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Abstract

Background: Alteration of metabolic pathways in cancer cells can intensely modulate their 
migration as an important step in invasion and metastasis. Ketogenic diet showed some con-
tradictory results in cancer patients. In this study the impact of metabolic reprogramming of 
A2780CP as a model of ovarian cancer stem-like cells on cell migration by two in vitro meth-
ods: wound healing and soft agar colony-forming assays. Materials and Methods: short term 
and long term metabolic reprogramming were done by restriction of glucose to 250mg/L with or 
without enrichment with beta-hydroxybutyrate (5 milimolar) for 48 hours and 30 days, respec-
tively. Wound healing assay was done and the wound ratio was calculated for 24 and 48 hours. 
Soft agar colony formation assay was also done in treated and control cells. For method com-
parison, ten biological replicates were analyzed in triplicate. Results: Migration of A2780CP 
ovarian cancer stem-like cells were significantly alleviated by long term glucose restriction but 
no significant changes were observed in short term study. Beta-hydroxybutyrate enrichment 
did not produce significant impacts on glucose restriction in short or long term studies. Con-
clusion: The results of colony formation in soft agar and wound or scratch healing assay were 
in good correlation and convergence which could be used interchangeably in the investigation 
of metabolic reprogramming in cancer cells. [GMJ.2020;9:e1831] DOI:10.31661/gmj.v9i0.1831
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Introduction

Cell migration is a major feature of a ma-
lignancy that play chief roles in invasion 

and metastasis. The migratory potential of 
cancer cells could be investigated by several 
methods. Some in vitro methods have been 
well-established to examine the impacts of dif-
ferent factors or treatments on the migration of 

cancer cells [1]. Scratch test or wound-healing 
test is one of the popular migration assay tests 
which enable the investigator to evaluate the 
migration of the cancer cells after a manipu-
lation [2-4]. In this test, the speed of healing 
of the wounded gap shows the migratory po-
tential of the cells. It is a simple and versatile 
techniques that could be monitored by time 
to time photography or time-lapse recording. 
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The different tendencies of cancer cells for 
gap filling by swarming from the wounded 
edges or by the landing of floating cells make 
it hard to compare the cells with the different 
types of migration patterns.  Soft agar colo-
ny-forming assay is the other test for testing 
the anchorage-independent growth of cancer 
cells and eventually reflects the migratory po-
tential of the cancer cells [5, 6]. It is a wide-
ly used test that has not been affected by the 
types of migration or growth patterns, but it is 
a more time-consuming method than wound 
healing assay. Recent findings revealed that 
cancer cell migration could also be affected 
by altered cellular metabolism [7]. Metabolic 
targeting of cancer cells and metabolic repro-
gramming showed promising results in some 
cancers. Beneficial impacts of ketogenic diets 
(KD) in ovarian cancer have recently reported 
and a randomized controlled trial revealed that 
KD may improve physical function, increase 
energy in patients with ovarian cancer. Many 
studies suggest ketogenic diets and ketones as 
a complementary and beneficial treatment to 
cope with tumor growth and metastasis in a 
variety of cancers [8-10]. The heterogeneity 
of metabolic preferences in tumor cells, main-
ly cancer stem cells(CSCs), and the impact of 
metabolic reprogramming on the behavior of 
cancer cells such as migration and metastasis 
have not been studied yet. In this study, the 
effect of experimental simulation of nutrition-
al ketosis was investigated on the migration 
of A2780CP cells as a model of ovarian can-
cer stem-like cells via wound healing and soft 
agar colony formation assays.

Materials and Methods

Cell Lines and Chemicals
The authenticated cisplatin-resistant variant 
of A2780 human ovarian cancer stem-like cell 
line, A2780CP (C454) was procured from Iran 
National Cell Bank(NCBI). A2780CP cells 
are also cross-resistant to Melphalan, Adria-
mycin and irradiation. Mycoplasma contam-
ination were ruled out by using a polymerase 
chain reaction test. Glucose-free DMEM 
(D5030) and (±)-Sodium 3-hydroxybutyrate 
(54965) were purchased from Sigma-Aldrich 
(Merck KGaA, Darmstadt, Germany). Other 
chemicals and supplements were cell culture 

grade and obtained from Biosera Europe (Nu-
aille, France) or other suppliers. No further 
purification were done. Consumables and cell 
culture vessels were prochased from a Korean 
company (SPL Life Sciences Co., Ltd).

