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ABSTRACT 
This study explores the potency of galangal (Alpinia galanga L.) in enhancing the cytotoxic effects of cytotoxic 
T-cells to suppress the growth of human triple-negative breast cancer cells. T-cells were isolated from peripheral blood 
mononuclear cells of healthy women and activated with CD3/CD28 T-cell activator to generate the cytotoxic subset 
of T-cells. The cells were incubated under standard conditions for 10 days. Galangal extract (GE) was subjected to 
a cytotoxicity test using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay to measure its 
effect on activated T-cells. The effect of GE on activated T-cell differentiation was traced using flow cytometry. The 
effects of cytotoxic T-cells and GE on MDA-MB-231 cell growth were assayed using MTT assay. For the in silico 
assay, the natural compounds present in A. galanga L, such as acetoxychavicol acetate, galangin, β-caryophyllene, 
and p-coumaryl alcohol, were drawn using ChemDraw software, and the conformation series were generated using 
LowModeMD. The crystal structure of the complex of human programmed death-1 (PD-1) and its programmed death 
ligand 1 (PD-L1) [protein data bank (PDB) ID: 4ZQK] was downloaded from the PDB. The obtained activated CD8+ 
T-cells propagated well under GE incubation. GE did not interfere with the viability and morphology of activated 
T-cells at concentrations up to 200 μg/ml and has a weak cytotoxic potential for MDA-MB cells, but, when combined 
with lymphocyte T-cells, it provides an immunopotentiation effect on MDA-MB-231 breast cancer cells. GE has the 
strongest binding affinity to PD-1 and PD-L1 to induce immunopotentiation effect. This study illustrates a reasonable 
prospect of GE as a safe immunopotentiation and anticancer agent.

INTRODUCTION
Most metastatic triple-negative breast cancers 

(TNBCs) exhibit cancer stem cells (CSC) characteristics, which 
are tumorigenic self-renewal cells that are usually resistant to 

chemotherapy and radiotherapy and cause tumor recurrence 
that is more aggressive in the later stage (Ayob and Ramasamy, 
2018). In live-cell cycles, CSC is trapped on the quiescent phase, 
highly expresses transporter and antiapoptotic genes, and ends 
up resistant to DNA damage (Park et al., 2009). Moreover, CSC 
tends to be immune-resistant due to the genetic alteration, which 
contributes to the loss of tumor antigen expression, antigen 
processing, and presentation machinery, as well as downregulation 
of major histocompatibility complex (MHC) class I and inhibition 
of MHC class II molecule expression on antigen-presenting cell 
(APC) (Sceneay et al., 2013). In addition, CSC secretes a distinct 
molecule, for instance, IL-4, IL-6, IL-10, TGF-β, and PGE-2, 
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which protects it from destruction by innate and adaptive immune 
cells (Bruttel and Wischhusen, 2014). Expression of immune-
inhibitory checkpoint molecules such as CTLA4 and programmed 
death ligand 1 (PD-L1) contributed also to evading immune 
response (Snyder et al., 2014; Topalian et al., 2012). Hence, CSC 
is likely able to escape both the innate and adaptive immune 
systems and then grows excessively.

The immune response to cancer involves two 
essential components, namely, cytotoxic T-cells (adaptive 
immune response) and natural killer (NK) cells (innate immune 
response), each of which has a different mechanism (Janssen 
et al., 2017). Cancer cells express tumor-specific antigens 
that can be recognized by both components and subsequently 
activate the immune system to destroy the cancer cells. CD8+ 
cytotoxic T-cells can recognize and kill cancer cells if activated 
and primed to recognize antigens from tumors through APC. 
The mutated protein expressed by cancer cells becomes a source 
of T-cells to identify specifically (Joffre et al., 2012). CD8+ 
T-cells are activated and primed when they recognize the MHC I 
antigen tumor complex with an intermediate T-cell receptor and 
then trigger CD8+ T-cell proliferation. Then, a cytotoxic effector 
T-cell pool is formed that is able to recognize all cells expressing 
tumor-specific antigens and kill cancer cells through induction of 
apoptosis (Charles et al., 2001).

