).

2.9. Statistical Analysis

The experiments were carried out three times independently, with three technical replicates of
each sample examined. The experimental data is shown as mean + SEM. The data were statistically
analyzed using Student's t-test with equal variances. Statistical significance is indicated by more
asterisks (* p <0.05, ** p <0.01, and *** p <0.001) and hash markers (# p <0.05, ## p <0.01, and ### p
< 0.001). The hash mark (#) denotes significant differences between the stimulated and normal
controls, and the asterisk (*) denotes significant changes within the stimulation groups.

3. Results
3.1. Disease and Gene Targets from the Previous Study

The gene family of PHLDA (PHLDA1, PHLDA2, and PHLDA3) was shown to be overexpressed
in patients with colon and kidney cancer in our earlier in-silico investigation [31]. Moreover, G-CK
also has efficacy against kidney and colon cancer [32,33]. We thus want to investigate whether G-CK
can inhibit the expression of genes corresponding to the PHLDA family. In this study, we carried out
further in-silico (Figure 3. A-C) and in-vitro validation to assess G-CK's effectiveness in suppressing
the expression of the PHLDA gene family in kidney and colon cancer.
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Figure 3. Molecular docking of PHLDA gene targets with ginsenoside compound-K (G-CK). (A) PHLDA1
complex with G-CK. (B) PHLDA2 complex with G-CK. (C) PHLDA3 complex with G-CK.

3.2. Investigation of Free-Binding Energy of CK and PHLDA Gene Family

The binding energies were calculated using the VSGB solvation model with the Schréodinger
software's (2023-3) Glide module. The free binding energies of docked protein-ligand complexes
demonstrate their thermodynamic stability. It is a key characteristic that evaluates ligands'
bioactivity. The vital active site residues were kept in a flexible state when levofloxacin was utilized
as a control drug. The formation of hydrogen bonds and the binding energy to the required active
residues and ligands validated the interaction's outcomes. The studies (Table 2) revealed that the
average energy of the PHLDA1-G-CK complex was higher than that of the PHLDA1-Levofloxacin (-
5.7 kcal/mol). Similarly, the average energy of the PHLDA2-G-CK complex (-7.3 kcal/mol) was found
to be higher than that of the PHLDA2-Levofloxacin (-5.7 kcal/mol). This suggests that G-CK and the
receptor are well bound. PHLDA3-G-CK has a lower binding energy (-6.8 kcal/mol) compared to
PHLDAS3-Levofloxacin (-6.0 kcal/mol). According to this finding, the PHLDA1-G-CK, PHLDA2-G-
CK, and PHLDAS3-G-CK exhibited greater thermodynamic stability in comparison to the
Levofloxacin control.
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Table 2. Final molecular docking simulation (MDS) score between PHLDA family genes and ginsenoside
compound-K (G-CK).

d0i:10.20944/preprints202503.1254.v1

Targets Compound Binding Hydrogen Other bonds Grid Box Dimension
Energy bond Center
TYR283. GLN287,
Compound K SER235,  ALA288, LEU 28, Xifggég Xii‘?ﬁ’
(CK) ” GLY29  PRO27, VAL30, éz a4 %z 0h5n
ASN285, PHE26 ‘ '
PHLDAL GLN165, TRP167
Control ARG159, VAL243, <1662 x=149.63,
(Levofloxacin) 7 A26%  Grunaa, TYR251, y'_'zfgji’l ;:1120147554
LYS246 o ST
LYS27,  ALA4I,
Compound K i;gg LYS26,  PHE39, x=-4.233, x=89.71,
K) 73 lygrs ~ PRO#3,  SER42, y=2692, y=47.33,
RO, ARG, PROA7, Z=5189 Z=78.76
PHLDA2 ALA45, ARG46
GLU79,LYS15,
Control 5, ARGl6, ILES),  SER17, X:ffé’ ngff; ’
(Levofloxacin) ' ASP81 ASP18,  LEU20, 7 1'2 03’ §= 92' 4?;
GLN22,SER19 ‘ ‘
ARG36, THR34,
VAL32, VALY,
Compound K ALA7,  GLN39, x=-0.369, x=52.379,
K) 68 GLU52  PRO50, PHE41, y=0.114, y=38.433,
ARG30, GLY48. Z=4.93 Z=58.078
PHLDA3 GLY47, THR46,
THR6
ARGI18,  ASP84, x=-4.17, x=59.98,
E:L(::g;’lloxacm) -6.0 Eﬁgﬁg PHE73, GLU65, y=0.114, y=38.43,
ARGS6, THR67  Z=8.49 Z=65.20

