
Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 6, 2021, Pages. 20494 – 20509 
Received 05 August 2021; Accepted 15 September 2021. 

20494 http://annalsofrscb.ro 

Study of the effects of NCI667916 and NCI201725 on the invasion 

and migration of U87 cell line 

Manar Zraikat
1*

,Walhan Alshaer
2
, Tasneem Alshelleh

1
, Ahmed M Sada 

Alhanjori
1
, Diala Walid Abu-Hassan

3
, Ghada O Tuffaha

4
,Mutasem Taha

4* 

Department of Pharmacology, Faculty of medicine, University of Jordan, Amman, 

Jordan
1 

Cell Therapy Center, The University of Jordan, PO Box: 5825, Amman, Jordan
2 

Department of Physiology and biochemistry, Faculty of medicine, University of 

Jordan, Amman, Jordan
3 

Department of Pharmaceutical Sciences, Faculty pharmacy, University of Jordan, 

Amman, Jordan
4
 

* Manar Zraikat m.zraikat@ju.edu.jo 

Department of Pharmacology, Faculty of Medicine, University of Jordan, Amman, 

Jordan 

*Mutasem Tahamutasem@ju.edu.jo 

Department of Pharmaceutical Sciences, Faculty pharmacy, University of Jordan, 

Amman, Jordan 

 

Abstract 

Aim: This work aims to study the effect of twoNCI compounds,NCI667916 andNCI201725 on the 

invasion and migration of glioblastoma U87 cells using 3Dspheroid invasion model and 2D scratch 

migration model. 

The method involves the use of two famous tumor dissemination assays including the 3D invasion 

spherical model and the 2D scratch model using the U87 glioblastoma cells 

The results showed inhibitory effects of both compounds compared to the control on the invasion and 

migration of the U87 cells in both the 3D invasion model and the 2D migration model. 

The compounds NCI667916 and NCI201725 have shown positive inhibitory effects on the invasion of 

U87 spheres in 3D collagen invasion assay and in the 2D scratch migration assay. 

 

Key words:  

Cancer, Invasion, migration, Glioblastoma, invasion assay, migration assay. 

 

Introduction 

The tumour dissemination process involves metastasis, such as migration, invasion, 

adhesion, and angiogenesis. Metastasis is a process includes the detachment of cells 

from the primary tumour and movement of the cells on the basement membrane 

(migration), then penetration through the basement membrane by degradation of the 

ECM proteins (invasion). [1, 2]. The importance of the tumour dissemination process 
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in the development of tumors made this process a very important target for 

therapy[3]. 

This work aims to investigate the effect of two compounds on the tumor 

dissemination process. The two compounds are NCI667916 and NCI201725 (from 

the National Cancer Institute list of compound). The effects of these compounds 

wereinvestigated on the dissemination of Glioblastoma using two representing 

models for two major dissemination processes including the invasion and migration 

process. The cell line chosen for this purpose was the Glioblastoma U87 cellsknown 

to have high cell surface expression of αvβ3 integrin [4, 5]. 

αvβ3 integrinisknown to be significantly over-expressed on the surface of some solid 

tumour cells tumors such as melanoma, glioblastoma, prostate and breast cancers, 

and plays an important role in inducing metastasis, migration, invasion, angiogenesis 

in these cancers [6].αvβ3 integrin is considered to be important due to its high 

expression on the surface of many solid tumors in addition to its important role in 

inducing metastasis in glioblastoma[7, 8]. 

There are currently no FDA-approved antagonists for αv integrins although many 

inhibitors are currently being researched for cancer therapy and other diseases like 

osteoporosis [9, 10]. For example, LM609 is a monoclonal antibody that targets αvβ3 

integrin [11]thus blocking angiogenesis associated with TNFα and bFGF. The main 

problem associated with LM609 is the high immunogenic response that limited its 

use and so encouraged further research to be carried out, resulting in vitaxin[12]. 

Vitaxin is a humanized mouse monoclonal antibody derived from LM609 and is able 

to recognize αvβ3. Vitaxin blocks angiogenesisinduced by TNFα and bFGF. However 

Vitaxin did not progress beyond Phase I trials as was found to be ineffective [13]. 

