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Considerations regarding epigenetic editing:  

a short technical note 
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Epigenetic editing is the technology to overwrite epigenetic signatures of any given gene of 

interest. Although many groups ([1], including ours [2]) have shown therapeutic effects of 

modulating the expression of single genes, the technology is not yet straightforward. In this 

thesis, we demonstrate for example that despite induced DNA methylation, the expression of 

UCHL1 was not affected. This is in line with genome-wide DNA methylation editing screens 

[3, 4], although analysis approaches for such screens also are not trivial [5]. Alternatively, 

gene expression can be repressed by writing H3K27me3 or by targeting combinations (e.g., 

KRAB and DNMT3A3L), but again not all genes are responsive [6‒8]. In addition to the 

largely unknown epigenetic rules underlying (stable) gene expression reprogramming, 

delivery issues and treatment effects hamper straightforward application of epigenetic editing, 

also in the laboratory setting.  

Here, we describe epigenetic editing data obtained for two control genes (SPEDF [9] and 

PLOD2 [10]) used in the course of this PhD project to assess the general nature of the 

UCHL1 findings, and to provide further insights to optimize laboratory protocols. 

Results and Discussion 

Epigenetic reprogramming of SPDEF  

Mucus hypersecretion is a crucial feature for COPD patients, and reducing mucus secretion is 

important to improve the quality of life of COPD patients. Mucin 5AC (MUC5AC) is, next to 

MUC5B, one of the major components of the mucus gel in normal airways. SAM Pointed 

Domain Containing ETS Transcription Factor (SPDEF) is reported as a central transcription 

factor in the regulation of mucus production [9]. In our previous work, we have reported that 

aberrant DNA methylation and expression of SPDEF were found in the airway epithelium of 

COPD patients [11] and that the expression of SPDEF could be successfully silenced by 

epigenetic editing, leading to reduced mucus production [9]. 

To further explore the potential of targeted silencing of SPDEF in the mediation of 

mucus production, we first analyzed the expression of SPDEF and its downstream gene 

MUC5AC in different cell lines. As shown in Figure 1A, SPDEF was highly expressed in 

breast cancer cell lines (MCF-7, SKBR3, and MDA-MB-231) and lung cancer cell lines 

(highest levels in A549 and Calu-3), but not in BEAS-2B and 16HBE (both immortalized 

bronchial epithelial cell lines). Accordingly, MUC5AC was highly expressed in the lung 

cancer cell lines A549 and Calu-3, not in BEAS-2B and 16HBE, moderately in MCF-7 and 

MDA-MB-231, and not expressed in SKBR3 (Figure 1A). 

To circumvent delivery problems of CRISPR tools, we previously constructed MCF-7 
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stable cell lines to express dCas9 fused to different repressive effector domains (EDs) and we 

could induce targeted downregulation of SPDEF [9]. Compared to Day 0, the SPEDF 

expression remained lower at Day 14 post transfection of SPDEF sgRNAs (designed to bind 

close to the region where Zinc Finger Proteins bind [9]) in MCF-7 stably expressing 

dCas9-G9a cells. We here performed a new set of experiments, now including empty single 

guide RNA plasmids as a more stringent control: the expression of SPDEF again was 

decreased more than 50% upon transfection of SPDEF sgRNAs in dCas9-SKD MCF-7 cells. 

However, also transfection with the sgRNA empty vector control, reduced SPEDF expression 

in these stably expressing dCas9-SKD MCF-7 cells, compared with transfection reagent only 

(Figure 2A). About a 30% additional repression of SPDEF expression was obtained for the 

transfection of SPDEF sgRNAs via dCas9-SKD, compared with sgRNA empty vector. For 

MCF7 cells expressing the epigenetic effector dCas9-G9a, the writer of H3K9me2/3, or 

mutant G9a, around 50% downregulation of SPDEF was induced by the transfection of 

SPDEF sgRNAs or empty vector control, compared to transfection reagent only. So, no 

further G9a-induced downregulation was observed when sgRNAs targeting SPDEF were 

delivered compared to the empty sgRNA control at day 2.  

