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Abstract

Background: Cancer is a neoplastic disease that continues to be a global challenge,with a reportedprevalence increasing annually.
Epidermal growth factor receptor (EGFR) is overexpressed in various epithelial tumors such as breast and colon cancer, and for this
reason, it is used for cancerdiagnosis and treatment. Becauseof thehighmortality rate associatedwith cancer and the side effects of
chemotherapy and radiotherapy, patients need replaced strategies for therapy. Ginger has biological effects, including antioxidant
and anticancer activities.
Objectives: This study aims to evaluate ginger extract’s effect on the expression of EGFR inMDA-mb231 and HT-29 cell lines.
Methods: Fresh ginger rhizomes were purchased from a local foodmarket, washed, grated, and then ginger extract was prepared
using ethanol. MDA-mb231 and HT-29 cell lines were treated with different concentrations of ginger (5, 10, and 20 µgr/mL) extract
in RPMI-1640 plus 10 % FCS for 18 h. The gene expression of EGFR wasmeasured by real-time PCR.
Results: The level of EGFR expression in MDA-mb231 and HT-29 cell lines after treatment with different concentrations of ginger
extract was not changed significantly (P> 0.05).
Conclusions: The current data indicate that the ginger extract does not have a significant dose-dependent effect, in the
concentration range of 5 to 20µgr/mL, on the expression of EGFR in these cancer cell lines. It is suggested to repeat the experiments
with higher concentrations of ginger and in a time-dependentmanner.
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1. Background

Epidermal growth factor receptor (EGFR) is a
transmembrane tyrosine kinase receptor involved in
cell survival and proliferation normally expressed by
epithelial cells. Aberrant activation of this receptor,
shown in epithelial cancers, can be induced by receptor
overexpression, gene amplification, or activating
mutations (1). Currently, some monoclonal antibodies
targeting the extracellular domain of EGFR are approved
for clinical use against various epithelial cancers (e.g.,
colorectal cancer (CRC) and head and neck cancer) (2).

Ginger (Zingiber officinale Roscoe) is a member of the

Zingiberaceae family of plants.

Studieshave shownthatginger is themost-usedherbal
drug inmany countries.

Ginger’s beneficial properties, including antioxidant,
anti-inflammatory, and anticancer capacities, are
supported by scientific evidence (3-6).

Furthermore, evidence shows that ginger has an
antiemetic effect against chemotherapy side effects, such
as nausea and vomiting in breast cancer patients (7-9). On
the other hand, ginger has been suggested to synergize
the anticancer effect of chemotherapy drugs for colorectal
cancer (10).
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2. Objectives

Since EGFR is one of the important markers in breast
and colorectal cancer cells of epithelial origin, this study
aims to investigate the effect of ginger extract on the
expression level of this marker in MDA-mb231 and HT-29
cell lines.

3. Methods

3.1. Preparation Ginger Extract

Dried ginger rhizome (10 gr) was ground and
subjected to extraction with absolute ethanol in the
Soxhlet apparatus for 4 hr at 80 °C. Then, the ethanol in
the extract was evaporated by a rotary evaporator at 90 °C.
Finally, the obtained extract was dissolved in PBS.

3.2. MTT Assay

MDA-mb231 and HT-29 cell lines (Pasteur Institute Cell
Bank, Iran)werecultured inRPMI-1640supplementedwith
10% FBS and 1% penicillin and streptomycin at 37 °C in 5%
CO2.

The effect of different concentrations of ginger
extract on MDA-mb231 and HT-29 cell lines was evaluated
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. The cell lines were treated with
different (5, 10, and 20 µgr/mL) concentrations of ginger
extract for 18 hours.

After that, 100 µL of MTT (0.5 mg/mL of culture
media) was added to the cells and incubated for 4 hours.
Then, 100 µL DMSO was added to each well, and OD was
measured at 570nmusing amicroplate reader (Awareness
Technologies Stat Fax 2100, USA). The percent of cell
viability wasmeasured using the formula:

%Cell Viability = Absorbance of treated
cells/Absorbance of control (without ginger extract)
cells x 100.

