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ABSTRACT 
 

Effect of Laminin derived IKVAV Motif and Ultrashort Self-Assembling Peptides 

on Cell Growth and Organoid Formation of Colorectal Cancer Stem Cells: 

Bioprintability Assessment  

Fatimah Jalih 

Over the past decades, many studies have been conducted to generate in vitro 

tissue systems that help understanding tissue development and disease 

progression. Hydrogel scaffolds have been frequently used in creating such 

models. Self-assembling peptide hydrogels are functional in providing the cells a 

scaffold that supports cell proliferation, however, organoid and lumen formation 

remains a challenge. Hydrogels can be synthesized and modified based on the 

essential physiological properties, which can be achieved by altering the 

chemical composition of the initial material. Thus, in this study, we test the effect 

of the laminin-derived IKVAV motif on ultrashort self-assembling peptide in 

relation to cell proliferation and lumen formation in colorectal cancer stem cells. 

Further, we test the printability of the modified peptide. The modification of 

ultrashort peptide serves the purpose of providing signals to direct cell adhesion, 

differentiation, and lumen formation. One particular combination of peptides 

showed the formation of colorectal organoids containing lumen of outperforming 

characteristics as compared to the others, also in 3D bioprinting. 
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Introduction 
Background 
 

Colorectal Cancer (CRC) is the third most common type of cancer diagnosed 

worldwide. It is also the second foremost cause for cancer-associated death with 

12% death rate of all cancer cases (Siegel et al. 2017, Bray et al. 2018). Given 

this, the challenge to decrease the high rate of mortality caused by CRC needs a 

more inclusive understanding of tumor onset and progression mechanisms. At 

present, particularly in the exciting time of personalized treatment, big data 

management, and fast-rising innovative technologies, such as 3D bioprinting, 

there is a high demand for new methods that would help characterize and 

monitor the disease and work as a modality for drug testing. This goal can be 

pursued by establishing an appropriate and personalized in vitro environment to 

serve as a model that resembles the natural colon tissue of each patient. This 

would also validate newly designed scaffolds and provide qualified information 

for further investigations.    

Extracellular Matrix 
 

Given the necessity of such systems, tissue engineering approach can provide 

the basis of in vitro environments. Current developments in tissue engineering 

make use of new biomaterials that mimic the extracellular matrix (ECM) and 

resembles its critical properties. In native microenvironments, the ECM is the 

acellular element of a tissue composed of cross-linked bio-macromolecules to 

form a network. These bio-macromolecules include a wide variety of 



10 
 
polysaccharides and proteins. The most substantial biomacromolecules are 

collagen, fibronectin, laminin, hyaluronic acid (HA), and glycoprotein (Naba et al. 

2012). Collagen constitutes 90% of the ECM, which provides a significant 

fundamental feature to the ECM in regulating cell adhesion and tensile strength 

(Frantz et al. 2010, Rosario and DeSimone. 2010). Fibronectin is another major 

ECM protein that is significant for its role in binding to cell integrin receptors, to 

other proteins such as collagen, and to other fibronectin dimers (Pankov and 

Yamada. 2002). Another crucial ECM component is Laminin, which is important 

for cell attachment to the matrix, in addition to its role in cell migration in some 

carcinomas (Ioachim et al. 2002). All of which promote cells and organoids 

growth. Organoids recapitulate various features of the native tissue, 

consequently, they are suitable to study and investigate the organ behavior and 

function. For colon tissues, tumorous cells from patients have initiated the growth 

of tumor organoids that are fit to investigate the formation of tumors and serve as 

model systems (Tuveson and Clevers. 2019). For example, successful colorectal 

cancer organoid growth has been reported by Clevers and coworkers by the use 

of natural polymers (Clevers and Tuveson, 2019) and in Gjorevski and others, by 

the use of synthetic polymers (Gjorevski et al. 2016). Polymeric hydrogels are 

three-dimensional (3D) hydrophilic networks that have been found to be 

promising materials for regenerative medicine and pharmacological uses 

because of their multi-tunable properties and structural resemblance to native 

ECM (Rosales and Anseth. 2016, Guvendiren and Burdick. 2013, rice et al. 

