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Abstract 

The skin is the largest organ in the body. Its function is to protect the body from potential 

harm and to maintain homeostasis. The epidermis is the outermost layer of the skin. Stratum 

corneum is the outermost layer of the epidermis, composed of corneocytes and surrounding 

lipids. The lipids are produced by different enzymes that all play a role in the formation and 

function of the skin permeability barrier. Mutations in genes coding for these enzymes can 

lead to barrier dysfunction and could cause autosomal recessive congenital ichthyosis (ARCI). 

Nine genes have been identified as ARCI-causative and two of them are CYP4F22 and 

CERS3. 

 

The purpose of this project was to study co-localization of CYP4F22 with CERS3 and also 

mutated CYP4F22 enzymes, by transfecting plasmids into HeLa and HaCaT cells and 

performing PLA on HEKn cells. Co-localization could indicate potential interactions and by 

studying these more in the future, novel treatment strategies can be developed for ARCI 

patients. 

 

Transfection attempts showed a low transfection grade of wild type genes in both HeLa and 

HaCaT cells. Tendencies towards co-localization was seen in both cell types and some HeLa 

cells showed strong correlation after image analysis. Transfection of mutated genes failed, 

unfortunately. PLA showed co-localization in normal keratinocytes. The obtained results 

indicated a co-localization, but results need to be confirmed by immunoprecipitation and 

immunoblotting in the future.  
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Introduction 

The skin is the largest organ in the body. It acts as a protective barrier, shielding it from 

physical trauma, infection and harmful UV radiation. It prevents dehydration and also 

insulates the body, allowing it to maintain an optimal temperature. The skin is divided into 

three main layers; the epidermis, which is the outermost layer; the dermis, containing mostly 

collagenous and elastic connective tissue, blood vessels, hair follicles and various glands; and 

the underlying subcutaneous layer, consisting mostly of adipose tissue.  

    The epidermis can be further divided into layers; the outermost layer, stratum corneum, 

followed by stratum granulosum, stratum spinosum and lastly stratum basale. Stratum basale 

is connected to the basement membrane which in turn borders to the dermis. Stratum corneum 

consists of corneocytes, which are essentially enucleated keratinocytes with a thickened, 

modified plasma membrane. Proteins in the plasma membranes are cross-linked, by 

transglutaminases, and form an insoluble protein shell (Rice & Green, 1977). This corneocyte 

protein shell is also referred to as the cornified cell envelope (Steven et al., 1994). The 

enucleation is the final stage of keratinocyte differentiation before the cells migrate outwards 

and becomes a part of the stratum corneum. Ceramides, cholesterol and free fatty acids are 

found in between the corneocytes, where they form lipid lamellae. 

    One type of ceramide found in the lamellae is acylceramide. It is especially important for 

the function of the permeability barrier. It is released into stratum corneum from keratinocytes 

in stratum granulosum. In stratum corneum, acylceramides are hydrolyzed and covalently 

bound to the cross-linked proteins in the corneocyte cell envelope, and form a corneocyte 

lipid envelope that links the corneocytes with the lipid lamellae (Ohno et al., 2015). Defects 

in the production of acylceramides disrupt the function of the skin permeability barrier, which 

is the underlying cause of some of the inherited skin diseases called ichthyoses. 
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Autosomal recessive congenital ichthyosis (ARCI) is a rare type of inherited skin disorders 

and is a subgroup of non-syndromic ichthyoses. ARCI comprises three major types of 

ichthyoses; harlequin ichthyosis (HI), lamellar ichthyosis (LI) and congenital ichthyosiform 

erythroderma (CIE). 

    The common factor among patients with ARCI is that they have a defective epidermal skin 

permeability barrier. The faulty epidermal barrier results in infection sensitivity and abnormal 

water loss from inside the body, and it also manifests in symptoms such as scaly skin, 

hyperkeratosis, erythema and also skin dryness due to the rapid water loss (Takeichi & 

Akiyama, 2016). Some patients with ARCI are born as collodion babies, with their skin 

covered in a tightly stretched membrane and sometimes exhibiting eclabium and ectropion 

(Akiyama et al., 2003, Vahlquist et al., 2010). 

