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Abstract: 

Cancer cell migration is a major cause of mortality in lung cancer patients. Despite intensive research 

regarding its efficacy in cancer treatment, the anti-metastatic properties of curcumin have been poorly 

investigated. Therefore, this work aims to explore the potential anti-migratory and anti-adhesive properties of 

curcumin on lung cancer cells. We also investigated the underlying molecular mode of action of curcumin. 

We performed scratch and adhesion assays to investigate the migratory and adhesive potentials of A549 cells. 

The cellular topological differences upon curcumin treatment were investigated using Scanning Electron 

Microscope. We also investigated the molecular mechanism triggered by curcumin using quantitative real-

time PCR. Also, we performed an MTT toxicity assay to explore the toxic potential of curcumin on cancer 

cells. The student’s t-test was applied for evaluating the data significance using Microsoft Excel 2016. Our 

results showed that curcumin attenuates the migration and adhesion of A549 cancer cells at non-toxic 

concentrations. By coincidence, the scanning electron microscope study showed a decreased density of 

lamellipodia and filopodia upon curcumin treatment. Interestingly, we found that the expression levels of 

LIMK1 and MLCK genes were downregulated upon curcumin application. Taken together, curcumin inhibits 

the migration and adhesion abilities of lung cancer cells and could be used as a therapeutic agent against cancer 

cell migration. The underlying mechanism involves modulation of the expression levels of critical molecular 

targets including LIMK1 and MLCK proteins. 
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Introduction: 

    Lung cancer is considered the leading cause of 

cancer-related deaths worldwide. It contributes to 

more than 18% of the total cancer deaths (Bray et 

al. 2018). It has been estimated that 85% of lung 

cancer cases are non-small-cell lung carcinoma 

(NSCLC) and most of these patients already have 

metastases to other parts of their body (Popper 

2016). Critically, only 4% of patients with a 

metastatic stage of the disease survive more than 

five years (Goldstraw et al. 2016).  

Despite gaining major mechanistic knowledge 

into the metastatic process of cells, there has been 

limited progress in developing anti-metastatic 

therapeutic strategies that effectively cease the 

migratory behavior of cancer cells (Guo et al. 2017). 

Also, eradicating remote or escaping cancer cells 

usually acquire chemotherapeutic treatment which 

renders high morbidity and mortality rates as 

current chemotherapeutic agents fail to selectively 

and effectively eliminate cancer cells without 

destroying normal cells at the sites of metastasis (Li 

et al. 2017). Therefore, seeking novel therapeutic 

agents that target the migration potential of cancer 

cells might help to gain better clinical outcomes in 

lung cancer therapy.  

Recently, curcumin showed several anti-tumour 

activities via its effect on a variety of biological 

pathways involved in tumorigenesis, mutagenesis, 

oncogene expression, apoptosis, and cell cycle 

regulation (Ye et al. 2012). Extensive studies 

revealed that the anticancer mode of action of 

curcumin involves critical molecular targets 

involved in regulating cellular adhesion, migration, 

and organization of the cytoskeleton (Deng et al. 

2016). The critical down-stream regulators for these 

cellular functions are: 1) Serine/threonine LIM 

domain kinase 1 (LIMK1) which phosphorylates 

and deactivates its downstream actin filament 

severing protein Cofilin1 and renders it unable to 

severe and depolymerize the actin filaments 

(Pollard 2016). 2) Non-muscle myosin light chain 

kinase (MLCK) which regulates cell contractility 

via phosphorylating the regulatory light chain of 

myosin 2 thus restoring the cellular motor activity 

(Chen et al. 2014a). 

Despite intensive research regarding its anti-

tumor efficacy, the potential anti-metastatic 

properties of curcumin have been poorly 

investigated. Therefore, this work aims to explore 

the potential anti-migratory and anti-adhesive 

properties of curcumin on lung cancer cells. Also, 

we will investigate the effect of curcumin on 

different signaling pathways that regulate cellular 

motility. Specifically, we will focus on the 

downstream proteins including Cofilin1, LIMK1, 

and MLCK proteins. 

