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Abstrct 
Inflammation is a biological defence mechanism applied by living organisms against foreign 

invaders. In the response to DAMPs and PAMPs, organisms use inflammatory multi-protein 

complexes to fight the attackers. The most studied inflammasome proteins are NLRP3, ASC and 

Caspase-1. This study is aimed at understanding the role of NEK7 protein in the NLRP3 

inflammasome’s activation, using CRISPR/Cas9 system. To determine the effect of CRISPR/Cas9 

and transfection, mRNA expression was analyzed. The results obtained suggest that neither the 

transfection nor the NEK7 protein knockout have sufficiently worked. This study could not 

experimentally establish that NEK7 triggers NLRP3 inflammasome activation because ELISA was 

not conducted to verify the levels of cytokines emitted, due to there being no statistical differences 

between the samples. Above all, the research question in this thesis project was not answered 

because the instability of the ACTB reference gene negatively influenced the results. However, 

previous related studies conclude that NEK7 plays a crucial role in the activation of the NLRP3 

inflammasome. 

Keywords: NLRP3 inflammasome, NEK7 protein, THP-1, Prime, activate, differentiate, stimulate, 

cytokines, Interleukin-1 Beta, Interleukin-18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 



Abbreviations 

AIM2  Absent-in-melanoma 2 

ASC  Apoptosis-associated speck-like protein containing a caspase-recruitment domain      

BRCC36  BRCA1-BRCA2-containing complex 

CAPS  cryopyrin-associated periodic syndromes  

CU  Control-transfected, un-primed 

CP  Control-transfected, primed 

CPA  Control-transfected, primed and activated 

DAMPs  Damage-associated molecular patterns 

GSDMD  Gasdermin D 

HIN  200-amino-acid domain 

LPS  Lipopolysaccharide 

LRR  Leucine-rich repeat 

MYD88  Myeloid differentiation primary response 88 

NEK7  Never in mitosis A-related kinase 7 

NF-Kb  Nuclear factor kappa-light-chain-enhancer of activated B cells 

NLR  Nod-like receptor 

NLRP3  Nod-like receptor pyrin domain containing 3 

NOD  Nucleotide-binding oligomerization domain 

NU  Non-transfected, un-primed 

NP  Non-transfected, primed 

NPA  Non-transfected, primed and activated 

PAMPs  Pathogen-associated molecular patterns 

PRR  Pattern-recognition receptor 

PYD  Pyrin domain 

TLR  Toll-like receptors 

TRIF  TIR-domain-containing adapter-inducing interferon-β 

TU  Transfected, un-primed 

TP  Transfected primed 

TPA  Transfected, primed and activated 
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Introduction 

Inflammation, inflammasomes and defence mechanism 
Inflammation is one of the body’s defence systems that participates in the healing mechanism 

(Medzhitov, 2008; Medical News Today, 2020). The immune system instigates a biological 

response to combat an invader when detected. The intruders could be thorns, irritants and 

pathogens, among others. The pathogens are bacteria, viruses and any organism that generates 

infections. Inflammation could cause chronic diseases, such as metabolic syndromes, which 

include obesity, type 2 diabetes and heart diseases. Additionally, inflammation could lead to 

autoimmune diseases, such as type 1 diabetes, by making the body accidentally recognise its own 

cells and tissues as destructive (Medzhitov, 2008; Medical News Today, 2020). 

In the innate immune system the inflammasomes operate by means of the germline-encoded 

pattern-recognition receptors (PRRs) that activate inflammasomes in reaction to toxic stimuli, 

such as infecting pathogens, dead cells, and environmental irritants (Kelley, Jeltema, Duan, & He, 

2019). Inflammasomes are clusters of immune machinery consisting of multi-protein complexes, 

comprised of NLR and PYHIN proteins, including NLRP1, NLRP3, NLRC4 and AIM2 (Henao-Mejia, 

et al., 2012). Another way to describe it, is that inflammasomes, thanks to the PRRs, are antennas 

detecting exogenous pathogen-associated molecular patterns (PAMPs) or endogenous damage-

associated molecular patterns (DAMPs) that control the cleavage of effector pro-inflammatory 

cytokines such as pro-IL-Iβ and pro-IL-18 (Henao-Mejia et al., 2012).    

Inflammatory formation and recognition mechanism 
In reaction to the invaders, the inflammatory proteins, such as NLRP3, ASC and caspase-1, 

oligomerize to activate the inflammatory complex, purposely to eradicate infectious 

contaminations and repair damaged tissues (Kelley et al., 2019). To activate inflammasomes, 

multi-intracellular protein complexes, including ASC as an adaptor between the NLR family and 

PYHIN, activate caspase-1 which forms the activated inflammatory complex (Franchi, Eigenbrod, 

Muñoz-Planillo, & Nuñez, 2009). The key established PRRs in the formation of inflammasomes, 

such as nucleotide-binding oligomerization domain (NOD), leucine-rich repeat (LRR)-comprising 

proteins (NLR) family members, the absent-in-melanoma 2 (AIM2) and the pyrin/PYHIN (Sharma 

& Kanneganti, 2016; Lamkanfi & Dixit, 2014) 

An apoptosis-associated speck-like protein containing a caspase-recruitment domain (ASC), is a 

two ways adaptor protein that plays an important role in connecting pro-caspase-1 to the 

inflammasome complex (Fernandes-Alnemri et al., 2007). Caspase-1 is activated when it comes in 

close contact with the inflammasome using a proximity-induced autocatalytic activation (Kelley 

et al., 2019). The cytokines, mostly pro-interleukin-1β (pro-IL-1β) and pro-IL-18 are induced to 

their mature and biologically active forms, when the active caspase-1 cleaves them. The IL-1β then 

triggers the expression of genes that regulate fever, pain threshold, vasodilation, and hypotension. 

This reaction starts a response from an endothelial cell which facilitates the penetration of 

immune cells into infected and damaged tissues. The IL-18, in turn, is responsible for interferon-

gamma (IFN-ϒ) formation and is one of the cytokines that facilitate adaptive immunity (Dinarello, 

2009).  

An active caspase-1 cleaves gasdermin D (GSDMD), resulting in the N-terminal domain of GSDMD 

to produce holes in the plasma membrane, hence inducing pyroptosis. The pyroptosis in this 

scenario, has a biological importance in that it forces intracellular pathogens away from their 

replicative position, subjecting them to other immune components, and also induces the release 
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of cytokines and the generation of DAMPs to enhance the immune system’s response to 

contamination or infection (Fink & Cookson, 2006; He, Wan, Chen et al., 2015; Miao et al., 2010) 

NLRP3 inflammasome 
The NLRP3 inflammasome poses an essential immune defence against bacterial, fungal, and viral 

infections (Thomas et al., 2009). Numerous inflammatory disorders such as cryopyrin-associated 

periodic syndromes (CAPS), Alzheimer’s disease, diabetes, gout, autoinflammatory diseases, and 

atherosclerosis is connected to the dysregulation of the NLRP3 inflammasome (Menu & Vince, 

2011; Guo, Callaway & Ting, 2015). The NLRP3 inflammasome is a multilateral protein that 

comprises of an amino-terminal pyrin domain (PYD), a central nucleotide-binding and 

oligomerization domain (NOD; also known as the NACHT domain), and a C-terminal leucine-rich 

repeat (LRR) domain (Franchi, Warner, Viani & Nuñez, 2009). An inflammasome complex is set 

off when the pyrin domain of NLRP3 interrelates with the pyrin domain of ASC (Vajjhala, Mirams 

& Hill, 2012). The NOD domain contains ATPase activity needed for NLRP3 oligomerization which 
in turn results in NLRP3 inflammasome activation (Duncan et al., 2007). There are controversies 

about the mechanism of the NLRP3 inflammasome, however, two signalling methods (priming 

and activation) have been proposed (Lamkanfi & Kanneganti, 2010).  