    Currently nine genes are identified as ARCI-causative, but there is a possibility that more 

genes are involved in the pathologic mechanisms of ARCI. The known genes are; ALOX12B, 

ALOXE3, CYP4F22, TGM1, NIPAL4, PNPLA1, CERS3, LIPN and ABCA12 (Numata et al., 

2015). These genes are also referred to as the ARCI-genes and encode enzymes vital to the 

function and formation of the epidermal skin barrier. Mutations in the ARCI-genes can cause 

a reduction of enzyme function, and the mutations can also result in such a severe phenotype 

that the enzymes lose their function entirely (Ohno et al., 2015, Takeichi & Akiyama, 2016). 

 

Cytochrome P450 is a family of enzymes that can be found throughout the body in different 

cells. Specifically, it is present in the endoplasmic reticulum (ER) as a type I membrane 

protein (Ohno et al., 2015). CYP4F22, an enzyme in the cytochrome P450 family, is 

important for the skin barrier formation. It is encoded by the CYP4F22 gene and various 

homozygous deletions and missense mutations in this gene has been found to cause LI in 

Mediterranean families (Lefèvre et al., 2006). Recently CYP4F22s function in the formation 
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of the skin barrier was defined to ω-hydroxylation of ultra-long-chain fatty acids (ULCFAs) 

(Ohno et al., 2015). ULCFAs are fatty acids with a chain length of 26 or more carbon atoms 

(≥C26). The ω-hydroxylation is one of the phases in the cellular process of producing 

acylceramides in keratinocytes of stratum granulosum. The acylceramides are crucial in the 

formation and function of the skin permeability barrier. 

    Ceramide synthase 3 (CERS3), encoded by the gene CERS3, has also been identified as a 

key enzyme in the production of epidermal acylceramides and for the function of the 

epidermal permeability barrier (Ohno et al., 2015, Radner et al., 2013, Eckl et al., 2013). The 

function of this enzyme is to fuse an ω-hydroxylated ULCFA-CoA with a long-chain base 

(LCB), normally composed of a sphingosine molecule, by forming an amide bond and 

thereby creating an ω-hydroxy ULC-ceramide (Ohno et al., 2015). 

 

CYP4F22 and CERS3 are in close proximity in the enzyme reaction pathway in the 

production of acylceramides (Ohno et al., 2015), and hence there is reason to believe that the 

two enzymes co-localize. If CYP4F22 and CERS3 show co-localization it could be a step 

towards understanding their metabolic mechanisms, although co-localization does not 

necessarily indicate an interaction between target proteins. 

    In order to study how the two enzymes CYP4F22 and CERS3 behave when not mutated, 

plasmids containing wild-type gene variants were acquired and subsequently transfected to 

cultured cells. By transfecting plasmids, which besides the gene inserts also contain 

fluorescent tags, into cultured epithelial cells, it is possible to observe where in the cell the 

enzymes localize and employ their catalytic properties. If a mutation is also introduced into 

the gene inserts, for example the mutation of a patient with ARCI, it is possible to see in vitro 

how the mutated variant of the enzyme is affected by the genetic mutation, without having to 

acquire patient biopsies. Therefore, a mutagenesis of the wild-type gene CYP4F22 was 
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performed. A plasmid with a gene insert of CYP4F22 was subjected to mutagenesis by using 

a modified site-directed mutagenesis kit. The plasmid, along with another plasmid that 

contained a gene insert of CERS3, was then transfected into cultured cells. 

