
 
 
 
 
 
 
 
 

 

 
 
 
 

Exploration of Zinc finger CCCH domain-containing 
protein 11A’s role in mammalian cell NFkB Pathway 

 
 
 
 
 
 
 
 
 
 
 
 
 

Jianxiang Wang 
  __________________________________________ 

Master’s degree Project in Infection Biology, 120 credits. Spring 
2019 
Department: Department of Medical Biochemistry and Microbiology 
Supervisor: Mahmoud Darweesh 



UPPSALA UNIVERSITET   2 (19) 
 
   
 
 

 

Exploration of Zinc finger CCCH domain-containing protein 11A’s role in 
mammalian cell NFkB Pathway 

•	Abstract	................................................................................................................................................	3	

•	Popular	scientific	summary	..........................................................................................................	4	
•	Key	words	............................................................................................................................................	5	

•	Introduction	........................................................................................................................................	5	
•	 Significance	of	ZC3	protein	...........................................................................................................	5	
•	 Knocking	out	ZC3	protein	upregulates	IL-6	expression	.....................................................	6	
•	 Exploration	of	ZC3’s	role	in	NFkB	pathway	.............................................................................	6	

•	Aim	.........................................................................................................................................................	7	

•	Materials	and	methods	...................................................................................................................	7	
•	 Cell	culture	.........................................................................................................................................	7	
•	 ZC3	knock-down	by	siRNA	............................................................................................................	7	
•	 Cell	harvest	for	both	RNA	extraction	and	Western	blot:	....................................................	8	
•	 EMSA	.....................................................................................................................................................	8	
•	 RNA	extraction	..................................................................................................................................	8	
•	 cDNA	Synthesis		................................................................................................................................	9	
•	 Conventional	PCR	............................................................................................................................	9	
•	 Real-Time	Quantitative	PCR	.........................................................................................................	9	
•	 Western	blot	......................................................................................................................................	9	

•	Results	.................................................................................................................................................	10	
•	 NFkB	pathway	is	significantly	upregulated	in	ZC3	KO	cells	............................................	10	
•	 Impaired	negative	feedback	–	IkBα	protein	production	deficiency	.............................	11	

•	Discussion	..........................................................................................................................................	15	

•	Acknowledgements	........................................................................................................................	17	
•	References	.........................................................................................................................................	17	
 
  
 
 
 
 
 
  



UPPSALA UNIVERSITET   3 (19) 
 
   
 
 

 

• Abstract 
 
ZC3H11A (ZC3) protein has been reported to be part of the TREX (TRanscription-EXport) 
nuclear export system for mammalian cells. According to our previous publication, ZC3 not 
only plays an unelucidated role in the TREX complex, but also supports the growth of several 
human nucleus replicating virus, such as influenza virus, adenovirus (HAdV), herpes simplex 
virus and HIV. We thought to further elucidate the role of ZC3 in immunological stress based 
on previous observations that ZC3 was upregulated in stress condition. Our previous 
experiment tested the effect of knocking out ZC3 in HeLa cell then stimulating the cells with 
IL-1β to induce immunological stress. It showed that IL-1β stimulated ZC3 knockout Hela 
cells produce more than double fold IL6 compared to IL-1β stimulated HeLa Cas 9 wild type. 
Since IL-6 is downstream of NFkB signalling pathway, we aimed to explore a possible role of 
ZC3 protein in mammalian cell’s NFkB pathway. Our primary results showed that NFkB 
pathway might be more upregulated in ZC3 KO cells than in wild type HeLa Cas9 cells. This 
up-regulation was found to be correlated to defective IkBα inhibitory mRNA biogenesis in 
knockout cells.  Our results indicate that ZC3 might play a role in IkBα inhibitory mRNA 
biogenesis, process, and/or export. Further work is needed to describe the exact role of ZC3 in 
IKBα mRNA biogenesis. 
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• Popular scientific summary  
A potential new cure for viral infections 

 
Nowadays, cars have become such a big part of our life. Especially in certain areas like 
America, you won’t get far if you are without one. Now imagine that your car is highjacked 
by someone to transport their own goods. Quite devastating, right? Well, this is exactly what 
happens when a virus infects your cells. There is this group of nuclear replicating viruses that 
specifically take advantage of the export system of the cell’s nuclei to reproduce. In this case, 
most of this dysfunction and high jacking of the export system are potentially revolved around 
one protein—the ZC3H11A (ZC3) protein, which is also the focus of my project. The 
investigation of how ZC3 works can potentially help us to control and even cure more viral 
infections. 
 
The central dogma of cell biology is that DNA transcribes into mRNA in the nuclei, then 
mRNA will be transported to the cytoplasm and translated into protein. The nucleus of a 
human cell is a place to keep all the human DNA and where the transcription takes place. It 
has a porous membrane that facilitate the “cross-talk” between genes and cytoplasmic 
organelles, but those pores are not free-passing gates. You need a “car” to certify the cargo 
and pass through those gates, and the transcription export (TREX) complex is one of the most 
important cars in this case. ZC3 is one component of this TREX complex1. In this project it all 
begins from a simple hypothesis, what would happen if we take ZC3 protein out of the human 
cell system? What would happen to the whole “export traffic system” then? After using a 
gene silencing technique (CRISPR-Cas9) to knock out (KO) ZC3 gene, we found out that 
nuclear replicating viruses’ growth in these cells are retarded. For example, the human 
adenovirus and HIV infected ZC3 KO cells failed to deliver virus’ genetic material out of the 
cell nuclei2. It means those “high-jackers” got stopped. This anti-viral effect, when inhibit the 
ZC3 protein production, has shined light to the path of a potential new drug for not only one 
but multiple viral infections.  
 
