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Abstract
Geraniin, an ellagitannin present in many seeds, nuts, fruits, and plants, has anticancer, 
antioxidant, antiviral, antimicrobial, antimutagenic, cardiovascular protective, and 
hypoglycemic properties. Geraniin was tested for its anticancer and plasma protein-
modifying properties in a syngeneic mouse model of breast cancer (BC). A mouse 
mammary cancer cell line (4T1) was injected into the mammary pad of female 
BALB/c mice to produce BC. Daily oral gavage of geraniin (0.5  mg) or soy oil was 
given to animals having visible tumors. For 6 – 7 weeks, tumor growth was evaluated. 
At postmortem, cancer tissue was removed for histopathology, and the plasma was 
analyzed using a commercial protein array platform. Geraniin supplementation 
reduced tumor growth and liver metastasis (p<0.05) and altered 20 plasma proteins, 
including Tropomyosin 3 (TPM3), catenin beta-1 (CTNNB1), hemopoietic lineage 
cell-specific protein 1 (HCLS1), and Serine/threonine-protein kinase 10 (STK10). Six 
biomarkers (RAD23 homolog B, HCLS1, CTNNB1, A type of type ll restriction enzyme, 
TPM3, and STK10) were higher in geraniin-treated samples than in control samples, 
regardless of tumor induction. Monitoring plasma protein expression in a BC model 
indicated tumor progression, metastasis, and potential diagnostic or therapeutic 
biomarkers. The 4T1 cell line, an exceptionally invasive mammary cancer model, 
accurately replicates human triple-negative BC, making it valuable for investigating 
metastatic behavior and treatment. Plasma protein dynamics in this model may 
identify tumor aggressiveness regulators and therapeutic targets. Geraniin possesses 
antitumor and anti-metastasis characteristics and could be developed to treat BC. The 
autoantibody response toward these antigens and fluctuation in the response could 
suggest a potential marker or a predictive marker toward treatment with geraniin.
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1. Introduction
Breast cancer (BC) is the most common cancer in women 
from both developed and underdeveloped nations. The 
World Health Organization in 2020 reported that there 
were 2.3 million women diagnosed with BC, and there 
were around 685,000 deaths globally due to BC. As of 
the end of 2020, there were 7.8 million women alive who 
were diagnosed with BC in the past 5  years, making it 
the world’s most prevalent cancer.1,2 In the United States, 
there were 264,121 new BC cases in 2019.3 According to 
the Malaysian National Cancer Registry report for 2017 
– 2021, BC made up 19% of cancers reported in females, 
followed by colorectal cancer (13.5%).4 Although BC is 
ranked as the fifth most common cause of death in women, 
there has been some improvement in BC survival rates.5,6

Cancer diagnosis and its treatment can have lasting 
physical and psychological repercussions on the lives and 
well-being of BC patients. Current chemotherapeutic 
drugs used in the treatment of BC include Tamoxifen,7,8 
Herceptin,7,9,10 and Paclitaxel.7,10,11 Although these 
chemotherapeutic drugs are effective in treating BC and 
can decrease the death rate in BC patients, these drugs 
have been linked to side effects, such as endometrial 
proliferation, endometrial hyperplasia, endometrial 
cancer, and uterine sarcomas,12 thromboembolic diseases,12 
and in some patients, it can result in the development of 
drug resistance with prolonged use.13,14 A decline in quality 
of life was observed not only after initial therapy but also 
persisted as a concern in long-term survival.15 The financial 
burden of care for a BC patient is considerable. The 
anticipated incidence rates of BC are expected to escalate, 
thereby leading to an increase in associated expenses.16 
Consequently, it is essential to devise alternative treatment 
strategies to enhance patient adherence and quality of 
life and alleviate the financial burden on BC patients. 
In addition, improving disease prognosis is a primary 
objective.

Chemoprevention and other treatment modalities are 
currently sought to improve bioavailability and efficacy and 
reduce the cost of care for cancer patients. Many of these 
conventional therapeutic strategies are largely ineffective 
for metastatic cancers, and some of the treatment methods 
have various side effects, such as the development of drug 
resistance. In addition, this disease can recur. Hence, there 
is a need to identify alternative treatment modalities, 
including identifying and using natural bioactive 
compounds with anticancer activities that can delay or 
reverse carcinogenesis, and pose lesser side effects.

In this study, we explored using a natural bioactive 
compound, geraniin, an ellagitannin. Geraniin was 
first isolated from Geranium thunbergii Sieb. et Zucc., a 

tannin-rich medicinal herb popularly used as a remedy 
for intestinal disorders in Japan.17 Ellagitannins occur 
naturally in certain fruits, such as raspberries, strawberries, 
and blackcurrants18; pomegranates and grapes19; and 
nuts.20,21 Geraniin has been identified as a constituent 
in extracts from many plants and is commonly used in 
traditional medicine preparations in Asia.22 Plants rich in 
ellagitannins are widely used for medicinal purposes due 
to their various health benefits,23 such as antioxidant,24 
radioprotective,25 antimicrobial,26,27 anti-inflammatory,28,29 
cell cycle arrest,30,31 and apoptosis induction.30,31 In 
addition, geraniin was reported to possess anticancer 
effects in various human cancer cell lines, such as human 
glioma cells,30 BC cells,31 colon cancer cells,32,33 ovarian 
cancer cells,34 lung cancer cells,35 and osteosarcoma cells.36 
To date, the anticancer effects of geraniin supplementation 
have not been evaluated using a syngeneic animal model 
of BC.

In this paper, we present the anticancer effects following 
daily supplementation of geraniin in a syngeneic mouse 
model of BC and the differential expression of proteins in 
the plasma isolated from these animals.37,38 The 4T1 murine 
mammary cancer cells used to induce BC in BALB/c mice 
were triple-negative BC (TNBC) cells, which are clinically 
difficult to treat and highly metastatic.39,40 BC was induced 
in the animal by injecting the 4T1 mammary cancer cells 
into the mammary pad of female BALB/c mice to induce 
cancer.38

2. Materials and methods
2.1. Animals

Five-week-old female BALB/c mice were purchased from 
an accredited animal supplier (Chenur, Malaysia). The 
mice were housed at the animal holding facility (AHF) of 
the International Medical University (IMU; Malaysia). The 
mice were housed in ventilated cages, with three per cage 
in the AHF. The bedding for the cages was purchased from 
a commercial source and was changed once every 5 days. 
The mice were supplied with reverse osmosis water and 
standard food pellets, which were available ad libitum.

2.2. Test compounds

Pure geraniin (Figure S1) was purchased from a commercial 
source, i.e., Nanjing Manhay Medical Technology Co., Ltd. 
(China). Soy oil (Soya Lite, Malaysia) was the vehicle used 
to prepare geraniin for oral supplementation.

2.3. Tumor cell lines and culture conditions

The 4T1 murine mammary cancer cell line (ATCC: CRL-
2539) was obtained from the cell culture archive of the 
IMU research laboratory. Injection of the 4T1  cells into 
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the mammary pad can induce BC in BALB/c mice, which 
resembles human stage IV BC, in terms of tumor growth 
and the spread of cancer cells.41

2.4. Mouse model of BC

The experimental model used was a syngeneic mouse model 
of BC described previously.38 Five-week-old female BALB/c 
mice were allowed to acclimatize in the IMU AHF for 1 week. 
Following this, the mice were randomly assigned to tumor-
induced and non-tumor groups. The mice in the tumor-
induced group received a single injection (100 µL) of 4T1 cells 
(1 × 104 cells/mL) into their right mammary fat pad.38 The mice 
in the non-tumor group received a similar injection but with 
no cells. The tumor-inoculated mice were monitored daily 
for signs of tumor growth.36,38 When the tumor was palpable 
(around day 12), the mice were randomly assigned into vehicle 
or treatment groups (Table 1). The mice in groups A and C 
were fed once a day with 50 µL of vehicle (soy oil) by oral 
gavage. In comparison, the mice in groups B and D were fed 
50 µL of 0.5 mg of geraniin in the vehicle by oral gavage daily 
until the animals were sacrificed on day 46. This study used soy 
oil as the vehicle as it does not contain geraniin. The geraniin 
supplement was prepared fresh every day.