    In order to obtain the plasmids in high amounts, the plasmid DNA is transformed into 

bacteria. The bacteria are then allowed to grow as much as possible before they are lysed and 

the plasmids are purified with the use of ion-exchange chromatography. When plasmids are to 

be used for transfection of cells in vitro, it is important to also purify them from bacterial 

endotoxins. Bacterial endotoxins are harmful to cells and the transfection can generate 

unwanted side-effects if impure plasmids are used. 

    Protein co-localizations can, besides transfection with fluorescent plasmids, be visualized 

with the use of in situ proximity ligation assay (PLA). A nuclear counterstain is used to 

visualize individual cells and a commonly used nuclear counterstain is DAPI.  

The PLA technology utilizes unlabeled primary antibodies and secondary antibodies 

conjugated with oligonucleotide strands. The primary antibodies bind to the target proteins 

and if the target proteins are in close proximity to each other, the oligonucleotide strands on 

the secondary antibodies are close enough to meet. The oligonucleotide strands are hybridized 

by adding a ligase solution, which contains an oligonucleotide strand complementary to the 

oligonucleotides on the secondary antibodies and also a ligase enzyme. The ligase enzyme 

hybridizes the matching oligonucleotides into a circular DNA strand. The circular DNA is 

then amplified by adding fluorescently labeled nucleotides and DNA polymerase. If co-

localization exists, a large, fluorescent DNA molecule will be visible during examination in a 

fluorescence microscope. 

    Images can be captured as single images or in a Z-stack. A single image could show 

overlapping signals that are not necessarily co-localization signals. A Z-stack is a collection 

of images taken in different Z-planes of a single cell. Thereby it is possible to see if co-
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localization actually exists, where the fluorescent signals would be expressed in the same 

plane of the cell. The images must then be analyzed to verify protein co-localizations, as this 

cannot be distinguished with the naked eye. Pearson´s and Mander´s coefficients (Dunn et al., 

2011) should be calculated for the captured images. Li´s approach (Li et al., 2004) can also be 

useful, and these variables can be calculated in the Fiji software.  Pearson´s and Mander´s 

coefficients should be as close to 1 as possible to indicate co-localization, while Li´s 

approach, or Li´s ICQ value, should be close to 0.5.  

 

Through the use of described analyses and methods, the hope was to find evidence for co-

localization between CYP4F22 and CERS3. It could mean that these two enzymes work 

together and by also studying mutated variants, the pathologic mechanisms of the enzymes in 

ARCI-patients can be established. This could enable development of new therapeutic 

strategies and the development of these strategies would ease the suffering of patients with 

ARCI and in turn improve their quality of life significantly. 

Materials and Methods 

Study Material 

Two plasmids, pmCherry and pEGFP, were used to transfect eukaryotic cells. The plasmids 

contained a sequence for a fluorescent protein tag. They also contained the two gene inserts of 

interest for the study, CYP4F22 and CERS3. Both gene inserts were delivered in the pEGFP 

plasmid. The pmCherry plasmid contained no gene insert and therefore the CYP4F22 gene 

was subcloned into pmCherry. All pEGFP-plasmids were obtained from the Protein Expertise 
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Platform at Umeå University1. The plasmids were transformed into a strain of E. coli called 

DH5α and cultured in LB broth and agar. Cells used for analysis were HaCaT; a keratinocyte 

cell line generously donated from Petra Boukamp´s group (Boukamp et al, 1988), Human 

Epidermal Keratinocytes (HEKn, Thermo Fisher Scientific); normal primary epidermal 

keratinocytes derived from human neonatal tissue, and the epithelial cell line derived from 

Henrietta Lacks (HeLa). 

    Ethical approval for genetic and proteomic studies of inherited skin disorders, 

genodermatoses, has been acquired from the regional ethics committee in Uppsala, with the 

diary number 2012/523. 