Notwithstanding, NK cells are not primed to recognize 
cancer cells or express tumor-specific antigens. However, NK cells 
recognize cancer cells through specific antigen receptors, such as 
NKG2D, NCRs, DNAM1, and CD16, which will recognize the 
ligands that are expressed on the surface of stressed cells, such 
as cancer cells. When NK cells recognize cancer cells, they will 
induce apoptosis through granule-mediated-exocytosis or the 
Fas-Fas ligand axis, which also occurs through CD8+ cytotoxic 
T-cells pathways (Wu and Lanier, 2003). Recently, an immuno-
based cancer therapy strategy focused on streamlining the immune 
response to eliminate cancer cells.

Along with the immune response, the interaction of 
programmed death-1 (PD-1) and PD-L1 on the surface of activated 
CD8+ T-cytotoxic cells causes inhibition of mediated T-cell 
antigen activation (Wherry, 2011). Various types of cancer cells, 
such as breast cancer, express PD-L1, while T-specific antigen 
cells express the complementary PD-1 receptor (Castagnoli et al., 
2019). This interaction causes cancer cells and CSCs to fool the 
immune system because the immune system considers them normal 
cells and so they can develop aggressively. Immunosuppressive 
effects were found in correlation with the high expression of 
PD-L1 on MDA-MB-231 cells, a human breast cancer cell line 
(Zheng et al., 2019). Inhibiting the interaction of PD-1 and PD-
L1 is a promising strategy in increasing the sensitivity of immune 
cells to cancer cells. Curcumin is known to increase the immune 
antitumor response by inhibiting the expression of PD-L1 and 
p-STATY705 in tongue squamous cell carcinoma (Liao et al., 
2018). Therefore, a broader search for other compounds that can 
enhance the immune response to cancer cells is worth considering. 
The MDA-MB 231 cell line is categorized as TNBC that exhibits 
metastatic-CSC characteristics (Azadi et al., 2019) and is resistant 
to some chemotherapeutic agents in correlation with PD-L1 
expression (Rom-Jurek et al., 2018). Therefore, MDA-MB 231 is 

a suitable CSC breast cancer cell model to be used as a target of 
immunotherapy.

Galangal is known to have the ability to inhibit the 
growth of cancer cells. Moreover, galangal extract (GE) is known 
to induce senescence and increase the level of reactive oxygen 
species (ROS) in metastatic breast cancer cells (Ahlina et al., 
2020). Another study also shows that galangal has a cytotoxic 
activity, which can induce apoptosis in MCF-7 breast cancer cells 
(Samarghandian et al., 2014). Active compounds of galangal, such 
as 1′-acetoxychavicol acetate (ACA), can inhibit the growth of 
oral squamous carcinoma cells in vitro or in vivo by inhibiting the 
constitutive activation of nuclear factor kappa B through suppression 
of IKKα/β activation. However, other active compounds such 
as galangin exhibit antimetastatic properties by inhibiting cell 
migration and expression of MMPs (Chien et al., 2015). Some 
studies also indicate that GE has the ability to immunomodulate. 
GE has been reported to modulate T-cell proliferation activity and 
delayed-type hypersensitivity response. Administering GE with a 
particular concentration is known to increase T-cell proliferation 
in vivo (Pal Jain et al., 2012). Nevertheless, administration of 
1′-ACA with a certain concentration was reported to suppress 
lymphocyte cell populations in asthma mouse models (Seo et al., 
2013). This shows that GE has potential as a modulator of T-cell 
development and expansion. Therefore, this study aims to explore 
the potency at which cytotoxic T-cell activity is maintained and 
suppresses the growth of TNBC cells.

MATERIALS AND METHODS

GE preparation and characterization
Galangal (Alpinia galanga L.) was acquired from 

the Medical Plant and Traditional Medicine Research and 
Development Center, Tawangmangu, Ministry of Health, 
Republic of Indonesia. The galangal was mashed and extracted 
with 96% ethanol. The dried oil of GE was collected and used 
for the following experiment. The extract was then analyzed by 
using gas chromatography-mass spectrometry [Shimadzu single 
quadrupole gas chromatography–mass spectrometry (GC-MS)-
QP2010 ultra] as previously described (Ahlina et al., 2020) to 
obtain the metabolite profile.

