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Abstract 

 

FoxF2 is a transcriptional factor that initiates gene expression. Foxf2 is particularly expressed in 

central nervous system pericytes. Recent studies have displayed that an inactivation of Foxf2 in 

mice had an impact on the blood-brain barrier integrity with evidence of breakdown.  During 

angiogenesis, the protein pdgf-B is synthesized by endothelial cells and is detected by pdgfr-𝛽 

expressed on pericytes. Fibrinogen is a glycoprotein that participates in coagulation. It is 

undetectable in a healthy brain due to an intact barrier, making it an important biomarker in 

neurological diseases. Pericytes are a part of the microvascular unit and are wrapped around 

endothelial cells, which make up the blood-brain barrier. Pericytes play an important role in blood 

vessel formation, development of vessel stability,  regulation of blood flow, and the integrity and 

formation of vascular barrier. The aim of this study was to induce a pericyte specific knockout 

mutation of Foxf2 and investigate possible fibrinogen extravasation in the brain and pdgfr-𝛽 

expression. Using Cre/loxP recombination mouse knockouts were created in vivo by Tamoxifen 

injections and the . Immunohistochemistry was performed to investigate fibrinogen and pdgfr-𝛽 

expression. Pdgfr-𝛽 expression was further validated with RT-qPCR on an in vitro induced cell 

culture. Immunohistochemistry slides suggested that the knock-out mutation of Foxf2 caused a 

disrupted blood-brain barrier resulting in extravasated fibrinogen. However, 

immunohistochemistry images confirmed with RT-qPCR on pdgfr-𝛽 expression displayed no 

distinct difference. Due to a small sample size, RT-qPCR needs more validation and since 

immunohistochemistry only allows for interpretation, further study is required.  

 

 

 

 

 

 

 

 

 

 

 



 

 

List of abbreviations 

 

BBB  Blood-brain barrier 
 
Bp Base pairs 
 
CKO Conditional knock-out 
 
CNS Central nervous system 
 
Cre Cyclization recombinase 
 
EC Endothelial cells 
 
Floxed DNA A target DNA sequence genetically edited to be flanked by two loxP sites 
 
Fl/+ Heterozygote genotype with a floxed allele and a wild type allele 
 
Fl/fl Homozygote floxed alleles 
 
FOX Forkhead box 
 
IF Immunofluorescence  
 
IHC Immunohistochemistry 
 
LoxP Locus of crossover (x) in bacteriophage P1 
 
mG Modified green protein (green fluorescence) reporter 
 
mT tdTomato (red fluorescence) reporter 
 
mT/mG A double fluorescent reporter that allows for recombination visualization in 

Cre/LoxP mice 
 
PC Pericytes 
 
Pdgfr Platelet-derived growth factor 
 
Pdgfr-𝛽 Platelet-derived growth factor receptor 𝛽 

 



 

Table of content 

Introduction ..................................................................................................................... 1 

Pericytes ..................................................................................................................................................... 1 

Fox genes ................................................................................................................................................... 3 

Fibrinogen ................................................................................................................................................. 3 

Platelet-derived growth factor B and receptor-𝛽................................................................................... 4 

Cre/LoxP recombination .......................................................................................................................... 4 

Checking for Cre/loxP recombination by using three primer PCR....................................................... 5 

mT/mG expression .................................................................................................................................... 5 

Immunohistochemistry ............................................................................................................................ 5 

Immunofluorescence ................................................................................................................................. 6 

Aim ............................................................................................................................................................. 6 

Material & Methods ......................................................................................................... 6 

Confirming presence of wanted properties ............................................................................................ 6 

Tamoxifen injection .................................................................................................................................. 7 

Dissecting ................................................................................................................................................... 7 

Cell Culturing for RT-qPCR ...................................................................................................................... 8 

RT-qPCR pdgfr-𝛽 .................................................................................................................................... 10 

Fixating brain and obtaining brain slides ............................................................................................ 10 

Confirming pericyte-specific Cre/loxP recombination with mT/mG ................................................. 12 

Immunohistochemistry (IHC) staining fibrinogen .............................................................................. 13 

Immunohistochemistry (IHC) staining pdgfr-𝛽 .................................................................................. 14 

Statistical analysis .................................................................................................................................. 14 

Ethical considerations and permit ........................................................................................................ 15 

Results ............................................................................................................................ 15 

Genotyping .............................................................................................................................................. 15 

Confirming pericyte-specific Cre/loxP recombination with mT/mG ................................................. 16 