3.3. In-Silico Molecular Dynamic (MD) Simulation of CK and PHLDA Gene Family

The molecular interactions between G-CK and the PHLDA gene family have been examined
using molecular docking. To confirm the stability of the protein structure across the 150 ns simulation,
we calculated the RMSDs (root-mean-square deviations) of C o atoms of complexes between G-CK
and the three gene targets as, PHLDA1, PHLDA2, and PHLDAS3 (Figure 4. A). For PHLDA1, make
stable complex with CK after 75ns, and PHLDA?2 and PHLDA3 genes make stable complex with CK
after 25ns. For PHLDALI, after 75ns the complex (PHLDA1 and CK) is stable, and the RMSD value is
28.121 A, following that, the average highest, and lowest RMSD were 29.18 A, 30.932 A, and 28.121
A, respectively, as indicated by the results (Figure 4. A) the fluctuation rate is very low as showed
2.811 A. After 25 ns, the complex for PHLDA2 and CK is stable; minimum, average and maximum
RMSD values were ascertained to be 17.529 A, 17.13 A, and 18.656 A, respectively. On average, the
fluctuation rate was quite low (1.526 A). The findings indicated that the mean, lowest, and maximum
RMSDs for the complex of PHLDAS3 and CK, 4.607 A, 2593 A, and 5.918 A, respectively. Here, there
is also very little fluctuation rate (1.311A).

The root mean square fluctuation, or RMSF, values are obtained by averaging the fluctuations
of the positions of each residue. These values are then used to assess the flexibility and mobility of
proteins during simulation (Figure 4.B). The RMSF value is used to quantify changes in amino acid
(AA) residues within proteins. Their high RMSF value indicates the degree of stability and variation
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of amino acid residues in a compound-protein complex system. For PHLDA1, showed 400 residues,
makes stable complex with CK, except only 5 amino acids residues (THR_69, LEU_163, GLY_206,
SER_360, and GLY_390). For PHLDA2, showed around 150 residue that made stable complex with
G-CK, except only 3 amino acids residues (LYS_63, GLY_80, THR_117) and PHLDAS3 genes, showed
around 150 residue that made stable complex with G-CK. Thus, we found that G-CK complexes with
the gene targets (PHLDA gene family) were stable in this instance. In addition, rGyr, SASA [34], and
protein-ligand contact from the MD simulation trajectory were analyzed for stable protein-ligand
complexes. The radius of gyration (rGyr) and SASA exhibited good stability, and their results
confirmed the stability of all three complexes (Figure 4. C-D). By using the rGyr, the total effect of the
ligands on the protein is investigated. The rGyr is calculated for each complex, as Figure 4.C
illustrates. It was found that the rGyr values for PHLDA1, PHLDA?2 and PHLDAS3 genes, after 70ns
showed stable rGyr value, that indicated stable complex with G-CK. Following 150 ns, the calculated
average SASA value for PHLDA1 and PHLDAS3 revealed a consistent SASA value, indicating a stable
complex with G-CK. PHLDA2 showed a consistent SASA value after 50 ns, indicating a stable
complex with CK (Figure 4. D). Additionally, all protein-ligand complexes were investigated (Figure
5. A-D). There, we found water bridge bonds, hydrogen bonds, ionic bonds, and non-covalent bonds.
So, G-CK can effectively interact with the PHLDA gene family, according to the MD simulation
research.