Material and Methods: 

Curcumin preparation 

Curcumin (Purity 96%) was purchased from 

(Sigma, Germany). A stock solution (100mM) was 

prepared by dissolving 368.4mg of curcumin in 

10ml DMSO. Further dilutions were prepared 

whenever necessary. 

Preparation of Cell Cultures 

A549 cell line was purchased from the Medical 

Research Institute (MRI), Alexandria University, 

Alexandria, Egypt. Cells were cultured in a complete 

medium of high glucose Dulbecco’s Modified 

Eagle’s Medium (DMEM) (with L-Glutamine) 

(Lonza, Belgium) containing 10% foetal bovine 

serum (FBS) (Sigma, Germany) in 10cm cell culture 

dishes. Cells were incubated in a humidified CO2 

incubator (Shel Lab, USA) at 37C with 5% CO2. In 

all experiments, cultures of 70-80% confluence were 

used with a maximum passage number of 20. 

Cell Migration Assay 

Cells were seeded in 24-well plates in a complete 

medium (1.2x105 cell/well). After 24h, confluent 

monolayers were scraped with a sterile 200l tip and 

were rinsed twice with 1ml of PBS to remove cell 

debris. Fresh serum-free DMEM containing DMSO 

or curcumin (5, 10, 20M) was added to each well. 

Images of the wound areas were taken at 0h, 24h, and 
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48h after treatment using an inverted phase-contrast 

microscope (OPTIKA, Italy) connected to a digital 

camera. Image analysis was performed using Image J 

software (v1.50). 

Cell Adhesion Assay 

Cells were seeded and treated with curcumin (10, 

20M) or DMSO for 24h. Treated cultures were 

trypsinized and re-seeded in 6-well plates (2x105 

cell/well). After 4h, the prepared cultures were 

washed with PBS and stained with 0.5% Crystal 

Violet solution containing 10% Glutaraldehyde for 

1h. Images were taken for each well in five different 

areas and analyzed using the ImageJ software (v1.5). 

The number of adherent cells from 5 different 

shots/well was counted and the average number of 

adherent cells/mm2 was calculated. 

Scanning Electron Microscopy (SEM) 

Monolayer cultures were prepared over coverslips in 

24-well plates. After 24h, confluent cultures were 

scratched using a sterile 200l tip, washed with PBS 

and treated with Curcumin or DMSO in a serum-free 

medium. After 48h, cultures were fixed using 4F1G 

fixative at 4C, gold-coated using ion sputtering 

device (JEOL, Japan) and examined and imaged 

using a scanning electron microscope (JEOL, Japan). 

Quantitative Real-Time PCR 

Gene expression level was detected using 

quantitative RT-PCR as previously described in 

(Bacevic et al. 2017) with some modifications. Total 

cellular RNA was extracted using RNA Extraction 

Kit (Thermo Fisher Scientific, Inc., USA), according 

to the manufacturer's protocol. Complementary DNA 

synthesized using cDNA Kit (Thermo Fisher 

Scientific, Inc.), was used for PCR. The RT-PCR 

reaction was performed using the TOPreal™ qPCR 

2X PreMIX (Enzynomics, Korea). The following 

primer sequences were used: Cofilin1, forward, 5′-

AACGACATGAAGGTGCGTAA-3′, and reverse, 

5′-CTCACTCAGGCAGAAGAGCA-3′; LIMK1, 

forward, 5′-AGACCTCAACTCCCACAA-3′ and 

reverse 5′-CTCAGGTGCCATCCAGT-3′; MLCK, 

forward, 5′-GTCTTATGTTATCTTCCATTCTA-3′ 

and reverse 5′-

TATAATAAACTGTGGCAATACTG-3′; and 

Ready-to-use GAPDH primers (Qiagen, 

Netherlands). RT-qPCR was performed in duplicate 

and relative expression levels of Cofilin1, LIMK1, 

and MLCK were normalized to GAPDH expression 

levels. 