To assess whether a sgRNA-directed SPDEF downregulation was achieved after a longer 

period of treatment, expression of SPDEF was assessed at day 14. Again, no clear sustained 

repression of SPDEF was observed when targeting SKD (Figure 2B, as also indicated 

previously [9]). Although our previous results indicated that the G9a-induced repression of 

SPDEF was sustained for 12 days when compared to Day 0 [9], no sustained downregulation 

of SPDEF was achieved in the dCas9-G9a stable cell lines when comparing to the empty 

vector of sgRNA (Figure 2B). These data indicate the importance of including the right 

controls: as a target gene’s expression level might be affected by many technical issues, the 

effect induced by the targeted sgRNA should be compared with the effect of the untargeted 

(empty) sgRNA control. 

Another technical issue preventing straightforward analyses of the effect of effector 

domains using stable cells, is the difference in basal expression level of a target gene in the 

different panels of stable cell lines: for stably expressing dCas9-ED A549 cell lines, the 

baseline expression of SPDEF (untransduced cells, normalized using GAPDH) was lower in 

dCas9-SKD and dCas9-G9a/G9a mutant stable cells (range from 20% to 50%), compared to 

dCas9-NED cells (Figure 3). Moreover, the transduction using lentiviruses, especially GFP 

control, dramatically inhibited the expression of SPDEF in these stable cell lines. No 

additional repression was observed upon transduction using lentiviruses expressing SPDEF 

sgRNAs compared to the empty vector controls. In our earlier report when using engineered 
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Zinc Finger Proteins, the expression of SPEDF was reduced by the mere binding of the 

proteins to the promoter region [9], this was not observed for dCas9-NED as for A549 stably 

expressing dCas9-NED cells, no difference was observed between the transduction of SPDEF 

sgRNAs and its empty vector (Figure 3). The above indicates the importance of delivery 

controls and no effector domain-controls in assessing the effect of epigenetic rewriting on 

gene expression. 

To facilitate the choice of effector domains to be targeted to the promoter of SPDEF to 

induce (sustained) repression of expression, we investigate epigenetic regulation of SPDEF 

gene expression. Towards the end, several epigenetic inhibitors -generally used to upregulate 

gene expression- were applied to treat patient-derived primary bronchial epithelial cells 

(PBECs). Notably, the expression of SPDEF decreased dramatically under the treatment of 

DNA methyltransferase inhibitor 5-Aza-dC or the histone deacetylase inhibitor TSA. Also for 

the histone acetyltransferase inhibitor anacardic acid, an repression in SPDEF expression was 

obtained (Figure 4). Similarly, and again to our surprise, upon exposure of CSE, the 

expression of SPDEF reduced significantly (Figure 5). This is in contrast to what we 

expected as (ex)-smokers with COPD had higher expression of SPDEF (and its downstream 

gene MUC5AC) in epithelial cells than control [11]. And even prenatal smoke exposure 

induced SPDEF in old neonatal offspring in our mouse model for smoking during pregnancy 

[12]. Also a recent study showed that upregulation of SPDEF and MUC5AC upon exposure 

of primary human bronchial epithelial cells to CSE post air-liquid interface (ALI) culture for 

28 days [13]. This suggests that the expression of SPDEF maybe mainly increased in 

mucus-secretory cells when exposed to CSE. Since primary epithelial cells differentiated into 

various subpopulation of epithelium, such as basal, ciliated, club, and goblet cells, after ALI 

culture, whereas, mainly basal cells were included in our study.  

 

Figure 1. Expression of SPDEF and MUC5AC in different cell lines. The mRNA expression of SPDEF (A) 

and MUC5AC (B) were assessed in cell lines by real-time qRT-PCR.  
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Figure 2. Epigenetic regulation of SPDEF expression in MCF-7-dCas9-stable cells. SPDEF mRNA 

expression levels after transfection of SPDEF sgRNAs (n=2). 0.3 µg SPDEF-sgRNA#[1/3/5] were transfected 

into MCF-7 stably expressing dCas9 fused to different effector domains, including SKD (left), G9a (middle), 

and G9a mutant (right) in 12-well plate. Cells were harvested at day 2 (A) or day 14 (B) after transfection for 

RNA isolation. An equal amount of sgRNA empty vector was used as transfection control. PEI only represents 

treatment with transfection reagent. SPDEF mRNA expression after transfection of SPDEF sgRNAs at day 2 

and 14 were normalized to sgRNA empty vector at day 2 and 14, respectively. 