Metabolic Reprograming 
For the in vitro stimulation of long term ke-
togenic diet, cell culture vessels were divid-
ed two-three groups, glucose restricted to 
250mg/L ( ¼ normal concentration) (G-R), 
five millimolar beta-hydroxybutyrate en-
riched glucose restricted to 250mg/L (B-E), 
and low glucose-DMEM receiving control 
cells (C). DMEM supplemented with  peni-
cillin/streptomycin (100 IU/mL, 100 μg/mL) 
and FBS (10%) were used, and incubated in 
a humidified incubator at 37°C and 5% CO2. 
For short term treatment cells were examined 
48 hours after reprogramming and for long 
term treatment, all subcultures were received 
the same treatment for one month.

Wound Healing
Wound healing assay was done after short 
term and long term metabolic reprogramming 
and a total of 2×105 treated and control cells 
were spread in monolayer (six-well plate). 
Then the surfaces of the cultured cells were 
scratched to form several distinct scratches 
or wounds. Done on. Subsequently, the cells 
were supplemented with fresh conditioned 
medium containing 10% FBS and incubated 
at cell culture incubator for the next 48 hours. 
Same wounded area were imaged at different 
time points (0= just after scratch, 24 and48h at 
twenty four and forty eight hours, respective-
ly). Later, the wounded areas were computed 
using microscopic measuring software (Op-
tika Vision Pro, Optika Srl, Ponteranica BG, 
Italy), and the wound ratio was approximated 
using the following formula:

Soft Agar Colony Formation Assay
Assessment of colony formation was done 
after short term and long term metabolic re-
programming and. low melting agarose with a 
concentration of 0.7% containing DMEM was 
plated in 6-well plates, and the plates were 
incubated at room temperature for 30 min. 

Wound ratio =  Wounded Area or Endpoint Scratched
Wounded Areaor Initial Scratched   
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Subsequently, 5,000 cells of all treated and 
control cells were mixed with 0.6% agarose 
in DMEM medium and were seeded on the 
top of the solidified base layer. The number 
of colonies was counted after 3 weeks, using 
a microscope. 

Statistical Analyses 
For method comparison, ten biological repeats 
were analyzed in triplicate. Data are reported 
as mean ± SD. The results were statistically 
analyzed using two-tailed appropriate test 
(GraphPad Prism, version 8.00) and signifi-
cant difference was defined as the “p-value” 
less than 0.05.

Results

Short Term Metabolic Reprogramming
Short term alteration of available metabolic 
fuels, by reduction of available glucose with 
or without supplementation with bHB nei-
ther significantly alleviated wound healing 
at 24 and 48 hours (P=0.7812 and 0.1269, 
respectively) nor reduced colony formation 
(P=0.9412 and 0.9734, respectively) (Fig-
ure-1a, b). Therefore, short term metabolic al-
terations of cancer cells have not significantly 
reflected by stable functional outcomes such 
as migratory potency or anchorage-indepen-
dent growth. Such findings are supporting 
that alteration of migratory potency or an-
chorage-independent growth is not the early 
events after changing the available metabolic 
fuels in ovarian cancer cells. 

Long Term Metabolic Reprograming
Long term metabolic reprogramming by re-
duction of glucose availability of the cancer 
cells to 25% of usual concentration with or 
without supplementation with 5mM bHB for 
30 days revealed that both of the migratory 
potency or anchorage-independent growth of 
A2780CP ovarian stem-like cancer cells were 
significantly impacted. As shown in Figure-2a 
and b, findings for that glucose restriction 
with or without bHB significantly reduced mi-
gration of A2780CP ovarian stem-like cancer 
cells in 24 and 48 hours wound healing assay 
and soft agar colony formation ( P<0.0001 for 
all). Hence, the stable functional outcome of 
metabolic reprogramming could be verified 

by either of soft agar colony formation assay 
or wound healing assay. 

Method Comparison
The results from wound healing tests showed 
a significant correlation with soft agar colo-
ny formation assays in short term (R2=0.683, 
P=0.035) and long term (R2=0.851, P=0.021) 
metabolic reprogramming of A2780CP ovari-
an stem-like cancer cells. 