Tumor size was measured once every 3  days, where 
two perpendicular diameters were obtained using a digital 
caliper (length [L] and width [W]), which were used to 
calculate the tumor volume36:

Tumor volume (V) = 0.52 × L2 × W� (I)

The tumor-induced mice in the vehicle-fed and geraniin-
fed groups were monitored daily for signs of distress to 
minimize animal suffering. On day 46, the animals in both 
groups were humanely euthanized when the mice in the 
vehicle-fed group started displaying signs of distress due 
to tumors, such as reduced mobility or reduced eating. 
None of the animals were euthanized before day 46 due 
to worsening conditions. The animals were euthanized by 
placing them in a tank containing diethyl ether when signs 
of distress or a decline in health conditions were seen. This 
study was approved by the Joint Committee for Research 
and Ethics of IMU and complied with the university’s and 
international guidelines on the use of animals in research 
(BMS I/2018[01] and BMS I/2018[14]).

2.5. Histopathological analysis

At autopsy, the breast tumor, liver, and lungs were harvested 
and fixed in 10% buffered formaldehyde solution for 24 h 
and processed for histopathological analysis. Thin sections 
(4 µM) were prepared and stained with hematoxylin 
and eosin and mounted with Listerine-phthalate-xylene. 
Following this, the slides were viewed under a light 
microscope to look for signs of metastasis and necrosis.

2.6. Protein expression

The Sengenics protein microarray was used for a high 
throughput quantification of autoantibodies in plasma 
samples from 11 mice (Table  2). The serum from each 
experimental animal was subjected to an autoantibody 
screening assay using the Sengenics Immunome Array 

Table 2. Annotations of total cases and controls

Sample ID Group Annotated ID for 
analysis

Group name

Case 026229 Control 2  
(no tumor, no 
treatment)

TNEG‑CTRL 026229 Control

Case 026230 Control 2  
(no tumor, no 
treatment)

TNEG‑CTRL 026230

Case 024709 Control 1 (tumor, 
no treatment)

TPOS‑CTRL 024709 Tumor alone

Case 024720 Control 1 (tumor, 
no treatment)

TPOS‑CTRL 024720

Case 024719 Control 1 (tumor, 
no treatment)

TPOS‑CTRL 024719

Case 024718 Control  
(no tumor, fed 
with 0.5 mg 
geraniin daily)

TNEG 024718 Geraniin

Case 024717 Control  
(no tumor, fed 
with 0.5 mg 
geraniin daily)

TNEG 024717

Case 024683 Control  
(no tumor, fed 
with 0.5 mg 
geraniin daily)

TNEG 024683

Case 024682 Test (tumor, 
fed with 0.5 mg 
geraniin daily)

TPOS 024682 Tumor+ 
Geraniin

Case 024687 Test (tumor, 
fed with 0.5 mg 
geraniin daily)

TPOS 024687

Case 024686 Test (tumor, 
fed with 0.5 mg 
geraniin daily)

TPOS 024686

Table 1. Experimental groups

Group Number of mice Tumor# inoculated Daily oral gavage**

A 6 No Vehicle

B 6 No Geraniin (0.5 mg)

C 6 Yes Vehicle

D 6 Yes Geraniin (0.5 mg)

Note: Vehicle refers to soybean oil; #injected with 4T1 cells in 
mammary pad; **once the tumor is palpable.
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(Sengenics Corporation, Malaysia). The detailed sample 
annotation is presented in Table  2. Serum samples were 
subjected to autoantibody assay using the Sengenics protein 
microarray, where bound immunoglobulin G (IgGs) were 
detected and quantified as described previously.42 Details 
of the steps used in the Sengenics protein microarray are 
provided in the Supplementary File (A. Immunoassay on 
i-Ome discovery protein microarray).

2.7. Statistical analysis

Statistical analysis was carried out for all the results obtained 
using Statistical Package for the Social Sciences (SPSS) 
software (SPSS Statistics Version 25; IBM Corporation, 
USA). The mean and standard deviation of tumor size and 
weight were collected from all mice from the treatment 
and control groups, which consisted of six mice per group 
(Table 1). Assuming that the data are normally distributed, 
the analysis of variance test in the SPSS software was used 
to compare differences among the treatment groups. The 
significance level was set at p<0.05. Data presented in texts 
and figures were represented as mean ± standard deviation.

3. Results

3.1. Effects of geraniin on proliferation of murine 
breast cancer cells

Geraniin had anti-proliferative effects (p<0.01) on the 
4T1 murine breast cancer cells at the concentrations 
tested. In addition, the inhibition observed was dose- and 
time- dependent (Figure S2). The half maximal inhibitory 
concentration (IC50) of geraniin on the 4T1 cells at two 
time-points (24 and 48 hours) were determined from the 
cell viability plots (Figure S2).

3.2. Antitumor effects of geraniin

Tumor-induced animals fed daily with geraniin displayed 
a reduction (p<0.05) in tumor growth compared to mice 
fed with the vehicle (Figure  1A). At autopsy, the tumor 
from each animal was excised and weighed. The average 
weight of tumors isolated from mice fed daily with 
geraniin was lower (p<0.05) than those fed daily with the 
vehicle  (Figure 1B and S3).

Figure 2. Photomicrographs of H&E-stained primary tumor excised 
from mice fed daily with (A) vehicle (soy oil) or (B) 0.5 mg geraniin by 
oral gavage. Both tumor sections feature areas with extensive necrosis. 
Magnification: 100×. Scale bars: 25px. 
Abbreviations: H&E: Hematoxylin and eosin; N: Necrosis; T: Tumor.

B

A

Figure 1. Tumor volume and tumor weight of mice. (A) Tumor volume 
measured every 3 days using a digital caliper. (B) Tumor weight measured 
at autopsy. Each data point represents the mean ± standard deviation of 
six mice (n = 6) per group. *p<0.05.

B

A
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3.3. Histopathology of primary tumor and 
metastasis

The primary tumors excised from animals that were fed 
with either the vehicle or geraniin. Geraniin-fed animals 
displayed extensive areas of necrosis within the range of 25 
– 80% (Figure 2). Furthermore, primary tumors from both 
groups had pleomorphic tumor cells with large nuclei, 
prominent nucleoli, vesicular chromatin, and <10 mitoses/
high power fields (hpf), and <10% of tubule formation 

in the tumor was observed (Figure  2). The tumor cells 
were noted to be moderately differentiated. Lung sections 
from the non-tumor-induced mice fed with the vehicle 
displayed normal lung parenchyma (Figure  3A, i), while 
the lung sections from mice fed with geraniin displayed 
mild to moderate peri-bronchial and perivascular chronic 
inflammatory infiltrates (Figure 3A, ii). In tumor-induced 
mice, the lung sections of mice fed with vehicle displayed 
lymphovascular emboli in the lung (Figure 3A, iii), while 
the lung sections of mice fed with geraniin indicated the 
presence of metastasis (Figure 3A, iv). Liver sections from 
non-tumor-induced mice fed with vehicle or geraniin 
displayed normal liver parenchyma (Figure 3B, i, and ii). In 
tumor-induced mice, the liver sections from mice fed with 
vehicle displayed extensive extramedullary hemopoiesis in 
the liver (Figure 3B, iii). In contrast, the liver sections from 
mice fed with geraniin exhibited congestion of central and 
portal veins (Figure 3B, iv).