Cancer cell culture
MDA-MB-231 cancer cell line was purchased from 

ECACC (Porton Down, Wiltshire, UK). The cells were cultured in 
Dulbecco’s modified Eagle medium-high glucose (Sigma-Aldrich, 
St. Louis, MO), supplemented with 10% fetal bovine serum 
(Gibco, Invitrogen, NY), 1% penicillin (100 U/ml)/streptomycin 
(100 µg/ml) (Gibco, Invitrogen, NY), and 0.25% amphotericin B 
(Gibco, NY) under standard conditions (37°C and 5% CO2).

T-cell isolation
Ethical clearance for the use of peripheral blood 

mononuclear cells (PBMCs) isolated from a healthy woman was 
obtained from the Research Bioethics Committee of Faculty of 
Medicine, Universitas Islam Sultan Agung, Semarang, Indonesia 
(approval number, No. 010/I/2020/Komisi Bioetik). Written 
informed consent was obtained from the patient prior to the 
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PBMCs isolation. The T-cells were isolated from PBMCs of 
healthy women obtained from buffy coats. PBMCs were separated 
using density gradient centrifugation on Ficoll-Paque (Sigma-
Aldrich, St. Louis, MO). The T-cells were isolated using the 
EasySep Human T-cell Isolation Kit (STEMCELL Technologies, 
Vancouver, Canada), according to the manufacturer’s instructions. 
Briefly, PBMCs were resuspended in 1 ml RoboSep Buffer 
(STEMCELL Technologies, Vancouver, Canada) using a 5 ml (12 
× 75 mm) polystyrene round bottom test tube (Corning, NY). The 
cell suspension was incubated with 50 µl EasySep Human T-Cell 
Enrichment Cocktail (STEMCELL Technologies, Vancouver, 
Canada) at room temperature for 5 minutes. Then, 40 µl EasySep 
Dextran RapidSpheres (STEMCELL Technologies, Vancouver, 
Canada) was added, and the cell suspension was made to a total 
volume of 2.5 ml by adding the buffer. The cell suspension 
was placed into EasySep Magnet (STEMCELL Technologies, 
Vancouver, Canada) for 3 minutes to separate the T-cells. Then, 
the isolated T-cells were transferred into a different tube for the 
following experiment.

Cytotoxic T-cell generation
Isolated T-cells were cultured in ImmunoCult-XF T-cell 

Expansion Medium (STEMCELL Technologies, Vancouver, 
Canada), containing 1% penicillin (100 U/ml)/streptomycin 
(100 µg/ml) (Gibco, Invitrogen, Grand Island, NY), 0.25% 
amphotericin B (Gibco, Grand Island, NY), and 0.125% Human 
Recombinant IL-2 (STEMCELL Technologies, Vancouver, 
Canada). The cultured cells were also incubated with 2.5% 
ImmunoCult™ Human CD3/CD28 T-cell activator for generating 
the cytotoxic subset of T-cells. The cells were incubated under 
standard conditions for 10 days. The medium was renewed every 
2–3 days with a completely fresh one.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay

For a single MTT treatment, after direct coculture for 24 
hours, the activated T-cells and treatment medium were discarded. 
The attached cells were washed using phosphate-buffered saline 
(PBS) (Gibco, Grand Island, NY). Cells were then incubated with 
MTT reagent (Sigma-Aldrich, St. Louis, MO) for 4 hours and 
with dimethyl sulfoxide for 15 minutes, and the absorbance was 
measured using a microplate reader (Bio-Rad, Hercules, CA) at a 
wavelength of 595 nm. For analyzing the interaction of activated 
T-cells and MDA-MB-231 under GE stimulation, a direct coculture 
model was performed. The MDA-MB-231 cell line was cultured 
into a 96-well plate at a concentration of 5 × 104 cells/ml using 
the standard medium for 24 hours. Then, the attached cells were 
treated with a standard medium containing various concentrations 
of GE for 24 hours. The cells were also cocultured with activated 
T-cells at the concentration ratios of 3:1, 1:1, and 1:3 (activated 
T-cells: MDA-MB-231) with several concentrations of GE for 24 
hours at 37°C and 5% CO2.