This fascinating result led us to the next hypothesis: How would our body react in ZC3’s 
absence? It turns out that one of our immune regulatory proteins—Interleukin 6—is 
significantly more produced in the ZC3 KO cells than in normal cells (M. Darweesh, 
unpublished data). Interleukin 6(IL6) is like one of those “polices officers” in our immune 
system. Our cell produces it to fight infection and tissue damage, but its over-production leads 
to development of various diseases.  
 
A human cell has an extensive network to coordinate and interconnect all the complex cell 
functions. One amongst the most important “connection nodes” of this network--NFkB 
pathway--is presented as a special interest for our experiment. Not only because it acts like a 
“production manager” for this big cell “factory” in regulation of almost all the all the cell 
functions, such as cell signalling cascade related to cancer, autoimmune disease; but also 
because our “police officer” IL-6 is under the supervision of NFkB pathway. The test results 
revealed that NFkB is much more activated in ZC3 absent cells than in normal cells, just as 
we expect when we saw IL-6’s over production in ZC3 absent cells. Furthermore, the results 
showed that the “emergency stopper” of NFkB—IKBα—is produced less in ZC3 absent cells 
than in normal cells. By knocking out ZC3, IKBα’s mRNA is trapped in the cell nucleus, 
which leads to the production deficiency that failed to inhibit NFkB pathway. Bearing the 
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importance of NFkB pathway in mind, the situation would be only more grievous in human 
body.  
 
To combine all those results in a broader picture, ZC3 protein is crucial in human cell system, 
especially regarding topics like viral infection and immune reaction. Without extremely 
careful handling, it will easily turn into a double-edged sword. This is the reason why our 
group keep trying to dig deeper and find out the complex mechanism behind the function of 
this protein. 
 
• Key words  
ZC3H11A; NFkB; HeLa cells; Viral-host interaction 
 
• Introduction 

 

• Significance of ZC3 protein 
 
Gene expression in eukaryotic cells is controlled at different and complex levels. This 
complex regulation is essential for the cells to have smooth adjusted physiological responses 
to extracellular and intracellular stimuli. A critical stage in this process involves the 
biogenesis of mRNA transcripts at the site of synthesis in the nucleus and its subsequent 
export to the cytoplasm, to be translated into proteins. The double layered membrane that 
enclosed the nucleus has a porous structure to facilitate the “cross-talk” between 
compartmentalised nucleus-cytoplasm sections. Those pores are made of nucleoporin (Nups) 
formed nuclear pore complex (NPC). The NPC comes into play to select and direct the cargos 
in pursuance of an orderly and smoothly transport. Small molecules can directly diffuse 
through the NPC. Any molecule larger than 40-60kD will need the company of an transport 
factor like Nxf1, Crm1, etc3.  
 
NXF1 (RNA export 1), as a conserved and one of the most important export receptors, works 
in tandem with its cofactor p15 that binds and export mature spliced mRNA4. mRNA splicing 
and maturation is a crucial process for gene expression in metazoan. Firstly, when an RNA is 
being transcribed, a 5’ cap and 3’ Poly-A tail are added on the transcript to form a pre-RNA. 
Then the noncoding section of the RNA (introns) are being spliced and the coding parts 
(exons) are annealed together to form a mature mRNA for future translation. Since in human 
cells the mRNA export is coupled with extensive pre-mRNA splicing, the TREX 
(TRanscription-EXport) complex is required. In the end of this process, TREX complex hands 
over the mature mRNA to Nxf1-p15 for export through NPC and the TREX complex will stay 
in the nucleus4. Nevertheless, the topic of the project-- Zinc finger CCCH domain-containing 
protein 11A (ZC3) is a part of TREX complex1. 
 
ZC3 protein consists of 810 amino acids and is widely expressed in metazoans5. As a 
relatively new putative part of TREX complex, researchers have made different attempts to 
elucidate its function. R. Reed et al showed that knocking-down ZC3 expression in HeLa cells 
using siRNA targeting  ZC3 resulted in significant  mRNA export defect1. However, this 
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knock-down technique is not 100% effective in silencing the gene. The researchers from our 
group made a ZC3 knock-out (KO) system by using CRISPR-Cas9 to test ZC3’s influence on 
viral infection. After infecting ZC3 knock-out cells with various viruses, the results showed 
that the growth of several nuclear-replicating viruses were significantly reduced in the 
absence of ZC3 protein ( HIV, influenza virus, human adenovirus (HAdV), herpes simplex 
virus), while cytoplasmic replicating viruses (Vaccinia virus and semliki virus) are not 
influenced by ZC3’s absence2. The results of the HAdV infected ZC3 KO cells showed the 
accumulation of viral fiber mRNA in the nucleus2, and this matches with the model that ZC3 
plays an important role in TREX dependent export system. The results also showed that the 
growth of HeLa cell does not require ZC3 protein, but it is still needed for nuclear replicating 
viruses for their growth when the cell is in stress condition (e.g., viral infection, heat shock)2. 
Those promising results have shown potential of ZC3 protein as future antiviral therapy target 
for several medically important human viruses and encouraged us to explore further. 
 