3.4. Protein array

3.4.1. Internal control within the standard threshold

The samples were assayed in two separate batches. Nine 
samples were assayed in the first batch, and two negative 
control samples (no treatment, no tumor) were assayed 
in the subsequent batch. All samples passed the quality 
control; a signal variation within the accepted threshold. 
The coefficient of variation (CV; %) of the IgG controls was 
5.1%. The signal of all proteins across samples and arrays 
in the two assay batches had an average CV of 6.4%. The 
IgG spots served as a positive control for array spotting 
and were fabricated in dilution series to assess the binding 
capacity of Cy3-conjugated secondary antibody, anti-IgG. 
The experimental ratios for the dilution series of IgGs 
are displayed in Equation II, where “x” represents the 
initial concentration. The images of the IgG spots on the 
immunome array are provided in Figure S4.

IgG1: IgG2: IgG3: IgG4: IgG5: IgG6� (II)

x: 0.5x: 0.25x: 0.125x: 0.0625x: 0.03125x

Based on the signal intensity of IgG controls, secondary 
incubation was carried out with serial dilution steps starting 
from IgG1 to IgG6. Variation studies of our IgG serial 
dilution to the experimental (ideal) IgG serial dilution can 
be seen in Figure 4B. Nonetheless, the CV between each 
sample’s dilution and the experimental dilution was within 
the standard threshold (i.e., below 15%). The mean for the 
first and second assays is 9.71% and 6.27%, respectively.

3.4.2. Putative biomarker for BC

An antigen is considered a biomarker if it fulfills the following 
two conditions: (i) penetrance frequency ≥2 amongst the 

Figure 3. Photomicrographs of H&E-stained (A) lung and (B) liver 
tissue sections from (i and ii) normal mice fed daily with (i) vehicle or 
(ii) 0.5 mg geraniin, and from (iii and iv) tumor-induced mice fed with 
(iii) vehicle or (iv) 0.5 mg geraniin. Black arrows indicate the presence of 
lymphovascular emboli in the lungs (A, ii, and iii), while the black circle 
indicates the presence of metastasis (A, iv). Red arrows indicate areas 
with extramedullary hemopoiesis (B, iii), while blue arrows indicate 
congestion of central veins (CV) or portal veins (PV). Magnification: 
100×. Scale bars: 25px. 
Abbreviation: H&E: Hematoxylin and eosin.

B

A
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Figure 4. Biomarkers of autoantibodies that were identified using the immunome array. (A) The top eight autoantibodies that were elevated (p<0.05) in plasma 
from tumor-induced mice fed daily with 0.5 mg/mL geraniin (Tumor + Geraniin) compared to tumor-induced mice fed daily with vehicle (Tumor alone), 
and the expression of these proteins in the plasma of non-tumor-induced mice fed daily with vehicle (Control) or 0.5 mg/mL geraniin (n = 3). (B) The main 
biomarkers related to anticancer effects and signaling processes that may affect host immune responses were elevated (p<0.05) in plasma from tumor-induced 
mice fed with geraniin compared to tumor-induced mice fed with the vehicle (Control) (n = 3). (C) The top six biomarkers related to anticancer effects and 
signaling processes that may affect host immune responses were elevated (p<0.05) in plasma from tumor-induced mice fed with geraniin compared to tumor-
induced mice fed with the vehicle (Control) (n = 3). 
Abbreviations: APOBEC3G: Apolipoprotein B mRNA editing enzyme; CTNNB1: Catenin beta 1; DBNL: Drebrin-like protein; EPS15: Epidermal growth factor 
receptor substrate 15; HCLS1: Hematopoietic lineage cell-specific protein; KRT19: Keratin, type l cytoskeletal 19; METTL3: N6-adenosine-methyltransferase 
70 kDa subunit; NDE1: A type of type ll restriction enzyme; PDCL3: PhosducinLike 3; RAD23B: UV excision repair protein RAD23 homolog B; SDCCAG8: 
Serologically defined colon cancer antigen 8; SPANXN2: Sperm protein associated with the nucleus on the X chromosome N2; STK10: Serine/threonine-protein 
kinase 10; TACC1: Transforming acidic coiled-coil-containing protein 1; TCF-4: Transcription factor 4; TPM3: Tropomyosin 3.

C

B

A
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cases; and (ii) elevation fold change (or penetrance fold 
change) relative to control samples ≥2.0-fold. Through 
this novel approach, we have shortlisted several elevated 
biomarkers that are specific to each treatment set-up in 
reference to the no-treatment (control) group and the different 
treatment groups (Table  3). In the case of treated (with 
tumor) versus treated (no tumor), we identified 614 antigens 
as potential biomarkers (Table 3). Of these, six biomarkers 
(RAD23 homolog B [RAD23B], hemopoietic lineage cell-
specific protein 1 [HCLS1], catenin beta-1 [CTNNB1], A 
type of type ll restriction enzyme [NDE1], Tropomyosin 3 
[TPM3], and Serine/threonine-protein kinase 10 [STK10]) 
overlapped with the aforementioned group. In the case of 
treated (with tumor) vs. no treatment (no tumor), three 
biomarkers (RAD23B, Sperm protein associated with the 
nucleus on the X chromosome N2 [SPANXN2], and TPM3) 
were identified (Table  3). Conversely, in the no treatment 
(with tumor) versus no treatment (no tumor) group, 
GALK1 was identified as a candidate biomarker (Table 3). 
Eight biomarkers (RAD23B, HCLS1, STK10, CTNNB1, 
TPM3, NDE1, Keratin, Type l cytoskeletal 19 [KRT19], 
and SPANXN2) with very high relative fluorescence units 
(RFU) were significantly elevated (p<0.05) in plasma from 
tumor-induced mice fed with geraniin (Tumor + Geraniin) 
compared to tumor-induced mice fed with vehicle (Tumor 
alone) (Figure 4A). However, some of these biomarkers were 
not specifically related to anticancer or signaling events that 
might be related to the anticancer or immune response to 
cancer. Hence, we analyzed the RFU of other biomarkers that 
were identified in the analysis; that is, seven new biomarkers 
(Apolipoprotein B mRNA editing enzyme, Epidermal 
growth factor receptor substrate 15 [EPS15], Drebrin-

like protein, N6-adenosine-methyltransferase 70  kDa 
subunit, PhosducinLike 3, transforming acidic coiled-coil-
containing protein 1, and TCF4), in addition to the three 
(CTNNB1, HCLS1, and STK10) that were identified in the 
first analysis (Figure 4B). Six of the biomarkers (RAD23B, 
HCLS1, CTNNB1, NDE1, TPM3, and STK10) were found 
to be consistently elevated in the geraniin-treated samples 
irrespective of tumor-induction compared to control 
samples (no tumor, no treatment) (Figure  4C). On batch 
normalization, the average signal of each of the antigens 
was calculated and plotted (Figure 5). Treated samples (no 

Figure 5. A comparison of the six common autoantigens identified across the two studies. The average normalized RFU of each antigen from all samples 
(n = 3) in each analysis was calculated and plotted. The groups are classified as follows: Control: Non-tumor-induced mice fed daily with the vehicle; 
Geraniin: Non-tumor-induced mice fed daily with geraniin; Tumor alone: Tumor-induced mice fed daily with the vehicle; Tumor + Geraniin: Tumor-
induced mice fed daily with 0.5 mg/mL geraniin. 
Abbreviations: CTNNB1: Catenin beta 1: HCLS1: Hematopoietic lineage cell-specific protein; NDE1: A type of Type II restriction enzyme; RAD23B: UV 
excision repair protein RAD23 homolog B; STK10: Serine/threonine-protein kinase 10; TPM3: Tropomyosin 3.