NLRP3 Stimulation – priming and activation 
A two way-signal mechanism has been suggested for NLRP3 inflammasome activation and neither 

of the signals alone does activate the NLRP3 inflammasome (Juliana et al., 2012; Lopez-Castejon 

et al., 2012). The first signal (priming) is propagated by microbial elements or endogenous 

cytokines, which stimulate the NLRP3 inflammasome. The second signal (activation) of the NLRP3 

inflammasome stems from extracellular Adenosine Triphosphate (ATP), pore-forming toxins, or 

particulate matter (Juliana et al., 2012). In the priming step of NLRP3 activation, the microbes, 

such as lipopolysaccharide (LPS), engage in the transcription of NLRP3 by upregulating NLRP3 

and cytokines (see Figure 1). The transcription and upregulation of NLRP3 induced by priming 

leads to a vigorous inflammatory response (Bauernfeind et al., 2009). Since NLRP3 is 

ubiquitinated in the LRR domain, the priming of NLRP3 triggers deubiquitinating enzyme 

(BRCC36) which then deubiquitinates NLRP3 (Shi et al., 2015). 

 

Figure 1. A figurative representation of NLRP3 inflammasome activation, showing a bipartite signal model. 

The priming signal 1 (left side) is induced by microbial organisms (LPS) and signal 2 (right side) is induced 
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by endogenous elements (ATP), leading to the activation of the transcription factor and subsequent 

activation of NLRP3 and cytokines. This Figure is inspired by Kelley et al (2019). 

The toll-like receptor 4 (TLR4), as seen in Figure 1, is a member of the TLRs family, which is critical 

for recognizing lipopolysaccharide (LPS) and for activation of innate immunity, which 

subsequently leads to the production of pro-inflammatory cytokines and chemokines (Vaure & 

Liu, 2014). The activation of TLR4 triggers two signalling pathways: the MyD88 and the TRIF 

signalling pathways. Both pathways form a complex that regulates NF-κB, which then activates 

NLRP3 and subsequently stimulates pro-IL-β and pro-IL-18 (Kelley et al., 2019).  

NEK7-NLRP3 Interaction 
Never in mitosis A-related kinase 7 (NEK7) or, short name, NimA-related protein kinase 7 (NEK7), 

is a major protein that regulates the mitotic mechanism (Yissachar, Salem, Tennenbaum, & Motro, 

2006). It engages in chromatin condensation by phosphorylating histone (H3) and engages in the 

reformation of the microtuble network in the mitotic process (Yissachar, Salem, Tennenbaum, & 

Motro, 2006). More so, NEK7 can biologically be found at the centrosome all over the cell cycle, 

functions in the centrosome and is monumentally crucial in spindle formation at prometaphase 

and cytokinesis during mitosis (Kim, Lee, & Rhee, 2007). 

Most importantly, a study has shown that NEK7 is one of the vital elements of the NLRP3 

inflammasome in macrophages (Zhou et al., 2016) (Figure 1).  A research was done on mice to 

investigate the effect of NEK7 on inflammatory bowel disease (IBD), which is rampant among 

mutant inflammation-associated conditions in the gastrointestinal tract (Chen et al., 2019). 

Interestingly, Chen t al (2019) described that NEK7 interacts with NLRP3 to facilitate the 

inflammasome activation and cell pyroptosis, hence hindering the IBD advancement. According 

to Chen, Liu, Yuan, et al (2019), the dysregulation of NEK7 induces an interruption of the cell’s 

homeostasis, which leads to abnormal cell growth. It was seen that the NEK7 knockout immensely 

triggered the reduction of NLRP3 and IL-1β. Chen et al (2019) conducted this experiment using 

small interfering RNA (siRNA) to investigate the role of NEK7 in the activation of the NLRP3 

inflammasome. 

CRISPR/Cas9 System 
Clustered regularly interspaced palindromic repeats (CRISPR)/Cas9 is a modern gene editing 

technique used in biomedical research (Redman, King, Watson, & King, 2016). The CRISPR/Cas9 

facilitates the possibility of correcting errors in the genome and in a quick, cheap, and reasonably 

easy way turn on or off genes in cells and organisms. It has a lot of biological applications including 

rapid creation of cellular and animal models, functional genomic screens, and live imaging of 

cellular genome. It is widely used in clinical applications, such as gene therapy, and the treatment 

of infectious diseases (Redman, King, Watson, & King, 2016). 

The CRISPRs are the repeated segments of DNA originally found in prokaryotic organisms. CRISPR 

and CRISPR-associated (Cas) proteins are among the adaptive immune systems in archaea and 

bacteria which defend against invasive microbial organisms (Liu, Zhang, Liu, & Cheng, 2017). 

CRISPR was first discovered in Japan, at the Osaka University, by Ishino in 1987 (Ishino, Shingawa, 

Makino, Amemura & Nakata, 1987). After numerous structural similarities were found in different 

bacteria and archaea, Janson proposed the acronym (CRISPR) in 2002 and in 2005 Mojica and 

associates speculated that CRISPR and its related proteins have immune defense functions (Liu, 

Zhang, Liu, & Cheng, 2017). 

Cas proteins are endonucleases which use a single guide RNA (sgRNA) to create a complementary 

base pair with target DNA and then cut the DNA at a specific site of interest. Among Cas proteins, 

Cas-9 is the mostly used (Figure 2). In gene editing, sgRNA recognizes the sequence of interest 
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while Cas9 protein cleaves it at a specific site of interest. The CRISPR/Cas9 system has two 

pathways: The Non-Homologous End Joining (NHEJ) repair pathway and the Homology Directed 

Repair (HDR) pathway. The NHEJ repair pathway repairs the double strand breaks (DSBs) by 

generating insertion or deletion (InDel), which leads to frameshifts and/or premature stop codon. 

Contrarily, a donor DNA template is required to repair the DSBs in the HDR Pathway (Liu, Zhang, 

Liu, & Cheng, 2017). 

 

Figure 2. A genetical strategy to edit NEK7 protein using the CRISPR/Cas9 system. Firstly, a crRNA has a 

20-nt complementary to the gene of interest upstream PAM sequence. The tracrRNA guides crRNA to locate 

the site of interest (20-nt NEK7), the enzyme (Cas9) cuts the gene of interest at 3 sequence upstream PAM 

sequence. These components form CRISPR/Cas9 (sgRNA). Figure 2 is inspired by Liu, Zhang, Liu & Cheng 

(2017). 