• Knocking out ZC3 protein upregulates IL-6 expression 
 
As a proinflammatory and immunoregulatory cytokine, IL-6 or interleukin 6 is part of our 
immune system to fight infections and tissue damage. It is secreted by various type of cells in 
reaction to pathogen-associated molecular patterns (PAMPs) and damage-associated 
molecular patterns (DAMPs)6. According to literature and past experiments, overexpression 
of a Zink finger protein (MCPIP1) similar to ZC3 can blunt the LPS-induced inflammatory 
cytokines (TNFα, IL−1𝛽, IL-6) and the knock-out of this protein can augment the induction 
of those cytokines7. Additionally, ZC3 protein was reported to make physical binding with 
certain region of IL-6 3’ UTR and this region is related with stability of IL-6 mRNA8. My 
supervisor, Dr. M. Darweesh, kept investigating further about ZC3 protein’s influence on IL-6 
expression on both ZC3 knock-down (siRNA) and ZC3 KO cell lines. By testing the amount 
of IL-6 secreted after stimulation with IL-1β, he found that ZC3 knock-down (siRNA) and 
ZC3 KO cell lines are double fold its counterpart wild types. One explanation for the over 
expression of IL-6 in ZC3 KO cells is that the mRNA of IL-6 is stabilized by the absence of 
ZC3 by decreasing its degradation rate, therefore causing more translation of the IL-6 protein 
in the cell. In order to test the stability of IL-6 mRNA, Actinomycin D chase assay is 
performed on post TNFα-stimulated Hela Cas9 cells and ZC3 KO cells. Actinomycin D, once 
being added in cells, can stop DNA transcription so that the amount of IL-6 mRNA is not 
increased by new transcriptions. The results of this assay showed that IL-6 mRNA is more 
stable in ZC3 KO cells than HeLa Cas9 cells. This indicates that ZC3 may play a role in 
destabilizing IL6 mRNA.  
 

 

• Exploration of ZC3’s role in NFkB pathway 
 
With the above-mentioned knowledge, we proceeded to explore another potential reason for 
this phenomenon: High transcription rate of the gene can also lead to abundance of the IL-6 in 
the cell.  At the promoter region of IL-6 there are binding sites for several transcriptional 
factors including AP-1 (activator protein-1), CRE (cAMP response element), NF-IL6 (nuclear 
factor-IL6) and NFkB-responsive element9–12. It means that the binding of all those 
transcriptional factors to these sites will trigger IL-6 mRNA transcription. Therefore, 
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upregulate IL-6 expression. NFkB stands for nuclear factor kappa-light-chain-enhancer of 
activated B cells and is deeply embedded in the center of the cell function network. It 
coordinates and controls a wide range of genes regarding cell proliferation, survival and 
immune responses. NFkB’s activity is crucial for cell survival in cancer, and the constitutive 
activation of it can trigger different kind of inflammatory diseases, such as rheumatoid 
arthritis, inflammatory bowel disease and multiple sclerosis (MS)13. The mammalian NFkB 
proteins contains RELA (p65), NF-κB1 (p50; p105), NF-κB2 (p52; p100), c-REL and 
RELB13. They form complexes with the inhibitory proteins (IkBs), and the complexes reside 
mainly in the cytoplasm. The most common known IkBs are IkBα, IkBβ and IkBε13. When 
stimulation is received by the cell, the IkB kinase (IKKs) phosphorylates the IkBα on the IkB-
NFkB complex to free NFkB dimer (p50 and p65) and send phosphorylated IkBα to 
degradation13. The freed p50 and p65 will translocate in the nucleus to activate the 
transcription of downstream genes, which contains also the gene of IkBα13. Then the 
upregulated newly produced IkBα inactivate and form new complex with NFkB proteins13. 
Together with IkBs, NFkB forms a dynamic negative feedback loop, which enables the cells 
to adapt and react to various stimuli from the surrounding environment.  
 

• Aim 
• Explore the significance of ZC3 protein in NFkB pathway 
• Primarily elucidate the reason of NFkB up-regulation in ZC3 knock-out and knock-

down cells 
 
 
• Materials and methods 

• Cell culture 
Human cervical carcinoma HeLa (HeLa Cas9) was used as wild type cell in this 
project. ZC3 knock-out cells was derived from HeLa Cas9 cells, which ZC3 gene was 
silenced by using CRISPR-Cas9 technique. Both of the cell lines were maintained in 
Dulbecco’s modified Eagle medium (DMEM) with 2 mM L-glutamine, 1 mM sodium 
pyruvate, and 4.5 g/L glucose (Gibco), supplemented with 10% heat-inactivated FBS 
(Gibco) and penicillin (0.2 U/mL)/streptomycin (0.2 μg/mL)/L-glutamine (0.2 μg/mL) 
(Gibco) at 37 °C in a 5% CO2 humidified atmosphere. Cells were passed every 2-3 
days when they reached 80-90% confluency. Seeding ratio was 1,5:10. 
 