MTT Viability Assay 

Cells were cultured with a density of 104 cell/well in 

96-well plates. After 24h, the culture medium was 

aspirated and replaced with a fresh complete medium 

containing Curcumin (2.5, 5, 10, 20M) or DMSO. 

At 24h and 48h, wells were washed with PBS and 

supplied with 2.5mg/ml of 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) 

(SERVA, Germany) in serum-free DMEM. After 2h 

of incubation, the wells were carefully washed with 

PBS and supplemented with 100l DMSO for 15 min 

to dissolve the MTT formazan. Absorbance was read 

at 490nm in a microplate reader (Lakshmanan et al. 

2016). 

Statistical Analysis 

Data were expressed as mean ± standard deviation 

(SD) of three independent repeats. The student’s t-

test was applied for evaluating the data significance 

using Microsoft Excel 2016. Results were considered 

statistically significant when the p-value < 0.05. 

Results: 

Curcumin attenuates cellular migration of A549 

cancer cells 

First, we raised the question of whether curcumin 

application affects the migratory potential of cancer 

cells or not. Therefore, we applied the wound assay 

on confluent A549 monolayer cultures upon 

treatment with curcumin (5, 10, 20µM). DMSO-

treated preparations were used as controls. The 

wound area was measured at 0, 24, 48h after 

treatment (Fig.1a, b). The migratory ability of cells 

was expressed as % migration about the control 

(Fig.1c). Our results showed that curcumin 

application inhibits the migration ability of cells at a 

concentration of 10µM and 20µM either 24h or 48h 

after treatment. The observed anti-migratory effect of 

curcumin was statistically significant (p < 0.05) at a 
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high concentration of curcumin (20µM) with a 

decrease in overall migration potential of cells by 

about 20% as compared to controls. On the other 

hand, applying a low concentration of curcumin 

(5µM) results in a slight, but not significant, increase 

in the migration potential of cells as compared to 

controls.  

 

 

 

Fig.1: Curcumin attenuates A549 cancer cell migration. a. Representative phase-contrast images of the 

wound area of control and curcumin-treated cultures at 0, 24, or 48h points after treatment. b. ImageJ-

processed images showing the residual wound area (Blue line-enclosed area) upon curcumin treatment at 

different time points. c. Dose-response curves showing the percent fold change in wound closure area of 

curcumin-treated or control cultures at 24h (upper curve) and 48h (lower curve). Results are mean ± s.d. (n = 

3, Student’s t-test, *p < 0.05). Bar, 500 µm. 
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Curcumin alters the adhesive ability of A549 cells 

We investigated the possible role of curcumin on the 

adhesion of cancer cells as shown in figure 2. We 

observed that curcumin application decreases the 

number of adherent cells in a dose-dependent 

manner. The % of adherent cells upon curcumin 

application was significantly (p < 0.05) lowered by 

21% as compared to control.  

 

Fig. 2: Impact of Curcumin on the adhesion of A549 cancer cells. a. Representative photographs adhesion 

assay of A549 cultures. Images were processed using ImageJ software and the total number of adherent 

cells/mm2 were counted. b. Bar graph showing the % of adherent cells in response to curcumin treatment. 

Results are mean ± s.d. (n = 3, Student’s t-test, *p < 0.05). 

 

Curcumin attenuates the formation of 

lamellipodia and filopodia  

We further investigated the morphology and surface 

features of cancer cells using SEM. Regarding the 

control samples, we found that cancer cells migrate 

collectively, i.e. a leading cell guides several 

neighboring cells to move and close the wound 

(Fig.3a, b). This involves a dynamic remodeling of 

cellular junctions and the formation of lamellipodia 

and filopodia. The cells appeared with long spindle-

shaped lamellipodia that are, in some cells, have been 

extended along the wound to form bridges (Fig.3b, 

c). At higher magnification, the control cells possess 

numerous filopodia extending from the lamellipodia 

toward the wound area (Fig.3d). In curcumin-treated 

cultures, we observed several topological differences 

when compared to the control cultures. The wound is 

wider with few short cellular protrusions (Fig.4a, b). 