This thesis project is aimed at using CRISPR/Cas9 technology to determine the intracellular effect 

of the NEK7 protein in the activation of the NLRP3 inflammasome in mammalian cells (THP-1) 

when knocked out. The main objectives are making a CRISPR/Cas9 construct and using this 

mechanism to investigate the role of NEK7 protein in the activation of NLRP3. In human THP-1 

cells, a portion of NEK7 DNA sequence (24 base pair), which is the target, is to be cleaved using 

CRISPR/Cas9 mechanism and subsequently repaired by the NHEJ repair pathway.  In the previous 

experiment conducted by Chen et al (2019), NEK7 was silenced in a mouse intestinal epithelia cell 

line but in this experiment, mammalian cells will be used to investigate the role of NEK7 as it 

relates to the activation of NLRP3 inflammasome. Hypothetically, NEK7 knockout will lead to 

reduction in the NLRP3 inflammasome’s activation, and in IL-1β and IL-18 formation. 

Materials and methods 

Construction of forward and reverse oligonucleotides 
The oligo 1 (forward primer) and oligo 2 (reverse primer) of “Never in mitosis A-related Kinase 

7” (NEK7) were constructed using the Benchling software, supplied by Invitrogen. The purpose of 

the oligos (24 base pairs (bp)) was to create a sequence that is complementary to the portion of 

the targeted NEK7 DNA sequence (24 bp) and ligate it in a pGuide-it Vector ( approximately 8 kb) 

and then transform it into stellar competent cells (Clontech Laboratories, Inc.). The control oligos 

(scrambled sequences that do not recognize any genes) were also provided by the company 

(Clontech). According to the Guide-itTM CRISPR/Cas9 protocol, this construct was transfected into 

THP-1 cells, where the annealed oligos located the portion of the targeted DNA (24 bp) and were 
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expected to knock it out (Clontech). The parameters, e.g. GC contents, were analyzed using Oligo 

Analyzer (Integrated DNA Technology) The oligos designed can be found in Figure 3. 

Target sequence: 5'- GAAGGCCTTACGACCGGATA[CGG] -3' 

Oligo 1:   5'- CCGG GAAGGCCTTACGACCGGATA -3' 

Oligo 2:            3' -CTTCCGGAATGCTGGCCTAT CAAA- 5' 

Figure 3. Showing the 20 bp target sequence with the 3 PAM sequence in blue colour at the 3՛ end. The PAM 

sequence guided the sgRNA to where to cut, most often 3 sequences upstream the PAM sequence. Oligo 1 

and 2 contained overhangs in red sequences, which were created to match the overhangs of the vector to 

ensure an optimal ligation. 

Cloning 
The oligos 1 and 2 of NEK7 and control oligos 1 and 2, the latter consisting of scrambled sequences, 

were annealed according to the Guide-itTM protocol by mixing oligo 1 and 2, Guide-it oligo, and 

annealing Buffer (Clontech). The oligos’ mixture was then annealed using a thermal cycler 

(Biometra) to denature at 950 C for 2 minutes and reanneal at a 850 C to 300 C slope for 

approximately 10 minutes (Clontech). 

According to the protocol (Clontech), the annealed oligos (target oligos and control oligos) were 

cloned into the pGuide-it Vector (Clontech). The reaction mix was incubated at 220 C for 7 minutes 

instead of 160 C for 30 minutes as instructed by the protocol – because the room temperature was 

higher than 160 C, the time had to be reduced – and the mix was then transformed into stellar 

competent cells following the protocol instructions (Clontech).  

The LB-agar + ampicillin plates and non-ampicillin plates were pre-warmed at 370 C for 

approximately 30 minutes and the recombinant DNA was plated in different volumes (5, 10, 20, 

40, 60, 80, 100, 150, 200 and 250 μl)  and incubated overnight at 370 C. After overnight incubation, 

four colonies were selected, suspended in 5 ml LB-Broth + ampicillin (100 µg/ml) and incubated 

overnight at 370 C. Plating was also done according to the LB-agar plates Addgene protocol 

recommendations (Addgene). 

The four selected colonies were purified using QIAprep® Spin Miniprep Kit (QIAGEN). According 

to the protocol, QIAprep® Spin Miniprep Kit (QIAGEN), the colonies in 5 ml media were 

centrifuged at 8000 rpm (6800 x g) for 3 minutes using a multi-purpose centrifuge – ScanSpeed 

1580 MGR (LABOGENE). LyseBlue reagent was not added in the process and the DNA was eluted 

with 50 μl Buffer EB according to the protocol (QIAGEN). Futhermore, the purities and 

concentrations were measured using Nanodrop (Themo Fisher) and Qubit (Thermo Fisher) 

respectively. Two samples, named 1c and 4c, were sent for sequencing according to the KIGene 

guidelines and the Guide-itTM sequence primer 1 (5'- AATGGACTATCATATGCTTACCGT-3') was 

used for sequencing as recommended by the pGuide-it Vector protocol (Clontech).   

Cells culturing and transfection 
THP-1-ASC-GFP cells (Invivogen) were cultured using the cells’ media components. That include; 

2 mM RPMI 1640 w.L-glutamine (Sigma) , 10 % heat inactivated FBS (Sigma), 100 mM sodium 

pyruvate (Sigma), 0.45 % glucose solution (Sigma), 1 M HEPES (Sigma) and 100 U/ml pen-strep 

(Sigma-Aldrich). The cells were incubated with a 5 % CO2 incubator (SANYO) at 370 C. 

Additionally, the cells were counted every second day by mixing 100 μl of trypan blue (Sigma-



Page 6 of 25 
 

Aldrich) and 100 μl of the culture media, after which 10 μl of the mix was counted using an optical 

microscope (VWR).  The cells’ media was changed every second day by centrifuging the cells 

culture at 1000rpm for 5 minutes.  The supernetant was discarded and the pellet was resuspended 

in a fresh media. The cells’ density was kept between 5x105 and 1.5x106 cells/ml using this 

formula: 

Number of cells/2 * 10000 = cells/ml 

Cells/ml * volume of cells media = Total cells 

Cells density (between 5 x105 and 1.5x106 cells/ml cells) = total cells/500 cells/ml. 

Sample 4c was transfected into THP-1 cells using ViaFectTM  Transfection Reagent (Promega). 24-

well plate was used, however, 18-wells were plated. The transfection was performed according to 

the prototocol as shown in Table 1. The ViaFectTM transfection reagent was mixed with 0.5 μg of 

plasmid DNA  and diluted with a serum- and antibiotic-free media, then incubated for 20 minutes 

at room temperature as instructed in the protocol (Promega). 

Table 1. Transfection components 

Plate 
size 

Cells/well Volume of 
cells in 
media/well 

Transfection 
complex/well 

Amount of 
DNA/well 

Reagent/well Ratio 

24-well 
plate 

200,000 450 μl 50 μl 0.5 μg 2 μl 4:1 

 

The transfection was performed in three parts; non-transfected, transfected and transfected 

control. 10 ng/ml of para-Methowyamphetamine (PMA) (Invivogen) was used to differentiate the 

cells for 4 hours. Each of the three parts underwent three conditions; 1. Un-prime, 2. Prime and 3. 