3.3. Treatment MDA-mb231 and HT-29 Cell Lines with Ginger
Extract

MDA-mb231 and HT-29 cell lines were treated with
different concentrations of ginger (0, 5, 10, and 20µgr/mL)
extract in RPMI-1640 plus 10 % FCS for 18h. Then, the
cells were harvested for EGFR expression analysis. This
experiment was repeated three times for each cell line.

3.4. Assessment of mRNA Expression by Real-time PCR

The RNAwas extracted fromMDA-mb231 andHT-29 cell
lines using TRIZOL reagent (Ambion, Life Technologies)
according to the manufacturer’s instructions. The
concentration and quality were determined by
spectrophotometry with a NanoDrop device (NanoDrop

2000c, Boston, New York, USA, Thermo Scientific). The
mRNA expression level of EGFR in treated and untreated
(control, 0 µgr/mL ginger extract) MDA-mb231 and
HT-29 was detected using One-step Syber PrimeScript
RT-PCR (Takara, Japan) according to the manufacturer’s
instructions. Briefly, RNA reverse transcription to cDNA
using reverse transcriptase PrimeScript RTase. PCR
amplification using Takara Ex Taq HS was done in one
tube. PCR amplification products were monitored in
real-time with Syber Green I on a light cycler 96 (Roche,
Germany) qPCR (real-time PCR) thermal cycler. The target
gene, EGFR primer: The forward GTGAGCAGATCGCAAAGG
and the reverse CTTTGATCTTGACATGCTGC along with
the housekeeping gene, β-actin, the forward primer
5’-GAGCATCCCCCAAAG-3’ and the reverse primer
5’-GGGACTTCCTGTAACAACGCA-3’ were used. The results
for mRNA expression of the EGFR gene were analyzed by
the comparative∆Ctmethod. Themean∆Ct for the EGFR
gene was obtained by normalization of the threshold
cycle (Ct) value to β-actin control. Lower ∆Ct indicates
more EGFR expression. In detail, the qPCR thermal cycling
program was set as follows: an initial denaturation step
at 95 °C for 15 minutes, a denaturation step at 95 °C for 25
seconds, an annealing step at 60 °C for 30 seconds, and an
extension step at 72 °C for 30 seconds followed by a final
extension step at 72 °C for 5minutes.

3.5. Statistical Analysis

In this study, the significant differences betweenmean
∆Ct of non-treated (0 µgr/mL) and treated MDA-mb231
and HT-29 cell lines with (5, 10, and 20 µgr/mL) ginger
extract were analyzed with non-parametric Kruskal-Wallis
test, and statistical significancewas consideredas P< 0.05.
Statistical analyseswere conductedusing SPSS 19 (SPSS Inc.,
Chicago, IL, USA).

4. Results

4.1. The Effect of Ginger Extract on the EGFR Gene Expression in
Treated MDA-mb231 and HT-29 Cell Lines

MTT assay showed that the percentage of MDA-mb231
and HT-29 cell lines viable after treatment with ginger
extract (5, 10, and 20 µgr/mL) was not changed compared
to the control (not shown). As Figures 1 and 2 indicate,
the difference between the mean∆Ct of EGFR expression
level of the MDA-mb231 and HT-29 cell lines treated with
different concentrations of ginger extract (0, 5, 10, and 20
µgr/mL) is not significant.
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Figure 1. Themean expression level of the EGFR in the control and ginger extract (5, 10, 20µgr/mL) of the HT-29 cell line. ns: Non-significant; SE: Standard error.
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Figure 2. Themean expression level of the EGFR in the control and ginger extract (5, 10, 20µgr/mL) of theMDA-mb231 cell line. ns: Non-significant; SE: Standard error.
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5. Discussion

Cancer is one of the leading causes of death in the
world. Breast cancer is the second leading cause of
cancer-related mortality among women (11). Colorectal
cancer (CRC) is a common cause of cancer death in
both men and women, and its incidence is increasing
worldwide (12).