Also, cells exhibited fewer lamellipodia and lacked 

their polarity against the wound when compared to 

control. Moreover, we did not observe any filopodia 

protruding from the curcumin-treated cells (Fig.4c, 

d). 
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Fig. 3: SEM micrographs of a scratched A549 control monolayer culture. a. The wound was imaged 48h 

after scratching at low magnification to show the wound closure at different areas. b. A partially closed area 

of the wound with collective cell migration and cellular protrusions. c. Higher magnification of B. Arrows 

indicates cellular lamellipodia. d. Cell-cell contact at the wound area formed between two cells each from a 

different side of the wound. Arrowheads indicate cellular filopodia. 
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Fig. 4: SEM micrographs of a scratched A549 monolayer culture upon curcumin treatment (20µM). a. 

Low-power image of curcumin-treated A549 confluent monolayer at 48h after scratching. Note: the wound is 

widely open. b. Leading cells of the wound edge appear with very limited migration potential. c. still has cell-

cell contact. The apical protrusions and lamellipodia of cells at the wound edge are extremely short. d. Higher 

magnification of figure C showing the absence of filipodia on the wound-facing surface of cells. 

 

 

The impact of curcumin on the expression levels 

of adhesion and migration control proteins 

We applied a quantitative real-time PCR analysis to 

explore the potential effect of curcumin on the 

expression level of Cofilin1, LIMK1, and MLCK 

genes. Surprisingly, we found that the expression 

level of LIMK1 was dramatically decreased (by more 

than 6-folds) as compared to control (Fig.5a). This 

has been accompanied by a slight decrease in the 

Cofilin1 gene expression by 27% as compared to 

control (Fig.5b). We also found a remarkable 

downregulation in the MLCK gene expression by 6-

folds as compared to controls (Fig.5c). 
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Fig. 5: Quantitative real-time PCR analysis of control and curcumin-treated cultures. Bar graphs indicate 

the fold change in the expression levels of Cofilin 1 (a), LIMK1 (b), and MLCK (c) about the control values. 

 

 

The cytotoxic potential of the effect of curcumin 

on A549 cancer cells 

Due to the possibility that curcumin possesses a 

cytotoxic effect on cells that would directly eliminate 

cells from our preparations. Our previously 

mentioned anti-migratory and anti-adhesive effect of 

curcumin could be also attributed to a possible cell-

killing effect of the applied concentrations of 

curcumin.  Therefore, were investigated the possible 

cytotoxic effect of different concentrations of 

curcumin (0, 5, 10, and 20µM) using the MTT assay 

(Fig.6). Our results showed that curcumin (up to 

20µM) has no significant cytotoxic potential on A549 

cancer cells. 
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Fig. 6: Effect of curcumin on the cell viability of A549 cancer cells. Dose-response curves showing the % 

viability of cells upon curcumin treatment at 24h (a) and 48h (b). Results are mean ± s.d. (n = 3, t-test, n.s. 

not significant). 

 

Discussion: 

   Chemotherapy remains the primary therapeutic 

regime for advanced lung cancer, although the severe 

side effects of the chemotherapeutic agents usually 

limit the clinical outcomes of the treatment protocol 

(Gottschling et al. 2012). Curcumin is attracting an 

increasing interest due to its safety, effectiveness, and 

relatively low level of toxicity (Fadus et al. 2017). 

Recent studies have investigated the anticancer 

properties of curcumin and tackled its anti-metastatic 

aspect (Chen et al. 2008; Lin et al. 2009; Chen et al. 

2014b). However, the effect of curcumin on lung 

cancer cell migration and adhesion as well as the 

exact underlying molecular mechanism remains 

unclear. In this work, we evaluated the potential anti-

migratory effect of curcumin on A549 lung cancer 

cells. Our results showed that curcumin attenuates the 

migration potential of A549 cancer cells. Our finding 

is consistent with the findings of (Chen et al. 2015; 

Sirohi et al. 2017) who reported a possible anti-

migratory effect of curcumin. We also investigated 

the anti-adhesive effect of curcumin and found that it 

alters the adhesive capacity of cancer cells. 