Prime  and Activation  condition. The cells were stimulated with 200 ng/ml Lipopolysaccharides 

(LPS) (Invivogen) for 4 hours then activated with 5 nM Adenosine Triphosphate (ATP) (Sigma) 

for 30 minutes. The Total RNA Purification Kit (NORGEN) was used to extract 9 RNA samples. The 

cells’ media was aspirated and the monolayer cells were washed with 600 μl PBS according to the 

protocol (NORGEN). Following the protocol, The Total RNA Purification Kit (NORGEN), 200 μl of 

100 % ethanol was used to lysate the cells, which were then eluted with 50 μl of Elution Solution 

A at 14,000 x g (14,000 RPM). Nanodrop (Thermo Fisher) and Qubit (Thermo Fisher) were used 

to measure the absorbance values (purities) and the concentrations of the RNA samples. Total 

RNA extraction (NORGEN) was used to extract RNA since the next step in this study was 

conversion of RNA to cDNA for the purpose of a qPCR run.  

qPCR and reverse transcription 
The High-Capacity RNA-to-cDNATM Kit (Applied Biosystems) was used to convert RNA samples to 

cDNA using 2X RT Buffer Mix, 20X RT Enzyme Mix and RNA samples (19.8 ng/20 μl). Following 

the High-Capacity RNA-to-cDNATM instructions, a thermal cycler (Biometra) was used to incubate 

the reaction at 370 C for 60 minutes, then stop the reaction by heating at 950 C for 5 minutes and 

hold at 40 C, following Applied Biosystems’ instructions. The NEK7 oligos (FP 5'- ATT TGG GCC 

ACT CTG TAT GC -3', RP 5'- GGC TGT AGT CAT GGC CAG TT -3') and ACTB reference gene 

primers (FP 5՛-CACCATTGGCAATGAGCGGTTC-3՛, RP 5՛- AGGTCTTTGCGGATGTCCACGT-3՛) were 

designed using ”Primer 3 plus” software.  
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The qPCR preparation was done according to the SYBR® Select Master Mix protocol (Applied 

Biosystems).  Both oligos of the gene of interest (NEK7) and the reference gene (ACTB) had a 

concentration of 150 nM while the cDNA had 2 ng in a 10 μl reaction. There were 9 cDNA samples 

and each sample had a triplicate both in the NEK7 and in the ACTB oligos. Six Non-template control 

(NTC) samples were included. A qPCR 16 by 6 96-well plate containing samples was run on the 

qPCR machine (Thermo Fisher) according to the SYBR® Select Master Mix protocol (Applied 

Biosystems). The thermal cycling conditions were: An initial activation step for 2 min at 50° C, a 

denaturation step for 10 min at 95° C, then 40 cycles of 15 sec at 95° C, and extended for 1 min at 

60° C. When analysing the qPCR data, the standard rules such as SD ≤ ±0.25 were considered 

(Institute for Research in Immunology and Cancer (IRIC), 2020). The statistically significant p-

value was ˂ 0.05 and the biological relevance threshold was set at ±1.5-log2 fold change in this 

thesis project study, which is consistent with the study conducted by Akond, Alam and Mollah 

(2018). 

Ethics 
Having gone through the WMA declaration of Helsinki – Ethical Principles for medical research 

involving human subjects, it has been found that this study is not bound by any ethical 

considerations therein (World Medical Association, 2018). The human THP-1 cells used in this 

study were done in vitro, therefore exempt from seeking consent and permission from authorities. 

However, to avoid environmental risk, waste from the human THP-1 cells were disposed of in 

biohazard waste. Furthermore, an environmental analysis was conducted in preparation for this 

study. Therefore, all the highly risk chemicals and waste, such as RNAse A, were disposed of in 

biohazard waste. Additionally, fume hood and fume sterile were used when necessary to avoid 

environmental pollution. Furthermore, the lentivirus vector method of transfection, which would 

have been the ultimate option for this study, was not used, since University of Skövde does not 

have the bio-safety classification required. 

Results 

DNA purity and concentration 
There were bacterial colonies on the expected plates and none on the negative control plates (see 

Figure 1 in the appendix section). The four colonies selected were incubated at 370 C overnight, 

then the recombinant DNA was purified and measured. The Nanodrop spectrometer was used to 

measure the absorbance values (purity) of A260/230 and A260/280 wavelengths of the samples. Qubit 

was used to measure the concentration of the samples. The results obtained from the various 

samples can be seen in table 2. 

Table 2.  Purity and concentration of samples. 

Sample Nanodrop (Purity) 
A260/230 

Nanodrop 
(Purity) A260/280 

Nanodrop 
(Conc.) ng/ μl 

Qubit (Conc.) 
ng/ μl 

IC 2.85 1.95 191.5  163  
2C 4.08 1.91 107.5  76  
3C 3.24 1.92 154.2  72  
4C  2.69 1.90 289.0  189  
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Verification of oligos 
It was very crucial to know if the ligation worked, because the annealed oligos were part of the 

construct (sgRNA), which guides Cas9 to the target (NEK7 24 nucleotides) and Cas9 was expected 

to cut the target. The oligos designed in the methods section were annealed and ligated into vector, 

then cloned into stellar competent cells to form recombinant plasmid DNAs. Two recombinant 

plasmid DNAs were selected and sent for Sanger sequencing (KIGene Karolinska Institutet, 

Stockholm) to verify if the oligos (both NEK7 and control oligos) were successfully cloned into the 

pGuide-it Vector. According to the KIGene guidelines, the amount of sample suitable for 

sequencing is between 150ng-300ng in approximately 7µl (KIGene). In order to satisfy this 

requirement, the samples were measured not only to know the concentrations of the DNA samples 

but also to know the purities (Table 2). Since the nucleotides in Figure 4 and 5 are single strand 

DNA, only the  oligo 1 ( 5'- GAAGGCCTTACGACCGGATA-3’) was confirmed in both sample 1c and 

4c, as indicated in blue color sequences in Figure 4 and 5, using the Finch TV software. Also, the 

oligo 1 of the control is represented in Figure 6 in blue color sequences (5՛-

TGACATCAATTATTATACAT-3՛). 

 

 

Figure 4. The sequence in blue colour shows that oligo 1 was optimally ligated into the vector in sample 

1c of the recombinant plasmid DNA. 

 

Figure 5. The sequence in blue colour shows that oligo 1 was optimally ligated into the vector in sample 

4c of the recombinant plasmid DNA. 
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Figure 6. Sample c (control oligo 1) of the recombinant plasmid DNA with blue color sequence 

representing the oligo 1 of the control. 

Transfection 
Nine samples as shown in Table 3 were transfected and exposed to different treatments. All the 

samples were differentiated with PAM for 4 hours, six samples were stimulated by priming them 

with LPS for 4 hours and three samples were activated with ATP for 30 minutes. The monolayer 

cells were purified and the RNAs were measured after purification to ascertain the purities and 

the concentrations before performing reverse transcription. The results obtained can be found in 

table 3. 

Table 3. RNAs purities and concentrations. 