2013). The biological and physicochemical properties of these hydrogels, 
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including mechanical flexibility, degradation processes, nutrient transport, and 

spatio-temporal features, can be structured and regulated by using polymers with 

diverse compositions and various densities, and by modifying with different 

bioactive molecules such as cell-adhesion ligands and proteolytic degradation 

sites. The mechanical resemblance of such modified cellular microenvironments 

that recapitulate the ECM has shown great potential as engineered 

microenvironments due to their different cross-linking methods, which gives them 

advantages for being minimally invasive when transitioning from solution phase 

to gel (Park et al. 2014, Park and Gerecht. 2014).  

Hydrogels as Engineered Three-dimensional Microenvironments  
 

Both natural and synthetic hydrogels have multiple applications within tissue 

engineering and regenerative medicine as 3D matrices. Natural hydrogel 

matrices such as collagen and fibrin have showed positive outcomes as 3D 

microenvironments, yet, they also have critical limitations. The cross-linking of 

collagen hydrogels occurs through physical alterations such as pH levels and 

temperature sensitivity, which gives it unique assets as a scaffold for biomedical 

applications and tissue engineering. However, some of its critical disadvantages 

include its batch-to-batch variations and relatively weak mechanical properties 

(Place et al. 2009, Leitinger and Hohenester. 2007). In addition, fibrin gels go 

under ionic interactions for cross-linking. These gel matrices have unique roles in 

tissue regeneration due to their various domains, such as integrin, fibronectin, 

and heparin binding sites. Because of its special properties, fibrin gel has been 
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utilized in tissue engineering, especially in regenerative medicine and in drug 

delivery. However, fibrin gels are sensitive toward cells enzymes, thus they 

experience degradation at a faster rate when compared to other gels, which 

restricts their ability to maintain and support cell growth (Blomback. 1996, Fuss et 

al. 2001).  

Chemically modified natural hydrogels are also used to compose 3D matrices in 

tissue engineering. Alginate is one example of naturally derived polymer with 

great advantages due to its ease of fabrication and biocompatibility (Augst et al. 

2006, Lee et al. 2011). Another example is gelatin, a denatured collagen type I, 

which is widely common for its biocompatibility, easy fabrication, and 

biodegradability (Klotz et al. 2016, Van den Steen et al. 2002). Hyaluronic acid 

(HA) is also used in tissue engineering as 3D hydrogel for its advantages in 

promoting cell growth and vascular morphogenesis (Turley et al. 2002). Although 

these semisynthetic hydrogels are promising materials in tissue engineering and 

various clinical applications, some limitations still arise while developing such 

materials. Some of the challenges include improving mechanical properties and 

bioactivity, and overcoming cytotoxicity due to the slow phase transition and the 

cross-linking methods in some of the hydrogels. However, despite the very 

positive outcomes of these techniques, the drawbacks of the naturally derived 

hydrogels, like immunogenity and poor tunability, or of other synthetic polymers 

that require damaging crosslinking methods, renders the use of ultrashort self-

assembling peptides a better alternative (Hauser et al. 2011).  