3.4. In-Vitro Cytotoxic Effect of G-CK

Deregulation of cellular energetics has been included in a compilation of new cancer hallmarks.
Natural bioactive compounds could be used to generate drugs for curing a variety of diseases.
Specifically, it has been demonstrated that several ginsenosides have pharmacological effects,
including anticancer characteristics [35,36]. One of these, Rh1, has been demonstrated to inhibit
various cancers, including lung cancer [37], colorectal cancer [38], and bladder cancer [39]. From Rh1,
we get compound K as a bioconversion product. In this work, we examined the cytotoxicity of G-
CK at different concentrations (5, 10, 20, 40 pg/mL) during a 24-h period on human kidney (HEK-
293) cells, murine macrophage (RAW 264.7) cells, A498 kidney cancer cells, and HT-29 human
colorectal cells. The MTT solution was utilized in the cytotoxicity experiment to determine the cell's
toxic level. G-CK was shown to be safe after its cytotoxicity in normal cells like HEK-293 and RAW
264.7 cells were assessed. After 24 h, it was noted that the G-CK at 10 ug/mL showed efficiently good
results on the viability of HEK-293 and RAW 264.7 cells (Figure 7. A, C). However, compared to a
positive reference such as commercial cisplatin, an anticancer agent, 10 ug/mL of G-CK significantly
limits the A498, HT-29 cell viability (Figure 7. B, D). On the other hand, it was found that G-CK
reduced the viability of A498 and HT-29 cells based on the dose. These results show that G-CK has
anti-cancer effects against A498 kidney cancer cells and HT-29 colorectal cancer cells.

3.5. G-CK Controls the Gene Expression of the PHLDA Gene Family

By utilizing RT-PCR, we first assessed the RNA expression level in the human kidney cancer cell
line A498 and the human colorectal cancer cell line HT-29 to observe and confirm potential G-CK
inhibitory activity. We found that 10 pg/uL of G-CK significantly suppressed the expression of
PHLDA1, PHLDA?2, and PHLDAS3 targets.This result also confirmed the simulation results (Figure 7.
A-B). Here, we compared the G-CK treatment with cisplatin, which was used as a control drug.

Additionally, we used qRT-PCR to assess the expression of several target genes in a dose-
dependent manner (Figure 7. C-D). Our research showed that there was a dose-dependent
downregulation of the mRNA expression of genes. In the kidney cancer cell line PHLDA1 gene
expression profile was found to be 3.3-fold expressed during negative control (no treatment), 1.6-fold
downregulated after cisplatin treatment, and also downregulated after G-CK (10 ug/uL) treatment
(1.5-fold). In comparison to both the control drug and without treatment, PHLDA?2 expression was
downregulated following G-CK treatment (3.4-fold in the absence of treatment, 1.8-fold in the
presence of cisplatin, and 1.7-fold in the presence of G-CK 10 pg/mL). In comparison to the control