Sample Nanodrop 
A260/230 

Nanodrop 
A260/280 

Nanodrop 
(Conc.) ng/ μl 

Qubit 
(Conc.) 
ng/ μl 

Non-transfected and Un-primed 
(NU) 

0.32 2.06 11.2  6.78  

Non-transfected and Primed (NP) 0.23 1.79 8.0  4.4  
Non-transfected, Primed and 
Activated (NPA) 

0.67 2.20 14.6  11.2  

Transfected and Un-primed (TU) 0.60 1.96 13.4  10.8  
Transfected and Primed (TP) 0.57 1.55 126.3  10.7  
Transfected, Primed and Activated 
(TPA) 

0.42 1.71 22.1  4.00  

Control transfected and Un-primed 
(CU) 

0.27 1.55 9.9  8.62  

Control transfected and Primed (CP) 0.37 2.09 6.0 5.82  

Control transfected, Primed and 
Activated (CPA) 

0.03 2.47 6.7  2.20  

     
 

qPCR results 
In order to verify if the transfection was successful, qPCR was performed to determine the 

differences of NEK7 mRNA expression between non-transfected, transfected and control- 

transfected variables in different conditions [Un-primed (U), Primed (P) and Primed & Activated 

(PA)]. In Figures 7-13, the differences between the variables in different conditions are 
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investigated, by means of the Log2 fold change (having the calibrator at a value of 0) (Tilevik, A., 

(n.d.)). See Figure 2 in the appendix section for qPCR raw data.  

 

Figure 7. Comparison of NEK7 mRNA expression in Non-transfected and Un-primed (NU) cells with 

standard deviation ±0.09 (SD ±0.09) to Transfected and Un-primed (TU) cells (SD ±0.08). The sample NU 

serves as a calibrator (control) in this investigation, while sample TU was transfected with a portion of NEK7 

DNA, which is the target. The value of each sample (NU and TU respectively) is an average of technical 

triplicates and both samples (NU and TU) were differentiated with PMA for 4 hours. 

From figure 7, it could be seen that the Transfected and Un-primed (TU) sample shows a -0.4-

downregulation of NEK7 mRNA expression compared to the Non-transfected and Un-primed (NU) 

sample, which shows a slight decrease of NEK7 mRNA expression in the TU sample compared to 

the NU sample. The TU sample represents THP-1 cells in which a portion of NEK7 nucleotide was 

intended to knockout using CRISPR/Cas9. 

 

Figure 8. Comparing NEK7 mRNA expression in Non-transfected and Un-primed (NU) cells (SD ±0.09) to 

Control-transfected and Un-primed (CU) cells (SD ±0.25). In Figure 6, the NU sample contained wild-type 

THP-1 cells while sample CU represents cells with a control vector which does not target any sequences. 

The value of each sample (NU and CU) is an average of technical triplicates and both samples (NU and CU) 

were differentiated with PMA for 4 hours. 

From figure 8, the Control-transfected and Un-primed (CU) sample constituted cells containing 

plasmid DNA with oligos that do not target any sequences, otherwise known as control plasmid, 
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which means it should not have an effect on THP-1 cells when knocked out, however, the CU 

sample indicates a -0.4 downregulation of NEK7 mRNA expression compared to the NU sample, 

hence, mRNA expression of NEK7 is decreased compared to the NU sample.  

  

Figure 9. To compare mRNA expression in Control- transfected and Un-primed (CU) cells (SD ±0.25) to 

Transfected and Un-primed (TU) cells (SD ±0.08). The value of each sample (CU and TU) is an average of 

technical triplicates and both samples (CU and TU) were differentiated with PMA for 4 hours.  

In sample CU, the annealed control oligos target no gene sequences in the THP-1 cells while in 

sample TU, the annealed NEK7 oligos in sgRNA target to knockout a portion of NEK7 DNA in the 

THP-1 cells. From figure 9, the TU sample shows an equal mRNA expression of NEK7 with the CU 

sample, which indicates no difference of NEK7 mRNA expression in both samples (TU sample and 

CU sample). 

 

Figure 10. A comparison of NEK7 mRNA expression in Control-transfected and Primed (CP) cells (SD ±0.23) 

to Transfected and Primed (TP) cells (SD ±0.01). The value of each sample (CP and TP) is an average of 

technical triplicates and both samples (CP and TP) were differentiated with PMA for 4 hours and then 

stimulated by priming them with LPS for 4 hours. 

In figure 10, it could be seen that the Transfected and Primed (TP) sample shows a -1.51 

downregulation of NEK7 mRNA expression compared to the Control-transfected and Primed (CP) 

sample, therefore suggesting a decrease of NEK7 mRNA expression in the TP sample compared to 

the CP sample. 
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Figure 11. The NEK7 mRNA expression comparison in Non-transfected and Primed (NP) cells (SD ±0.02) 

to Transfected and Primed (TP) cells (SD ±0.01) and Control-transfected and Primed (CP) cells (SD ±0.23). 

The value of each sample (NP, TP, and CP) is an average of technical triplicates and the three samples were 

differentiated with PMA for 4 hours and then stimulated by priming them with LPS for 4 hours. 

From figure 11, in sample TP, one can observe a slight (-0.4) downregulation of NEK7 mRNA 

expression in the THP-1 cells compared to the Non-transfected and Primed (NP) sample. 

However, sample CP shows a 1.1 upregulation of NEK7 mRNA expression in THP-1 cells compared 

to sample NP. Note that sample CP is a control for the knockout while sample NP is a control for 

the cells’ viability. 

 

Figure 12. The comparison of NEK7 mRNA expression between the Transfected and Un-primed (TU) cells 

(SD ±0.08) to the Transfected and Primed (TP) cells (SD ±0.01) and Transfected, Primed and Activated 

(TPA) cells (SD ±0.11). The value of each sample (TU, TP and TPA) is an average of technical triplicates and 

the three samples were differentiated with PMA for 4 hours, but sample TP and TPA were then primed with 

LPS for 4 hours, while only sample TPA was activated with ATP for 30 minutes.  

From Figure 12, it appears that sample TP indicates approximately a -1.0 downregulation of NEK7 

mRNA expression in THP-1 cells compared to sample TU. The Transfected, Primed and Activated 

(TPA) sample suggests a 0.3 upregulation of NEK7 mRNA expression compared to sample TU, 

indicating an increase of NEK7 mRNA expression in THP-1 cells compared to sample TU. 
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Figure 13. Figure 13 is a comparison of NEK7 mRNA expression in Non-transfected, Primed, and Activated 

(NPA) cells (SD ±0.12) to Transfected, Primed and Activated (TPA) cells (SD ±0.11) and Control-transfected, 

Primed and Activated (CPA) cells (SD ±0.02). The value of each sample (NPA, TPA and CPA) is an average of 

technical triplicates. The three samples in Figure 11 (NPA, TPA and CPA) underwent 4 hours differentiation 

with PMA, 4 hours LPS-stimulation and 30 minutes activation with ATP.  

In figure 13, sample TPA shows a 0.9 upregulation of NEK7 mRNA expression compared to the 

Non-transfected, Primed and Activated (NPA) sample, suggesting an increase of NEK7 mRNA 

expression in sample TPA compared to sample NPA. Additionally, sample CPA shows a 1.9 

upregulation of NEK7 mRNA expression in THP-1 cells compared to both sample NPA and TPA, 

indicating an increase of NEK7 mRNA expression. Since the data obtained were few, not up to 30, 

and the data were not normally distributed, the Kruskal-Wallis  test, a non-parametric test, was 

used to investigate if the differences between the samples were statistically significant (p-value = 

0.05). Statistical tests of Figure 7 to Figure 13 were performed but none was statistically 

significant, for example, the p-value of the samples in Figure 13 was 0.368.  