Current treatment methods, including chemotherapy
and radiotherapy, are widely used to treat breast cancer
and CRC.

Although conventional treatments are essential for
cancer patients, these methods have serious side effects
that can be fatal during and after treatment (13).

It has been found that some natural plant compounds
have anticancer properties against various types of cancer
without significant side effects. Ginger, a famous spice
broadly used in Asia, has been identified as having a lot
of bioactive compounds, including phenolic compounds,
terpenes, lipids, and carbohydrates. Among the hundreds
of compounds found in ginger, four phenolic compounds
are responsible for its biological effects: gingerol, shogaol,
paradol, and zingerone. In vitro and in vivo studies
have shown strong anti-inflammatory, antioxidant, and
(6, 14-16) cancer prevention activity (e.g., improving
the expression level of cancer risk markers) by these
four important compounds (17, 18). Among cancer
markers, EGFR is one of the most important receptors
expressed in cancer cells of epithelial origin. Following
phosphorylation, EGFR enhances tumor growth by
activating proto-oncogenes. High levels of EGFR have
been observed in different types of human cancer, which
mediate the signal transmission into the cell cytoplasm
and thereby promote tumorigenesis.

In this study, we wanted to investigate whether ginger
affects the expression of EGFR in MDA-mb231 and HT-29,
epithelial-origin cell lines. The cell lines were treated
with ginger extract at three different concentrations.
The experiments were repeated three times. The results
showed that the chosen dose of ginger extract did not
affect EGFR expression inMDA-mb231 and HT-29 cell lines.

Although some studies show that ginger extract
components do not affect EGFR expression (13), since
other studies show the anticancer effect of ginger extract
components through the signaling caused by EGFR (18),
it would be better that in this study the effect of ginger
extract would also be investigated in a time-dependent
manner.

Therefore, to conclude if the ginger extract applies
its antitumor effect through EGFR expression change,
it is suggested to repeat the experiments with higher
concentrations of ginger in a time-dependentmanner.

Footnotes

Authors’ Contribution: AS conceived the study; ASwrote
the paper; AS, AM, and AM supervised the project; FK, NM,
SM, SR, NB, GK, and FCN performed experiments; AS and
FP analyzed the data and prepared the figures. All authors
edited the manuscript and approved the final version. All
authorshave readandagreed to thepublishedmanuscript
version.

Conflict of Interests: There is no conflict of interest.

Ethical Approval: The study was approved by the ethics
committee of the Dezful University of Medical Sciences
(IR.DUMS.REC.1401.049).

Funding/Support: Dezful University of Medical Sciences
financially supported this work.

References

1. Baselga J, Arteaga CL. Critical update and emerging trends in
epidermal growth factor receptor targeting in cancer. J Clin Oncol.
2005;23(11):2445–59. [PubMed ID: 15753456]. https://doi.org/10.1200/
JCO.2005.11.890.

2. CaiWQ, Zeng LS,Wang LF,Wang YY, Cheng JT, Zhang Y, et al. The latest
battles between EGFR monoclonal antibodies and resistant tumor
cells. Front Oncol. 2020;10:1249. [PubMed ID: 32793499]. [PubMed
Central ID: PMC7393266]. https://doi.org/10.3389/fonc.2020.01249.

3. Nafees S, ZafaryabM,Mehdi SH, Zia B, Rizvi MA, KhanMA. Anti-cancer
effect of gingerol in cancer prevention and treatment. Anticancer
Agents Med Chem. 2021;21(4):428–32. [PubMed ID: 32951584]. https://
doi.org/10.2174/1871520620666200918100833.

4. Shukla Y, Singh M. Cancer preventive properties of ginger: a brief
review. Food Chem Toxicol. 2007;45(5):683–90. [PubMed ID: 17175086].
https://doi.org/10.1016/j.fct.2006.11.002.