 

Figure 3. Epigenetic regulation of SPDEF expression in A549-dCas9-stable cells. The expression of SPDEF 

after transduction of SPDEF sgRNAs into A549 stable cells (n=3). Lentivirus packaging SPDEF- sgRNA#[1/3/5] 

or sgRNA empty vector (EV) were transduced into A549 stably expressing dCas9 fused to different effector 

domains, including NED, SKD, G9a, and G9a mutant in 12-well plate. Cells were transduced thrice and medium 

were changed with complete growth medium at day 4. Cells were harvested at day 5 for RNA isolation. 

Transduction of GFP was used as transduction control. Untransduced represents stable cells without infection. 

 



Chapter 7 

 

184 
 

 

Figure 4. The effect of epigenetic inhibitors on the expression of SPDEF. PBECs from healthy lung 

transplant donors were seeded to fibronectin/collagen pre-coated 12-well plates and were sham-exposed or 

exposed to 2.5−10 M of 5-Aza-dC, 0.5−1 M of TSA, and 50−100 M of anacardic acid (AA), respectively. 

Untreated represents parental cells and 0 M treatment represents cells exposed to equal amount of DMSO. 

Cells were harvested for RNA isolation and real-time qRT-PCR was used to determine the mRNA level of 

SPDEF. GAPDH was used as internal control. Data are expressed as mean with independent repeats. 

 

 

Figure 5. The effect of CSE on the expression of SPDEF. PBECs from healthy lung transplant donors were 

seeded to fibronectin/collagen pre-coated 12-well plates and were treated with 0-10% CSE when the cells were 

80% confluent. Cells were harvested for RNA isolation at indicated time points (n=3). Data from different doses 

of CSE were normalized to 0% at 4 h. Significance of 2.5%, 5% and 10% CSE were analyzed through 

comparing with 0% for each time points, * p ≤ 0.05; ** p ≤ 0.01; **** p ≤ 0.0001. 
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Epigenetic reprogramming of PLOD2 

PLOD2 is associated with (lung) disease by initiating pyridinoline cross-links of collagen 

which prevent collagen degradation. PLOD2 was highly expressed in the cell lines used in 

this study, especially in lung normal cell lines BEAS-2B (Figure 6). To assess effectivity of 

PLOD2 expression modulation, stable BEAS-2B expressing dCas9-VP64 and MCF-7 cell 

lines expressing various dCas9-EDs were used. Transfection of PLOD2 sgRNAs indeed 

induced a 2.5-fold upregulation of PLOD2 in BEAS-2B dCas9-VP64 stable cell line 

compared to empty sgRNA control (Figure 7A). Interestingly, one-third of the amount of 

PLOD2 sgRNAs (0.4 µg), stuffed to the same total amount of DNA to be transfected by an 

unrelated plasmid, also induced 2.5-fold upregulation, which indicates that lower amount of 

sgRNA can get the equivalent upregulation of PLOD2 (Figure 7A). These studies validated 

the targeting efficiency of the guides designed for PLOD2. Also, the finding that the reduced 

amount of sgRNAs was capable to achieve equal effects indicates that the transfected DNA 

amounts can be optimized, thereby lowering the effect of mere transfection on gene 

expression levels. 

To downregulate the expression of PLOD2, we used engineered MCF-7 cells, stably 

expressing dCas9-EDs as described above and previously [9]. In contrast to targeting SPEDF 

(Figure 2), transfection of DNA (either PLOD2 sgRNAs or empty vector) increased the 

expression of PLOD2, compared with transfection reagents only (Figure 7B). Similar to the 

observations for SPDEF, transient transfection of PLOD2 sgRNAs into MCF-7 stably 

expressing dCas9-SKD cell line successfully repressed the expression of PLOD2 compared 

with sgRNA empty vector. PLOD2 sgRNAs were also transfected into stably expressing 

dCas9-G9a or its mutant MCF-7 cells: No significant downregulation of PLOD2 was 

observed neither in dCas9-G9a nor its mutant stable cell lines, when compared to sgRNA 

empty vector (Figure 7B).  