Table 3. Summary of biomarkers (n=626) identified in 
various experimental setups

Experimental setup Number of 
biomarkers

Overlapping biomarkers

Treated (with tumor) versus 
no treatment (with tumor)

8 RAD23B, HCLS1, STK10, 
CTNNB1, TPM3, NDE1, 
KRT19, SPANXN2

Treated (with tumor) versus 
treated (no tumor)

614 RAD23B, HCLS1, 
CTNNB1, NDE1, TPM3, 
STK10

Treated (with tumor) versus 
no treatment (no tumor)

3 RAD23B, SPANXN2, 
TPM3

No treatment (with tumor) 
versus no treatment (no 
tumor)

1 GALK1

Abbreviations: SPANXN2: Sperm protein associated with the nucleus 
on the X chromosome N2; TPM3: Tropomyosin 3; RAD23B: RAD23 
homolog B; CTNNB1: Catenin beta 1; HCLS1: Hematopoietic lineage 
cell‑specific protein; STK10: Serine/threonine‑protein kinase 10; 
NDE1: A type of type ll restriction enzyme; KRT19: Keratin, type l 
cytoskeletal 19.
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tumor) were included in the experimental setup to serve as 
a negative control and to observe if treatment with geraniin 
induced a general autoantibody response. Indeed, there was 
a slight elevation in autoantibody response, observed from 
the baseline signal in the control samples (Figure 5).

4. Discussion
In tumor-induced mice fed daily with 0.5 mg geraniin, there 
was a marked reduction (p<0.05) in tumor volume and 
size. In addition, the histopathological analysis revealed 
no signs of metastasis in the liver of geraniin-fed mice. 
There was a reduction in metastasis in the lung compared 
to tumor-induced mice fed with the vehicle. These findings 
suggest that geraniin is a suitable potential drug, as it 
has anticancer effects, which supports the findings from 
previous studies that reported geraniin inhibiting the 
proliferation of human lung adenocarcinoma,35,43 human 
BC,31 human glioma tumor,30 and ovarian tumor34 cell 
lines. To date, there is no data reporting on the anticancer 
effects of geraniin on a syngeneic mouse model of BC.

Several biomarkers appear to be differentially expressed 
in plasma geraniin-fed mice. A total of 19 biomarkers were 
found to be associated with BC and its subtypes (Table 4). 
In addition, various biomarkers, such as CTNNB1, KRT19, 
TPM3, EPS15, and TCF4, appear to be associated with 
several human cancers (Table  4). Of these biomarkers, 
CTNNB1, also known as CTNNB1, a protein with dual 
functions (i.e., involved in the regulation and coordination 
of cell-cell adhesion and gene), was reported to be 
present in many cancers (Table  4), which may indicate 
its role in mediating anticancer effects. The CTNNB1 
gene encodes the β-catenin protein. It is a component of 
the Wnt signaling pathway that has been demonstrated 
to significantly contribute to the development of certain 
malignancies.44 β-catenin is essential for two critical 
developmental processes: (i) modulation of target gene 
expression and (ii) maintenance and establishment of cell-
to-cell, cell-type-specific adhesion via the Wnt signaling 
pathway.45 The Wnt/β-catenin signaling pathway is 
essential for epithelial-mesenchymal transitions46 and for 
regulating cell differentiation and proliferation, playing a 
significant role in biological homeostasis.45

Mutations in the CTNNB1 gene, which encodes 
β-catenin, are found in many malignancies.45 These 
mutations induce modifications in the properties of the 
β-catenin protein, resulting in significant reprogramming 
of the nuclear transcriptional network.45 A study 
indicated that the emergence of estrogen-dependent 
TNBC necessitates the presence of β-catenin.47 This study 
demonstrated that β-catenin governs colony formation and 
cell motility in vitro and carcinogenesis in vivo in TNBC.47

In this study, an increase of CTNNB1 was observed 
in tumor-induced mice fed with geraniin, which further 
supports geraniin’s anticancer and antimetastatic effects. 
This work demonstrated that geraniin induces the 
enhanced production of autoantibodies targeting the 
CTNNB1 autoantigen, likely via the stimulation of the 
mitogen-activated protein kinase (MAPK) signaling 
system, which regulates the synthesis of CTNNB1 gene 
products. Recently, it was reported that aberrant signaling 

Table 4. Association of the top 20 biomarkers identified with 
breast cancer sub‑types

Breast cancer 
sub‑type

Number of 
associated 
antigens

Antigen (s) identified

Breast carcinoma 19 CTNNB1, EPS15, TPM3, DBNL, 
APPL1, RAD23B, TPM1, 
RAD23A, SDCCAG8, KRT19, 
TSGA10, METTL3, TACC1, TCF4, 
APOBEC3G, PAPSS2, STK10, 
HCLS1, NDE1

Medullary breast 
carcinoma

2 KRT19, CTNNB1

Lobular breast 
carcinoma

3 CTNNB1, KRT19, TPM3

Breast ductal 
adenocarcinoma

3 CTNNB1, EPS15, TPM3

Breast neoplasm 4 CTNNB1, EPS15, TPM3, KRT19

HER2‑positive 
breast carcinoma

2 CTNNB1, TPM3

Inflammatory breast 
carcinoma

1 CTNNB1

Triple‑negative 
breast cancer

3 CTNNB1, KRT19, TCF4

Invasive breast 
carcinoma

2 CTNNB1, KRT19

Breast 
adenocarcinoma

2 CTNNB1, KRT19

Mixed lobular 
and ductal breast 
carcinoma

1 CTNNB1

Metaplastic breast 
carcinoma

1 CTNNB1

Hereditary breast 
cancer

1 CTNNB1

Abbreviations: RAD23B: RAD23 homolog B; CTNNB1: Catenin beta 1;  
STK10: Serine/threonine‑protein kinase 10; NDE1: A type of type ll 
restriction enzyme; EPS15: Epidermal growth factor receptor substrate 
15; DBNL: Drebrin‑like protein; METTL3: N6‑adenosine‑methyltransferase 
70 kDa subunit; TACC1: Transforming acidic coiled‑coil‑containing 
protein 1; APOBEC3G: Apolipoprotein B mRNA editing enzyme; 
KRT19: Keratin, type l cytoskeletal 19; SDCCAG8: Serologically defined 
colon cancer antigen 8; TPM3: Tropomyosin 3; HCLS1: Hematopoietic 
lineage cell‑specific protein.
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by CTNNB1 has been reported to be a potential therapeutic 
target in human BC.48 when the identified biomarkers were 
used as input data in the Open Targets Platform (https://
wwww.targetvalidation.org/).