5. Mishra RK, Kumar A, Kumar A. Pharmacological activity of Zingiber
officinale. Int J Pharm Chem Sci. 2012;1:1073–8.

6. Rahmani AH, Shabrmi FM, Aly SM. Active ingredients of ginger as
potential candidates in the prevention and treatment of diseases
via modulation of biological activities. Int J Physiol Pathophysiol
Pharmacol. 2014;6(2):125–36. [PubMed ID: 25057339]. [PubMed Central
ID: PMC4106649].

7. Bossi P, Cortinovis D, Fatigoni S, Cossu Rocca M, Fabi A, Seminara
P, et al. A randomized, double-blind, placebo-controlled,
multicenter study of a ginger extract in the management of
chemotherapy-induced nausea and vomiting (CINV) in patients
receiving high-dose cisplatin. Ann Oncol. 2017;28(10):2547–51.
[PubMed ID: 28666335]. https://doi.org/10.1093/annonc/mdx315.

8. Marx W, McCarthy AL, Ried K, McKavanagh D, Vitetta L,
Sali A, et al. The effect of a standardized ginger extract on
chemotherapy-induced nausea-related quality of life in patients
undergoing moderately or highly emetogenic chemotherapy:
A double blind, randomized, placebo controlled trial. Nutrients.
2017;9(8). [PubMed ID: 28805667]. [PubMedCentral ID: PMC5579660].
https://doi.org/10.3390/nu9080867.

9. Pillai AK, Sharma KK, Gupta YK, Bakhshi S. Anti-emetic effect of
ginger powder versus placebo as an add-on therapy in children and
youngadults receivinghigh emetogenic chemotherapy. Pediatr Blood
Cancer. 2011;56(2):234–8. [PubMed ID: 20842754]. https://doi.org/10.
1002/pbc.22778.

10. Hakim L, Alias E, Makpol S, Ngah WZ, Morad NA, Yusof YA. Gelam
honeyandgingerpotentiate theanti cancereffectof 5-FUagainstHCT
116 colorectal cancer cells. Asian Pac J Cancer Prev. 2014;15(11):4651–7.
[PubMed ID: 24969899]. https://doi.org/10.7314/apjcp.2014.15.11.4651.

4 TrendsMed Sci. 2023; 3(2):e141530.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=280917
http://www.ncbi.nlm.nih.gov/pubmed/15753456
https://doi.org/10.1200/JCO.2005.11.890
https://doi.org/10.1200/JCO.2005.11.890
http://www.ncbi.nlm.nih.gov/pubmed/32793499
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7393266
https://doi.org/10.3389/fonc.2020.01249
http://www.ncbi.nlm.nih.gov/pubmed/32951584
https://doi.org/10.2174/1871520620666200918100833
https://doi.org/10.2174/1871520620666200918100833
http://www.ncbi.nlm.nih.gov/pubmed/17175086
https://doi.org/10.1016/j.fct.2006.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25057339
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106649
http://www.ncbi.nlm.nih.gov/pubmed/28666335
https://doi.org/10.1093/annonc/mdx315
http://www.ncbi.nlm.nih.gov/pubmed/28805667
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579660
https://doi.org/10.3390/nu9080867
http://www.ncbi.nlm.nih.gov/pubmed/20842754
https://doi.org/10.1002/pbc.22778
https://doi.org/10.1002/pbc.22778
http://www.ncbi.nlm.nih.gov/pubmed/24969899
https://doi.org/10.7314/apjcp.2014.15.11.4651


Baharifar N et al.

11. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA
Cancer J Clin. 2022;72(1):7–33. [PubMed ID: 35020204]. https://doi.org/
10.3322/caac.21708.