Flow cytometry analysis of GE-stimulated T-cells
The cells were cultured in 6-well plates and incubated 

with 25 µg/ml GE or standard medium for 24 hours. Then, cells 
were collected and pelleted at 1,900 rpm for 10 minutes at 4°C 

by washing with PBS. The pellets were subsequently stained with 
fluorescein isothiocyanate, allophycocyanin (APC), peridinin-
chlorophyll-protein, and phycoerythrin- conjugated anti-human 
CD3, CD4, CD45, and CD8 (BD Biosciences, San Jose, CA). 
After 30 minutes of incubation at room temperature in the dark, 
the cells were washed and analyzed on a BD Accuri C6 Plus 
flow cytometer (BD Biosciences, San Jose, CA). The data were 
analyzed using the BD Accuri C6 Plus software (BD Biosciences, 
San Jose, CA).

Molecular docking
Following the method of Hermawan et al. (2019), MOE 

docking was used. The natural compounds in A. galanga L, such 
as ACA, galangin, β-caryophyllene, and p-coumaryl alcohol, 
were drawn using ChemDraw software and the conformation 
series was generated using LowModeMD. The crystal structure 
of the complex of human PD-1 and its ligand PD-L1 [protein 
data bank (PDB) ID: 4ZQK] was downloaded from the PDB. 
All of the unnecessary molecules were removed, including the 
cofactors and water. For binding site screening, we focused on 
the interaction site of PD-L1 with PD-1. The docking screening 
was conducted using MMF94x as a forcefield method and 
London dG as the scoring function. The compound with the 
lowest docking score was isolated, and the binding interaction 
site was visualized.

Statistical analysis
All data were presented as mean ± SE. The calculations 

were carried out using SPSS 23.0 (IBM Corp., Armonk, NY). The 
statistical analysis was performed using the Student’s paired t-test. 
p values < 0.05 were considered significant.

RESULTS

Cytotoxic T-cell isolation, culture, and activation
This study aims to explore galangal potency at which 

cytotoxic T-cell activity is maintained and suppresses the growth 
of TNBC cells, that is, MDA-MB cells, a human breast cancer 
cell line. Initially, the cytotoxic T-cells obtained from the blood of 
healthy woman were propagated and activated. Cytotoxic T-cells 
that we used are derived from the isolation of healthy donor blood 
using immunomagnetic cell sorting techniques based on CD3 
markers to sort CD3 naive T-cell clones from PBMCs. Naive 
T-cells are then cultured using a serum-free medium supplemented 
with IL-2 and activated using anti-CD3 and CD28. The cells were 
then cultured for 10 days to obtain CD8+ cytotoxic T-cell clones 
with characteristic colony formation. The morphological picture of 
the activation process of CD8+ cytotoxic T-cells is shown in Figure 
1a. T-cells appeared spherical, did not stick to culture plastic, 
and formed larger colonies until the 10th day. Colony length 
and area are measured to determine the relative activity of T-cell 
proliferation. The analysis results showed that the length and area 
of CD8+ cytotoxic T-cell colonies increased and peaked on day 10  
(Fig. 1b and c). The obtained activated CD8+ T-cells propagated 
well, and their growth curves were exponential until the 10th day. 
These results indicate that they can be used as a model for MDA-
MB-231 breast cancer. Although the T-cells continued to grow 
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exponentially until the 10th day, the activation was stopped so that 
the T-cells remained in optimal condition.

Effects of GE on cytotoxic T-cell growth
In this study, GE is proposed to enhance or provide a 

synergistic effect with T-cells lymphocyte to suppress the breast 
cancer cells, MDA-MB. It should be noted that GE does not affect 
the viability of T-cells in specific concentrations. Therefore, using 
MTT assay, GE was evaluated for cytotoxicity at concentrations of 
1–200 µg/ml (Ahlina et al., 2020). The result showed that GE with 
concentrations up to 200 µg/ml did not affect the cell viability and 
morphology (Fig. 2a and b). Thus, GE is not cytotoxic to T-cells 
and can be combined with T-cells at a concentration of 200 µg/ml.