Etaracizumab (known as Abegrin) is a humanized engineered monoclonal antibody 

against αvβ3 integrin and has completed Phase I and II clinical trials in prostate cancer 

and melanoma[14-16]. 

On the other hand, MK-0429 (Figure 1) represents a family of small molecules that 

targets αvintegrins and has completed a Phase I/II study as potential treatment of solid 

tumors[17]. MK-0429 is being investigated to be used for the treatment of prostate 

cancer [18], ophthalmological problems, and osteoporosis [17]. Similarly, Cilengitide 

(Figure 1,a cyclic peptide antagonist of αvβ3 (IC50 = 2.3nM) and αvβ5 (IC50 = 37nM) 

integrins[19], was investigated for glioblastoma[20], melanoma [21], breast cancer 

[22] and head and neck cancer [23]. Low concentrations of Cilengitidein vivo resulted 

in stimulating tumor growth and angiogenesis indicating complex role of integrins in 

tumorigenesis[24]. Although phase I and phase II clinical trials indicated promising 

activity of Cilengitideagainst glioblastoma as monotherapy and in combination with 

other compounds [25]-[26], phase III clinical studies showed the addition of 

Cilengitide to glioblastoma standard therapy failed to meet the primary endpoint of 

increasing overall survival leading to the decision that Cilengitide will not be 

developed as an anticancer drug in the future[27, 28]. 
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Figure 1. Chemical Structures of known αvβ3 integrin inhibitors including tested 

compoundsNCI667916 and NCI201725. 

 

Interest in the development in new clinically viable αvβ3 integrinblockers prompted us 

to implement a similarity search protocol to screen the National Cancer Institute 

database for new inhibitors. MK-0429 and two drug-like potent αvβ3 integrin 

inhibitors (compounds 24 and 11 in reference 40) were used as molecular templates 

while the molecular similarity was assessed using MDL-public keys as molecular 

fingerprints and Tanimoto indexas similarity criteria [41]. Out of the top-ranking 

molecules, NCI667916 (similarity score = 0.71) and NCI201725 (similarity score 

=0.52) showed significant activity in subsequent in vitro assays.    
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The anti-invasive effects of these compoundswere determined by testing specific 

concentrations and determining their effect on the invasion of U87 cells from spheres 

in 3D collagen invasion assay and 2D scratch assay. 

The concentrations of these compounds were selected based on MTT tests done to 

determine the IC50 of those compounds.The concentrations selectedfor the invasion 

assay were less than the valuesof the IC50 of the compounds. The anti-migration 

properties of the compounds were determined based on using the same concentrations 

used in the invasion assay. The effect studied was the inhibitory effect of the certain 

concentrations of the compounds on the migration of U87 cells in scratch assay. 

 

Material and methods 

The cell line and reagents: 

The U87-MG Glioma cell line was purchased from the European Collection of Cell 

Cultures ((ECACC), Salisbury, Wiltshire, England). Standard conditions of 37°C and 

5% CO2 humidified atmosphere were used to maintain the cells. In the 3 D invasion 

assay, the Collagen usedwas catalogue number C4243.The reagents used in the MTT 

assay werepurchased from Sigma-Aldrich (Poole, UK). 

Methods 

MTT Assay 

The U87 cells were treated with different concentrations of the tow compounds over 7 

days before doing the MTT assay. The cells were incubatedat 37°C, 5% CO2 for 4 

hours with previously prepared MTT solution. The optical density of the plates was 

read at 570 nm after removal of the MTT solution. The assays were done in 

triplicates. 

Collagen Invasion Assay:  

The collagen invasion assay was prepared as previously shown in[29]. Briefly,The 

U87 spheroids were prepared from hanging drops and seeded between two layers of 

Collagen I in 8-chamber cover glass (Nunc, Lab-TeK, Thermo scientific). The 

collagen was over layered by 200 µL of RPMI and incubated at 37°C, 5% CO2 for 7 

days. Image-Jprogram was used to analyze pictures taken for the spheroidsover 7 

days. The t-test was used to analyses of the data. 