The UV excision repair protein RAD23B is involved 
in nucleotide excision repair.49,50 This protein was 
upregulated in plasma from tumor-induced mice fed 
with geraniin, which suggests that geraniin may play 
a prominent role.50 RAD23B has been proposed to 
potentially contribute to the advancement of BC and 
is further hypothesized to possess a tumor suppressor 
function in this context.50 A significant proportion 
(>80%) of nuclear RAD23B was strongly correlated 
with histological BC Grades 1 and 2, characterized by 
modest mitotic activity, while elevated cytoplasmic 
RAD23B levels were significantly connected with 
histopathological BC grade  3.50 The RAD23B protein 
has been documented to exhibit expression in primary 
breast carcinoma tissue51; nevertheless, most research on 
RAD23B has predominantly been conducted in yeast, 
leaving the function of its human homolog and possible 
involvement in human cancers largely unexplored.52

There were increased levels of HCLS1 in the plasma 
of tumor-induced animals fed with geraniin compared 
to untreated or control animals. This protein has been 
reported to be a hidden player in migration, invasion, and 
tumor formation and was found to be overexpressed in 
ovarian carcinoma cells.53 CTTN is a cytoskeletal protein 
whose overexpression enhances tumor aggressiveness by 
facilitating tumor migration, invasion, and metastasis. 
It is overexpressed in various solid tumors, including 
melanoma, ovarian, breast, and colorectal cancers.53 A 
homolog of CTTN is HCLS1 (HS1/HCLS1), also known as 
LckBP1. The HS1 gene was initially documented as being 
expressed solely in hematopoietic lineage cells, whereas 
CTTN is present in all cell types except these.53 Despite 
a subsequent study indicating that HS1/HCLS1 is not 
confined to hematopoietic cells,54 the function of HS1 in 
non-hematopoietic cells remains unclear.

TPM3 determines the functional capacity of actin 
filaments and compounds that target TPM3, which have 
been reported to have promising effects as anticancer 
agents both in vivo and in vitro.55 The expression profile 
of TPM isoforms in a selection of cancer cell lines 
indicated that TPM 3.1 is among the most abundantly 
expressed isoforms.56 TPM is a crucial component of 
actin filaments and a stabilizer that participates in most 
actin cytoskeletal processes.56 The actin cytoskeleton is 
integral to various cancer cellular processes, including 
the maintenance of proliferation, evasion of replicative 
senescence, suppression of growth, and the initiation 

of invasion and metastasis, characterized by significant 
alterations in actin cytoskeleton organization and the 
expression levels of specific actin-binding proteins.56 
TPM1γ, TPM1δ, and TPM2β are high molecular weight 
Tpms expressed in normal human breast epithelial cells, 
with their protein products incorporated into stress 
fibers.57 Conversely, TPM1ε and TPM4  τ are smaller 
molecular weight isoforms demonstrating expression in 
normal human breast epithelial cells.57 Downregulation of 
TPM1γ, TPM1δ, and TPM2β isoforms have been found 
in several malignant human breast cell lines and primary 
breast carcinomas.57 In addition, TPM1λ was elevated 
in numerous malignant cell lines relative to the normal 
cell lines.57 This study reveals that TPM1 has a significant 
autoantigen-autoantibody binding signal intensity, 
indicating its potential as a BC biomarker to complement 
existing BC screening techniques.

A compelling study has revealed that geraniin 
demonstrates significant antiproliferative effects on 
Michigan cancer foundation-7 (MCF-7) human BC cells. 
The IC50 values for these cells following 24, 48, and 72 h 
of geraniin administration were 42.32, 17.98, and 94 μM, 
respectively. The research indicates that geraniin can 
impair the mitochondrial membrane potential and halt 
the S-phase of the cell cycle. Western blotting studies 
indicate that geraniin enhances the phosphorylation 
of the anti-apoptotic protein Bcl-2 and promotes the 
cleavage of the enzyme’s poly (ADP-ribose) polymerase 
and caspase-3 in MCF-7  cells. The study demonstrates 
that geraniin activates p38 MAPK and promotes apoptosis 
in MCF-7 cells. The data substantiates the hypothesis that 
geraniin-induced apoptosis is facilitated by the activation 
of the ROS-mediated p38 MAPK pathway.58,59 Another 
study examined the antitumor effects of geraniin on the 
metabolism of human BC cells. The researchers examined 
the impact of geraniin on two distinct BC cell lines, 
MCF-7 and MDA-MB-231. The results demonstrated that 
geraniin exhibits an inhibitory effect against both MCF-7 
and MDA-MB-231, as evidenced by the cytotoxicity 
assay.60

Geraniin, isolated from geranium and in tannin 
form, exhibits antiproliferative properties and promotes 
apoptosis in colorectal and BC cells.31 Nonetheless, the 
applicability of geraniin to human cancer clinical trials is 
presently constrained. Therefore, more clinical trials are 
warranted to investigate the role of geraniin in cancer.59

Geraniin has demonstrated significant potential as 
an anticancer drug; nonetheless, some crucial problems 
and limitations remain regarding its utilization in 
cancer therapy. The current literature primarily consists 
of preclinical studies, underscoring the necessity for 
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rigorously planned clinical trials to evaluate geraniin’s 
safety, appropriate dose, and possible adverse effects in 
cancer patients. It is essential to acknowledge that geraniin’s 
efficiency may vary considerably among different cancer 
types and stages, necessitating research on its usefulness 
against certain subtypes and metastatic conditions. 
Furthermore, investigating Geraniin’s synergistic potential 
with other anticancer drugs or therapies may augment 
its efficacy and mitigate potential resistance mechanisms. 
The bioavailability of geraniin, its pharmacokinetics, and 
metabolites in humans is a crucial factor that necessitates 
thorough investigation, as it may substantially affect its 
therapeutic efficacy. Prolonged exposure to geraniin and 
possible resistance mechanisms must be examined to 
guarantee enduring therapeutic advantages. Determining 
the safety profile of geraniin in humans, especially 
with extended usage, is essential. Establishing the most 
efficacious treatment protocols, encompassing dosage 
schedules and methods of administration, is crucial 
to optimize geraniin’s therapeutic efficacy. Ultimately, 
recognizing biomarkers or patient attributes indicative of 
geraniin’s response offers the potential for individualized 
cancer treatment. To strengthen the discussion on future 
research directions, additional testing should focus 
on evaluating geraniin’s pharmacokinetics, including 
absorption, distribution, metabolism, and excretion in 
vivo. Further studies using human-derived models, such 
as patient-derived organoids or xenograft models, could 
provide translational insights into its therapeutic potential. 
Clinical investigations assessing geraniin’s bioavailability 
and efficacy in human trials would also be essential for its 
development as a viable therapeutic agent.

In summary, geraniin’s evolution from a potential 
natural compound to a broadly applicable and safe 
anticancer agent requires the resolution of existing 
gaps and the pursuit of future perspectives to enable its 
transition from laboratory findings to clinical applications, 
ultimately benefiting cancer patients globally.

5. Conclusion
The results from this study demonstrate that geraniin 
has the potential to be developed as an anticancer agent. 
Future investigations should focus on assessing the 
pharmacokinetics of geraniin. Subsequent research utilizing 
human-derived models, such as patient-derived organoids 
or xenograft models, may yield translational insights into 
its therapeutic potential. Clinical studies evaluating the 
bioavailability and efficacy of geraniin in human subjects 
are crucial for its advancement as a potential medicinal 
agent. The antimetastatic property observed in this study 
provided more evidence for geraniin as a chemotherapeutic 
drug for BC. Furthermore, the autoantibody response 

toward these antigens and fluctuation in the response 
could suggest a potential marker or a predictive marker 
toward treatment with geraniin.

Acknowledgments
The authors would like to thank IMU University (formerly 
known as IMU) for providing the two research grants that 
supported this study.

Funding
This study was supported by two research grants from 
IMU University (BMS I/2018[01] and BMS I/2018[14]) 
that supported the research activities of two 3rd-year 
undergraduate medical students.

Conflict of interest
Nur Diana Anuar, Nurul H Rutt, and Nurul Shielawati 
Mohamed Rosli are employees of the Sengenics 
Corporation company. This has not influenced the content 
of the manuscript.) No reference to the author’s company is 
made, but it is declared for full transparency.