Effects of GE on cytotoxic T-cell differentiation
Cytotoxic T-cells that have been propagated for 10 

days are then collected and cultured with GE at a concentration 

of 25 µg/ml for 24 hours. Cytotoxic T-cell culture treated with 
GE (Fig. 3a) and untreated medium (Fig. 3b) were analyzed 
using flow cytometry based on CD4+ and CD8+ markers to 
identify the activated cytotoxic T-cell populations after treatment. 
Flow cytometry analysis showed that the number of cytotoxic 
T-cell populations did not differ after the addition of GE (60%) 
compared with the untreated medium (59%) (Fig. 3c). Therefore, 
we assumed that GE did not affect the activated T-cells.

Effects of cytotoxic T-cells and GE on MDA-MB-231 cell 
growth

To determine the immunomodulatory potency of GE, we 
performed a cytotoxic test and MTT assay on GE and a combination 
of T-lymphocytes cells and MDA-MB cells with a certain ratio. 
The results illustrated that GE inhibits MDA-MB cells in a dose-
dependent manner with inhibitory concentration 160 µg/ml (Fig. 
4a). GE had an inhibitory effect on the combination of lymphocyte 
T-cells and MDA-MB cells at the ratios of 1:3 (Fig. 4b) and 1:1 
(Fig. 4c), similar to the effect of single treatment on MDA-MB 
cells. Interestingly, the cell viability decreased significantly (p < 
0.05) after administration of GE in the same dose at a ratio of 
3:1 of lymphocyte T-cells and MDA-MB, respectively (Fig. 4d). 
This means those combinations may potentiate the lymphocyte 
T-cell cytotoxicity against MDA-MB breast cancer cells. Thus, 
these findings indicate that GE has a weak cytotoxic potential 
against MDA-MB cells, but its combination with lymphocyte 
T-cells provides an immunomodulatory effect characterized by 
an increased toxic effect on MDA-MB breast cancer cells. GE 
is known to induce senescence and increase the level of ROS in 
metastatic breast cancer cells (Ahlina et al., 2020). Though GE 
is also able to increase T-cell proliferation and expansion (Pal 
Jain et al., 2012), its ability to provide a cytotoxic effect when 
combined with T-lymphocyte cells is not yet known. Therefore, 
further research is needed to explore the chemical content of GE, 
which plays a role in the immunomodulatory effect.

Metabolites profile of GE under GC-MS
Galangal pharmacological effects certainly correlate to 

its metabolite content. Therefore, we analyzed GE using GC-MS. 
In this study, we used ethanol solvent to obtain GE extracts, which 

Figure 3. Flow cytometry analysis of cytotoxic T-cells after GE stimulation. The 
cytotoxic T-cell population was evaluated based on the CD4+ and CD8+ marker 
distribution after the treatment of (a) standard medium and (b) GE 25 µg/ml for 
24 hours. (c) Quantification of T-cell markers distribution.

Figure 1. Cytotoxic T-cell culture and activation. (a) The colony appearance of 
T-cells after CD3/CD28 activation in vitro; scale bar 50 µm. The length (b) and 
area (c) of activated T-cells colony at days 0–10. The calculation of length and 
area of activated T-cells was performed in triplicate.

Figure 2. Effects of GE on cytotoxic T-cell growth. Cytotoxic T-cells were 
cultured in the presence of several concentrations of GE for 24 hours and then 
were evaluated by trypan blue exclusion assay. (a) The appearance of cytotoxic 
T-cells; (b) the profile of T-cell viability after a single treatment of GE with 
various concentrations (1–200 µg/ml).
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were oil extracts. We consequently examined the chemical content 
with GC/MS to get the essential oil profile in the extract (Fig. 5). 
There were more than 28 compounds identified in GE. However, 
the remarkable compounds that may contribute to GE cytotoxic 
and immunomodulatory effects against cancer cells were chavicol, 
β-caryophyllene, p-coumaryl alcohol, and eugenol (Table 1).

