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Abstract 
Background and objectives: 20S-Ginsenoside Rg3 is a pharmacological active compound of ginseng. 

Evidences indicate that S20-Rg3 as an anti-cancer factor plays role in prevention and treatment of 

cancer. In the present study, proteomic data of 20S-ginsenoside Rg3 effect on human colorectal 

adenocarcinoma cell line HT-29 was analyzed via network analysis to understand more details about 

the molecular events. Methods: The differentially expressed proteins (DEPs) related to the effect of 

20S-ginsenoside Rg3 on human colorectal adenocarcinoma cell line HT-29 were extracted from 

literature and analyzed via protein-protein interaction (PPI) network. The central nodes of the network 

were determined based on degree value and betweenness centrality. Results: Eight DEPS plus 100 

added first neighbors were included in the PPI network. Five central nodes as hub-bottlenecks 

including ACTB, GAPDH, TP53, AKT1, and ALB among the added first neighbors and ANXA5 as 

hub-bottleneck and GSTP1 and PCNA as bottlenecks among the queried DEPs were introduced. 

Conclusion: PCNA, GSTP1, and ANxA5 as cell protective proteins are the crucial targeted proteins 

by 20S-ginsenoside Rg3 in the treated cell line HT-29. Up-regulation of GSTP1 and ANXA5 is 

correspondent to the cell protective property of 20S-ginsenoside Rg3, and down-regulation of PCNA 

refers to the opposite effect. It seems that cell protective roles of 20S-ginsenoside Rg3 are 

accompanied with the possible side effects.  
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Introduction 
Root of Panax ginseng C.A.Mey. (Araliaceae), is 

known as ginseng. Ginsenosides, secondary 

metabolites, and triterpene glycosides are the 

pharmacologically active components of ginseng. 

20S-ginsenoside Rg3 and 20R-Rg3 are the two 

optical isomers of ginsenoside Rg3 [1]. 
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Investigations indicate that ginsenoside Rg3 can 

be considered as a cancer preventive factor. It 

also plays role as a therapeutic agent in cancer 

treatment. Role of ginsenoside Rg3 in inhibition 

of proliferation, induction of apoptosis, 

promotion of immunity, and  inhibition of 

metastasis and angiogenesis is mentioned in 

literature [2].  Anticancer property of ginsenoside 

Rg3 has been investigated and confirmed in the 

human hepatocellular carcinoma cells. Although 

molecular mechanism of ginsenoside Rg3 (20S-

Rg3) is discussed in the administrated projects, 

better understanding of this molecular event need 

more investigation [3,4].  

Experience shows that high throughput methods 

such as genomics, proteomics, metabolomics, in 

combination with computational approaches and 

bioinformatics are useful means to explore the 

unknown aspects of molecular mechanism in the 

fields of pharmacology, biology and medicine. 

Many diseases are assessed via proteomics and 

bioinformatics to introduce the related 

biomarkers. Pharmaceutical researches via 

proteomics and bioinformatics provide useful 

findings about herbal foods and drugs. In such 

investigations effects of herbal extracts or certain 

compounds on the biological samples such as 

different human cell lines are evaluated based on 

expression change of the proteins or genes of the 

studied samples. The significant DEPs or 

differentially expressed genes are studied via 

bioinformatical analysis such as network 

approaches [5-7]. 

PPI network analysis is a network evaluation of 

the interacted elements such as the queried 

proteins by considering the roles of the proteins 

(nodes) in the network. Centrality property of a 

node (degree, betweenness centrality, or the other 

centrality parameters) determines importance of 

protein role in integrity of the constructed 

network [8,9]. Two crucial central nodes are 

known as hubs and bottlenecks. The hubs make 

large numbers of connections with the first 

neighbors while the bottlenecks are mainly 

involved in the shortest paths [10-12]. The 

common hubs and bottlenecks which are known 

as hub-bottlenecks are the potent central nodes 

and play the key role in the network. In the 

present project, the DEPs from effect of 100 µM 

of ginsenoside 20S-ginsenoside Rg3 on human 

colorectal adenocarcinoma cell line HT-29 were 

extracted from published data by  Seo Young Lee 

[1] and evaluated via PPI network analysis to

introduce the critical targeted proteins.

Material and Methods 
Ethical considerations 

This project is confirmed by 

IR.SBMU.RETECH.REC.1400.678 ethical code. 

Data collection 

Data was extracted from published document 

entitled “Proteomic analysis of the anti-cancer 

effect of 20S-ginsenoside Rg3 in human colon 

cancer cell lines” by Seo Young Lee et al. [1]. As 

it is described in the original research, proteome 

of human colorectal adenocarcinoma cell line 

HT-29 that was treated with 20S-Rg3, for 24 h 

versus controls was investigated. Eight DEPs 

were introduced as targeted protein by 20S-Rg3. 