Fibrinogen ............................................................................................................................................... 18 

Pdgfr-𝛽 expression .................................................................................................................................. 19 

RT-qPCR ................................................................................................................................................. 20 

Discussion ..................................................................................................................... 22 

Strengths and limitations ....................................................................................................................... 26 

Ethical considerations ........................................................................................................................... 28 

Contribution to society ........................................................................................................................... 29 

Conclusion ..................................................................................................................... 29 

Acknowledgement ......................................................................................................... 29 

References ..................................................................................................................... 30 



 

Appendix ....................................................................................................................... 36 

 

 

 

 

 

 





 1  

Introduction 

The main task of the brain vasculature is to deliver nutrients and oxygen to all the millions of brain 

cells. It is vital that this process is fully understood, as the mechanism of blood flow can contribute 

to understanding numerous neurological conditions including Alzheimer´s disease and stroke 

(Kisler et al., 2017). The vasculature capacity amongst most organs in the body is similar, where 

small chemical substances are  transported  through the permeable capillary walls. This is a 

relatively easy process. This allows the concentration of substances to approximately be at 

equilibrium between the blood plasma and organ fluids. This capacity is comparable throughout 

the organs, with the exception of the central nervous system (CNS) (Brodal, 2004). The CNS has 

an endothelium membrane that separates the brain from the surrounding circulating blood, called 

the blood-brain barrier (BBB) (Zlokovic, 2008). The endothelial membrane, also called 

subendothelial basal lamina, is a complex consisting of multiple fibronectins, collagen, laminin, 

entactin and so forth. In addition, the BBB also consists of glial cells, neural cells and pericytes 

(Wolburg & Lippoldt, 2002). The membrane offers a strict transport of extracellular fluids, with 

the purpose of protecting the sensitive neurons and keep a constant chemical environment 

(Zlokovic, 2008). The capillaries of the brain are not as permeable as they are in other tissues, 

making it harder for smaller molecules to pass through the capillary wall. This is a result of the 

tight junctions in the epithelial cells of the capillary wall, forcing molecules to pass through the 

plasma membrane of the capillaries in order to enter the brain.  

Pericytes 

The neurovascular unit consists of four main cell types: pericytes (PCs), endothelial cell (ECs), 

neurons and astrocytes (ACs) (Liu et al., 2012). The EC cells are located in the inner lining of the 

capillaries and PC partially wrap around precapillary arterioles, capillaries and postcapillary 

venules at the endothelial junctions (Daneman & Prat, 2015; Bergers & Song, 2005; Liu et al., 

2012). PCs and ECs shares and are also separated by a basal membrane. AC’s end-feet are also in 

close contact with PC, with the basal membrane separating them as seen in Figure 1.   
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Figure 1. An illustration over the microvasculature cells associations. The endothelial cells make up the 

capillary wall with pericytes wrapping over them with an umbrella-like structure, and AC’s end-feet that 

are in close contact with PCs. Neurons are also surrounding the microvasculature. Tight junctions are 

located within EC’s wall together with vesicles. 

The location of PCs offers a great advantage in regard to regulating EC function, as PCs 

communicate with ECs through gap junctions and adhesion junction. PCs are also able to 

communicate indirectly with the other neurovascular cells through autocrine and paracrine 

signaling pathways (Liu et al., 2012). PCs play an important role in blood vessel formation, 

development of vessel stability,  regulation of blood flow, the formation of vascular barrier and its 

integrity as well as the entry of immune cells in the brain (Gautam & Yao, 2018; Attwell et al., 

2015; He et al., 2016). The interactions between pericytes and endothelial cells are essential for 

the majority of vessel formation and function, as well as the maturation of mentioned functions. 

The maturation also includes the formation of the vascular basal membrane (Stallcup, 2018). In 

the CNS the pericytes have the highest pericyte-to-endothelial ratio at 1:1 to 1:3. The high density 

of pericytes has been proven to be beneficial for BBB maintenance (Gautam & Yao, 2018). 