Discussion 
The aim of this study was to investigate the role of NEK7 protein in NLRP3 inflammasome 

activation. In achieving this goal, two main objectives were taken into consideration, i.e. to make 

a CRISPR/Cas9 system construct for NEK7 protein and to investigate if NEK7 knockout is 

successful in THP-1 cells. The methodology was to knockout the NEK7 DNA from THP-1 human 

cells and verify the knockout with qPCR technique by examining the NEK7 mRNA expression 

between the non-transfected cells, control-transfected cells, and the transfected cells. The 

hypothesis is that the NEK7 interaction with NLRP3 induces NLRP3 inflammasome activation, 

therefore, if NLRP3 inflammasome was activated by NEK7, it would emit cytokines such as IL-18 

and IL-1β. On the contrary, if NEK7 were knocked out, the activation of the NLRP3 inflammasome 

would be insufficient, which leads to less emission of IL-18 and IL-1β. This assumption is in line 

with a previous study conducted to investigate the effect of NEK7-NLRP3 interactions on 

pyroptosis in inflammatory bowel disease via NF-κB signalling (Chen, Liu, Yuan et al., 2019). Chen 

et al (2019) concluded that NEK7 is essential in the activation of NLRP3 inflammasome and the 

knockout of NEK7 results to the blockage of the development of inflammatory bowel disease.  

The plasmid DNAs (sample 1c and sample 4c) would not have been sent for sequencing if their 

purities and concentrations were not satisfactory. According to KIGene guidelines, the amount of 
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sample suitable for sequencing is between 150 ng - 300 ng in approximately 7 µl (KIGene). To 

satisfy this requirement, the samples were measured not only to know the concentrations of the 

DNA samples but also to know the purities. At this step of this study, if the concentrations and the 

purities were below expectation, the experiment would have stopped, and the process of DNA 

purification would have been repeated.  

As shown in Figure 4, 5 and 6 in the Results section, the sequencing indicates that the annealed 

oligos were properly ligated into the Guide-itTM Vector. The sequences marked in blue colours 

represent the oligos. The sequencing mechanism is crucial to verify if the oligos were ligated to 

the vector or not. Since the oligos in Figure 4 and 5 were part of the sgRNA that guides Cas9 to the 

site where Cas9 was expected to digest, it is then extremely critical to ensure that the oligos were 

adequately ligated. Otherwise the whole experiment would have been an exercise in futility. 

Figure 6 contained a control oligo 1 in blue colour, which targets no sequences and was used to 

compare to NEK7 oligos in order to know if the NEK7 DNA knockout worked.  

The DNA sequencing is a vital technique used widely in life science for verification purposes. For 

example, had it been that the transfection worked, NEK7 DNA sequencing would have been 

performed to investigate if the CRISPR-technique had worked. Two samples containing 24 bp of 

NEK7 DNA would have been sent to Karolinska Institutet for sequencing, and the Finch TV 

software would have been used to verify if the CRISPR/Cas9 mechanism digested the target. This 

mechanism of verification is consistent with previous studies (González, Shaimar, Liu, 

Blankenship, & Zhu, 2020). For example, González, Shaimar, Liu, Blankenship and Zhu (2020) 

investigated whether the ptchd3 gene has an effect in the mouse spermatogenesis and sperm 

function. The sequencing technique was used in their investigation to compare the sequence of 

the wild-type testis to the sequence of the mutated testis. The comparison proved that the 

sequence of the mutated testis had increased by approximately 115 bp.  

In Table 2, the absorbance values of A260/280 obtained were within the standard acceptable values 

(1.8 – 2.0). However, the absorbance values of A260/230 were a bit higher than required, for 

example, sample 1c and 4c had absorbance values of 2.85 and 2.69 respectively, which was 

indicative of impurities. These impurities may have been a result of making blank measurements 

on a dirty pedestal and using blank solution that did not have the same components as the sample 

(Wilfinger, Mackey & Chomczynski, 1997). The standard acceptable A260/230 absorbance value (2.0 

– 2.2) was used to further determine the purity of the samples (Wilfinger et al., 1997). However, 

since the A260/280 ratio was within the general acceptable values as in Table 2, the experiment 

continued. Table 3 shows values obtained from Nanodrop and Qubit of nine samples after 

transfection and RNA purification. It was crucial to determine the purities and the concentrations 

of the RNA samples before forging ahead.  Most of the samples in Table 3 were within the general 

accepted values (A260/280, 2.0 – 2.2) (Wilfinger et al., 1997). However, there were a few samples 

that indicated substandard values: Sample NP (A260/280 = 1.79), TP (A260/280 = 1.55), TPA (A260/280 = 

1.71) and sample CU (A260/280 = 1.55). The low values could be due to contamination by DNA, 

protein, and unwanted organic compounds (Wilfinger et al., 1997; Olson & Morrow, 2012). Table 

3 shows that the A260/230 absorbance values were lower than the generally accepted values (2.0 – 

2.2). The A260/230 values for pure nucleic acid (DNA and RNA) are supposed to be higher than their 

corresponding A260/280 values (Wilfinger et al., 1997). The low A260/230 absorbance values shown in 

Table 3, could be because of residual protein and phenol during the nucleic acid purification 

(Wilfinger et al., 1997). Irrespective of the few substandard values, the experiment continued 
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because the values were relatively good, but it appears that the impurities may have contributed 

to less than optimal qPCR results. 

Another important stage in this study was transfection, which is a technique in which nucleic acids 

are introduced into eukaryotic cells without viral methods (Groskreutz & Schenborn, 1997). 

Having considered some factors, such as cost, time and tools, liposomal transfection was used in 

this study. A liposomal system of transfection is a lipid bilayer form of delivering nucleic acids 

into eukaryotic cells (Sessa & Weissmann, 1968). Liposomal transfection is simple, convenient, 

less expensive and does not need sophisticated machines. An earlier study that is related to this 

study used liposomal transfection (He, Zeng, Yang, Motro, & Núñez, 2016). The analysis of He et al 

(2016) shows that NEK7 is a most important interacting associate of NLRP3. 

In this thesis project, the recombinant plasmid DNAs were introduced into human THP-1 cells 

using ViaFect transfection reagent. After transfection, the cells were differentiated for 4 hours 

with para-Methoxyamphetamine (PMA), primed for 4 hours with Lipopolysaccharides (LPS) and 

activated for 30 minutes with Adenosine Triphosphate (ATP). The PMA was used to make the 

cells adherent to the plate, in other words, form monolayer cells. The reason to ensure that the 

cells adhered to the plate, was to avoid aspirating the cells together with the cells’ media. This 

strategy is consistent with the previous study conducted by Park et al. (2007), where optimized 

THP-1 differentiation was required for the detection of responses to weak stimuli. The minor 

difference was that Park et al. (2007) differentiated with different concentrations (2.5 – 100 

ng/ml) for 48 hours, while in this thesis project, the cells were at first stimulated by priming with 

200 ng/ml LPS for 4 hours instead.  It could have been that the 4 hours priming or stimulating 

time with LPS was not enough to activate the cells and may have affected the efficiency of the 

transfection and in turn affected the emission of pro-cytokines (e.g. pro-IL-18 and pro-IL-1β).   