d0i:10.20944/preprints202503.1254.v1
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drug and without treatment, PHLDAS3 expression was inhibited (1.2-fold in the case of G-CK 10
pg/mL, 1.4-fold in the case of cisplatin, and 3.1-fold in the case of no treatment). Thus, the outcomes
supported the hypothesis that kidney cancer can be prevented by treating with ginsenoside
compound K, which also has the ability to inhibit PHLDA1, PHLDA?2, and PHLDAS3 expression. The
expression of PHLDA1 was downregulated in colon cancer cell line treated with G-CK compared to
control medication and therapy (2.8-fold: without treatment, 1.8-fold: cisplatin, 1.7-fold: G-CK 10
pg/mL). PHLDAZ2 gene expression was 3.9-fold higher in the negative control (no treatment), 1.5-fold
lower after cisplatin treatment, and 1.4-fold lower after G-CK (10 ug/uL) treatment. PHLDA3
expression was lowered by 3.9-fold without treatment, 1.0-fold with G-CK at 10 pg/mL and 1.7-fold
with cisplatin.
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Figure 4. Molecular dynamic simulation of PHLDA1, PHLDA?2, and PHLDAS3 with Ginsenoside CK. (A) RMSD
analysis of simulation between Ginsenoside-CK and PHLDA gene family, (B) RMSF analysis of simulation
between Ginsenoside-CK and PHLDA gene family, (C) rGyr analysis of simulation between
Ginsenoside-CK and PHLDA gene family, (D) SASA value analysis of simulation between
Ginsenoside-CK and PHLDA gene family. Simulation time (150 ns).
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Figure 5. Protein-ligand contact analysis of simulation between Ginsenoside-CK and PHLDA gene family. (A)
protein-ligand contact from the MD simulation trajectory of PHLDA1 with ginsenoside CK. (B) protein-ligand
contact from the MD simulation trajectory of PHLDAZ2 with ginsenoside CK. (C) protein-ligand interaction from
PHLDAS3's MD simulation trajectory with ginsenoside CK. (For this simulation, the Linux-based Desmond v6.3
Program in Schrodinger 2023-3 was utilized).


https://doi.org/10.20944/preprints202503.1254.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025 d0i:10.20944/preprints202503.1254.v1

12 of 18

A HEK-293- Cytotoxicity R A498- Cytotoxicity
8 Control BOS ® (X
B Contrel BOS #CX w
140
1 100
E -
;100 § )
" ta
i :
el = ¥
;e .-f
]
) I R
0 - 0
Control 5 10 0 L] Control 5 10
Concentration (pg/mL) Concentration (ug/mL)
C . D ”
RAW-264.7-Cytotoxicty HT29- Clotoxidiy B Control MOS8 (K
i @ Control OIS X W
. o
" £ 1
g 2
2 3
3 30
2 W =
> [T
4 )
o I II ”
0 -. 0
Control 5 0 X 0 Contrdl 5 0
Concentration (ug/ml) Concentration (ug/m)
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positive control (cisplatin). (C) cell cytotoxicity evaluation for G-CK in RAW 264.7 cells compared to positive
control (cisplatin). (D) cell cytotoxicity evaluation for G-CK in HT-29 cells compared to positive control
(cisplatin). (The means + standard errors of three separate experiments are used to express each value; ***p <

0.001 compared to the control).
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Figure 7. Effects of cisplatin and ginsenoside CK (G-CK) on PHLDA1, PHLDA2, and PHLDA3 cDNA expression
levels in colon cancer (HT-29) and kidney (A498) cell lines. Targeted genes (PHLDA1, PHLDA2, and PHLDAZ3)
were expressed using RT-PCR in (A-B) and qRT-PCR in (C-D) (control: no treatment, and G-CK at 5 pg/uL and
10 pg/uL were applied for 24 hours, and cisplatin at 5 pg/uL and 10 pg/uL doses). We produced cDNA after
extracting total RNA, and then we ran RT-PCR and qRT-PCR. In terms of qRT-PCR, the findings show the
average + standard error of duplicate samples from three separate trials (* p < 0.05 and ** p < 0.01 when

comparing the non-treat group with Student's t-test).