Network analysis 

The 8 queried DEPs plus 100 first neighbors 

from STRING database [13] were interacted by 

cytoscape software [14] via “protein query” of 

STRING. Number of 108 nodes were linked via 

1758 undirected edges. The formed PPI network 

was analyzed by “NetworkAnalyzer” application 

of cytoscape software and the network was 

visualized by degree value. Two centrality 

parameters, degree and betweenness centrality, 

were assessed to determine the hubs and 

bottlenecks. The top 10% of the nodes based on 

degree value and betweenness centrality were 

identified as hubs and bottlenecks, respectively. 

The common hubs and bottlenecks were 

introduced as hub-bottlenecks. The central nodes 

including hubs, bottlenecks, and hub-bottlenecks 

were evaluated to explore the related functions 

and pathways. 

Results and Discussion 
Fold change and mode of dysregulation of the 

queried 8 DEPs are illustrated in the Figure 1. As 

it is shown in the figure thee DEPs are down-

regulated while five individuals are up-regulated. 

STRAP and RBP4 are extremely down-regulated 

and up-regulated, respectively. The PPI network 

including the eight queried DEPs is shown in the 

Figure 2. As it is depicted, there is no linkage 

between the node and all proteins remained as 

isolated nodes. The PPI network including the 8 

queried DEPs and 100 added first neighbors is 

presented in Figure 3. The 108 nodes are 
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connected by 1758 edges and all queried DEPs 

are connected.  

Results of network analysis are tabulated in Table 

1 and 2. Eleven hubs including ANXA5 as a 

single queried DEP and ten added first neighbors 

are shown in Table 1. Bottleneck nodes (GSTP1, 

ANXA5, and PCNA as queried DEPs and 8 

added first neighbors) are presented in Table 2. 

Evaluation showed that minimum number of 

added first neighbors to make all queried DEP 

connected in network was 20 individuals (Figure 

4).  

Figure 1. Fold change (expression value of treated 

cells/expression value of controls) of the 8 queried DEPs 

that discriminate the HT-29 cells treated with 100 µM of 

20S-ginsenoside Rg3 for 24 h from controls; range and blue 

colors refer to down-regulation and up-regulation 

respectively. 

Figure 2. PPI network including the 8 queried DEPs that 

discriminate the HT-29 cells that were treated with 100 µM 

of 20S-ginsenoside Rg3 for 24h from controls 

To assess the most related first neighbors, 

combination of the queried 8 DEPs and 10 added 

first neighbors was analyzed via PPI network 

analysis (Figure 5). Protein expression change of 

biological samples is studied to find the 

dysregulated individuals under the studied 

condition to find the involved proteins in the 

altered situation [15]. As it is shown in Figure 1, 

eight significant DEPs with different amounts of 

fold change are introduced as targeted proteins by 

20S-ginsenoside Rg3 in human colorectal 

adenocarcinoma cell line HT-29.  STRAP and 

RBP4 as the most down-regulated and up-

regulated proteins are appeared in the two ends of 

the spectrum of fold change values, respectively. 

Figure 3. PPI network including the eight queried DEPs that discriminate the HT-29 cells that were treated with 100 µM of 20S-

ginsenoside Rg3 for 24 h from controls plus 100 added first neighbors; nodes are layout by degree value (are not similar in size 

and color) and are picked manually; brown to green and small to large refer to increase of degree value 
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Figure 4. PPI network including the eight queried DEPs 

related to HT-29 cells that were treated with 100 µM of 20S-

ginsenoside Rg3 for 24 h from controls plus 20 added first 

neighbors; nodes are layout by degree value; red to green 

and small to large size refer to increase of degree value 

 
Figure 5. Network counting the queried DEPs of HT-29 

cells (treated with 100 µM of 20S-ginsenoside Rg3 for 24 h) 

relative to controls plus 10 added first neighbors; nodes are 

layout by degree value; red to green and small to large size 

refer to increase of degree value  

PPI network analysis revealed that there in no 

connection between the queried proteins. Adding 

100 first neighbors led to the construction of a 

scale free PPI network. Network analysis led to 

introduce 11 hubs, 11 bottlenecks, and 1 hub-

bottleneck. ANXA5 the single queried hub 

appeared as hub-bottleneck node. The 5 top hub 

nodes are first neighbors and also the 5 top 

bottlenecks are among the first neighbors. As it is 

depicted in tables 1 and 2, the top 5 hubs and 

bottlenecks including actin beta (ACTB), 

glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH), tumor protein p53 (TP53), AKT 

serine/threonine kinase 1 (AKT1), and albumin 

(ALB) are hub-bottlenecks.  