Discussion

It has been shown that the manipulation of 
the metabolic machinery of cancer cells dra-
matically alters the functional outcomes such 
as migration and invasion [11].  Despite the 
ability of cancer cells to switch from totally 
anaerobic to oxidative metabolic pathways in 
response to certain environmental stressors, 
glucose is still an important source of cellular 
ATP for cancer cells. The chief roles of the 
atypical glycolytic reaction in retaining of the 
stemness and invasiveness were reported in 
cancer stem cells (Lin et al., 2019). Accord-
ingly, targeting glucose metabolism is a prom-
ising approach to eradicating both cancer cells 
and cancer stem cells. In this regard, several 
approaches such as intermittent fasting, cal-
orie restriction mimetic drugs and alternative 
diets such as ketogenic diet have been used in 
preclinical and clinical studies to prevention 
and therapy of cancer [12]. In cancer patients, 
concentration of blood glucose and ketones 
could be altered to 3.1- 3.8 mM and 2.5-7.0 
mM by using a high-fat/low-carbohydrate/ad-
equate-protein ketogenic diet (Seyfried et al., 
2013). Significant metabolic changes usually 
occurs within 3 to 4 of ketogenic diet [13]. In 
this study, we compared the wound healing 
assay, as a measure of in vitro cell migration 
assay, and soft agar colony-forming assay, re-
flecting anchorage-independent cell replica-
tion, to examine the impact of short term and 
long term restriction of glucose with or with-
out bHB supplementation in ovarian cancer 
stem-like cells, A2780CP. Findings showed 
that both methods significantly correlate and 
the short term manipulation did not impact 
any of those tests. However, a significant cor-
relation was also observed in long term assays 
indicating that both tests are reliable markers 
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Figure 1. Wound healing assessment of metabolically reprogramed A2780CP cells. a. Short term induction of metabolic changes via 
restriction of glucose with or without bHB did not show significant changes in 24 or 48 hours. b. Scratch test after a long term metabolic 
induction by restriction of glucose with or without bHB revealed significant alleviation of A2780CP cells migration in both time-points of 24 
and 48 hours. All data represent the mean ± SD of ten biological replicates. *P<0.05

to prove the functional impacts of metabolic 
reprogramming on in vitro studies and could 
be used interchangeably.  Although the com-
parison of scratch test and clonogenic assay 
have not been reported for the impact of short 

and long term reduction of glucose with or 
without beta-hydroxybutyrate supplementa-
tion in ovarian stem-like cancer cells the sim-
ilar findings were reported for other kinds of 
treatments in different cancers [14-16].
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Figure 2. Colony formation in soft agar of metabolically reprogramed A2780CP cells a. Short term restriction of glucose with or without 
bHB did not induce significant changes in the number of colonies. b. colony formation assay after long term metabolic induction by 
restriction of glucose with or without bHB showed significant reduction of A2780CP colony numbers as a marker of reduced anchorage 
independence. All data represent the mean ± SD of ten biological replicates. *P<0.05

Conclusion

Wound healing or colony formation in soft 
agar assays are reliable in vitro test that sig-
nificantly correlates in confirming the positive 
impacts or negative responses of metabolic 

manipulation of the ovarian stem-like cancer 
cells.
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Figure 3. Comparison of colony formation in soft agar with the wound or scratch healing tests for the assessment of metabolic repro-
gramming in A2780CP ovarian cancer stem-like cancer cells Both methods revealed consistent and convergent results for short (a) and 
long (b) term metabolic reprogramming with glucose restriction with or without bHB enrichment.

the thesis written by Hossein Ghahremani 
in the School of Medicine, Shahid Behesh-
ti University of Medical Sciences, Tehran, 
Iran (registration number: (180). This study 
was approved by the committee for ethics, 
School of Medicine, Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran IR.SB-
MU. MSP.REC.1396.538 and IR.SBMU.
SM.REC.1395.571. Part of this study was sup-

ported by the research grant (9803-66009803) 
provided by the deputy of research, Shahid 
Beheshti University of Medical Sciences. 

Conflict of Interest

The authors declare that there is no conflict of 
interest regarding the publication of this arti-
cle.

Migration Assays in Metabolically Reprogramed Ovarian Cancer Ghahremani H, et al.