Cell Culture 

HeLa and HaCaT cells were grown in DMEM medium with added FBS (10 % v/v), 

Penicillin/Streptomycin (PEST, 1 % v/v) and Amphotericin B (AmphoB, 1% v/v). HEKn 

cells were grown in EpiLife® medium (Gibco® by Life technologies™). Cell growth 

medium was changed every second day, and cells were split to fresh culture flasks when a 

confluency of 70-80 % was reached. EDTA in PBS (0.05% w/v) and trypsin (0.05% w/v) was 

used to split the HaCaT cells, EDTA in PBS (0.05% w/v) and Cascade Biologics® 

trypsin/EDTA solution (0.025 % v/v, Gibco® by Life technologies™, Grand Island, New 

York, USA) were used to split HEKn and only trypsin (0.05% w/v) was used to split the 

HeLa cells. All cells were grown in an incubator at 37°C, 5 % CO2. 

    For all experiments, cells were seeded directly onto circular coverslips in a 24-well plate. 

The cells were split from a cell culture flask and diluted to a concentration of 200 000 

cells/mL. To each coverslip 100 µL of diluted cell suspension (200 000 cells/mL) was added, 

                                                 
1 http://www.kbc.umu.se/english/pep/ (2016-05-13) 
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approximately 20 000 cells were seeded per coverslip. The 24-well plate was incubated for 2 

h, after which 400 µL DMEM/FBS/PEST/AmphoB medium was added. The plate was 

incubated overnight in 37°C, 5% CO2.  

Plasmid Purification 

The pEGFP plasmid with the wild type gene insert CYP4F22, pEGFP with wild type CERS3, 

empty pmCherry vector and the mutated Gln223X and Arg243Cys CYP4F22 genes in 

pmCherry were purified with the EndoFree® Plasmid Maxi Kit (QIAGEN). The kit contained 

a column with a patented resin that bound DNA through the process of anionic exchange. 

Bacterial endotoxins were washed away with buffers and the bound DNA was eluted under 

high-salt conditions in a buffer. Plasmids were stored at -20°C. 

Subcloning of CYP4F22 

The pEGFP plasmid with gene insert CYP4F22 and the pmCherry plasmid were cut with the 

restriction enzymes XhoI and SalI. Subsequently, the digested plasmids were run on a 1 % 

agarose gel until a satisfactory separation was achieved. The pmCherry plasmid and the 

CYP4F22 gene insert fragment were excised from the agarose gel and extracted with the use 

of QIAquick® Gel Extraction Kit (QIAGEN). The excised gel was dissolved in buffers and 

purified with spin columns supplied with the kit. The extracted DNA was eluted from the spin 

columns. 

    The CYP4F22 gene was ligated into the pmCherry plasmid with the use of Anza™ T4 

DNA Ligase Master Mix (Invitrogen™). The ligation reaction was left overnight, which 

ensured complete ligation.  

Mutagenesis of CYP4F22 

A modified version of Wang & Malcolm´s method for mutagenesis with the Agilent 

Technologies QuikChange™ II Site-Directed Mutagenesis Kit (Wang & Malcolm et al., 
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1999) was used to introduce two different mutations, Gln223X and Arg243Cys, into the 

CYP4F22 gene. The modifications that were made were regarding reagent volumes and PCR 

cycle lengths. The site-directed mutagenesis consisted of two reaction stages. 

    Two different reaction mixes were prepared for each gene mutation in the first reaction 

stage, one for the coding strand and one for the non-coding strand. The coding strand reaction 

mix contained 5 µL 10x reaction buffer, 5 µL dsDNA template (pmCherry-CYP4F22, 10 

ng/µL), 1.25 µL reverse mutagenic primer (100 ng/µL), 1 µL dNTP mix, 37.75 µL sterile 

H2O and 1 µL PfuUltra High-Fidelity DNA polymerase (2.5 U/µL). The non-coding strand 

reaction mix contained all previously mentioned reagents, except for the reverse mutagenic 

primer which was replaced with 1.25 µL forward mutagenic primer (100 ng/µL). In total, the 

reaction mixes had a volume of 50 µL each. The reaction mixes were covered with 30 µL of 

mineral oil, to prevent dehydration of the samples, before they were run in a PTC-200 thermal 

cycler (MJ Research, Canada). The PCR cycles comprised a starting cycle of 95°C for 1 min, 

followed by 10 cycles of 95°C for 1 min, 55°C for 1 min 30 s and 68°C for 7 min. 