Table 1. The hub nodes of the analyzed PPI of the HT-29 

cells that were treated with 100 µM of 20S-ginsenoside Rg3 

for 24 h versus controls 

No. Display name Query term Degree 

1 ACTB - 83 

2 GAPDH - 79 

3 TP53 - 78 

4 AKT1 - 73 

5 ALB - 64 

6 ANXA5 anxa5 64 

7 CTNNB1 - 63 

8 HRAS - 62 

9 PTEN - 62 

10 CASP3 - 61 

11 EGFR - 60 

Table 2. The bottleneck nodes of the analyzed PPI of the 

HT-29 cells that were treated with 100 µM of 20S-

ginsenoside Rg3 for 24h versus controls 

No. 
Display 

name 
Query term Betweenness centrality 

1 ACTB - 0.063 

2 ALB - 0.044 

3 TP53 - 0.041 

4 GAPDH - 0.040 

5 AKT1 - 0.032 

6 GSTP1 GSTP1 0.028 

7 ANXA5 ANXA5 0.026 

8 PCNA PCNA 0.023 

9 HPGDS - 0.022 

10 RHOA - 0.021 

11 HRAS - 0.019 

Gu et al. published data about role of ACTB in 

33 tumors based on the datasets of gene 

expression omnibus and the cancer genome atlas 

[16]. Nicholls et al. published a document 

entitled “GAPDH: a common enzyme with 

uncommon function” and Guo et al. presented 

evidence about role of GAPDH in tumor [17,18]. 

TP53 is a well-known tumor suppressor protein 

[19].  

Relationship between AKT1 up-regulation and 

human tumors via suppressing apoptosis and 

accelerated proliferation is reported by 

researchers [20]. Dysregulation of albumin 

expression in cancers is led to introduction of 

CRP/ALB ration as an inflammation based score 

in pancreatic cancer [21]. It can be concluded that 

the critical added first neighbors are the cancer 

related proteins. These crucial central first 
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neighbor proteins were investigated among the 

two sub-networks (Figures 4 and5); first the 

subnetwork counting the eight queried DEPS and 

at least numbers of the added first neighbors to 

make connected all DEPs and the other 

subnetwork including the DEPs and 10 added 

first neighbors. Presence of the five first neighbor 

hub-bottlenecks is illustrated in Figures 4 and 5. 

As it was discussed, ANXA5 is a single hub-

bottleneck DEP while GSTP1 and PCNA were 

introduced as the queried DEP bottlenecks. Based 

on literature, glutathione S-transferases including 

GSTM1, GSTT1 and GSTP1 are known as  

multifunctional enzymes which play roles in the 

detoxification process of a various reactive 

oxygen species that are produced through 

synthesis of melanin and also oxidative stress 

processes [22]. It is reported that GSTP1 is 

involved in cellular protection against toxic 

foreign chemicals and oxidative stress in lung 

epithelium [23]. Significant role of proliferating 

cell nuclear antigen (PCNA) the other bottleneck 

DEP in the DNA replication and repair is 

confirmed by researchers [24]. Bhardwaj et al. 

published a document about investigation related 

to the native and the mutated PCNA forms. Their 

finding indicates that PCNA mutations leads to 

DNA mismatch repair process [25]. Anti-

apoptotic and anti-inflammatory properties of 

annexin A5 (ANXA5) are the well-knwon roles 

of this protein in promotion of related biological 

processes [26]. Anti-oxidant role of ANXA5 

through ERK/Nrf2 pathway is highlighted in 

literature [27]. 

Returning to the results in Figure 1, fold change 

for PCNA, GSTP1, and ANXA5 are -3.1, 2.5, 

and 3.3, respectively. Over-expression of GSTP1 

and ANXA5 are corresponded to the useful 

properties of 20S-ginsenoside Rg3 effect on the 

treated cell line. The finding confirmed protective 

role of 20S-ginsenoside Rg3 against stresses. As 

it was described, PCNA plays crucial role in 

DNA repair and replication processes. It seems 

that down-regulation of PCNA refers to the 

opposite property of 20S-ginsenoside Rg3 effect 

on the studied cell line.  Our finding indicates 

that ginseng contains set of components with 

different properties and it cannot be considered as 

an absolutely safe nutrient.  

Conclusion 
Findings indicate that PCNA, GSTP1, and 

ANxA5 as cell protective proteins are the crucial 

targeted proteins by 20S-ginsenoside Rg3 in the 

human colorectal adenocarcinoma cell line HT-

29. However, up-regulation of GSTP1 and

ANXA5 refers to the cell protective property of

20S-ginsenoside Rg3, down-regulation of PCNA

is corresponded to the opposite effect.

Relationship between the five central first

neighbors and cancer was highlighted. It seems

that positive roles of 20S-ginsenoside Rg3 are

accompanied with the side effects that should be

considered in consuming ginseng. More analysis

is required to detect complete properties of

ginseng as a useful nutrient.
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