6 GMJ.2020;9:e1831
www.gmj.ir

10.	 Woolf EC, Curley KL, Liu Q, Turner GH, 
Charlton JA, Preul MC et al. The ketogenic 
diet alters the hypoxic response and affects 
expression of proteins associated with 
angiogenesis, invasive potential and vascular 
permeability in a mouse glioma model. PLoS 
One. 2015;10(6):e0130357. 

11.	 Tseng P-L, Chen C-W, Hu K-H, Cheng H-C, 
Lin Y-H, Tsai W-H et al. The decrease of 
glycolytic enzyme hexokinase 1 accelerates 
tumor malignancy via deregulating energy 
metabolism but sensitizes cancer cells to 
2-deoxyglucose inhibition. Oncotarget. 
2018;9(27):18949-69.

12.	 O’Flanagan CH, Smith LA, McDonell SB, 
Hursting SD. When less may be more: 
calorie restriction and response to cancer 
therapy. BMC medicine. 2017;15(1):106. 

13.	 Chung H-Y, Park YK. Rationale, feasibility 
and acceptability of ketogenic diet for cancer 
treatment. Journal of cancer prevention. 
2017;22(3):127. 

14.	 Karakuş F, Eyol E, Yılmaz K, Ünüvar S. 
Inhibition of cell proliferation, migration 
and colony formation of LS174T Cells by 
carbonic anhydrase inhibitor. Afr Health Sci. 
2018;18(4):1303-10. 

15.	 Gupta R, Yang Q, Dogra SK, Wajapeyee 
N. Serine hydroxymethyl transferase 1 
stimulates pro-oncogenic cytokine expression 
through sialic acid to promote ovarian cancer 
tumor growth and progression. Oncogene. 
2017;36(28):4014-24. 

16.	 Saha S, Ghosh M, Dutta SK. The dual-hit 
metabolic modulator LDCA synergistically 
potentiates doxorubicin to selectively combat 
cancer-associated hallmarks. RSC advances. 
2017;7(84):53322-33. 

References

1.	 Pijuan J, Barcelo C, Moreno DF, Maiques 
O, Siso P, Marti RM et al. In vitro Cell 
Migration, Invasion, and Adhesion Assays: 
From Cell Imaging to Data Analysis. Front 
Cell Dev Biol. 2019;7:107. 

2.	 Cappiello F, Casciaro B, Mangoni ML. 
A Novel In Vitro Wound Healing Assay 
to Evaluate Cell Migration. J Vis Exp. 
2018(133).

3.	 Grada A, Otero-Vinas M, Prieto-Castrillo F, 
Obagi Z, Falanga V. Research Techniques 
Made Simple: Analysis of Collective Cell 
Migration Using the Wound Healing Assay. J 
Invest Dermatol. 2017;137(2):e11-e6. 

4.	 Martinotti S, Ranzato E. Scratch Wound 
Healing Assay. Methods Mol Biol. 2019. 

5.	 Borowicz S, Van Scoyk M, Avasarala S, 
Karuppusamy Rathinam MK, Tauler J, 
Bikkavilli RK et al. The soft agar colony 
formation assay. J Vis Exp. 2014(92):e51998. 

6.	 Horibata S, Vo TV, Subramanian V, 
Thompson PR, Coonrod SA. Utilization 
of the Soft Agar Colony Formation Assay 
to Identify Inhibitors of Tumorigenicity 
in Breast Cancer Cells. J Vis Exp. 
2015(99):e52727. 

7.	 Finley LWS. Metabolic signal curbs cancer-
cell migration. Nature. 2019;571(7763):39-
40. 

8.	 Magee BA, Potezny N, Rofe AM, Conyers 
RA. The inhibition of malignant cell growth 
by ketone bodies. Australian Journal of 
Experimental Biology and Medical Science. 
1979;57(5):529-39. 

9.	 Seyfried TN, Flores RE, Poff AM, 
D’Agostino DP. Cancer as a metabolic 
disease: implications for novel therapeutics. 
Carcinogenesis. 2013;35(3):515-27. 

GMJ.2020;9:e1831
www.gmj.ir

7

Migration Assays in Metabolically Reprogramed Ovarian Cancer Ghahremani H, et al.