    The amplified reaction mixes were removed from the thermal cycler and 25 µL of coding 

strand and non-coding strand mix was pooled in a single new tube. Before the second reaction 

stage was started, 0.75 µL PfuUltra High-Fidelity DNA polymerase (2.5 U/µL) was added to 

the new tubes and the reaction mix was covered with 30 µL of mineral oil. The tubes were 

placed in the thermal cycler and a starting cycle of 95°C for 1 min was run. The samples were 

then run for 18 cycles with the same times as the first reaction stage. 

    The tubes were removed from the thermal cycler and cooled on ice for 2 min. To remove 

methylated plasmid DNA, 1 µL DpnI restriction enzyme (10 U/µL) was added to the 

amplified reaction mix. The tubes were centrifuged for 1 min and incubated overnight in 

37°C.   
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Transfection of Plasmids to Eukaryotic Cells 

The jetPEI® kit (Polyplus-transfection®, Illkirch, France) was used to transfect the purified 

plasmids pmCherry-CYP4F22 WT and pEGFP-CERS3 WT, and the mutated plasmids 

pmCherry-CYP4F22-Gln223X and pmCherry-CYP4F22-Arg243Cys. PmCherry-CYP4F22 

WT and pEGFP-CERS3 WT were transfected to both HeLa and HaCaT, and the mutated 

plasmids were transfected to HaCaT cells.  

    The plasmid DNA was mixed with the jetPEI® transfection reagent, 0.5 µg of each plasmid 

was used per well up to a total of 1 µg per well. The transfection mix was added to cells 

cultured on coverslips in a 24-well plate and incubated in 37°C, 5% CO2. After 48 h, the 

growth medium with the transfection mix was removed. The transfected cells were washed 

twice with PBS and permeabilized with Tween in PBS (0.1 % v/v) for 20 min, Afterwards, 

the cells were fixated in paraformaldehyde in PBS (4 % w/v) and washed twice with PBS. 

The coverslips were mounted on microscope slides with Vectashield® mounting medium, 

which contained DAPI (Vector Laboratories, Inc., Burlingame, CA), after which they were 

analyzed under a fluorescence microscope (ZEISS Axio Imager 2) using ZEN imaging 

software.  

Proximity Ligation Assay 

PLA was performed on HEKn cells grown and fixated directly on circular coverslips in a 24-

well plate to study CYP4F22 and CERS3 co-localization in normal keratinocytes. Before 

incubation with primary antibodies, the cells were permeabilized with 500 µL Triton-X 100 in 

PBS (0.25 % v/v, Sigma-Aldrich) for 5 min. The Triton-X solution was removed from the 

well and the wells were washed twice with PBS. A piece of parafilm was placed in a humidity 

incubation chamber and 1x blocking solution (Olink Bioscience, Uppsala, Sweden) in drops 

of 70 µL was applied to the film. The circular coverslips were lifted out of the wells and 
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placed on the blocking solution with the cell side down, to ensure contact with the blocking 

solution. The coverslips were incubated with the blocking solution for 30 min in 37°C.  

    Primary antibodies were prepared; a mouse antibody specific to CYP4F22 (Abnova, 

H00126410-B01P, Taiwan) diluted 1:50, and a rabbit antibody specific to CERS3 (Sigma-

Aldrich, HPA006092, USA) diluted 1:200. The antibodies were diluted, in the same tube, 

with 1x antibody diluent (Olink Bioscience) and applied to a new piece of parafilm in drops 

of 70 µL. The coverslips were transferred to the antibody solution and incubated in 4°C 

overnight. A negative control, not incubated with primary antibodies, was prepared. 