13 
 
In recent years, the use of hydrogels via the concept of self-assembly peptides 

(SAPs) has grown in importance for their application in various 

biopharmaceutical applications, drug delivery and tissue engineering (Arthur et 

al. 2009). The designing of such synthetic polymers with constructed chemical 

and mechanical properties has its advantages in guiding cell behavior and 

morphology, including organoid formation and cell plasticity (Engler et al. 2006, 

Floren et al. 2016). SAPs that form nanofibrous structures mimicking the ECM 

have great potential to be an alternative to natural polymers for 3D hydrogel 

scaffolds (Gjorevski et al. 2016, Arthur et al. 2009). The specific design of SAPs 

can be further enriched with functional motifs that can be coupled to the peptide 

sequences for enhanced functionality. For this purpose, motifs that are found in 

the extracellular matrix molecules such as, fibronectins, collagen, and laminin 

can be used in conjugation to the synthetic peptides (Theocharidis et al. 2014, 

Tashiro et al. 1989). Moreover, the printability and capability to support long-term 

culture of these peptides was reported in the Nanomedicine laboratory’s previous 

works (Susapto et al. 2021).  

Bioprinting 
 

In tissue engineering, the bioprinting technology is as significant as the material 

used. Current bioprinting methods include laser-assisted bioprinting, 

stereolithographic bioprinting, inkjet bioprinting, and extrusion-based bioprinting. 

Each of the bioprinting techniques has its specific strengths and weaknesses. 

Laser-assisted bioprinting method uses the model of laser-induced forward 
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transfer. A key advantage of using laser-assisted bioprinting is its compatibility 

with a wide range of hydrogel viscosities. However, this method is considered 

relatively slow and expensive when compared to the other bioprinting techniques. 

Furthermore, Stereolithography bioprinting is common for its high resolution 

printing, yet, it has high cytotoxicity rate due to the printing process and the 

photo-curing reagents used. Another method is inkjet bioprinting which uses 

continues drop-one-demand printing. This method is considered to be the fastest 

and most cost-effective way to 3D bioprint. The drawback of inkjet approach is 

the risk of nozzle clogging when viscous hydrogels are used. The most common 

approach to 3D bioprinting is the pressure-assisted, extrusion-based bioprinting. 

This method allows for printing with highly viscous bioinks while maintaining cell 

viability (Kim et al. 2016, Sundaramurthi et al. 2016).   

 

Objective  
 

In this study, we used our previously developed ultrashort, self-assembly peptide 

(IIFK) that can, under controlled physiological settings and specific 

concentrations, solidify and form hydrogels that offer a 3D environment similar in 

properties to that in native ECM. This environment provides a suitable matrix for 

cell growth, proliferation and differentiation. Furthermore, it can be easily 

manipulated into a variety of hydrogels with diverse stiffness based on the 

concentration used (Seow et al. 2016, Fauchere et al. 1988, Chaudhuri et al. 

2016, Haugh et al. 2018). Moreover, to provide cues for colorectal cancer 
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organoids growth we supported the original peptide both with the laminin-derived 

IKVAV motif and with a newly synthesized peptide containing both IIFK and 

IKVAV moieties (Sordat et al. 1998, Sordat et al. 2000]. Here, we investigated 

the effect of this motif on cell proliferation and lumen formation as an early 

organoid formation signal. We also evaluated the bioprintability of this modified 

tetrapeptide hydrogel by investigating cell viability and proliferation of printed 

construct with cells for possible tissue engineering applications, using the 

extrusion mechanism of the in-house developed robotic 3D bioprinter that 

consists of highly precise and flexible four degree-of-freedom robotic arm, and 

microfluidic pumps. Both manual and bioprinted construct containing laminin 

derived peptide demonstrated clear advantages, in particular in organoid lumen 

formation, over the single peptide IIFK and the control Matrigel (see a graphical 

abstract of the work in Figure 1).  
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Figure 1. In-house bioprinting setup. IIFKG3IKVAV is used to 3D bioprint 
colorectal cancer organoids 
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Materials and Methods 
 

2.1 Peptide synthesis  
 

IIFK (Ac-Ile-Ile-Phe-Lys-NH2), IIFKG3IKVAV (Ac- Ile-Ile-Phe-Lys-Gly-Gly-Gly-Ile-

Lys-Val-Ala-Val-NH2) were synthesized by Fmoc-based solid-phase peptide 

synthesis (SPPS). The peptides were purified by liquid chromatography-mass 

spectroscopy (LC-MC). 