To reduce the observed toxicity (cell death) after MCF-7 transfection and the effect of 

plasmid DNA, a quarter of DNA amount (PLOD2 sgRNAs) was transfected, but the 

regulation pattern again is rather similar. As shown in Figure 7C, the transfection of PLOD2 

sgRNAs or empty vector increases the expression of PLOD2, compared with transfection 

reagent only, in all the MCF-7 stably expressing dCas9-ED cells, same as Figure 7B. 

Interestingly, compared to empty control, the repression of PLOD2 was sustained 14 days 

after PLOD2 sgRNAs transfection through targeting SKD (Figure 7D, as confirming our 

previously published results [10]). As these PLOD2 experiments were performed using 

similar protocols as described above for SPDEF, the difference in effects of maintenance of 

SKD-induced repression point to chromatin differences. No repression was obtained in stably 

expressing dCas9-G9a, or its mutant MCF-7 cells, for neither PLOD2 nor SPDEF. 
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Figure 6. Expression of PLOD2 in different cell lines. The mRNA expression of PLOD2 was accessed by 

real-time qRT-PCR in different cell lines. 

 

Figure 7. Targeted up- and down-regulation of PLOD2 in stable cell lines. (A) Transiently transfection of 

PLOD2 sgRNAs into BEAS-2B stably expressing dCas9-VP64 cell line. For the transfection of PLOD2 
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sgRNAs only, 1.2 µg PLOD2 sg#[2/7/10/17] were transfected into BEAS-2B stably expressing dCas9-VP64 cell 

line. An equal amount of sgRNA empty vector (1.2 µg) was used as transfection control. For the co-transfection, 

0.4 µg PLOD2 sg#[2/7/10/17] and 0.8 µg MS2-p65-HSF1 (stuffer DNA) were transfected into BEAS-2B stable 

cells. (B) PLOD2 mRNA expression after transfection of PLOD2 sgRNAs into MCF-7-dCas9 stable cells. 1.2 

µg PLOD2 sg#[2/7/10/17] were transfected into MCF-7 stably expressing dCas9 fused to different effector 

domains, including SKD, G9a, and G9a mutant, in 12-well plate. Cells were harvested at day 2 after transfection 

for RNA isolation. (C, D) 0.3 µg PLOD2 sg#[2/7/10/17] were transfected into MCF-7 stably expressing dCas9 

fused to different effector domains, including SKD (left), G9a (middle), and G9a mutant (right) in 12-well plate 

(1×105 cells/well). Cells were harvested at day 2 (C) or day 14 (D) after transfection for RNA isolation. An 

equal amount of sgRNA empty vector was used as transfection control. PEI only represents treatment with only 

transfection reagent. PLOD2 mRNA expression after transfection of PLOD2 sgRNAs at day 2 and day 14 were 

normalized to sgRNA empty vector at day 2 and day 14, respectively. Significance was analyzed by One-way 

ANOVA, **p< 0.01, ****p< 0.0001. 

 

 

Figure 8. Epigenetic regulation of UCHL1 expression in A549-dCas9-stable cells. The expression of 

UCHL1 after transduction of UCHL1 sgRNAs into A549 stable cells (n=3). Lentivirus packaging 

UCHL1-sgRNA#[1‒3], sgRNA#[4‒6], or sgRNA empty vector (EV) were transduced into A549 stable 

expressing dCas9 fused to different effector domains, including NED, SKD, G9a, and G9a mutant in 12 well 

(1×105 cells/well). Cells were transduced thrice and medium were changed with complete growth medium at 

day 4. Cells were harvested at day 5 for RNA isolation. Transduction of GFP were used a transduction control. 