    After the overnight incubation, the coverslips were washed 5 min in wash buffer A (Olink 

Bioscience), on a rotary shaker, twice. Two PLA probes were used; a 5x mouse MINUS 

probe (Olink Bioscience) and a 5x rabbit PLUS probe (Olink Bioscience). The PLA probes 

were diluted with 1x antibody diluent in the same tube. A new piece of parafilm was placed in 

the incubation chamber and the diluted probe solution was applied, in drops of 70 µL, to the 

film. The coverslips were transferred to the probe solution and incubated in 37°C for 1 h and 

then washed 5 min in wash buffer A, on a rotary shaker, twice.  

    A 1x ligation solution (Olink Bioscience) was prepared from stock and ligase (1 U/ µL, 

Olink Bioscience) was added. The solution was applied in drops of 70 µL to a new parafilm. 

The coverslips were transferred to the ligation solution, incubated in 37°C for 30 min and 

washed as described.  

    A 1x amplification solution (Olink Bioscience) was prepared from stock and polymerase 

(10 U/ µL, Olink Bioscience) was added. The solution was applied in drops of 70 µL to a new 

parafilm. The coverslips were transferred to the amplification solution and incubated in 37°C 

for 100 min, protected from light. The coverslips were washed 10 min in wash buffer B 

(Olink Bioscience), on a rotary shaker, twice, while protected from light. Thereafter they were 

washed 1 min in 0.01x wash buffer B, on a rotary shaker while protected from light. 
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    Before analysis in a fluorescence microscope, the coverslips were mounted with 

Vectashield® mounting medium (Vector Laboratories, Inc., Burlingame, CA) which 

contained DAPI. Mounting medium was applied to a microscope slide to which the coverslips 

were transferred. The slides were incubated for 30 min while protected from light and 

analyzed under a fluorescence microscope (ZEISS Axio Imager 2) using ZEN imaging 

software. 

Statistical Analysis 

Images obtained from the transfected cells were analyzed in the open-source image 

processing software called Fiji (Schindelin et al, 2012), which is based in ImageJ, to verify 

protein co-localizations. Li´s approach, Pearson´s coefficient and Mander´s coefficients were 

calculated in Fiji.  

Results 

Transfection of Plasmids to Eukaryotic Cells 

Expression of plasmids transfected into HeLa and HaCaT cells was studied in a fluorescence 

microscope. All cells transfected with wild type genes CYP4F22 and CERS3 were analyzed in 

Fiji. Overall, HeLa cells as well as HaCaT cells transfected with the wild type genes showed 

low transfection efficiency, though some cells showed tendencies of co-localization.  

    The HeLa cells in figure 1 showed a Pearson´s R-value of 0.94, Mander´s coefficient of 

channel 1 at 0.938, channel 2 at 0.948 and a Lí´s ICQ value of 0.421. The cells in figure 2, 

also HeLa cells, showed Pearson´s R-value of 0.92, Mander´s coefficient of channel 1 at 

0.880, channel 2 at 0.822 and Li´s ICQ value of 0.425.  

    The HaCaT cells in figure 3 showed a Pearson´s R-value of 0.96, Mander´s coefficient of 

channel 1 at 0.147, channel 2 at 0.173 and a Lí´s ICQ value of 0.433. The cells in figure 4 
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showed a Pearson´s R-value of 0.92, Mander´s coefficient of channel 1 at 0.606, channel 2 at 

0.526 and a Lí´s ICQ value of 0.462.  

    HaCaT cells transfected with CYP4F22 mutations Gln223X and Arg243Cys showed a very 

low grade of transfection, images were not analyzed in Fiji due to poor image quality. 