12. Huang H, Li T, Meng Z, Zhang X, Jiang S, Suo M, et al. A risk
model for prognosis and treatment response prediction in colon
adenocarcinoma based on genes associated with the characteristics
of the epithelial-mesenchymal transition. Int J Mol Sci. 2023;24(17).
[PubMed ID: 37686013]. [PubMed Central ID: PMC10488217]. https://
doi.org/10.3390/ijms241713206.

13. Sp N, Kang DY, Lee JM, Bae SW, Jang KJ. Potential antitumor effects of
6-gingerol inp53-dependentmitochondrial apoptosis and inhibition
of tumor sphere formation in breast cancer cells. Int J Mol Sci.
2021;22(9). [PubMed ID: 33925065]. [PubMed Central ID: PMC8124719].
https://doi.org/10.3390/ijms22094660.

14. Mashhadi NS, Ghiasvand R, Askari G, Hariri M, Darvishi L, Mofid
MR. Anti-oxidative and anti-inflammatory effects of ginger in health
and physical activity: review of current evidence. Int J Prev Med.
2013;4(Suppl 1):S36–42. [PubMed ID: 23717767]. [PubMed Central ID:
PMC3665023].

15. Kang DY, Sp N, Kim DH, Joung YH, Lee HG, Park YM, et al. Salidroside
inhibits migration, invasion and angiogenesis of MDA-MB 231 TNBC
cells by regulating EGFR/Jak2/STAT3 signaling via MMP2. Int J Oncol.
2018. https://doi.org/10.3892/ijo.2018.4430.

16. Sp N, Kang DY, Jo ES, Rugamba A, Kim WS, Park YM, et al. Tannic
Acid Promotes TRAIL-Induced Extrinsic Apoptosis by Regulating
Mitochondrial ROS in Human Embryonic Carcinoma Cells. Cells.
2020;9(2). [PubMed ID: 31979292]. [PubMed Central ID: PMC7072125].
https://doi.org/10.3390/cells9020282.

17. Kim MO, Lee MH, Oi N, Kim SH, Bae KB, Huang Z, et al. [6]-shogaol
inhibits growth and induces apoptosis of non-small cell lung cancer
cells by directly regulating Akt1/2. Carcinogenesis. 2014;35(3):683–91.
[PubMed ID: 24282290]. [PubMed Central ID: PMC3941745]. https://
doi.org/10.1093/carcin/bgt365.

18. Hu SM, Yao XH, Hao YH, Pan AH, Zhou XW. 8-Gingerol regulates
colorectal cancer cell proliferation and migration through the
EGFR/STAT/ERK pathway. Int J Oncol. 2019. https://doi.org/10.3892/ijo.
2019.4934.

TrendsMed Sci. 2023; 3(2):e141530. 5

http://www.ncbi.nlm.nih.gov/pubmed/35020204
https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/37686013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10488217
https://doi.org/10.3390/ijms241713206
https://doi.org/10.3390/ijms241713206
http://www.ncbi.nlm.nih.gov/pubmed/33925065
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8124719
https://doi.org/10.3390/ijms22094660
http://www.ncbi.nlm.nih.gov/pubmed/23717767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3665023
https://doi.org/10.3892/ijo.2018.4430
http://www.ncbi.nlm.nih.gov/pubmed/31979292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7072125
https://doi.org/10.3390/cells9020282
http://www.ncbi.nlm.nih.gov/pubmed/24282290
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941745
https://doi.org/10.1093/carcin/bgt365
https://doi.org/10.1093/carcin/bgt365
https://doi.org/10.3892/ijo.2019.4934
https://doi.org/10.3892/ijo.2019.4934

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Preparation Ginger Extract
	3.2. MTT Assay
	3.3. Treatment MDA-mb231 and HT-29 Cell Lines with Ginger Extract 
	3.4. Assessment of mRNA Expression by Real-time PCR
	3.5. Statistical Analysis

	4. Results
	4.1. The Effect of Ginger Extract on the EGFR Gene Expression in Treated MDA-mb231 and HT-29 Cell Lines
	Figure 1
	Figure 2


	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