Pericytes have the ability to dilate capillaries which results in increased blood flow, a necessity 

when an increased neuron activity requires greater amounts of oxygen and glucose. Conversely 

pericytes can also constrict blood vessels. This is however a discussed and controversial topic, 

where evidence both points towards and against the pericyte’s ability to regulate blood-flow 

(Gautam & Yao). An additional consequence of pericyte malfunctioning is neuronal death and loss 

of maintenance of BBB. Other studies have, on the other hand, shown that pericytes do not have 

the ability to contract capillaries. Even if it is controversial that pericytes contain the mentioned 

traits, pericytes have been hypothesized to contribute to malfunctions after ischemia stroke by 
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BBB interactions. Whether or not pericytes contain the alleged abilities to control capillary 

structure, the cell raises interesting questions and gives reason to be investigated further. As a 

consequence, pericytes have become an interesting therapeutic target for ischemia states of the 

brain (Attwell et al., 2015). CNS pericytes particularly expresses the transcriptional factor Foxf2. 

Recent studies on a knockout of Foxf2 in all cells have displayed evidence of BBB disruption, thus 

making pericyte Foxf2 an interesting candidate to further investigate regulation factors for BBB 

breakdown (Reyhani et al., 2015). 

Fox genes 

Forkhead box (FOX) genes are transcriptional factors that are involved in embryonic development 

(Lo, 2017). The purpose of transcriptional factors is to either repress or to initiate gene 

expression. Members of the FOX family are key factors during embryonic development, where 

FOX proteins utilize their forkhead domain to bind to DNA during embryogenesis (Aitola et al., 

2000; Lo, 2017). The mammalian protein Foxf2 is an activator and binds to DNA by utilizing its 

two active sites, one located in the center of the protein and one in the C-terminus. Foxf2 is 

particularly expressed in CNS pericytes.  Recent studies have displayed that a knockout of Foxf2 

in all cells (global knockout) in mice had an impact on the BBB integrity with evidence of 

breakdown. This was confirmed by observing the presence of the biomarker fibrinogen in the 

brain (Reyhani, 2015).  

Fibrinogen  

Fibrinogen is a 340 kDa glycoprotein secreted by the liver that is circulating in the blood and it 

consists of three polypeptides (Herrick, 1999; Petersen et al., 2018). Upon damage on blood 

vessels, the protein gets cleaved by thrombin into fibrin which plays an important role in 

coagulation as it is the most abundant element in the formation of blood cloths (Herrick, 1999). 

Fibrinogen also plays a crucial role in tissue repair and inflammation (Petersen, Ryu & Akassoglou, 

2018). Upon cleavage by thrombin, fibrinogen gets cleaved into more compounds in addition to 

fibrin. These have the ability to regulate cell adhesion and they can act as mitogens for multiple 

cell types, including endothelial cells (Herrick, 1999). Upon BBB disruption from e.g., 

neuroinflammation or neurological diseases, there is an abundant extravasation of fibrinogen into 

the CNS due to the increased permeability of the BBB. As fibrinogen is undetectable in healthy 

brain tissue due to an intact BBB, it makes it an important biomarker in neurological diseases and 

significant trauma linked with a disruption in the blood-brain barrier (Petersen, Ryu & 

Akassoglou, 2018). In addition, there is a correlation between how the loss of pericytes result in 

a weakened BBB and an increased extravasation (Ghosh et al., 2015). In the study of the global 
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knockout of Foxf2, the presence of fibrinogen was observed in the brain, indicating a disrupted 

BBB (Reyhani et al., 2015). 

Platelet-derived growth factor B and receptor-𝜷 

Platelet-derived growth factor (pdgf) acts as mitogens for fibroblasts, glial cells and smooth 

muscle cells. Pdgf is a disulfide-linked dimer that exists as five isomers: PDGF-AA, AB, BB, C and 

D. The five pdgf proteins can apply different functions by binding to two different pdgf receptors, 

𝛼 and 𝛽. Platelet-derived growth factor receptor 𝛼 and 𝛽 (pdgfr- 𝛼, pdgfr-𝛽) are both 

transmembrane tyrosine kinases. Pdgf and its receptors are of great importance in embryonic 

development as well as for the adult organism. In mature organisms, pdgfs partake in regulating 

the contractions of blood vessels and also act as pathogens in some proliferative diseases 