 

Figure 1: HeLa cells transfected with CYP4F22 WT and CERS3 WT. Ch1 and Ch2 shows the intensity 

correlation (Li´s approach) of channel 1 (red) and channel 2 (green). 2D shows a histogram of the 

intensities of channel 1 and channel 2 plotted against each other, where channel 1 is plotted on the y-

axis and channel 2 on the x-axis. A is the image which was analyzed in Fiji, the arrow points towards 

the specific cells that were included in the analysis. 
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Figure 2: HeLa cells transfected with CYP4F22 WT and CERS3 WT. Ch1 and Ch2 shows the intensity 

correlation (Li´s approach) of channel 1 (red) and channel 2 (green). 2D shows a histogram of the 

intensities of channel 1 and channel 2 plotted against each other, where channel 1 is plotted on the y-

axis and channel 2 on the x-axis. A is the image which was analyzed in Fiji, the arrow points towards 

the specific cells that were included in the analysis. 
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Figure 3: HaCaT cells transfected with CYP4F22 WT and CERS3 WT. Ch1 and Ch2 shows the 

intensity correlation (Li´s approach) of channel 1 (red) and channel 2 (green). 2D shows a histogram 

of the intensities of channel 1 and channel 2 plotted against each other, where channel 1 is plotted on 

the y-axis and channel 2 on the x-axis. A is the image which was analyzed in Fiji. 
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Figure 4: HaCaT cells transfected with CYP4F22 WT and CERS3 WT. Ch1 and Ch2 shows the 

intensity correlation (Li´s approach) of channel 1 (red) and channel 2 (green). 2D shows a histogram 

of the intensities of channel 1 and channel 2 plotted against each other, where channel 1 is plotted on 

the y-axis and channel 2 on the x-axis. A is the image which was analyzed in Fiji, the arrow points 

towards the specific cell that was included in the analysis. 
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Proximity Ligation Assay 

Images of PLA obtained in a fluorescence microscope showed red fluorescent signals in all 

samples (figure 5). Negative control performed without primary antibody, but with PLA 

probes, showed mostly background staining and some larger, red fluorescent signals (figure 

6). 

 

Figure 5: PLA of CYP4F22 and CERS3 on differentiated HEKn cells. Images were taken in a 

fluorescence microscope under a 40x objective. Of the two samples that were analyzed, both showed 

positive results for co-localization of CYP4F22 and CERS3. Nuclei were counterstained with DAPI, 

and co-localization signals were seen as small, red fluorescent dots (A, B, C and D). 
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Figure 6: Negative control of PLA of CYP4F22 and CERS3 on differentiated HEKn cells. Images 

were taken in a fluorescence microscope under a 40x objective. Nuclei were counterstained with DAPI 

(A). Results showed large, red fluorescent spots and unspecific background staining (B).  

 

Discussion 

The expected results were that CYP4F22 and CERS3 would co-localize in HeLa cells, HaCaT 

cells and eventually in HEKn cells as well. This expectation was based on earlier research 

which states that CYP4F22 and CERS3 lie in close proximity in the enzyme pathway of 

acylceramide production in the endoplasmic reticulum of cells in human epidermis (Ohno et 

al., 2015). Due to lack of time, the plasmids could not be transfected to HEKn cells as 

originally intended and therefore PLA was performed on HEKn cells instead.   

 

The collected data showed that only a couple of HeLa cells seemed to exhibit co-localization. 

Both Mander´s and Pearson´s coefficients were close to 1, Li´s ICQ was close to 0.5 and all 

histograms and intensity diagrams showed patterns of possible co-localization. Even though 

the analyzed HaCaT cell images showed strong Pearson´s correlations and Li´s ICQ values, 

the diagrams unfortunately showed that the images were noise corrupted. Mander´s 
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coefficients also showed low values, which could indicate a high background intensity that 

interfered with the analysis.  

    All these factors have to be taken into account when analyzing samples for co-localization, 

a simple merged image is not enough to definitively prove that co-localization exists. Merely 

photographing a cell and analyzing all signals as if they were in a single plane of the cell 

could also give rise to false positive co-localization results. A better way to analyze the 

transfected samples would have been to use a confocal microscope, which could have given 

better images and shown in which plane of the cell any eventual signals originated from and 

thereby improving the chances of finding actual co-localization signals. 