The priming induces NLRP3 protein which leads to the production of pro-cytokines (Bauernfeind 

et al., 2009). In this thesis project, if ELISA had been performed, the level of the pro-cytokines 

produced, especially IL-18, would have signified if NEK7 is critical for the activation of the NLRP3 

inflammasome. This step was also taken in previous studies where cells were primed with LPS 

(Franchi, Eigenbrod, & Núñez, 2009; Sharif et al., 2019). Secondly, the cells were further 

stimulated by activating them with 5 mM ATP for 30 minutes. Cells are activated with ATP because 

LPS alone does not activate cells. Note that when cells are activated due to the invasion of PAMPs 

and DAMPs, NLRP3 protein is activated and oligomerized with other PRRs to form the NLRP3 

inflammasome (Cai et al., 2014; Sborgi et al., 2015). 

When analysing the qPCR data, the standard rules according to the Institute for Research in 

Immunology and Cancer (2020), such as including samples with a standard deviation lower than 

or equal to 0.25 (SD ≤ ±0.25), were adhered to. Hence, all the samples with a standard deviation 

greater than 0.25 were excluded. In Figure 2 in the appendix section, the numbers in red colour 

were SD values that were greater than 0.25 and therefore were excluded in the triplicates. Excel 

(Microsoft) was used to analyse the qPCR data. The parameters calculated with Excel were ΔCt 

(difference in cycle threshold), ΔΔCt (fold change), 2^-ΔΔCt (2-fold change) and Log2 fold change. 

Most of the triplicates had the same Ct values and the averages were calculated. In some 

triplicates, one sample differed from the other two samples. The differing sample was eliminated, 

and the average of the duplicate was calculated. The log2 fold change of the nine samples was used 

to determine the mRNA expression of NEK7 as indicated in Figures 7 to 13.  
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Even though Martínez-Abraín, (2008), says “Biological relevance is decided a priori 

(independently), and it is not necessarily a large value. You have to judge the magnitude you 

consider biologically relevant on a case by case basis”, the biological relevance threshold in this 

thesis project was set at ±1.5-log2 fold change, which is consistent with the study conducted by 

Akond, Alam and Mollah (2018), where out of 401 differentially expressed genes identified  in a 

HIV viremic vs avirmeic state real dataset, 28 differentially expressed genes were upregulated and 

381 genes were downregulated applying a log2 fold change threshold value at ±1.5. 

At this point, the core analysis of the fundamental result will be unveiled. In figure 7, it appears 

that sample TU (Transfected and Primed), was -0.4 downregulated of NEK7 expression compared 

to sample NU (Non-transfected and Un-primed), suggesting that transfection and gene editing 

may have had an effect to some extent on the THP-1 cells. This difference in the NEK7 mRNA 

expression in sample TU and NU, may have been because of the inconsistency in the values of the 

ACTB reference gene, though. In all circumstances, the downregulation was considerably below 

the threshold value. 

In Figure 8, sample CU was -0.4 downregulated of NEK7 mRNA expression in THP-1 cells 

compared to the NEK7 mRNA expression in sample NU. This was not the expected result, because 

sample CU (Control-transfected and Un-primed) contained scrambled sequence oligos that do not 

target any gene sequences in THP-1 cells. The NEK7 mRNA expression level in sample CU should 

have equalled the NEK7 mRNA expression level in sample NU, but it was not equal, possibly due 

to the following factors. It could have been that the transfection disrupted the NEK7 mRNA 

expression, but the primary and supreme factor should be the poor stability of the ACTB reference 

gene. Since the ACTB reference gene had an equal amount of ACTB primer in all the samples, it 

was expected to have equal Ct values in all the samples (see raw qPCR data in Figure 2 in the 

appendix section) but there is a variation of Ct values, which in all probability has affected the 

corresponding samples during normalization.  

This instability of ACTB in this thesis project is contrary to the result in the study conducted by 

Bustelo et al. (2020), on hypoxia and hypothermia in the neonatal rat brain, that the ACTB 

reference gene is among the most stable reference genes. The ACTB was used in this thesis project 

because most articles consider the ACTB reference gene highly stable for normalising monocytes 

(Cao et al. (2012). Contrary to Bustelo’s et al. (2020) conclusion, a study conducted by Cao et al. 

(2012), where eight reference genes were used and the genes’ stability were examined and listed 

from the most stable to the least stable, ACTB ranked second lowest among the eight reference 

genes: PGK1, GAPDH, PPIB, SDHA, RPL37A, TBP, HPRT1, PPIA, ACTB and RPL13A. Hence, Cao et 

al. (2012) concluded that ACTB is not reliable. However, both Bustelo et al. (2020) and Cao et al. 

(2012), were in agreement that series of studies have shown that the stability of a reference gene 

depends on the environmental conditions. 

In Figure 9, there were no differences in NEK7 mRNA expression in sample TU compared to 

sample CU. The NEK7 mRNA expression of sample TU was expected to be downregulated 

compared to that of sample CU, if transfection and knockout had worked successfully. The 

overriding reason for this should be the variations in the Ct values of the ACTB reference gene. 

Sample CU was transfected with a control plasmid DNA, which targeted no genes, therefore, the 

knockout would not make any changes since the annealed oligos contained in the sample CU did 

not recognise any genes in the THP-1 cells.  



Page 17 of 25 
 

Figure 10 represents the difference of NEK7 mRNA expression between sample TP and CP. Both 

samples were differentiated with PMA for 4 hours and then primed with LPS for 4 hours. The 

difference is that sample CP contained a control plasmid DNA, therefore did not recognize any 

gene sequences in the THP-1 cells. From Figure 10, it is observable that sample TP was -1.5 

downregulated of NEK7 mRNA expression compared to sample CP, arguably because the target 

(NEK7) may have been knocked out from the human THP-1 cells using pGuide-it Vector 

CRISPR/Cas9. The -1.5 downregulation of NEK7 mRNA expression in sample TP compared to 

sample CP is in compliance with the biological relevance set for this thesis project (±1.5), however, 

considering the variations in the Ct values of the ACTB reference gene, this difference cannot be 

validated.  

In Figure 11, sample NP, the calibrator with the value of zero, was compared to sample TP and CP. 

It appears that sample TP was -0.4 downregulated in terms of NEK7 mRNA expression compared 

to both sample NP and CP, while in sample CP, the NEK7 mRNA expression was 1.09 upregulated 

compared to sample NP. This was not the expected outcome, but this result could be due to 

impurities and most likely due to the ACTB instability. The upregulation of NEK7 mRNA 

expression in sample TPA in Figure 13 was also abnormal. The NEK7 mRNA expression of sample 

TPA was 0.9 upregulated compared to sample NPA, this may be due to instability of the ACTB 

reference gene, which was used to normalise the target (NEK7). Remarkably, Figure 13 reflects 

the main expected result in this thesis project study. Both sample TPA and CPA in the Figure 11 

had the same treatment (Transfection, PMA-differentiation, LPS-Priming and ATP-Activation). 

The only difference between the samples was that sample TPA had annealed oligos that were 

complimentary to a portion of NEK7 DNA sequence in THP-1 cells. Figure 13 shows that sample 

TPA was 0.9 downregulated of NEK7 mRNA expression compared to sample CPA, but the 

difference could have been as the result of the ACTB inconsistency. Even so, the difference of NEK7 

mRNA expression between the samples was not within the ±1.5-log2 fold change threshold.  