Untransduced represents stable cells without infection. 
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Epigenetic reprogramming of UCHL1  

For targeted downregulation of UCHL1, the combination of DNA methyltransferase and the 

transcriptional repressor SKD were used to achieve sustained silencing of endogenous 

UCHL1 expression in HEK293T cells (about 30 % of repression remained; Chapter 5), and 

around 20% reduction of UCHL1 expression was achieved through rewriting EZH2 in H1299 

cells (Chapter 6). 

In parallel experiments, the repression of UCHL1 was attempted in A549 stable 

expressing dCas9-EDs cell lines. In contrast to basal SPDEF expression, the expression of 

UCHL1 was relatively equal among these stable cell lines. Also in contrast to SPDEF, where 

treatment reduced expression, the transduction of UCHL1 specific sgRNAs or empty vector 

by lentiviruses promoted the expression of UCHL1 in these stable A549 cells. No repression 

of UCHL1 was obtained in these stable cells expressing dCas9-repressive effector domains 

(Figure 8).  

In summary, stably expressing dCas9 cell line panels might have differences in basal 

expression of the gene of interest, eventhough the sub cell lines have been derived in parallel. 

Moreover, the expression of the target gene might be downregulated or upregulated just by 

the transfection/transduction of targeted sgRNAs or sgRNA empty vector, compared with 

transfection reagent only/GFP transduction (as unrelated transduction control). So, for 

example, although the transfection of PLOD2 sgRNAs in MCF7-dCas-SKD resulted in 

suppression of the expression of PLOD2 compared with sgRNA empty vector control, the 

absolute expression level of PLOD2 was increased, as transfection with either PLOD2 

sgRNAs or empty vector increased PLOD2 expression when compared to transfection 

reagent only (Figure 7B). This has been reported for other genes, like for the modulation of 

RANKL [14]. These results suggest that the delivery of the CRISPR/dCas9 system (such as 

transduction and transfection) affects gene expression, which is independent of gene 

targeting.  

Collectively, from the epigenetic reprogramming of these three genes in stable cell lines, 

we stress that the expression of target genes can be affected by noise effect, e.g., delivery 

system, and the general nature of target gene. Therefore, proper controls (such as transfection 

reagent only or untreated/untransduced cells, empty vector for sgRNAs or no effector domain 

and mutant of effector domain for dCas9 fusions, and real-time controls for long-term 

detection) need to be included to firmly conclude on the effects of epigenetic editing on the 

regulation of gene expression. 
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Materials and Methods 

Cell Culture 

Human embryonic kidney cells (HEK293T, ATCC CRL-3216) and the breast cancer cells 

(MCF-7, ATCC HTB-22) were cultured in DMEM (BioWhittaker, Belgium). Human lung 

cancer cells (A549, ATCC CCL-185) were cultured in RPMI (Gibco, UK). All culture media 

were supplemented with 10% fetal bovine serum (FBS, Sigma, France), 2 mM L-glutamine 

(Lonza, BioWhittaker, Belgium) and 1% penicillin-streptomycin (Gibco, Grand Island, USA). 

Cells were cultured in a humidified atmosphere at 37℃ supplemented with 5% CO2. All cell 

lines have been tested for mycoplasma contamination. The culture of primary bronchial 

epithelial cells (PBECs) and the stimulation of cigarette smoke extract and epigenetic 

inhibitors were described in Chapter 6. 

Plasmids  

Plasmid MLM3636 was used to express single-guide RNAs in mammalian cells. MLM3636 

was a kind gift from Keith Joung (Addgene plasmid # 43860). Single-guide RNAs were 

designed by the bioinformatic tool CRISPR Design (http://crispr.mit.edu/). Complementary 

oligonucleotides containing the target sites are listed in Table 1 as previously described [8, 9]. 

The sgRNAs targeting UCHL1 and the detailed procedure of plasmid construction was 

described in Chapter 5.  