Considering the crucial role of surface adhesion 

molecules in cell migration (Huttenlocher et al. 

1995), the observed anti-adhesive action of curcumin 

is likely to participate in its anti-migratory potential 

in cancer cells.  

Our scanning electron microscope study revealed 

that curcumin attenuated the formation of 

lamellipodia and filopodia in cancer cells. The 

formation of these protrusions is crucial for cellular 

motility and involves rearrangement of the 

cytoskeletal elements including the actin fibres 

(Fletcher and Mullins 2010). Therefore, the anti-

migratory action of curcumin could attribute to 

limiting the cellular ability to rearrange the 

microtubules of the cytoskeleton. 
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Further to explore the molecular mechanism by 

which curcumin-induced its anti-migratory effect in 

cells, we analyzed the expression level of the LIMK1 

gene upon curcumin treatment. This kinase directly 

regulates the cytoskeleton remodeling, and thus 

controls the process of protrusion formation. Our data 

showed that curcumin dramatically suppresses the 

expression level of both LIMK1. Also, the expression 

level of the cofilin1 gene (LIMK1 downstream 

target) was slightly downregulated. Mechanistically, 

LIMK1 phosphorylates and deactivates its 

downstream actin-depolymerizing protein cofilin1 

(Ding et al. 2008). Therefore, the observed dramatic 

downregulation in the LIMK1 gene expression upon 

curcumin treatment could render cofilin1 

functionally more active. The cofilin1 activity 

enhances depolymerization and severing of the actin 

filaments which may promote actin filament 

disassembly and disrupt the protrusion formation 

(Dimchev et al. 2017). We also found that curcumin 

downregulates the gene expression level of MLCK. 

The kinase activity of MLCK regulates the myosin II-

mediated contraction that underlies cell protrusion, 

traction, and retraction (Pollard and Borisy 2003). 

Also, MLCK activity is believed to be crucial for the 

generation of contraction forces that connect 

adhesion, protrusion, and actin organization (Gupton 

and Waterman-Storer 2006). Moreover, MLCK plays 

an essential role in the extension of lamellipodia 

(Chen et al. 2014a). Therefore, downregulating the 

expression level of MLCK might effectively cease 

lamellipodia extension and constrain the cellular 

movement. Recent work showed that the loss of 

MLCK disrupts the cell-cell and cell-matrix 

adhesions of breast epithelial cells (Kim and Helfman 

2016). Therefore, our observed anti-adhesive 

potential of curcumin may be attributed to the ability 

of curcumin to downregulate the MLCK gene 

expression. Therefore, our findings suggest that 

curcumin affects the migratory potential of cancer 

cells via attenuating the expression level of LIMK1 

and MLCK genes. 

We also investigated the possible effect of 

curcumin on the viability of cancer cells and found 

that curcumin was not cytotoxic to the A549 cancer 

cells at concentrations up to 20μM. Importantly, the 

inhibitory effect of curcumin on the migration of cells 

was statistically significant at this concentration. This 

eliminates the possibility that our observed anti-

migratory effect could be due to a direct killing effect 

of the applied concentration of curcumin. In 

coincidence with our findings, a recent study reported 

that the cytotoxic effect of curcumin in 801D lung 

cancer cells was not statistically significant at low 

doses (Chen et al. 2014b). Moreover, the results of 

this study suggested that cell death or apoptosis is not 

the main factor for limiting the migration ability of 

lung cancer cells. 

Summary and conclusion 

Taken together, curcumin can attenuate migration 

and adhesion potentials of A549 cancer cells at non-

toxic concentrations. Mechanistically, its activity 

could be attributed to downregulating the LIMK1 

and MLCK proteins. Therefore, curcumin should be 

considered as an effective anti-migratory 

pharmacological agent in lung cancer. Further 

investigations are necessary to understand the 

complete mechanism of action of curcumin on the 

cellular motility pathways.  
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