(Kovalenko & Kazlauskas, 2013). In the embryonic brain, the interaction between pdgf-B and 

receptor 𝛽 recruits pericytes into the vessel wall, thereby initiating the development of the 

microvasculature in the BBB (Winkler et al., 2010). Pdgfr-𝛽 in pericytes have a significantly 

important role for the neurovascular unit and the permeability of the blood-brain barrier (Sil et 

al., 2018).  Pdgfr-𝛽 is also expressed by fibroblasts located in blood vessels in the CNS, and in 

meninges (He et al., 2016).  During angiogenesis, pdgf-B is synthesized by endothelial cells and 

gets detected by pdgfr-𝛽 expressed on pericytes. This pathway is responsible for pericyte 

proliferation and migration (Armulik, Abramsson & Betsholtz, 2005).  Pdgf/pdgfr signaling 

pathways are associated with BBB disruption, making the pathway pdgf-B/ pdgfr-𝛽 an interesting 

candidate for regulation of BBB integrity (Sil et al., 2018). Foxf2 is capable of regulating pdgf 

pathways and signaling, and a deficiency of the Foxf2 gene has been linked with an increase of 

pdgf-A, pdgf-B and pdgfr- 𝛼 expression by directly binding to promoter regions of the genes (Bolte 

et al., 2015; van der Heul-Nieuwenhuijsen et al., 2009). A complete global knockout of Foxf2 has 

previously resulted in changes in brain pericytes, including a faster proliferation, a significant 

decrease of pdgfr-𝛽 expression and BBB breakdown (Reyhani et al, 2015).  

Cre/LoxP recombination  

Cre/loxP recombination is a gene editing tool widely used for altering mammalian genes. 

Cyclization (Cre) recombinase gene is derived from bacteriophage P1 and produces the 38kDa 

long Cre recombinase (Sauer, 1998; Kim et al., 2018). Cre have the ability to recognize a specific 

DNA fragment called locus of crossover (x) in P1 (loxP). The targeted DNA sequence to be 

genetically edited are flanked between two loxP sites (floxed DNA). The sequence is site-

specifically edited, when detected by Cre. Depending on orientation and location of the two loxP 

sites, Cre can induce either genetic excision, translocation or inversion (Nagny, 2000). If the loxP 
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sites are directly repeated, Cre creates an inactive gene enabling a conditional knock-out (CKO) 

mutation. Cre recombinase must be under control of a promoter specific for the cell or tissue that 

the targeted mutation is to occur in, called a Cre-driver strain. In order to enable the Cre/loxP 

system, Cre must be inducible in order to be activated at a specific time point. The cell/tissue 

specific promoter controls Cre, but  Cre can also be induced exogenous by modifying the Cre 

protein. One common exogenous inducer is Tamoxifen (Kim et al., 2018). The promoter Tbx18 is 

pericyte specific and the gene is being selectively expressed by all pericytes in multiple tissues in 

mice, including the brain (Guimaraes-Camboa et al., 2017).  

Checking for Cre/loxP recombination by using three primer PCR 

In order to confirm that recombination has occurred to the targeted Foxf2 gene, a polymerase 

chain reaction (PCR) system using three primers can be used. Primer a (forward) and primer b 

(reverse) is flanking the one loxP site, whilst primer c (reverse) is located after the second loxP 

site. After preforming PCR, the size of the generated fragments can be used to conclude if 

recombination event has happened. When recombination occurs, the exon and the second loxP 

site is excised (Song & Palmiter, 2018). 

mT/mG expression  

mT/mG is a double fluorescence reporter that allows for recombination visualization in Cre/LoxP 

mice. The tdTomato (mT) is a red fluorescence protein and mG is a modified green fluorescence 

protein. The loxP site is constructed with mT in-between the loxP sites, and the mG site after the 

second loxP (Deepak Muzumdar et al., 2007). Consequently, in the absence of Cre recombinase 

the mT/mG mice selectively express solely mT, resulting in a red fluorescent light. With the 

addition of Cre recombinase, the transgene is rearranged, and the expression is converted into 

expressing mG instead, resulting in emitting a green fluorescence light (Snyder et al., 2013).   

Immunohistochemistry  

Immunohistochemistry (IHC) is a widely used technique used to identify and visualize specific 

proteins in tissues with the use of antigen-specific antibodies. The targeted antigens and its 

interactions can be visualized by either conjugating the antibodies with a fluorescent marker or 

by the addition of an enzyme with a colorimetric assay (Drew & Shieh, 2015). The technique can 

also be used to visualize biological processes, such as immune response and pathological 

interactions. Specific key molecules, such as transcription factors and different enzymes, within 

antigen-antibody interactions can also be detected by using this technique. By specifically use a 
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combination of antibodies for these key molecules and other biomarkers specific for the cell 

examined, changes in the cell can be identified, e.g., cell differentiation (Aikawa, 2011). 