Author contributions
Conceptualization: Ammu Kutty Radhakrishnan
Investigation: Heng Jia Hui, Catherine Ng Zhi Xin, Sunil 

Pazhayanur Venkateswaran, Jeya Seela Anandha Rao, 
Nurul H Rutt, Nur Diana Anuar, Nurul Shielawati 
Mohamed Rosli

Methodology: Nur Diana Anuar, Jeya Seela Anandha Rao, 
Nurul H Rutt, Nurul Shielawati Mohamed Rosli, 
Sunil Pazhayanur Venkateswaran, Ammu Kutty 
Radhakrishnan

Writing–original draft: Heng Jia Hui, Catherine Ng Zhi Xin
Writing–review & editing: Sunil Pazhayanur  

Venkateswaran, Ammu Kutty Radhakrishnan, Nur 
Diana Anuar, Jeya Seela Anandha Rao, Nurul H Rutt

Ethics approval and consent to participate
Ethical approval was obtained from the Joint Committee 
of Research and Ethics Committee, IMU (IMU-JC; BMS 
I/2018[01] and BMS I/2018[14]).

Consent for publication
Not applicable.

Availability of data
The datasets used and/or analyzed during the current 
study are available from the corresponding author upon 
reasonable request. All data generated or analyzed during 
this study are included in this published article and its 
supplementary file.

https://dx.doi.org/10.36922/cp.7115


Cancer Plus Anticancer effects of geraniin in breast cancer

Volume 7 Issue 1 (2025)	 93� doi: 10.36922/cp.7115

Further disclosure
Part of the findings of this paper was presented at the 
19th World Congress of Basic and Clinical Pharmacology, 
Glasgow, United Kingdom on July 4, 2023.

References
1.	 DeSantis CE, Bray F, Ferlay J, Lortet-Tieulent J, Anderson 

BO, Jemal A. International variation in female breast cancer 
incidence and mortality rates. Cancer Epidemiol Biomarkers 
Prev. 2015;24(10):1495-1506.

	 doi: 10.1158/1055-9965.EPI-15-0535

2.	 Wild CP, Weiderpass E, Stewart BW, editors. World 
Cancer Report: Cancer Research for Cancer Prevention. 
Lyon, FR: International Agency for Research on Cancer; 
2020. Available from: https://publications.iarc.fr/586 [Last 
accessed on 2025 Apr 14].

3.	 U.S. Cancer Statistics Working Group. U.S. Cancer Statistics 
Data Visualizations U.S. Department of Health and Human 
Services, Centers for Disease Control and Prevention and 
National Cancer Institute; 2022. Available from: https://
www.cdc.gov/cancer/dataviz [Last accessed on 2025 Apr 14].

4.	 Haron @Harun MAB, Yusof SNB. Summary of Malaysia 
National Cancer Registry Report 2017-2021. Cancer Registry 
Report, Institut Kanser Negara, Ministry of Health; 2021. 
Available from: https://nci.moh.gov.my/images/pdf_
folder/summary-of-malaysia-national-cancer-registry-
report-2017-2021.pdf [Last accessed on 2025 Feb 23].

5.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 
2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249.

	 doi: 10.3322/caac.21660

6.	 Arbyn M, Weiderpass E, Bruni L, et al. Estimates of incidence 
and mortality of cervical cancer in 2018: A  worldwide 
analysis [published correction appears in Lancet Glob 
Health. 2022;10(1):e41.

�	 doi: 10.1016/S2214-109X(21)00554-4]. Lancet Glob Health. 
2020;8(2):e191-e203.

	 doi: 10.1016/S2214-109X(19)30482-6

7.	 Abotaleb M, Kubatka P, Caprnda M, et al. Chemotherapeutic 
agents for the treatment of metastatic breast cancer: An 
update. Biomed Pharmacother. 2018;101:458-477.

	 doi: 10.1016/j.biopha.2018.02.108

8.	 Jordan VC. Tamoxifen: A  most unlikely pioneering 
medicine. Nat Rev Drug Discov. 2003;2(3):205-213.

	 doi: 10.1038/nrd1031

9.	 Patani N, Mokbel K. Herceptin and breast cancer: An 
overview for surgeons. Surg Oncol. 2010;19(1):e11-e21.

	 doi: 10.1016/j.suronc.2008.11.001

10.	 Gezgin S, Dinh T. The simultaneous delivery of paclitaxel 
and Herceptin® using solid lipid nanoparticles: In vitro 
evaluation. J Drug Deliv Sci Technol. 2016;35:98-105.

	 doi: 10.1016/j.jddst.2016.06.010

11.	 Elserafi MM, Zeeneldin AA, Abdelsalam IM, Nassar HR, 
Moneer MM, Buhoush WH. First-line paclitaxel and 
cisplatin used sequentially or in combination in metastatic 
breast cancer: A  phase II randomized study. J  Egypt Natl 
Canc Inst. 2018;30(1):13-20.

	 doi: 10.1016/j.jnci.2018.01.002

12.	 Morrow M, Jordan VC. Risk factors and the prevention of 
breast cancer with tamoxifen. Cancer Surv. 1993;18:211-229.

13.	 Tang Y, Wang Y, Kiani MF, Wang B. Classification, treatment 
strategy, and associated drug resistance in breast cancer. Clin 
Breast Cancer. 2016;16(5):335-343.

	 doi: 10.1016/j.clbc.2016.05.012

14.	 Jordan VC. Tamoxifen: Toxicities and drug resistance 
during the treatment and prevention of breast cancer. Annu 
Rev Pharmacol Toxicol. 1995;35(1):195-211.

	 doi: 10.1146/annurev.pa.35.040195.001211

15.	 Brems C, Barnett J, Parret VC, Metzger J, 
Johnson ME. Alternative and complementary treatment 
needs and experiences of women with breast cancer. J Altern 
Complement Med. 2013;19(7):657-663.

	 doi: 10.1089/acm.2012.0161

16.	 Radice D, Redaelli A. Breast cancer management: Quality-
of-life and cost considerations. Pharmacoeconomics. 
2003;21(6):383-396.

	 doi: 10.2165/00019053-200321060-00003

17.	 Okuda T, Yoshida T, Nayeshiro H. Geraniin, a new 
ellagitannin from Geranium thunbergii. Tetrahedron Lett. 
1976;17(41):3721-3722.

	 doi: 10.1016/s0040-4039(00)93091-0

18.	 Koponen JM, Happonen AM, Mattila PH, Törrönen  AR. 
Contents of anthocyanins and ellagitannins in selected 
foods consumed in Finland. J  Agric Food Chem. 
2007;55(4):1612-1619.

	 doi: 10.1021/jf062897a

19.	 Lee JH, Talcott ST. Ellagic acid and ellagitannins affect on 
sedimentation in muscadine juice and wine. J  Agric Food 
Chem. 2002;50(14):3971-3976.

	 doi: 10.1021/jf011587j

20.	 Gonçalves B, Borges O, Costa HS, Bennett R, Santos M, 
Silva AP. Metabolite composition of chestnut (Castanea 
sativa Mill.) upon cooking: Proximate analysis, fibre, organic 
acids and phenolics. Food Chem. 2010;122(1):154-160.