• ZC3 knock-down by siRNA 
siRNAs with complimentary sequence of ZC3 gene and random sequence (Scramble) 
were constructed (sequences showed in Table 1). JetPrime transfection reagent and 
protocol (Polyplus) were used to deliver both siRNAs (2 𝜇g each) into HeLa Cas9 
cells (35mm Petri dish). Cells transfected with siRNA of random sequence were 
named Scramble cell type, and the cells transfected with siRNA of ZC3 gene 
complimentary sequence were named ZC3 knock-down cell type.  
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• EMSA 
EMSA were performed according to the protocol as A General EMSA (Gel-shift) 
Protocol14. The cell nuclear lysate was prepared by NucBuster™ Protein Extraction 
Kit (Novagen). The cells (around 1-1,2*10^6 cells per sample) were collected and 
resuspended in 75	𝜇l NucBuster Reagent 1 to lyse the cytoplasmic membrane. Then 
the nuclear pellet was lysed by 1μl of resuspended 100X Protease Inhibitor Cocktail, 
1𝜇l of 100mM DTT, and 75 𝜇l NucBuster Extraction Reagent 2. After centrifugation 
the supernatant was collected as sample and stored at -80℃.  
 
Oligonucleotides (sequences shown in Table 1) were labelled with radioactive Gamma 
ATP. 5 pmole annealed oligonucleotides was mixed with 5	𝜇l 5X Polynucleotide 
Kinase buffer (500 mM KCl, 350 mM Tris-Cl, 50 mM MgCl2, 5 mM DTT, pH 7.6), 1 
𝜇l T4 Ploynucleotdie Kinase, 2,5 𝜇l [𝛾32P] ATP (25	𝜇Ci) and 16	𝜇l sterile water. Then 
the mixture was incubated at 37℃ and 65℃ for 10 minutes each. 25	𝜇l of STE buffer 
(100 mM NaCl, 10 mM Tris-Cl, 1 mM EDTA, pH 8) was then added and the mixture 
was purified by using illustra MicroSpin G-25 Columns (GE Healthcare).  
 
The normal loading sample consisted of 5 𝜇l of 4X binding buffer, 4	𝜇l lysate, 1 𝜇l 
Poly (dI-dC), 7	𝜇l water and 3 𝜇l of labelled oligonucleotides (0,05 pmole). The 
competition sample was added 1 𝜇l extra unlabelled oligonucleotides (0,5 pmole). All 
the samples were loaded and run in 5% polyacrylamide gel. The end result was 
developed in autoradiographic film and Pharos FX plus (BIO-RAD). 
 

• Cell harvest for both RNA extraction and Western blot: 
Cells (around 1-1,2*10^6 cells for 35mm dish) were washed two times with cold PBS, 
then trypsinised and collected in Eppendorf/falcon tubes. The cell was centrifuged at 
500xg for 5 min and the liquid phase was discarded. 
 

• RNA extraction 

The whole cell (around 1-1,2*10^6 cells per sample) was mixed with 500 𝜇l Cell 
Fractionation Buffer (PARIS kit) to lyse the cytoplasmic membrane and separated into 
cytoplasmic and nuclear fractions. While cytoplasmic fraction continued in phenol 
extraction and ethanol precipitation, nuclear fraction was mixed with 500 𝜇l Cell 
Disruption Buffer (PARIS kit) to lyse the nuclear membrane. Then the nuclear lysate 
was mixed with equal volume of 2X lysis/binding buffer (PARIS kit) and 100% 
ethanol. The mixture was drawn through a Filter Catridge (PARIS kit). After washed 
with 700 𝜇l Wash Solution 1 and 2 times 500 𝜇l Wash Solution 2/3, the mRNA was 
eluted with 50 𝜇l of 95℃ Elution Solution (PARIS kit). The final product of mRNA 
was kept in -80℃	fridge. Nuclear fraction of mRNA was extracted according to 
PARIS Kit protocol15. 
 
Phenol extraction and ethanol precipitation: Samples centrifuged for 3 minutes at 
11,500rpm 4℃, then the supernatant was transferred into a tube with 130 𝜇l 5 × RPS 
and 600 𝜇l phenol. After being vortexed for 1 minute, samples were centrifuged for 5 
min at 13,000rpm room temperature each time separately after adding 600 𝜇l phenol 
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and 600 𝜇l Chisam. The supernatant was placed to new tube with 600 𝜇l isopropanol 
and 15	𝜇l 5M NaCl. Samples were vortexed shortly and put in -20℃ 30 minutes for 
precipitation. Afterwards, samples were centrifuged for 30 minutes and 10 minutes 
separately with 13,000rpm at 4℃ after two addition of 600 𝜇l 80% EtOH. The 
supernatant was then discarded, and the pellets were dried at room temperature for 5 
minutes. 50	𝜇l water was used to dissolve the pellet and the quantification was done 
by Nanodrop (Thermo scientific). 
 

• cDNA Synthesis  
Nuclear and cytoplasmic mRNA was converted into cDNA by SuperScript III Reverse 
Transcription Kit (Invitrogen). 2 𝜇g RNA was mixed with 200 ng of Random 
Hexamer and 1𝜇l of dNTP, then heated up to 65 ℃ for 5 minutes. Furthermore, 4	𝜇l of 
5X first strand buffer, 1𝜇l 0,1M DTT and 1𝜇l RTase were added in. The mixture was 
heated up to 37℃ for 50 minutes and 70℃ for 15 minutes. 
 