Immunofluorescence 

Immunofluorescence (IF) is a technique that is used to optically determine the cellular location of 

protein expression. The technique is a part of immunohistochemistry, where fluorophores are 

utilized to visually locate the expression. Fluorophores are a compound that emits light when 

observed under a specific wavelength. In order to visualize specific proteins or antigens, either 

direct or indirect immunofluorescence can be used. In the direct method, a primary antibody that 

is coupled with a fluorophore is incubated with the sample. The antibody specifically binds to the 

antigen/protein of interest. The indirect method used a secondary antibody in addition, and it is 

the secondary antibody that is coupled with the fluorophore instead. The antigen and/or protein 

can then be visualized under a fluorescent or confocal microscope, depending on what needs to 

be visualized (Joshi & Yu, 2017).  

Aim 

The aim of this research was to perform a pericyte-specific conditional knock-out mutation of the 

Foxf2 gene in mice. This was done by utilizing Cre/loxP recombination. The research questions 

were 

 Have fibrinogen extravasated into the brain, indicating a disrupted blood-brain barrier? 

 Have the expression of Pdgfr-𝛽 been regulated?  

Material & Methods 

Confirming presence of wanted properties  

Mice (C57Bl/6 and 129/SvJ strains (Charles River Laboratories) were used in this experiment. To 

certify the genotype, tissue samples (extracted from tail) were obtained from mice of three-week-

old and DNA was extracted. The presence of desired genotypes, Tbx18Cre/+, FoxF2fl/fl, mT/mG 

homozygote or heterozygote, was confirmed by Polymerase Chain Reaction (PCR). The tip of the 

tail was digested in 100𝜇l lyzing buffer. The buffer consisted of 250𝜇l 5M NaOH (Merck), 20𝜇l 

0.5M EDTA (Scharlau ) and nuclease-free water was added up to 5ml. The lyzing buffer containing 

the sample was left on a heat block (Eppendorf Thermomixer comfort) set at 96°C for 20 minutes 

(mins). After 20mins, 100𝜇l of 40mM Tris-Hcl (Sigma-Aldrich) was added to stop the lyzing 

process, and the sample was left to cool in room temperature for 10 mins. The PCR reaction was 
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prepared by using Solis BioDyne Data Sheet 5x FIREPol Master Mix 12.5mM MgCl2 (Solis Biodyne) 

and the manufacturer’s instructions was followed. The primers used for each genotype reaction 

can be seen in Appendix 1 Table 1, and the generated fragment for each genotype can be seen in 

Appendix 1 Table 2. 2 𝜇l of respective primer was added to the reaction. The samples were 

centrifuged (Eppendorf) for 5 seconds at short spin program. The samples were put in the thermo 

cycler (Techtum) and the cycling time for each genotyping reaction can be seen Appendix 1 Table 

3. After completed amplification , 1X Orange loading dye (Thermo Scientific) was added to each 

tube. Gel electrophoresis was performed, with a 2% agarose gel with 5𝜇l ethidium bromide 

(Sigma- Aldrich). 100bp Plus DNA ladder (Thermo scientific) was used as a reference.  

 

Tamoxifen injection 

For the mice that had confirmed wanted properties, the next step was to induce the recombination 

by injecting Tamoxifen intraperitoneally. Tamoxifen 10mg/ml stock solution was made by making 

vortexing 100mg Tamoxifen (Sigma-Aldrich) with 0.5ml absolute alcohol (Solveco). After 

vortexing, 9.5ml Sunflower seed-oil (Sigma-Aldrich) was added and the mixture was vortexed 

again. At 6 weeks, homozygous FoxF2 floxed mice were injected with 5mg Tamoxifen stock 

solution intraperitoneally every two days for a total of three times. Between 3-4 weeks after 

finished injections the mice were sacrificed. In addition, several control littermates with  desired 

genotypes, did not receive tamoxifen injection.  

Dissecting 

Brain tissue was collected at 6 weeks and 6-8 months after Tamoxifen injection to use for cell 

cultures. Two control mice and two CKO mice were used for each cell culture. The mouse to be 

dissected was put in a plastic chamber with a regular flow-through of 5% anesthesia (Attane vet) 

for three minutes in order to be anesthetized. The mouse was then placed on its back on the 

dissecting table wearing a head-cap with a constant flow of 3% anesthesia. The forelegs and tail 

were taped to the table. In order to confirm a fully functioning anesthesia, a toe-pinch-response 

method was applied. Animals must be fully unresponsive before proceeding. The dissections 

procedure has been described elsewhere (Gage, Kipke & Shain, 2012). Differences in protocol was 

that in this experiment the perfusion was done by hand, first with injecting 1X Phosphate-buffered 

saline (PBS) at a pace of 1ml/min for a total of 10ml. After perfusion and surgery, the brain was 

extracted and rolled on tissue paper to remove the meninges. The brain was put in digestion 

media consisting of 1ml 1X Dulbecco´s Modified Eagle´s Medium (DMEM) (Life technologies), 

0.1ml DNAse I (Invitrogen) and 15𝜇l Collagenase/Dispase (Sigma-Aldrich). A mechanical mincing 
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of the brain was executed by forcing the brain through sterile needles. This sample was later used 

for cell culturing.  