2.2 Hydrogel formation  
 

Aqueous peptide solutions were prepared by dissolving lyophilized peptide 

powders in MilliQ water and vortexing and sonicating for 5 minutes until fully 

dissolved. The hydrogel formation was initiated by adding 10X phosphate-

buffered saline (PBS) to the aqueous peptide solution to reach a final 

concentration of 9:1 peptide solution to PBS. To find the critical gelation 

concentration, vial inversion tests were performed to each peptide using different 

concentrations. 

2.3 Mechanical properties analysis of hydrogel  
 

The mechanical properties of the peptide hydrogels were determined by 

performing an oscillatory rheological test using TA Ares G2 rheometer equipped 

with 8 mm parallel-plate geometry and a gap distance 1.5 mm at 22 °C. 

Hydrogels were prepared inside a 9 mm inner diameter glass ring treated with 

Sigmacoat, by dissolving them first in MilliQ water and then adding PBS 10x to a 
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final concentration of PBS 1x. Six replicates with a volume of 200 µl were 

prepared 21 hours prior to measurements.  

2.4 AFM imaging 
 

JPK AFM Nanowizard III mounted on Olympus optical microscope IX73 was 

used to measure the sample in air. AFM probes AC240TS_R3 from Olympus 

with a nominal resonance frequency of 60 kHz were used in tapping mode. The 

samples were dissolved in MilliQ water at a final concentration of 8 mM by gentle 

mixing. The solution was left at room temperature for 1 hour and afterwards, 20 

µl were pipetted on a freshly cleaved mica sheet. The solution was let dry at 

room temperature and afterwards in a vacuum chamber overnight. The AFM 

measurement was performed at 10% Rh. 

2.5 Culture of colorectal cancer stem cells and cell seeding in 3D hydrogel 
 

Commercial colorectal carcinoma derived cell line SW1222 was used. Cells were 

maintained in fresh medium comprising of Iscove's Modified Dulbecco's Medium 

(IMDM, Gibco), supplemented with 1% penicillin, and 10% fetal bovine serum 

(FBS), in a CO2 incubator at 37°C and with 5% CO2. The culture media was 

changed every 3 days. Cells at passages 8 – 10 were used. Cells were split 

using trypsin, and single cells were obtained by running the cells through a 

strainer. Cells were mixed with PBS, and loaded to the pre-gel peptide solutions. 

Peptides were sterilized by UV for 1 hour for 3D hydrogel culture, before seeding 

the cells. For cell viability and proliferation assays, 96-well plate was used to form 
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100 μL 3D hydrogel from peptide solution (8 mM, 10 mM, 12 mM of each IIFK, 

IIFKGGGIKVAV, IKVAV, and a mix of IIFK with IIFKGGGIKVAV 5:1) with 7000 

cells suspended in 2X PBS. Preparing for cytoskeletal staining, the same method 

was used to form a droplet construct in 24-well plate with a total volume of 15 μL 

and 1000 cells. Matrigel and 2D cell culture were used as positive controls. 

Media was added to each well on culture plates.   

2.6 Cell viability and proliferation assessment  
 

At each time point of culture, Viability of CRC cells in 3D hydrogel scaffolds was 

determined by LIVE/DEAD Viability/Cytotoxicity Kit (Invitrogen, ThermoFisher). 

The staining solution was prepared with 4 mM ethidium homodimer-1 (EthD-1) 

and 2 mM calcein AM in 1X PBS. Cell samples were washed three times with 

PBS1x then incubated in the staining solution for 45 minutes. After staining, the 

stain solution was removed and samples were washed three times with PBS 1x. 