• Conventional PCR 
mRNA converted cDNA was used as sample.  Primers: Adapter IkB PolyDT, IkBα 3’ 
end Forward and GAPDH 3’ end Forward (Table 1). Each sample was prepared with 
mixing 500ng of template, 5 𝜇l 5X PCR buffer, 2	𝜇l dNTP (5mM), 0,5 𝜇l of each 
forward and reverse primer, 0,25 𝜇l of PrimeStar (TaKaRa) enzyme and water up to 
25	𝜇l reaction volume. The samples were run in 1% agarose gell and the setting was as 
following: 98℃ 10 minutes, followed 20 cycles of 98℃ 10s (seconds), 55℃ 15s, 72℃ 
30s, then to 72℃ 10 minutes. 
 

• Real-Time Quantitative PCR 
 
mRNA converted cDNA was used as sample. Quantitative PCR analysis was 
performed using ABI MicroAmp Optical 384-Well Reaction Plates on an ABI 7900 
Fast Real-Time PCR System (Applied Biosystems). Each sample consisted of 4 𝜇l 
SYBR Green Gene Expression Master Mix (Applied Biosystems), 0,4 𝜇l of each 
forward and reverse primer (sequences in Table 1), 4 𝜇l of cDNA and water up to 
20	𝜇l reaction volume. Cycle setting: Stage 1 for 50℃ 2minutes, then 95℃ 12 minutes; 
followed by 40 cycles of 95℃ 15s, 62℃ 20s and 72℃ 20s. Signals were collected at 
62℃ and 72℃ steps. 
 

• Western blot 
About 1-1,2*10^6 cells were collected per sample. Cell pellet was diluted in 100μl of 
RIPA buffer (Complete Ultra Tablets; Roche) and incubated on ice for 30 minutes. 
Cell debris was spin down at 11,500rpm 4 ℃ for 10 minutes. The supernatant was 
then transferred to new tube and stored at -20℃.  Preparation procedure was 
performed according to RIPA buffer User Guide (Thermo scientific)16. 10 μl/lane of 
total lysates were mixed with 2X loading dye and then separated on a gradient 
SDS/PAGE (4–15%; Bio-Rad) and transferred to PVDF membranes (Millipore). The 
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primary (IkBα, Lamin B) and secondary antibodies (Licor 800 Anti-Rabbit) were 
diluted in 1:15,000 ratio and used for immunoblotting (Table 1). Proteins were 
visualized and detected by an Odyssey system (LI-COR). 

 
Table 1:Primers and sequences 

Primer name Sequence 
IkBα Forward (QPCR) CACTCCATCCTGAAGGCTACCAA 
IkBα Reverse (QPCR) AAGGGCAGTCCGGCCATTA 
GAPDH Forward (QPCR) GTCTCCTCTGACTTCAACAGCG 
GAPDH Reverse (QPCR) ACCACCCTGTTGCTGTAGCCAA 
Adapter PolyDT Tcgttccggtagattcgcgcgtttttttttttttttttt 
IkBα 3’ end Forward GGTTTGTGTTACCCTCCTG 
GAPDH 3’ end Forward TCCTCACAGTTGCCATGTAG 
NFkB IL-6 binding Sense Attgagactcatcggaaaatcccacatttgataaatctttgttggag 
NFkB IL-6 binding Anti-Sense Ctccaacaaagatttatcaaatgtgggattttccgatgagtctcaat 
AP1 IL-6 binding Sense Tactttctttttttcttttattagtgactcagcactttggcatgtc 
AP1 IL-6 binding Anti-Sense Gacatgccaaagtgctgagtcactaataaaagaaaaaaagaaagta 
CRE IL-6 binding Sense Gtgacgtcctttagcatggcaagacacaactagggggaaaa 
CRE IL-6 binding Anti-Sense Ttttccccctagttgtgtcttgccatgctaaaggacgtcac 
C/EBP IL-6 binding Sense Agagcgggtggggctgattggaaaccttattaagattgtgcaatgtga 
C/EBP IL-6 binding Anti-Sense Tcacattgcacaatcttaataaggtttccaatcagccccacccgctct 
siRNA for ZC3 5’-UGACAGUGAUCCUCCAUUA-3′ 
 

 
• Results 

 

• NFkB pathway is significantly upregulated in ZC3 KO cells 
In order to intensify the signal in IL6 expression in HeLa and HeLa derived cells, TNFα is 
commonly used to trigger this kind of immunological stress. Based on the reported four 
transcriptional factor binding sites (AP-1, CREB, C/EBP and NFkB) at the promoter region of 
IL-6 gene, an EMSA was performed to test which of these factors contributes to the 
upregulation of IL-6 the most. Oligonucleotides with the binding site sequence as AP-1, CRE, 
C/EBP and NFkB were constructed and labelled with radioactive phosphate. Cell nuclear 
lysates were prepared from HeLa Cas9 and ZC3 KO cells after stimulated with TNFα. 
Normal sample consisted of cell nuclear lysate and labelled oligonucleotides. The competition 
sample was prepared from ZC3 KO cells with surplus amount of unlabelled oligonucleotides 
compared to other samples. Since both labelled and unlabelled oligos bind to the transcription 
factors in cell lysate and only the labelled oligos shows up in the result, the competition 
sample’s signal will drastically drop because of the binding competition.  
 