 

Rapidly fading fluorescent protein tags was a problem when trying to record the results of the 

plasmid transfection. The fluorescent tags faded unexpectedly fast when recording Z-stacks, 

where the cells were exposed to light approximately 10-15 times, depending on the size of 

each Z-stack. The light appeared to completely excite the fluorescent tags and as a result, 

many of the captured images had a low fluorescence intensity. This made further analysis of 

the cells hard, if not impossible. Too long exposure time, due to the low fluorescence 

intensity, could also have given rise to autofluorescence in the cells that can be falsely 

interpreted as positive results.  

    This was an unexpected turn-out, since the fluorescent tags are supposed to be stable. The 

cells were transfected according to a transient transfection protocol, where the plasmid DNA 

sequence is not integrated into the cellular DNA. This leads to eventual degradation of 

plasmid DNA in the cell and much of the added plasmid DNA is lost during transient 

transfection (Recillas-Targa, 2008), though in most applications the protein expression can be 

monitored between 24 and 72 h. 
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    A theory as to why the cells exhibited such poor transfection grade could be that analysis of 

the cells wasn’t performed directly after fixation, but instead the fixated cells were stored and 

analyzed at another occasion. It is possible that the fluorescent protein tags faded whilst in 

storage for analysis.  

      One of the plasmids used in the transfection attempts, pEGFP-CERS3, was after 

purification with the EndoFree® kit only present in low concentrations of around 50 ng/µL, 

whilst pmCherry-CYP4F22 had a more favorable concentration of around 500 ng/µL. It is 

unknown why pEGFP-CERS3 was produced at such low concentrations when cultured in 

DH5α. A theory is that an old batch of culturing broth, by mistake, was used when 

transforming the plasmid into DH5α and also when culturing the bacteria before harvesting 

the plasmids. It was observed more than one time that the bacteria grew poorly or even not at 

all. When a new batch of broth was opened and used, the bacteria grew as expected and 

produced higher amounts of plasmid DNA. Well over 1000 ng/µL of eluate could be purified 

from these colonies. The low starting concentration of the plasmid could have been a reason 

for the poor transfection grade. 

 

The PLA showed evidence of co-localization in HEKn, normal keratinocytes, of wild type 

CYP4F22 and CERS3. However, the problem with co-localization analyses is that they only 

reveal if the analyzed proteins are in close proximity to each other. Co-localization does not 

necessarily mean biological interaction and therefore analysis regarding co-localization, such 

as the HeLa cells that showed positive results, should be complemented with other analyses. 

Confirmation can be done by means of immunoprecipitation and immunoblotting, where cell 

cultures would be lysed and the resulting protein lysate precipitated and separated as 

described in similar studies (Ohno et al., 2015, Li et al., 2012). The sample would then be 

incubated with antibodies and blotted.  
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In conclusion, the results showed some evidence that CYP4F22 and CERS3 could co-localize 

in HeLa cells and tendencies towards co-localization in HaCaT cells, although the signals 

were corrupted by noise and background. Transfection of mutated plasmids Gln223X and 

Arg243Cys failed and should be attempted again, but preferably with cells that have not 

allowed to grow for a longer period of time.  

 

Research in dermatology and about genodermatoses is expanding fast as more and more is 

discovered about underlying physio- and pathologic mechanisms. Novel mutations in the 

CYP4F22 gene are discovered continuously (Radner et al, 2013, Noguera-Morel et al, 2015, 

Kazumitsu et al, 2013) and future studies on the subject should focus not only on researching 

the mutated variants of CYP4F22 more extensively, but also more on CERS3. Plasmids 

should be transfected into normal keratinocytes, in order to study them in a more natural 

environment. Since keratinocytes are difficult to transfect, using an electroporator to achieve a 

higher transfection grade and quality might solve the problem with low transfection 

efficiency. 
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