 

Table 1. Oligo’s to generate SPDEF/PLOD2 targeting single guided RNA’s  

sgRNA # Oligo Fw 5’‒3’ Oligo Rv 5’‒3’ 

SPDEF -g1 ACACCGCATGGATCCCCCAGCAAGGG AAAACCCTTGCTGGGGGATCCATGCG 

SPDEF -g3 ACACCCCTCAGGTTGGGCCTTGCCAG AAAACTGGCAAGGCCCAACCTGAGGG 

SPDEF -g5 ACACCCTGGCCAACTCTTCATCTCGG AAAACCGAGATGAAGAGTTGGCCAGG 

PLOD2-g2 ACACCGCTGTGGAAGCTACCGGGGCG AAAACGCCCCGGTAGCTTCCACAGCG 

PLOD2-g4 ACACCCCACTCCCAAAGCTAAGTGCG AAAACGCACTTAGCTTTGGGAGTGGG 

PLOD2-g10 ACACCGAGCCTCCACACGTAGCCGCG AAAACGCGGCTACGTGTGGAGGCTCG 

PLOD2-g17 ACACCTGAGCAAACAGTCCAGACGTG AAAACACGTCTGGACTGTTTGCTCAG 

 

Generation of A549 and MCF-7 Stable Cell Lines 

Stably expressing dCas9-EDs cell lines were constructed as previously described [15]. In brief, 

HEK293T cells were co-transfected with the lentivirus packaging vector pCMV-ΔR8.91 

(gag-pol 2nd generation packaging plasmid) along with pCMV-VSV.G (envelope plasmid) and 

http://crispr.mit.edu/
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pHAGE EF1α-dCas9-EDs using PEI. Virus-containing supernatant was collected at 48 h and 

72 h after transfection, supplemented with 10% FBS and 10 µg /ml polybrene (Sigma, USA), 

and used to transduce A549 or MCF-7 cells. Two days after transduction, cells were selected 

with 8 µg /ml puromycin for one week. Subsequently, the resulting stable cell lines were 

cultured in 1 µg /ml puromycin-supplemented medium.  

Transfection 

The transfection of sgRNAs into stably expressing dCas9-EDs cell lines were described in 

Chapter 5. In short, Stable cell lines were transfected with pMLM3636 plasmids expressing 

the respective sgRNA or an sgRNA empty vector using PEI. Cells were harvested at day 2 post 

transfection for short-term mRNA measurements (90%) or subcultured (10%) and harvested at 

day 12 post transfection for long-term effect measurements, unless stated otherwise. 

Quantitative RT-PCR (qRT-PCR) 

Total RNA were isolated from transfected cells using TRIzolTM reagent (Thermo Fisher 

Scientific) according to the manufacturer’s protocol. cDNA was synthesized with random 

hexamer primers using the Revertaid cDNA synthesis kit (Thermo Scientific Inc.). Expression 

of SPDEF, PLOD2, UCHL1, and GAPDH genes were quantified using an ABI ViiA7 real-time 

PCR system (Applied Biosystems, USA) with ABsolute qPCR SYBR Green (Thermo 

Scientific, Inc.). Fold changes in mRNA expression relative to control (untreated cells, empty 

vector control of sgRNA or dCas9-NED transfected cells) were calculated by the cycle 

threshold (ΔΔCt) method after normalization to GAPDH expression. Gene-specific primers as 

listed below: PLOD2, forward: 5’-GGGAGTTCATTGCACCAGTT-3’; reverse: 5’- 

GAGGACGAAGAGAACGCTGT-3’; SPDEF, forward: 5’-TGTCCGCCTTCTACCTC 

TCCTAC-3’; reverse: 5’-CGATGTCCTTGAGCACTTCGC-3’; UCHL1, forward: 5’- 

TTCCTGTGGCACAATCGGAC-3’; reverse: 5’-CATCTACCCGACATTGGCCTT-3’; 

GAPDH, forward: 5’-CTGCCGTCTAGAAAAACCTG-3’; reverse: 5’-GTCCAGGGG- 

TCTTACTCCTT-3’; 

Statistics 

One-way ANOVA were performed using the GraphPad Prism 6.01 software (GraphPad 

Software). Data were considered to be statistically significant if p< 0.05. 
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