As shown in Figure 1, the results, compared to HeLa Cas9 sample, indicated the signal in ZC3 
KO sample was much stronger for NFkB pathway. The negative control sample showed 
almost no signal. This means, there were more proteins in the ZC3 KO sample binding to the 
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labelled oligos with the NFkB binding site sequence. Therefore, NFkB pathway was 
significantly upregulated in ZC3 KO compared to HeLa Cas9 cells after stimulation.  
 

 
Figure 1: Increased binding to the NFkB site of the Il-6 promoter in cells lacking ZC3. EMSA was performed using cell 
nuclear extracts from HeLa Cas9 and HeLa ZC3 KO cells and oligonucleotides representing the binding sites for NFkB, 
CREB, C/EBP and AP1, respectively. Normal sample consisted of cell nuclear lysate and labelled oligonucleotides. 
Competition samples consisted of ZC3 KO cell nuclear extracts, radioactive labelled and unlabelled oligonucleotides. 

• Impaired negative feedback – IkBα protein production deficiency 
As a putative major inhibitor of NFkB proteins, IkBα protein and mRNA production were the 
first targets that came to our attention. The accumulation of IkBα protein was determined by 
Western blot analysis of total cell extract at 0, ½, 1, 2, 4, 6, 10 hours post TNFα stimulation 
(Figure 2A&B). The results of Western blot showed that both cell lines contained similar 
amount of IkBα protein at 0-hour time point, but after stimulation IkBα protein of HeLa Cas9 
cells returned back to normal at 6-hour time point and remained, while in ZC3 KO cells IkBα 
protein showed up at 6-hour time point with less amount than that of HeLa Cas9 cells and 
remained (Figure 2A). The amount of Lamin B suggested that the loading process was the 
same for all samples (Figure 2B). It means IkBα protein was being produced 6 hours after 
stimulation, but the amount of it was significantly reduced compared to same time point in the 
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HeLa Cas9 sample. This impaired IkBα protein production remained for the following time 
points.  
 
Accumulation of IkBα mRNA in the cytoplasm of TNFα stimulated cells was determined by 
QRT-PCR of the corresponding cDNAs and the obtained values were normalised to GAPDH 
expression (Figure 2C). The amount of cytoplasmic IkBα mRNA in both cell lines have 
increased to the first peak around ½ hour and the second peak around 2 hours. HeLa Cas9 
cells had about 20% more IkBα mRNA than ZC3 KO cells in the cytoplasm the whole time 
until around 6 hours. It indicates that ZC3 KO cells cannot produce enough IkBα mRNA until 
6 hours after stimulation, and this led to the impaired IkBα protein production shown in the 
Western blot results.  
 

 
Figure 2A & B: Impaired IkBα protein production in  ZC3 KO cells. Western blot was performed using total cell extracts 
from HeLa Cas9 and HeLa ZC3 KO cells. The amount of IkBα and Lamin B protein was analysed in cell lysates of different 
time points. Figure 2C: ZC3 Ko cells had less cytoplasmic IkBα mRNA compared to HeLa Cas9 cells.  The amount of 
cytoplasmic IkBα mRNA in HeLa Cas9 cells and ZC3 KO cells was quantified by QRT-PCR for the corresponding cDNAs 
and the obtained values were normalised to GAPDH expression.  

 
Afterwards, we hypothesised that IkBα mRNA might be trapped in ZC3 KO cells’ nuclei 
since ZC3 is part of the mRNA export system. In order to confirm this, a set of conventional 
PCRs was performed on cytoplasmic and nuclear fraction of HeLa Cas9 and ZC3 KO cells 
post TNFα stimulation. Two time points (0, 1 hour) were set for a quick confirmation. IkBα 
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was the target gene and GAPDH was the background loading control in this experiment. The 
results showed that there were more IkBα mRNA in HeLa Cas9 cells than in ZC3 KO cells’ 
cytoplasm at the 1-hour time point (Figure 3). But in the nuclear fraction, IkBα mRNA 
accumulated more in ZC3 KO cells than in HeLa Cas9 cells. This means that there was more 
mRNA trapped in the ZC3 KO cells’ nuclei, while HeLa Cas9 cells had more IkBα mRNA in 
the cytoplasm. 
 

 
Figure 3: IkBα mRNA accumulated more in ZC3 ko cells’ nuclei and HeLa Cas9 cells’ cytoplasm. Conventional PCRs was 
performed on HeLa Cas9 cells and ZC3 KO cells’ nuclear and cytoplasm fraction respectively. IkBα and GAPDH mRNA are 
converted into cDNA and used as template. 

 
In order to confirm this pattern, we tested IkBα protein and mRNA accumulation in ZC3 
siRNA knock down model. siRNA (small interfering RNA or silencing RNA) works as a 
single strand RNA that has complimenting sequence of the target protein mRNA. When 
transfected into the cells, it binds directly to the target mRNA, then the bound complex is sent 
for degradation. Cell stimulation and collection were the same as the experiments mentioned 
above, except the stimulant—TNFα was washed away at the ½-hour time point. The time 
points were set at 0, ½, 1, 2, 3, 4, 5, 7, 12 hours.  
 