 

Also, with the variations in the Ct values of the ACTB reference gene, one cannot say that the 

knockout was successful. As described in Figure 2, the CRISPR/Cas9 system, that consists of 

sgRNA and enzymatic nuclease (Cas9), was expected to use the sgRNA consisting of crRNA and 

tracrRNA, with crRNA containing a complementary DNA sequence specific to the NEK7 targeted 

DNA sequence. The tracrRNA was supposed to guide the Cas9 protein to cleave the NEK7 targeted 

DNA sequence 3 codons upstream the PAM sequence. The cleavage site was expected to be 

repaired by non-homologous end joint (NHEJ) DNA repair, which results in insertions/deletions 

(INDELs) mutations. Since the instability of the ACTB reference gene affected the NEK7 mRNA 

expression results, one cannot conclude that the CRISPR/Cas9 mechanism worked successfully in 

this thesis project.  

 

The CRISPR/Cas9 editing mechanism used in this thesis project is different from a previous study 

related to this thesis project conducted by Chen, Liu, Yuan, et al (2019), where short interference 

RNA (siRNA) technique was used instead of CRISPR/Cas9 technique to knockout NEK7 targeted 

DNA in the investigation of how NEK7 interaction with NLRP3 could control the pyroptosis in 

inflammatory bowel disease via NF-κB signalling on MODE-K cells of mice. They used the same 

steps with a few exceptions, such as the use of virus as a vector. They verified the emission levels 

of proteins and cytokines with commercial ELISA and found that the “NEK7 knockout significantly 

decreased the protein levels of NLRP3, caspase-1 (p20), GSDMD-N, and the emission of IL-1β in 

MODE-K cells, signifying that NEK7 knockout could obstruct NLRP3 inflammasome’s activation 
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and pyroptosis in vitro and concluded that NEK7 was a critical protein to inducing NLRP3 

inflammasome’s activation”. 

 

More so, previous related studies have not used the CRISPR/Cas9 system on human cells. Instead 

there are several studies that have used siRNA on mice/human and CRISPR/Cas9 on mice only 

(Kim, Lee & Rhee, 2007; Haq et al., 2015; Schmid-Burgk et al., 2015; Chen, Liu, Yuan, et al., 2019; 

Chen, Meng, Bi, et al., 2019). For example, in a study conducted by Chen, Meng, Bi., et al (2019), 

NEK7-shRNA virus was used in the NEK7 DNA knockout in primary cortical neurons in mouse. It 

was deduced that the NEK7 knockout resulted to the blockage of the activation of NLRP3 

inflammasome after traumatic brain injury (TBI). Chen, Meng, Bi., et al (2019), stated that the 

knockout of NEK7 DNA contributed to the significant decrease in the mRNA expression of NLRP3, 

caspase-1, ASC, GSDMD and pro-IL-1β. 

 

Liposomal transfection has several advantages. It is cheap, easy to access commercially, does not 

need sophisticated machines, is not necessarily time consuming, targets a specific region and 

guarantees safety. However, it has less efficiency, especially on the immune cells (THP-1), which 

are sensitive to liposomes of foreign DNA, the intrusion of which may lead to sudden death of the 

cells (Mortile, Passirani, Vonarbourg, Clavreul, & Benoit, 2008). From the results gotten so far, 

there is no clear indication that the transfection worked efficiently. Maybe other methods, such as 

electroporation and viral transfection, would have yielded more efficient results.  

The viral method is the most widely used method, but it has its advantages and disadvantages. It 

has been reported that lentivirus vectors can efficiently infect both dividing and non-dividing 

cells. A lentivirus vector can infect the neural origin without damaging the function of the cells 

(Torashima, Okoyama, Nishizaki, & Hirai, 2006; Meunier & Pohl, 2009). The transgene (in this case 

the THP-1 cells) can have long term expression since the virus vector can be incorporated into the 

host cells (e.g THP-1 cells) genome stably (Cockrell & Kafri, 2007). The application of lentivirus is 

advantageous in accepting a large sequence of about 12 – 15 kb (Kumar, Keller, Makalou, & Sutton, 

2001). Most importantly, unlike the liposomal transfection used in this thesis project study, 

lentivirus exhibits insignificant immunogenicity, in other words, it rarely instigates an immune 

reaction in the host cells. It is also compatible with many transcriptional promoters, including the 

promoters of the cells and the reference genes (Zheng et al., 2018). Despite the advantages of 

lentivirus vectors, there are also disadvantages. It is not easily accessible commercially, because 

of the safety risks. For example, the University of Skövde does not have the biosafety level of 

classification required for lentiviral experiments. Unlike liposomal transfection, lentivirus vectors 

are scarcely specific in binding to the region of interest, which could cause mutation and in turn 

lead to cancer development (Hargrove et al., 2008). 

Taking inference from Figure 12, one can see that the NEK7 mRNA expression in sample TP 

(Transfected and primed) was -1.0 downregulated compared to the NEK7 mRNA expression in 

sample TU (Transfected and Un-primed). The Figure 12 shows that the ATP-activation of sample 

TPA indicates a 0.3 upregulation of NEK7 mRNA expression compared to the NEK7 mRNA 

expression in sample TP (Transfected and Primed). The stimulation of the samples with LPS and 

activation with ATP, was to enhance the NEK7 mRNA and the proteins expressions. However, one 

cannot determine the effect of the LPS-stimulation and the ATP-activation because the variations 

in the Ct values of the ACTB reference gene must have influenced the NEK7 mRNA expression 

results.  
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The NEK7 DNA knockout and the transfection were not concluded to have worked due to the 

inconsistency in the Ct values of the ACTB reference gene. Housekeeping genes such as ACTB are 

regarded to be reliable but many studies confirmed that these genes could vary in their expression 

in different situations (Lemay, Mao, & Singh,1996; Chang, Juan, Yin, Chi, & Tsay, 1998). This 

variation could be due to the fact that the housekeeping genes are involved in other functions, 

such as basal cell metabolism (Petersen, Rapaport, Henry, Huseman, & Moore, 1990). The ACTB 

reference gene discrepancy influenced the NEK7 mRNA expression results, which was the 

primary reason why the ELISA was not performed.  

Conclusion 
Interestingly, this thesis project did not conclude that CRISPR/Cas9 has worked substantially in 

NEK7 DNA knockout on human THP-1 cells. Rather it opens doors to repeat the experiment in the 

future to determine the efficiency of CRISPR/Cas9 in editing NEK7 DNA on human THP-1 Cells. 

This thesis project could not either establish that the transfection worked. Due to the variations 

of the ACTB reference gene, the research question in this thesis project “Could inflammasome 

function efficiently in absence of NEK7?” cannot be answered. However, several studies have 

considered the ACTB reference gene as the most stable on monocyte-like (THP-1) cells, but it 

depends on the experimental conditions of the study, such as environmental stress factors (e.g., 

heat) and tissues analysed. Therefore, it is advisable to determine the optimal experimental 

conditions before the commencement of every study.  
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Appendix 
 

 

Figure 1. Growth of colonies in LB-agar ampicillin plates of varieties of volumes of recombinant DNA 

 

 

 

Figure 2. Raw qPCR data 

 

 