Cells were imaged with ZEISS Axio Vert fluorescence microscope. To determine 

the proliferation rate of cells, the CellTiter-Glo luminescent viability assay was 

used. 100 uL (equivalent to culture medium used with samples) of CellTiter-Glo 

reagent was added to each well and mixed thoroughly. Samples were incubated 

for 25 minutes at room temperature. A PHERAstar FS plate reader was used to 

read the plates.       

2.7 Cytoskeletal staining  
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Immunostaining was performed using Rhodamine phalloidion (Invitrogen, 

ThermoFisher) for F-actin staining. After fixing the cells with 4% 

paraformaldehyde (PFA) for 30 minutes, cells were permeabilized with 0.5% X-

100 triton in 1X PBS for one hour. The permeabilized cells were then incubated 

in blocking buffer solution containing 10% Goat serum in 1X PBS and left 

overnight. Rhodamine phalloidion (1:40) was added to the cells and left for 24 

hours. Further, cells were washed with 1X PBS and incubated in 4′,6-diamidino-

2-phenylindole (DAPI) for 10 minutes then washed with 1X PBS. Finally, cells 

were imaged using laser scanning confocal microscope (Inverted confocal 

microscope Zeiss LSM 710). Lumen size was measured in Image J image 

analysis software by measuring the diameter of the spots, and assuming the 

shape was circular for comparison. Statistical analysis was afterwards performed 

by using one-way t-test and considered significant below p=0.05.   

 

 

2.8 3D Bioprinting Assessment  
 

The in-house developed printing system was used to test the printability of each 

peptide hydrogel. The robotic 3D printing system consists of microfluidics pumps, 

a robotic arm with five degrees of freedom, and a dual-coaxial nozzle. Three 

microfluidics pumps were used in this system: one for the peptide, one for PBS, 

and the other for the cells. This pumps' system allows for a specific flow rate for 

each solution, which results in a more consistent printed structure. The robotic 

arm used here was a DOBOT Magician robotic arm with a modified head to 
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mount the in-house designed and fabricated nozzle. The nozzle used was 

custom designed to have three inlets and one outlet with a 0.5 mm inner 

diameter. Two of the inlets allow for the peptide solution and PBS 1x to merge 

and form the hydrogel, and the third is for cell dispensing (Figure S1). Flow rates 

of 50, 25, and 15 µl/min were used for peptide solution, PBS, and cells, 

respectively. Printing files were designed with SolidWorks and transferred to 

Repetier-Host to obtain the g-code for 3D printing with the robotic arm. 

2.9 Nozzle Fabrication 
 

Using formlabs form 3B printer, we 3D printed a nozzle that was designed to 

follow the manually made nozzles features with two main inlets and one outlet 

with 1 mm inner diameter. White resin was used to print the nozzle. After printing, 

the construct was washed in isopropanol and cured with UV light for 50 minutes, 

then in a 40°C for one hour. 
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Results 
 

3.1. Self-assembling Biofunctionalized Tetrapeptides 
 

The self-assembling peptide IIFK had been considered for use in this project 

based on the previously reported positive effect on cell expansion (Supasto et al. 

2021). IIFK is composed of a hydrophobic tail from the nonpolar amino acids (Ile, 

I and Phe, F) and a positively charged amino acid (Lys, K) at the N-terminal, 

which gives this peptide its amphiphilic structure. This amphiphilic property 

makes IIFK able to self-assemble into ordered aggregates (Figure 2a). A 

combination of the tetrapeptide IIFK and the IKVAV motif with three glycine (G) 

linker had been rationally designed and investigated for its gelation capability. 