The results of the Western blot showed the accumulation of IkBα protein. This time it showed 
that for Scramble cells the reduced signal of IkBα protein only appeared at the ½-hour time 
point (Figure 4). The signal of IkBα protein at the rest of the time points remained almost the 
same. At the same time, the amount of IkBα protein in ZC3 knock-down fluctuated amongst 
time points. At ½-hour the protein was less in ZC3 knock-down cells than in Scramble cells, 
but the protein production caught up at time points 1, 2, 3-hour. Interestingly, in ZC3 knock-
down cells the IkBα protein production deficiency showed up at the 4-hour time point and 
remained. Lamin B protein in this experiment acted as loading control for IkBα protein. 
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Figure 4: IkBα protein expression is impaired in ZC3 knock down cells from the 4-hour time point onward. Western blot was 
performed using total cell extracts from Scramble and ZC3 knock down cells. The amount of IkBα and Lamin B protein was 
analysed in cell lysates of different time points. 

The accumulation of IkBα mRNA was quantified by QRT-PCR and normalised to GAPDH 
expression in both cell lines. The cytoplasmic fraction of mRNA samples showed Scramble 
cells had higher amount of IkBα mRNA than ZC3 knock down cells in the cytoplasm, with 
the biggest difference of 2-fold reached at ½-hour (Figure 5A). The nuclear fraction exhibited 
IkBα mRNA accumulated much more in the ZC3 knock down cells than Scramble cells at all 
time points, with the biggest difference around 10-fold reached at the 1-hour time point 
(Figure 5B). The dashed line indicates that the samples and data acquired through QRT-PCR 
at the 2-hour and 3-hour time points were unreliable. This suggests that while ZC3 knock 
down cells had less IkBα mRNA than Scramble cells in the cytoplasm, nuclear IkBα mRNA 
accumulated much more in ZC3 knock down cells than that of Scramble cells. 
 

 
Figure 5A: Cytoplasmic fraction of IkBα mRNA accumulated more in Scramble than ZC3 knock-down cells at different time 
points. The amount of cytoplasmic IkBα mRNA in Scramble cells and ZC3 knock-down cells was quantified by QRT-PCR for 
the corresponding cDNAs and the obtained values were normalised to GAPDH expression. 
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Figure 5B: Nuclear fraction of IkBα mRNA accumulated more in ZC3 knock-down than Scramble cells at different time 
points. The amount of nuclear IkBα mRNA in Scramble cells and ZC3 knock-down cells was quantified by QRT-PCR for the 
corresponding cDNAs and the obtained values were normalised to GAPDH expression. The dashed line indicates that the 
samples and data acquired through QRT-PCR at the 2-hour and 3-hour time points were unreliable. 

 
• Discussion 
 
It has been shown recently that the ZC3H11A (ZC3) protein supports growth of multiple 
nuclear replicating human viruses like influenza virus, adenovirus (HAdV), herpes simplex 
virus and HIV. In addition, ZC3 was shown to be upregulated as a result of applying heat 
stress on the cells. In another work where there was an attempt to pull down the proteins 
associated with IL-6 mRNA, ZC3 was one of the potential proteins associated with IL-6 
mRNA2. The effect of ZC3 in the regulation of IL-6 was tested by comparing the secretion of 
IL-6 in wild type Hela Cas9 and Hela ZC3 KO cells upon stimulation with the different 
stimulants IL-1β and TNF. We found that IL-6 was more upregulated in ZC3 KO cells than in 
HeLa Cas9 cells (unpublished data from Dr. M. Darweesh). IL-6 mRNA stability in ZC3 KO 
cells was also tested as a potential reason of IL-6 upregulation. After the actinomycin D chase 
assay, the results showed IL-6 mRNA was more stable in ZC3 KO cells compared in wild 
type cells. This may indicate a role of ZC3 in destabilizing IL6 mRNA. The upregulation of 
IL-6 might not only be because of increased mRNA stability, but also as a result of more 
active transcription. In order to confirm the latter, we kept on exploring ZC3’s effect on the 
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transcription factors of IL-6.  There are several transcriptional factor binding sites located at 
the promoter region of IL-6, including AP-1, NFkB, CRE, C/EBP9–12. To test the potential 
active transcription factor in binding to its target, we did EMSA to examine the amount of 
protein-DNA interaction.  NFkB’s binding site turned out to be the significantly active in ZC3 
KO compared to HeLa Cas9 cells (Figure 1). According to the published results from the 
group, ZC3 is a mRNA binding protein and preferably binds to coding mRNA than non-
coding mRNA2. Amongst those mRNA that bound to ZC3 and shown in the UV cross-linking 
ZC3H11A immunoprecipitation (CLIP), IkBα mRNA was one of them2. As an important 
inhibitor of NFkB proteins, IkBα is a fast producing and fast degrading protein, which gene is 
located downstream of NFkB pathway13. This negative feedback loop makes IkBα the most 
important inhibitor for NFkB and the ideal test target for our experiment17. The results 
showed that after stimulation with TNFα, IkBα protein exhibit impaired production in ZC3 
KO compared to HeLa Cas9 cells (Figure 2A & 4). Additionally, ZC3 KO cells had less IkBα 
mRNA in the cytoplasm than HeLa Cas9 cells, while in nuclear fraction ZC3 KO cells had 
more IkBα mRNA than HeLa Cas9 cells. The results from following experiments with ZC3 
knock down and Scramble cells confirmed this pattern. Because the inhibition of IkBα protein 
production has significant impact on NFkB signal level. 10% of the reduction in IkBα protein 
can cause up to 30% increase in NFkB activation signal level17. With the results showing 20-
40% reduction in cytoplasmic IkBα mRNA reduction in ZC3 absent cells compared to control 
HeLa cells, the influence in NFkB activation would only be more significant.  
 