	 doi: 10.1016/j.foodchem.2010.02.032

21.	 Villarreal-Lozoya JE, Lombardini L, Cisneros-Zevallos L. 

https://dx.doi.org/10.36922/cp.7115
http://dx.doi.org/10.1158/1055-9965.EPI-15-0535
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1016/S2214-109X(21)00554-4]. Lancet Glob Health. 2020;8(2):e191-e203
http://dx.doi.org/10.1016/S2214-109X(21)00554-4]. Lancet Glob Health. 2020;8(2):e191-e203
http://dx.doi.org/10.1016/S2214-109X(19)30482-6
http://dx.doi.org/10.1016/j.biopha.2018.02.108
http://dx.doi.org/10.1038/nrd1031
http://dx.doi.org/10.1016/j.suronc.2008.11.001
http://dx.doi.org/10.1016/j.jddst.2016.06.010
http://dx.doi.org/10.1016/j.jnci.2018.01.002
http://dx.doi.org/10.1016/j.clbc.2016.05.012
http://dx.doi.org/10.1146/annurev.pa.35.040195.001211
http://dx.doi.org/10.1089/acm.2012.0161
http://dx.doi.org/10.2165/00019053-200321060-00003
http://dx.doi.org/10.1016/s0040-4039(00)93091-0
http://dx.doi.org/10.1021/jf062897a
http://dx.doi.org/10.1021/jf011587j
http://dx.doi.org/10.1016/j.foodchem.2010.02.032


Cancer Plus Anticancer effects of geraniin in breast cancer

Volume 7 Issue 1 (2025)	 94� doi: 10.36922/cp.7115

Phytochemical constituents and antioxidant capacity of 
different pecan [Carya illinoinensis (Wangenh.) K. Koch] 
cultivars. Food Chem. 2007;102(4):1241-1249.

	 doi: 10.1016/j.foodchem.2006.07.024

22.	 Perera A, Ton SH, Palanisamy UD. Perspectives on geraniin, 
a multifunctional natural bioactive compound. Trends Food 
Sci Technol. 2015;44(2):243-257.

	 doi: 10.1016/j.tifs.2015.04.010

23.	 Cheng HS, Ton SH, Abdul Kadir K. Ellagitannin 
geraniin: A  review of the natural sources, biosynthesis, 
pharmacokinetics and biological effects. Phytochem Rev. 
2017;16(1):159-193.

	 doi: 10.1007/s11101-016-9464-2

24.	 Chung APYS, Gurtu S, Chakravarthi S, Moorthy M, 
Palanisamy UD. Geraniin protects high-fat diet-induced 
oxidative stress in sprague dawley rats. Front Nutr. 2018;5:17.

	 doi: 10.3389/fnut.2018.00017

25.	 Bing SJ, Ha D, Kim MJ, et al. Geraniin down regulates 
gamma radiation-induced apoptosis by suppressing DNA 
damage. Food Chem Toxicol. 2013;57:147-153.

	 doi: 10.1016/j.fct.2013.03.022

26.	 Yang Y, Zhang L, Fan X, Qin C, Liu J. Antiviral effect of 
geraniin on human enterovirus 71 in vitro and in vivo. 
Bioorg Med Chem Lett. 2012;22(6):2209-2211.

	 doi: 10.1016/j.bmcl.2012.01.102

27.	 Bigos M, Wasiela M, Kalemba D, Sienkiewicz M. 
Antimicrobial activity of geranium oil against clinical strains 
of Staphylococcus aureus. Molecules. 2012;17(9):10276-
10291.

	 doi: 10.3390/molecules170910276

28.	 Wang P, Qiao Q, Li J, Wang W, Yao LP, Fu YJ. Inhibitory 
effects of geraniin on LPS-induced inflammation via 
regulating NF-κB and Nrf2 pathways in RAW 264.7  cells. 
Chem Biol Interact. 2016;253:134-142.

	 doi: 10.1016/j.cbi.2016.05.014

29.	 Shim JU, Oh PS, Lim KT. Anti-inflammatory activity 
of ethanol extract from Geranium sibiricum linne. 
J Ethnopharmacol. 2009;126(1):90-95.

	 doi: 10.1016/j.jep.2009.08.004

30.	 Ren Z, Zou W, Cui J, Liu L, Qing Y, Li Y. Geraniin suppresses 
tumor cell growth and triggers apoptosis in human 
glioma via inhibition of STAT3 signaling. Cytotechnology. 
2017;69(5):765-773.

	 doi: 10.1007/s10616-017-0085-4

31.	 Zhai JW, Gao C, Ma WD, et al. Geraniin induces apoptosis 
of human breast cancer cells MCF-7 via ROS-mediated 
stimulation of p38 MAPK. Toxicol Mech Methods. 
2016;26(5):311-318.

	 doi: 10.3109/15376516.2016.1139025

32.	 Guo X, Dai X, Ni J, Ma X, Xue J, Wang X. Geraniin 
differentially modulates chromosome stability of colon 
cancer and noncancerous cells by oppositely regulating 
their spindle assembly checkpoint. Environ Mol Mutagen. 
2019;60(3):254-268.

	 doi: 10.1002/em.22265

33.	 Zhou LA, Liu TB, Lü HN. Geraniin inhibits proliferation and 
induces apoptosis through inhibition of phosphatidylinositol 
3-kinase/Akt pathway in human colorectal cancer in vitro 
and in vivo. Anticancer Drugs. 2020;31(6):575-582.

	 doi: 10.1097/CAD.0000000000000929

34.	 Wang X, Chen Z, Li X, Jiang ZK, Zhao YQ, Ping FF. Geraniin 
suppresses ovarian cancer growth through inhibition of 
NF-κB activation and downregulation of Mcl-1 expression. 
J Biochem Mol Toxicol. 2017;31(9): e21929.

	 doi: 10.1002/jbt.21929

35.	 Li J, Wang S, Yin J, Pan L. Geraniin induces apoptotic cell 
death in human lung adenocarcinoma A549  cells in vitro 
and in vivo. Can J Physiol Pharmacol. 2013;91(12):1016-
1024.

	 doi: 10.1139/cjpp-2013-0140

36.	 Wang Y, Wan D, Zhou R, Zhong W, Lu S, Chai Y. Geraniin 
inhibits migration and invasion of human osteosarcoma 
cancer cells through regulation of PI3K/Akt and ERK1/2 
signaling pathways. Anticancer Drugs. 2017;28(9):959-966.

	 doi: 10.1097/CAD.0000000000000535

37.	 Abdul Hafid SR, Chakravarthi S, Nesaretnam K, 
Radhakrishnan AK. Tocotrienol-adjuvanted dendritic cells 
inhibit tumor growth and metastasis: A  murine model of 
breast cancer. PLoS One. 2013;8(9):e74753.

	 doi: 10.1371/journal.pone.0074753

38.	 Selvaduray KR, Radhakrishnan AK, Kutty MK, 
Nesaretnam K. Palm tocotrienols inhibit proliferation 
of murine mammary cancer cells and induce expression 
of interleukin-24 mRNA. J  Interferon Cytokine Res. 
2010;30(12):909-916.

	 doi: 10.1089/jir.2010.0021

39.	 Silva VL, Ferreira D, Nobrega FL, Martins IM, Kluskens LD, 
Rodrigues LR. Selection of novel peptides homing the 4T1 
CELL line: Exploring alternative targets for triple negative 
breast cancer. PLoS One. 2016;11(8):e0161290.

	 doi: 10.1371/journal.pone.0161290

40.	 Singh M, Ramos I, Asafu-Adjei D, et al. Curcumin improves 
the therapeutic efficacy of Listeria(at)-Mage-b vaccine 
in correlation with improved T-cell responses in blood of 
a triple-negative breast cancer model 4T1. Cancer Med. 
2013;2(4):571-582.