We detected that when PBS buffer was added to the peptide solutions, an 

immediate hydrogel formation occurred. We performed a vial inversion test with 

different peptide concentrations to monitor the critical gelation concentration and 

gelation time for each IIFK, IKVAV, and the combination of the two peptides 

(IIFKGGGIKVAV) (Figure 2b). The gelation of the combination G3 peptide 

needed less time when compared to each peptide by itself. This is best explained 

by the increased aggregation rate caused by the presence of the glycine 

residues. AFM topography performed on the three peptides showed a 

nanofibrous morphology (Figure 2c). The ability to form hydrogels and therefore 

suitable environment for cellular growth is favored by this type of self-assembly 

into fibrous structure. Extracellular matrix is itself characterized by the presence 

of collagen, which is forming an intricate network of fibers that supports the cell 
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growth (Hauser et al. 2011, Chaudhuri et al. 2016, Haugh et al. 2018). Both the 

motives IIFK and IKVAV, are amphiphilic in nature and already reported to form 

fibers in solution (Arthur et al. 2009, Hersel et al. 2003). The longer peptide G3 

(IIFKGGGIKVAV) combination of the former two peptides with three G linkers 

was chosen, among the others, because of its capability to form fibers. 
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Figure 2. Self-assembling peptides characterization. (a) Chemical structure of 
self-assembling biofunctionalized tetrapeptide IIFK, G3, and peptide-based 
IKVAV motif. (b) Self-assembling peptides at the critical gelation concentration 
1X PBS solution form supramolecular nanofibrous hydrogels. (c) Nanofibrous 
morphology imaged using AFM microscopy (Please note the concentration is 
different between (b) and (c) 8mM final concentration for AFM).   
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3.2. Cell Viability and Proliferation of CRC cells in Hydrogel Scaffold 
 

A screen study was performed to investigate the biocompatibility of the different 

peptides and their effect on cell viability and proliferation. We used different 

concentrations of IIFK, IKVAV, G3, and a mix of IIFK with G3 to study cell 

viability and proliferation in the hydrogel scaffolds (Figure 3). When compared to 

the Matrigel control, both G3 and the mix had a significant increase in cell 

growth. The IIFK:G3 mix at the lowest concentration (8 mM) shows an increase 

in viability after 7 days of culture when compared to the other peptides. Also, the 

high percentage of cell viability indicates that there was no cytotoxicity effect 

throughout the culture time (Figure 4). Additionally, we performed a proliferation 

assay to estimate the growth of CRC cells in the peptides scaffolds by measuring 

the production of adenosine 5′- triphosphate (ATP) at day 1 and 7 of culture. The 

proliferation of the cells was confirmed in the different peptides as the ATP 

released increased with time of culture. Higher proliferation rates were observed 

in IIFK and the mix IIFK:G3 peptides scaffolds when compared to the 2D control 

(Figure 5). 
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Figure 3. Influence of different peptide hydrogels on cell viability. (a) Cell viability staining images 
of CRC cells in IIFK, IKVAV, G3, and IIFK:G3 after 1, 4 , and 7 days of culture. Calcein-AM (live 
cells, green), and ethidium homodimer-1 (dead cells, red) were used to stain the cells. Matrigel 
was used as positive control. Scale bar is 100 μm. 
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Figure 4. Influence of different peptide hydrogels on cell viability. Cell viability 
percentages obtained using Image J for calculating the ratio of green to red of 
stained florescent images. 
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Figure 5.  Cell proliferation assessment in different hydrogel scaffolds with 
different concentrations in comparison to 2D culture. Proliferation assay after 1 
and 7 days of culture. 
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3.3. Characterization of CRC cells in Scaffolds 
 

To examine whether our peptides scaffolds contribute to the initial organization of 

cells into organoids, we embedded single CRC cells into each peptide and 

imaged the F-actin cytoskeleton and the morphology of cells with confocal 

fluorescence at day 4 and 7, to monitor lumen formation. Moreover, we evaluated 

the formation of lumen across different concentrations of the peptides used and 

compared it to lumen formed within cells cultured in Matrigel (Figure 6). 