This finding was not similar to other research findings 
in terms of qualitative and quantitative chemical compositions 
(Ahlina et al., 2020) that is possibly due to the variety in 
environmental factors such as soil, temperature, and light which 
affect the accumulation of secondary metabolites as well as the 
extraction method (Yang et al., 2018). However, we realized that 
most of the GE compounds detected in this experiment shared 
their qualitative composition with other findings. Some of the 
chemical contents demonstrate anticancer and immunomodulatory 
significance. Hence, the study of GE metabolic profiles in terms 
of their immune response in cancer needs to be explored further.

Identification of PD-L1/PD-1 hotspot
Since the interaction of PD-L1 with PD-1 contributes 

to cancer cells evading the immune response, we examined the 

interaction of PD-L1 with PD-1 in silico to ensure whether this 
interaction occurred intensively. In this study, we used MOE 
software to visualize the PD-L1/PD-1 hotspot using the reported 
crystal structure (Zak et al., 2015). Our visualization study revealed 
that PD-L1/PD-1 contained three hotspots of which one had multiple 
H-bond donors and acceptors. Several amino acids from PD-L1 
such as Asp122, Tyr123, Lys124, and Arg125 form an H-bond with 
Gln75, Thr76, Asp77, and Lys78 from PD-1 (Fig. 6). The typical 
surface of this hotspot, however, was shallow and quite challenging 
to be targeted by a small molecule. Hence, the identification of 
a compound interacting with this hotspot could provide further 
knowledge on the PD-L1/PD-1 blockade effect.

The binding interaction of Galangal compounds on PD-L1
Our computational study on identification of PD-L1/

PD-1 interaction highlighted the presence of a shallow hotspot 
as the important target site and encouraged us to screen for the 
possible affinity of active compounds of GE. First, we docked 
four main chemical contents of GE (Table 1) with the PD-L1 
receptor. For validation, the molecular docking was conducted 
at all three hotspots of PD-L1/PD-1 interaction. Interestingly, 
the results showed that all GE contents interacted on a shallow 
hotspot of PD-L1 receptors mediated by arene-H-bond from the 
benzene ring of each compound with Lys 124 (Fig. 7). In addition, 
they provided a variation of ΔG binding energy (Gibbs energy), 
which was represented by docking scores between the compounds 
and the receptor (Table 2). The negative docking score results 
indicated that the GE content possessed a strong affinity. The most 
durable bond was found in the galangin, with a docking score of 
−7.69 (Table 2) indicating that galangin might have a stronger 
inhibitory effect on the interaction between the cancer cells and 
the activated T-cells than that of the other compounds. Although 
this is computational molecular modeling, it showed that the GE 

Figure 5. Profile of GE metabolites using GC-MS.

Figure 4. Effects of cytotoxic T-cells and GE on MDA-MB-231 cell growth. Cytotoxic T-cells were cocultured with 
MDA-MB-231 cells in a particular ratio of cell concentration and then treated with GE in series of concentrations 
(1–200 µg/ml) for 24 hours and evaluated using MTT assay. The graphs represent the cell viability profiles of MDA-
MB 231 with GE treatment. (a) Only MDA-MB. (b) Cytotoxic T-cells: MDA-MB = 1:3. (c) Cytotoxic T-cells: MDA-
MB = 1:1. (d) Cytotoxic T-cells: MDA-MB = 3:1. The MTT was performed in triplicate.
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compounds may have an effect on immune cells that need to be 
further explored.

Binding interaction of several natural compounds of galangal 
on PD-1

Furthermore, we evaluated whether GE metabolites, 
including chavicol (ACA), beta-caryophyllene, galangin, and 
p-coumaryl alcohol, can also bind to PD-1, a receptor expressed 
by T-lymphocyte cells, which is believed to recognize foreign 
substances to be destroyed by the immune system. In this 
experiment, we included galangin that is not shown in the GC-
MS result due to its nonvolatile substance of galangin. However, 
galangin is known as the main active compound occurring in 
galangal (Upadhye et al., 2018) which can be detected by using 
HPTLC or liquid chromatography–mass spectrometry. Following 
the same procedure of molecular docking on PD-L1, we screened 
the possible affinity of active compound in GE to PD-1. The 
3D visualization results illustrated that the fourth GE chemical 
content could bind to the shallow hotspots of PD-1 by forming 
arene-H-bond and H-bond with Asp 77, Lys 78, and Ile 126  
(Fig. 8). Though they give similar amino acid residues for binding, 
they provide a variation of ΔG binding energy (Gibbs energy), 
which represented the affinity. As found in PD-L1, galangin 
also had the strongest affinity with a docking score of −8.63  
(Table 2). Binding of galangin with lymphocyte T-cells receptor 