	 doi: 10.1002/cam4.94

https://dx.doi.org/10.36922/cp.7115
http://dx.doi.org/10.1016/j.foodchem.2006.07.024
http://dx.doi.org/10.1016/j.tifs.2015.04.010
http://dx.doi.org/10.1007/s11101-016-9464-2
http://dx.doi.org/10.3389/fnut.2018.00017
http://dx.doi.org/10.1016/j.fct.2013.03.022
http://dx.doi.org/10.1016/j.bmcl.2012.01.102
http://dx.doi.org/10.3390/molecules170910276
http://dx.doi.org/10.1016/j.cbi.2016.05.014
http://dx.doi.org/10.1016/j.jep.2009.08.004
http://dx.doi.org/10.1007/s10616-017-0085-4
http://dx.doi.org/10.3109/15376516.2016.1139025
http://dx.doi.org/10.1002/em.22265
http://dx.doi.org/10.1097/CAD.0000000000000929
http://dx.doi.org/10.1002/jbt.21929
http://dx.doi.org/10.1139/cjpp-2013-0140
http://dx.doi.org/10.1097/CAD.0000000000000535
http://dx.doi.org/10.1371/journal.pone.0074753
http://dx.doi.org/10.1089/jir.2010.0021
http://dx.doi.org/10.1371/journal.pone.0161290
http://dx.doi.org/10.1002/cam4.94


Cancer Plus Anticancer effects of geraniin in breast cancer

Volume 7 Issue 1 (2025)	 95� doi: 10.36922/cp.7115

41.	 Tao K, Fang M, Alroy J, Sahagian GG. Imagable 4T1 model 
for the study of late stage breast cancer. BMC Cancer. 
2008;8:228.

	 doi: 10.1186/1471-2407-8-228

42.	 Sumera A, Anuar ND, Radhakrishnan AK, et al. A  novel 
method to identify autoantibodies against putative target 
proteins in serum from beta-thalassemia major: A  pilot 
study. Biomedicines. 2020;8(5):97.

	 doi: 10.3390/biomedicines8050097

43.	 Ko H. Geraniin inhibits TGF-β1-induced epithelial-
mesenchymal transition and suppresses A549 lung cancer 
migration, invasion and anoikis resistance. Bioorg Med 
Chem Lett. 2015;25(17):3529-3534.

	 doi: 10.1016/j.bmcl.2015.06.093

44.	 Yang CM, Ji S, Li Y, Fu LY, Jiang T, Meng FD. β-Catenin 
promotes cell proliferation, migration, and invasion but 
induces apoptosis in renal cell carcinoma. Onco Targets 
Ther. 2017;10:711-724.

	 doi: 10.2147/OTT.S117933

45.	 Gao C, Wang Y, Broaddus R, Sun L, Xue F, Zhang W. Exon 
3 mutations of CTNNB1 drive tumorigenesis: A  review. 
Oncotarget. 2018;9(4):5492-5508.

	 doi: 10.18632/oncotarget.23695

46.	 Shan S, Lv Q, Zhao Y, et al. Wnt/β-catenin pathway is 
required for epithelial to mesenchymal transition in 
CXCL12 over expressed breast cancer cells. Int J Clin Exp 
Pathol. 2015;8(10):12357-12367.

47.	 Xu J, Prosperi JR, Choudhury N, Olopade OI, Goss KH. 
β-Catenin is required for the tumorigenic behavior of triple-
negative breast cancer cells. PLoS One. 2015;10(2):e0117097.

	 doi: 10.1371/journal.pone.0117097

48.	 van Schie EH, van Amerongen R. Aberrant WNT/CTNNB1 
signaling as a therapeutic target in human breast cancer: 
Weighing the evidence. Front Cell Dev Biol. 2020;8:25.

	 doi: 10.3389/fcell.2020.00025

49.	 Wade SL, Auble DT. The Rad23 ubiquitin receptor, the 
proteasome and functional specificity in transcriptional 
control. Transcription. 2010;1(1):22-26.

	 doi: 10.4161/trns.1.1.12201

50.	 Linge A, Maurya P, Friedrich K, et al. Identification and 
functional validation of RAD23B as a potential protein 
in human breast cancer progression. J  Proteome Res. 
2014;13(7):3212-3222.

	 doi: 10.1021/pr4012156

51.	 Chen L, Madura K. Evidence for distinct functions for 
human DNA repair factors hHR23A and hHR23B. FEBS 
Lett. 2006;580(14):3401-3408.

	 doi: 10.1016/j.febslet.2006.05.012

52.	 Friedberg EC. How nucleotide excision repair protects 
against cancer. Nat Rev Cancer. 2001;1(1):22-33.

	 doi: 10.1038/35094000

53.	 Koya Y, Liu W, Yamakita Y, et al. Hematopoietic lineage 
cell-specific protein 1 (HS1), a hidden player in migration, 
invasion, and tumor formation, is over-expressed in ovarian 
carcinoma cells. Oncotarget. 2018;9(66):32609-32623.

	 doi: 10.18632/oncotarget.25975

54.	 Fischer U, Michel A, Meese EU. Expression of the gene for 
hematopoietic cell specific protein is not restricted to cells of 
hematopoietic origin. Int J Mol Med. 2005;15(4):611-615.

	 doi: 10.3892/ijmm.15.4.611

55.	 Janco M, Rynkiewicz MJ, Li L, et al. Molecular integration of 
the anti-tropomyosin compound ATM-3507 into the coiled 
coil overlap region of the cancer-associated Tpm3.1. Sci 
Rep. 2019;9(1):11262.

	 doi: 10.1038/s41598-019-47592-9

56.	 Coombes JD, Schevzov G, Kan CY, et al. Ras transformation 
overrides a proliferation defect induced by Tpm3.1 
knockout. Cell Mol Biol Lett. 2015;20(4):626-646.

	 doi: 10.1515/cmble-2015-0037

57.	 Dube S, Yalamanchili S, Lachant J, et al. Expression of 
tropomyosin 1 gene isoforms in human breast cancer cell 
lines. Int J Breast Cancer. 2015;2015:859427.

	 doi: 10.1155/2015/859427

58.	 Thitilertdecha N, Chaiwut P, Saewan N. In vitro antioxidant 
potential of Nephelium lappaceum L. rind extracts and 
geraniin on human epidermal keratinocytes. Biocatal Agric 
Biotechnol. 2020;23(101482):101482.

	 doi: 10.1016/j.bcab.2019.101482

59.	 Prabakaran NN, Prasad S, Krishnan K, 
Venkatabalasubramanian S. Geraniin: A dietary ellagitannin 
as a modulator of signalling pathways in cancer progression. 
Fitoterapia. 2024;177(106107):106107.

	 doi: 10.1016/j.fitote.2024.106107

60.	 Palanisamy DT, Perumal K. The Effects of Geraniin on 
Human Breast Cancer Cell (MCF-7 and MDA-MB-231) 
Metabolism. (Doctoral dissertation). International Medical 
University; 2018.

https://dx.doi.org/10.36922/cp.7115
http://dx.doi.org/10.1186/1471-2407-8-228
http://dx.doi.org/10.3390/biomedicines8050097
http://dx.doi.org/10.1016/j.bmcl.2015.06.093
http://dx.doi.org/10.2147/OTT.S117933
http://dx.doi.org/10.18632/oncotarget.23695
http://dx.doi.org/10.1371/journal.pone.0117097
http://dx.doi.org/10.3389/fcell.2020.00025
http://dx.doi.org/10.4161/trns.1.1.12201
http://dx.doi.org/10.1021/pr4012156
http://dx.doi.org/10.1016/j.febslet.2006.05.012
http://dx.doi.org/10.1038/35094000
http://dx.doi.org/10.18632/oncotarget.25975
http://dx.doi.org/10.3892/ijmm.15.4.611
http://dx.doi.org/10.1038/s41598-019-47592-9
http://dx.doi.org/10.1515/cmble-2015-0037
http://dx.doi.org/10.1155/2015/859427
http://dx.doi.org/10.1016/j.bcab.2019.101482
http://dx.doi.org/10.1016/j.fitote.2024.106107