4. Discussion

Worldwide, cancer is a terrible illness that poses an extreme threat to life, causing around 20
million new cases and nearly 9.7 million deaths, according to Global Cancer Statistics 2022. Renal cell
carcinoma has more than doubled in occurrence in the developed world, although making up 2% of
all cancer diagnoses and deaths worldwide. The majority of kidney cancer cases are randomly found
during imaging, and the 5-year survival rate for metastatic cancer is about 12% [40]. The stage at
diagnosis has a significant impact on survival. In 2020, kidney cancer had an incidence of 431,288
cases and a death rate of 179,368 cases, according to the Global Cancer Statistics [1]. Approximately
10% of all cancer cases globally are colorectal cancer cases, making it the second most prevalent cancer
worldwide and the biggest cause of death related to cancer. According to Global Cancer Statistics,
the estimated number of new cases of colorectal cancer is 10.0 % with an estimated deaths followed
by 9.4%. Controlling colon and kidney cancer has become increasingly important in recent times.
Each of these genes has a potential risk of developing a certain type of cancer.

Hereditary renal cell cancer is primarily associated with the genes FH, BHD, HRPT2, MET, VHL,
and FH. The most frequent mutation location responsible for hereditary renal cells is the VHL gene
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[41]. We also discovered in our earlier work that kidney cancer can induced by PHLDA1, PHLDA?2,
and PHLDA3 and that kidney cancer could be less severe if these genes were suppressed. A particular
type of cancer is possible for each of these genes. For instance, it was discovered that PHLDA1 was
expressed in a variety of cancer types, including brain, liver, lung, and bladder cancer [42]. PHLDA2
expression was increased in colorectal cancer [43], and breast cancer PHLDA?2 increases pancreatic
ductal adenocarcinoma tumor growth [44]. According to a study, kidney damage caused a significant
increase in Phlda3 [45]. Overexpression of the PHLDA3 gene also found in pancreatic and lung
neuroendocrine tumors (NETSs) [46].

Due to its potent anticancer bioactivity, Compound K (CK), a rare protopanaxadiol ginsenoside,
has emerged as the most frequently used ginsenoside for cancer treatment. In addition to its
antitumor, anticancer, anti-inflammatory, and anti-aging effects, G-CK also strengthens human
immunity and recovers cardiovascular diseases [47]. We also hypothesized that these three
(PHLDA1, PHLDAZ2, and PHLDAS3) gene targets might be triggered by G-CK. Additionally, this
compound has a wide range of beneficial in-vivo and in-vitro effects. However, our prediction was
entirely based on in-silico based. Therefore, we conducted more in-silico and in-vitro study for
validating our target.

To confirm and identify the stable complex between G-CK and the gene targets (PHLDAI1,
PHLDA?2, and PHLDA3), we performed an MD simulation for 150 ns. Additionally, the MD
simulation confirmed that a protein remains intact during a ligand-protein interaction. According to
MD simulation, the complexes between G-CK and the gene targets (PHLDA1, PHLDA2, and
PHLDAZ3) revealed RMSF and RMSD values that were quite stable. Our understanding of the
characteristics of protein folding is enhanced by the center of mass computed for ROG, which is
obtained from the protein C and N terminal and evaluates the structural integrity of the protein [48].
Higher ROG scores indicate that the material is separated from the protein, whereas lower ROG
values indicate better compactness [49]. Compound G-CK has a lower ROG value for three
complexes, according to the data. The complex between G-CK with PHLDA1, PHLDA?2, and
PHLDAS3 is more stable, according to our MD simulation research.

Also, we used RT-PCR and qRT-PCR assays to validate G-CK efficacy in vitro and confirmed
that IQ may trigger the genes PHLDA1, PHLDA?2, and PHLDAS3 to regulate kidney and colon cancer.
These genes exhibit a substantial decrease in expression with G-CK therapy.

5. Conclusion

In all countries of the world, cancer is the primary cause of mortality and a significant obstacle
to raising life expectancy. The genes PHLDA1, PHLDA2, and PHLDAS3 that regulate colon and
kidney cancer can be activated by G-CK. In the future, we want to carry out more animal and clinical
studies to confirm the screening targets derived from these in-silico and in-vitro analyses and to
provide additional scientific data supporting the therapeutic application of G-CK in the treatment of
kidney and colon cancer.
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