could trigger immune cells to block PD-L1/PD-1 interaction 
on cancer cells leading to recognition of cancer cells as foreign 
invaders that need to be destroyed. Further study related to the 
galangin content of GE concerning this binding characteristic 
needs to be explored.

DISCUSSION
Although GE is a crude extract, it has four significant 

compounds commonly found in GE and demonstrated 
pharmacological effects. Using GC-MS, the GE metabolite 
profile showed that GE contains several essential oils that can 
inhibit cancer development. We note that ACA (chavicol), 
β-caryophyllene, p-coumaryl alcohol, and eugenol, which are 
commonly found in abundant amounts in GE, demonstrate 
anticancer properties covering cytotoxic and immunomodulatory 
effect (Table 3). Chavicol tends to play a role in inhibiting 
inflammatory signaling pathways, whereas β-caryophyllene 
halts cell proliferation through cell cycle arrest and apoptosis 
induction (Fidyt et al., 2016; Min et al., 2009). Both p-coumaryl 
alcohol and eugenol, besides contributing to the cytotoxic effect 
on cancer cells, also play a role in immunomodulation that may 
potentiate the T-cytotoxic cells toxicity against cancer cells. These 
different roles could offer a synergistic effect to combat cancer 
development. Even though there is still limited evidence in terms 
of in vitro and in vivo studies, the findings of this study show that 

Table 1. Main GE compounds detected by GC-MS.

No. Peak number Compound Retention time Abundance

1. 15 Succinic aldehyde 13.727 0.84%

2. 19 Coumarin 21.269 1.08%

3. 23 Chavicol 24.953 1.68%

4. 24 β-Caryophyllene 27.415 2.16%

5. 25 p-Hydroxybenzyl alcohol 28.468 1.46%

6. 26 p-Coumaryl alcohol 30.742 11.37%

7. 27 Eugenol 31.645 2.89%

8. 29 p-Coumaryl alcohol 32.825 7.20%

9. 30 β-Caryophyllene epoxide 33.058 1.89%

10. 31 Oxiranecarboxylic acid 33.426 7.74%

11. 32 Eugenol 33.568 2.01%

12. 34 p-Coumaryl alcohol 34.75 5.71%

Figure 6. Binding interaction of PD-L1 with PD-1. Structure of PD-L1 and PD-1 
is represented as surface or ribbon in silver or blue color.

Figure 7. Binding interaction of several natural compounds of galangal on PD-
L1. Structure of PD-L1 is represented as surface or ribbon in silver color, while 
the compound is represented as an orange ball-and-stick model.
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GE compounds can potentially inhibit cancer cell growth and 
increase the sensitivity of immune cells to cancer cells. However, 
how the compounds can interact with lymphocyte T-cell receptors 
and MDA-MB cells needs to be further explored using molecular 
docking modeling.

This study provides exciting information that GE when 
combined with T-cells can have a cytotoxic effect on MDA-MB 
cells. One possible mechanism is that the GE compounds can 
interfere with the interaction between PD-1 and PD-L1. The 
docking results support this hypothesis. It is essential to further 
explore this mechanism because it can support the development 
of natural-based cancer immunotherapy. PD-L1 is also commonly 
expressed by metastatic cancer cells and resistant stem cells 

(Raniszewska et al., 2019). Therefore, the results of this study can 
also encourage the development of natural products that can be 
used to overcome malignancy and cancer resistance. MDA-MB 
cells used in this study are human breast cancer cells characterized 
by TNBC, which are generally difficult to treat with targeted 
agents, such as hormones or receptor-targeted drugs. Therefore, 
the results of this study show that GE can treat TNBC cells by 
increasing patient immunity.