Scratch Assay  

The scratch assay was done in plates containing 70 -80 % confluent cells. First, the 

scrachswere done and the cells were washed with media. Second, the different 

concentrations of the compounds were added to 2 ml of full media for each well and 

added to the scratched wells. Finally the pictures were taken in different times 

including after 4 hours, 24 hours and 48 hour.The representative pictures of the 

scratch were analyzed by ImageJ program. 
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Results and discussion 

Compounds NCI667916 and NCI201725 were evaluated against U87 cells since 

theyoverexpress αvβ3 integrin. The two compounds were selected based on fingerprint 

similarity with known αvβ3 integrin inhibitors (see figure 1). 

Two assays were selected to investigate the effects of the two compounds on the 

invasion and migration of the U87 cells. The first assay is the three-dimensional (3D) 

spheroid invasion assay. This assay is considered to mimic the in vivo invading 

capacity of tumors[30]. The 3D structure of the spheres mimic the 3D structure of the 

tumorsin vivo[31]. furthermore the presence of collagen layers mimic the in vivotumor 

microenvironment [32, 33]. The layers of collagen in the 3D assay also work as 

barriers between the drug and the target spheres making the assay more challenging 

and more able to reflect the real situations [32]. 

To evaluate tumor migration potential, we implemented the two-dimensional (2D) 

scratch assay [34, 35]. This assay describes the2D migration of tumor cells[36, 37]. 

The two compounds were tested by the two methods using identical concentrations 

for the purpose of comparison.  

Initially, the two compoundswere evaluated by MTT assay that was repeated three 

times for each. Both NCI667916and NCI201725 yieldedIC50 values of 7.0 µM. The 

concentrations used in the subsequent three-dimensional (3D) and two-dimensional 

(2D) assays were less than this value, i.e., at 0.5 µM and 5.0 µM.The measurements 

were repeated in triplicates. 

Both compounds showed clear inhibitory effect on the invasion of the U87 spheres at 

the two tested concentrations.The inhibitory effects of both concentrations of the 

compound NCI667916 were comparable (figures 2 and 3). Furthermore, the 

compound NCI201725inhibited the invasion of U87 spheroids at both concentrations 

in a comparable way(figures4 and 5).  

Both compounds inhibited the ability of U87 cells to migrate. The inhibitory effect of 

NCI667916 at the two concentrations wasgradual and proportional to the 

concentrations used(figures 6 and 7). However,the same two concentrations of 

NCI201725 yielded comparable effects (figures8 and9). 

Clearly, the ability of both compounds to inhibit migration of U87 cells is more 

pronounced compared to their inhibition on invading spheres. This difference is 

supposed to be due to the presence of collagen in the 3D invasion assay making this 

assay more reflective to the realistic situation. 

Future extra experimental work is recommended including investigating the effect of 

these compounds on extra invasion assays in addition to investigate the safety of these 

compounds before progressing towards further clinical studies.  

Conclusion 

In conclusion both the compounds NCI667916 and NCI201725 have shown positive 

inhibitory effects on the invasion of U87 spheres in 3D collagen invasion assay and in 

the 2D scratch migration assay and future investigating studies on those compounds is 

recommended.  
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Figure2.  the effect of the compound NCI667916 on the invasion of U87 spheres. 
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Figure 3. diagram shows the effect of the compound NCI667916 on the invasion of 

U87 spheres in the 3D invasion assay. Mathematical representation of the 3 D 

invasion assay results 
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Figure 4. the effect of the compound NCI201725 on the invasion of U87 spheroids in collagen. 
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Figure5. Diagram shows the effect of the compoundNCI201725 on the invasion of 

U87 spheroids in collagen. Mathematical representation of the 3 D invasion assay 

results 
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Figure 6. the anti-migrationeffect of the NCI 667916 on the U87 cell in 2D scratch 

assay. 
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Figure 7.  a diagram shows the anti- migration effect of the compound NCI 667916 on the 2D 

scratch assay. 
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Figure 8. the anti-migration effect of the compound NCI201725 on the U87 cell le in 2D 

scratch assay. 
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