Morphology of the luminal structures across the different peptides varied as we 

observed a more ordered configuration of cells in the biofunctionalized and 

IKVAV peptides. Concentrations used did not play a key role as no significant 

difference is observed in lumen formation (Figure 6a-c). Figure 6d shows the 

difference in the diameter of lumen area in different peptide hydrogels, assuming 

for simplicity that the lumen are circular in shape. Larger lumens are observed in 

peptides containing IKVAV and IKVAV alone when compared to IIFK. Lumen 

formation in IIFK:G3 at different layers in 3D was also observed (Figure 6e) 
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Figure 6. Characterization of organoids in hydrogel scaffolds. Rhodamin Phalloidin 
is used to stain F-actin (red), and DAPI is used to stain the nucleus (Blue). 
Assessment of morphology in hydrogel scaffolds with different concentrations (a) 8 
mM, (b) 10 mM, and (c) 12 mM. (d) Comparison of lumen diameters of organoids in 
the different peptides at day 7. (e) Lumen formation in IIFK:G3 at two different 
layers of the same Z-stack. Scale bar is 100 μm.      
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3.4. Mechanical Stiffness of Peptides Hydrogel 
 

After verifying that the best performing peptides for CRC cell growth were IIFK 

and IIFK:G3, while removing IKVAV that is gelating poorly, we characterized the 

mechanical properties of the hydrogels, which are essential for printability. The 

stiffness of different concentrations of IIFK and the combination of IIFK and G3 

was examined by measuring the storage modulus (G’). The mechanical stiffness 

of these two hydrogels increases as the final concentration increases (Figure 7). 

When compared to each other, IIFK by itself had higher G’ values than when it is 

combined with the modified IIFK. The rigidity of both hydrogels were within the 

rigidity range that supports continuing multipotency maintenance (Hersel et al. 

2003, Loo et al. 2019), and bioprinting (Susapto et al. 2021). Consequently, 

these peptide hydrogels are promising as bioinks.  
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Figure 7. Mechanical stiffness values of two peptide hydrogels IIFK and IIFK:G3. (a) Storage 
Moduli of IIFK and IIFK:G3 hydrogels at various concentrations in PBS buffer. (b) Oscillation 
test results that shows storage and loss moduli as a function of the applied strain for IIFK, 
and for IIFK:G3 (c).      
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3.5. Characterization of 3D Bioprinted construct  
 

Based on the results of mechanical properties, cell viability, proliferation and 

lumen formation of CRC cells in the different self-assembled peptide hydrogels, 

the combined peptide consisting of IIFK and G3 at final concentration of 8mM 

and 10 mM with 5 to 1 ratio was used for 3D bioprinting. Cell proliferation in the 

printed constructs was assessed at day 1 and 7 of culture. Cells’ proliferation 

was effective at both concentration of peptides as the ATP released increased 

with time of culture. Higher proliferation rates were observed when 8 mM of the 

peptides was used and compared to Matrigel (Figure 8). 

3.6. Newly designed nozzle 
 

A 3D printed nozzle was designed for bioprinting with hydrogels using the in-

house developed robotic printer. The bioprinting with the nozzle was tested with 

the peptide hydrogel using different parameters such as peptide concentrations 

and different flow rates. Peptides concentrations used were 10 mM and 15 mM. 

Flow rates tested were 45, 55, and 65 µl/min for the peptide solution. As shown 

in Figure 8, shape consistency can be observed when higher flow rates are used 

with lower peptide concentrations. 
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Figure 8. Three-dimensional printed construct using IIFK:G3 hydrogel. (a) Top 
and side view of printed construct of 8 mM IIFK:G3. (b) Top and side view printed 
construct of 10 mM IIFK:G3. (c) Bioprintability assessment by proliferation assay 
of cells in IIFK: G3 construct after 1 and 7 days of 3D bioprinting and culturing. 
(d) Printed construct at day 1 and 7 of bioprinting.   
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Figure 9. Newly designed nozzle. (a) Cross-sectional view of the nozzle showing 
the inside channels. (b) Printed constructs using different peptide concentrations 
at various flow rates. (c) Storage Moduli of IIFK:G3 hydrogels at various 
concentrations in PBS buffer .   
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Discussion 
 