GE is a natural ingredient that people often use as a 
spice that is easily available and safe. This study has shown 
that GE is not cytotoxic to lymphocyte cells and does not affect 
activated T-lymphocyte cells. In contrast, GE exerts a weak 
cytotoxic effect on MDA-MB cancer cells. These phenomena 

Table 2. Docking scores of several compounds of GE with PD-L1 and PD-1 interaction.

Ligand
PD-L1 PD-1

ΔGibbs (kcal/mol) RMSD (Å) ΔGibbs (kcal/mol) RMSD (Å)
ACA −5.75 1.649 −6.77 2.012

Galangin −7.69 1.619 −8.63 1.446

β-Caryophyllene −6.29 0.388 −6.97 0.006

p-Coumaryl alcohol −4.78 1.139 −6.73 1.54

Table 3. The main GE chemical contents with cytotoxic and immunomodulatory activities against cancers.

No. Compound Abundance (%) Activity References

1 Chavicol 1.68 %
Chavicol analog (hydroxychavicol acetate) T-bet 
expression may be beneficial as therapeutics for 
treating inflammatory immune disorders

Min et al., 2009

2 β-Caryophyllene 2.16%

Anticancer and analgesic

Antiviral against HSV-1

Induces cancer cell cycle arrest and is apoptotic

Arul et al., 2020; Astani et al., 
2011; Fidyt et al., 2016; Klauke et 
al., 2014

3 p-Coumaryl 
alcohol 11.37% Suppresses IFNγ production in CD4+ Th cells by 

decreasing T-bet expression Yu et al., 2009

4 Eugenol 2.89%
Downregulates the Th1 cytokines and concurrent 
activation of Th2 response

Induces apoptosis cancer cells

Jaganathan and Supriyanto, 2014; 
Kar Mahapatra et al., 2011

Figure 8. Binding interaction of several natural compounds of galangal on PD-1. Structure of PD-1 is represented as surface 
or ribbon in blue color, while the compound is represented as an orange ball-and-stick model.
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are interesting and should be explored further in terms of the 
underlying molecular mechanism. Whether this mechanism is 
also the same as that reported by Ahlina et al. (2020), which 
is an increase in intracellular ROS levels and inhibition of cell 
migration, will be interesting to prove by experiment. Usually, 
high ROS levels found in CSC and metastatic cancer cells are 
the target of anticancer agents (Meiyanto et al., 2019). The 
MDA-MB 231 cells also exhibit such phenomenon that can 
be modulated by some natural agents leading to apoptosis 
(Kim et al., 2018; Marvibaigi et al., 2016). The findings from 
molecular docking also provide hope for galangal as an agent 
that can help chemotherapeutic agents that have problems with 
PD-L1 expression in cancer cells, such as paclitaxel (Azadi et 
al., 2019). In this case, galangal compounds are expected to 
prevent the interaction of PD-L1 with PD-1 allowing T-cells 
to recognize cancer cells to be destroyed. This hypothesis 
needs to be further explored. Moreover, GE has low toxicity 
against lymphocyte cells which is an advantage that can be 
used to treat metastatic cancers. Unfortunately, our study only 
describes the robust affinity of GE compounds to bind PD-1 
and PD-L1 in silico without comparing with a native ligand 
due to the lack of the well-known crystalized ligand–proteins 
interaction. However, this finding could give insight into the 
potential activity of GE to perturbate the interaction between 
PD-1 and PD-L1 that can be explored further under biochemical 
experiment.Overall, this study illustrates that GE is a safe 
immunopotentiation and anticancer agent that can be especially 
used as a cochemotherapeutic agent, to increase the sensitivity 
of T-cytotoxic cells and chemotherapeutic agents to cancer cells. 
Therefore, further research is needed to obtain more detailed 
information on the molecular mechanisms in vitro and in vivo. 
GE is an easily obtainable and safe substance. However, to be 
used as an anticancer agent, further research is required in terms 
of the appropriate dosage forms for therapeutic purposes.

CONCLUSION
GE has a synergistic cytotoxic effect when combined 

with cytotoxic T-cells against MDA-MB-231. The binding affinity 
of several of its chemical contents to PD-1 and PD-L1 may 
represent the underlying mechanism.
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