The results presented here show part of the story for post-induction NFkB reaction in the ZC3 
KO HeLa cell model. Although silencing ZC3 protein is not detrimental for HeLa cells’ 
growth2, these cells cannot fully quench the NFkB activation after TNFα stimulation. This 
project primarily investigated one of the potential targets for the chronic activation of NFkB, 
the IkBα protein. As shown in the results, silencing ZC3 caused the high accumulation of 
IkBα mRNA in the nucleus and low accumulation of them in cytoplasm in post-stimulation 
HeLa cells. This ultimately led to the lack of IkBα protein produced in the cytoplasm, thus 
failed to inhibit the NFkB activation. The conventional PCR results shown in Figure 3 have 
indicated that at the 0-hour time point IkBα mRNA has already accumulated in the nuclei of 
ZC3 KO cells prior stimulation. This suggests that the effect of knocking out ZC3 protein has 
taken a tow on the inhibition of the NFkB pathway even without immunological stress. But 
the strong signal for GAPDH products in cytoplasmic section might indicate the cycle number 
of PCR has exceeded the quantification range and the repetition of experiments is needed to 
perfect the results. As in ZC3 siRNA knock-down cells IkBα protein returns back to the 
original amount at the 1-hour time point after stimulation (Figure 4). Then the IkBα protein 
reduced significantly at the 4-hour time point and remained the same. To rule out the 
possibility of cell death due to TNFα, we examined the cells viability under the same 
stimulation conditions. Cells were intact at 4 and 12 hours after stimulation with TNFα with 
no sign of cell toxicity; therefore, the most probable interpretation of this result is still the 
impaired production of IkBα. The repetition of the multiple timepoint experiment is needed to 
produce a better curve for the nuclear IkBα mRNA comparison, since the 2-hour and 3-hour 
time points had undetermined data and unreliable samples (Figure 5B). But follow-up 
repetition of experiments have confirmed the phenotype that ZC3 silenced cells has more 
IkBα mRNA in the nuclei than cytoplasm compared to control HeLa cells(data not shown). 
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Because the ZC3 knock-out system is based on CRISPR-Cas9 technique, there is possible 
“off-target” silencing happened in the process, and the cellular compensation of the ZC3 
protein knock-out is unclear. At the same time, siRNA knock-down system shows the 
advantage of no “off-target” silencing, and the knock-down technique can maintain the cell 
integrity better without strong cellular compensation for silencing the protein. This is the 
reason why we always deployed the ZC3 siRNA knock-down parallel to ZC3 KO system as 
confirmation. Surprisingly, the phenotype is much more prominent in ZC3 knock-down 
system than in knock-out system. However, an investigation for further explanation of the 
abnormal IkBα mRNA accumulation in the nucleus is still needed. The problem might lie in 
steps between ZC3 mRNA transcription and protein translation process. We hypothesise that 
the possible steps that is problematic could be mRNA polyadenylation and mRNA splicing. 
The mRNA lacking proper Poly-A tails and/or splicing will neither be exported or properly 
translated. Because TREX complex, which contains ZC3 protein, has been reported to be an 
significant part of the mRNA 3’ end processing and polyadenylation aside from its well-
known function of facilitating mRNA splicing and maturation18. Additionally, knocking down 
ZC3 protein has been reported to abolish the mRNA export and resulted in the retention of 
mRNA in the nucleoplasm1. This can further explain the impaired protein production of IkBα. 
Nevertheless, it is more ideal to test NFkB reaction in the ZC3 protein context in immune 
cells because HeLa cells are immortalised epithelial cells. However, as the first step it is more 
cost-efficient and convenient to use HeLa cell as primary test model, because NFkB pathway 
is not only present in all cell types, but also function as a regulator for cell proliferation and 
survival.  
 
In conclusion, this study provides insight about ZC3’s influence on post induction NFkB’s 
upregulation. ZC3 protein is a relatively newly discovered protein component of TREX and 
potentially several other human cell nuclear exporting mechanisms. Although its exact 
function still awaits further elucidation, there is evidence showing that ZC3 is important to 
support the mRNA transport of several nuclear replicating viruses infected cells2. This shows 
its potential as being a novel anti-viral therapy. With the new results generated from this 
project, ZC3 protein could also potentially play an important role correlating with NFkB 
pathway in regulating immune response in the human body. This could present as a possible 
side effect for the anti-viral effect. But the follow up investigation of ZC3’s role in NFkB 
pathway might unravel ZC3 as a possible drug target regulating NFkB pathway in order to 
treat inflammatory diseases and cancer.  
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