Ultrashort self-assembling peptide IIFK in combination with IKVAV was used as a 

hydrogel scaffold to grow organoids from CRC cells. This allows for mimicking 

the native ECM and offer a 3D environment for cells. To manipulate the 

environment to cells’ needs, physical and chemical properties can be controlled 

by modifying the peptide sequence (Lakshmanan and Hauser. 2011, Susapto et 

al. 2021). In the current research, we investigated the effect of IKVAV on our 

previously developed tetrapeptide IIFK when used as a scaffold for CRC cells, 

and compared the results to when the single peptides were used. The gelation of 

the combination G3 peptide needed less time when compared to each peptide by 

itself, which gave it an advantage for use in 3D bioprinting. One key feature of 

this combination is its tunable stiffness which provides mechanically dynamic 

matrices (Khademhosseini and Camci-Unal. 2018). We tested the influence of 

three different concentrations, which consequently altered the stiffness of the 

hydrogels, on cell proliferation and organoid formation. We found that with 

decreasing concentration, cell viability increased as well as cell proliferation. 

Also, The IIFK:G3 mix at the lowest concentration (8 mM) showed an increase in 

viability after 7 days of culture when compared to the other peptides, which 

indicates its compatibility with CRC cells.  

We used confocal fluorescence to investigate the cells morphology and 

arrangement. Improved organoid formation and enhanced lumen area were 

observed across the different peptides that includes IKVAV motif and IKVAV 
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alone. The stiffness of each peptide used did not play a key role as no significant 

difference is observed in organoids and lumen formation in the different 

concentrations tested. Morphology of organoids across the different peptides 

varied as we detected a more ordered configuration of organoids in the modified 

peptides and IKVAV. This indicates that IKVAV may have a positive effect on 

organoids development and on enhancing lumen area when used as a 3D 

environment for CRC cells.  

These findings provide us with an indication of the effective preparation of a 

modified ultrashort, self-assembling peptide hydrogel that is capable of 

supporting CRC cells proliferation and organoids formation. We subsequently 

investigated the bioprintability of this modified peptide hydrogel. We printed a 3D 

construct and investigated cells proliferation after printing. The printed structure 

of 0.5 cm height held its original shape after more than 7 days post printing. We 

also found that cells had a comparable proliferation rate to that in Matrigel when 

low concentration was used. This provides evidence that this modified peptide 

hydrogel can be a promising bioink based on synthetic material that provides a 

suitable, bio-printable, and biocompatible scaffold, which mimic the ECM from 

functional tissues, and in which cells can grow and proliferate. Therefore, this 

hybrid peptide can be a potential cost-effective bioink that maintains the integrity 

of cells in the printed constructs. 

Although the new design of the one piece nozzle has shown some advantages 

such as less clogging and more controlled setup, it still needs many 
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improvements and testing regarding the inner diameter, the material used and its 

compatibility with cell, and the best parameters to work with.   
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Conclusion 
 

This study provided valuable insights on the effect and performance of IKVAV 

motif when used in combination with the ultrashort peptide IIFK as a bioink with 

CRC cells. Modified IIFK with IKVAV can be used to effectively print 3D 

constructs without harmfully impacting cell viability. Confocal microscopy showed 

signs of improved organoids and lumen formation when cells were cultured in the 

3D environment of IIFK:G3 hydrogel scaffold. Importantly, it provides evidence 

that the use of IKVAV in combination with IIFK peptide successfully provided 

signals to direct lumen formation which increased the lumen area in organoid 

formation of CRC cells as compared to other peptides.  

 

This work has been prepared and submitted for publication.  
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Appendix 
Supplementary Figures  

 

Figure S1. 3D bioprinting system consisting of 3 microfluidics pumps, DOBOT 
Magician robotic arm, and Dual- coaxial nozzle. 

 