In addition, brains were collected for immunohistochemistry procedure. All steps were 

performed as previously mentioned in the previous section, but in addition 10ml of 

paraformaldehyde (PFA) were injected at a pace of 1ml/min after the injections with 1X PBS were 

performed. For paraffin embedding, 4% PFA was used. 4% PFA was produced by mixing 4g 

paraformaldehyde (Merck) with 50ml warm water and 0.5ml 1M NaOH. The solution was mixed 

on a heat block at 60°C until dissolved. Following, 10ml 10X PBS and 25 𝜇l of 37% HCl (Merck) 

were added. The pH was set to 7.4 and milli-Q water added to 100ml. For the purpose of 

immunostaining, the whole fixed brain was extracted, and thereby no mechanical minding was 

performed. The brain was put in 4% paraformaldehyde in a 15ml conical tube after extraction and 

stored at 4°C. The brain samples were further used for cryosectioning and paraffin sectioning. 

When collecting brains for IHC for pdgfr-𝛽, an alternative protocol was used. 2% PFA perfusion 

was used instead of 4% PFA. The whole fixed brain is extracted, and thereby no mechanical 

minding was performed. The brains were put in 1X PBS in a 15ml conical tube after extraction and 

left on ice.  

Cell Culturing for RT-qPCR 

A batch of two minced brains from control animal and CKO animal, respectively, was put in 

digestive media and was incubated for 30 mins in a 37°C and 5% CO2 incubator (HERA cell). 

Afterwards, the 1ml of the digested sample was carefully pipetted into in a 15ml confocal tube 

containing 4ml the density gradient  22% vol/vol Percoll in order to separate the myelin from the 

maintaining brain cells. A 50ml stock solution of the density gradient consisted of 11ml Percoll 

(Sigma-Aldrich), 5ml Hank´s Balanced Salt Solution (HBSS) 10X (Thermofisher) and 34 ml H2O. It 

was of great importance that the brain specimen was pipetted into the tubes carefully to not 

disrupt the density gradient. The tube was then centrifuged (Fisherbrand) for 10 mins at 560 x g. 

All supernatant, including the myelin, was removed and the pellet was resuspended in 3ml of 1X 

PBS and centrifuged for 5 mins at 300 x g. 3ml of Dulbecco´s Modified Eagle Medium/Nutrient 

Mixture F-12 (DMEM/F-12) (gibco) was added to the resuspended pellet, and the solution was 

put in a 6-well cell culture plate (Costar). The cell culture plate was checked under the microscope 

(Nikon) in order to confirm intact microvasculature. The plate was called passage 0 (P0). The cell 

culture was incubated  in a 37°C and 5% CO2 incubator (HERA cell) and grown until 70-80% 

confluency was obtained. When confluency was obtained, the culture media was removed, and 

the well washed with 1X PBS. 1ml TrypLE Express (gibco) was added to detach the cells from the 

dish, and the culture dish was incubated in a 37°C incubator (HERA cell) for 10 mins. To confirm 
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detachment the cells were observed under a microscope (Nikon). Once confirmed, 1ml of 

DMEM/F-12 (gibco) was added to inactive TrypLE Express (gibco). The mixture was pipetted up 

and down to make a single cell suspension. Additional 4ml of DMEM/F-12 (gibco) was added and 

the cell culture was split into two, pipetting 3ml of the mixture into two separate T-25 flasks 

(TRP), respectively. These flasks were passage 1 (P1). P1 was transferred into a T-75 flask (TRP) 

with a total volume of 8ml of DMEM/F-12 (gibco) growth media. P3 and P3 was also growth in a 

T-75 flask. This procedure was performed for a total of three weeks, until P3-4 was obtained. 

Figure 2 displays an overview on the cell culture passages.  After 3 weeks, 10 𝜇g/ml of 4-

hydroxytamoxifen (Sigma-Aldrich), diluted in DMEM/F-12 (gibco) was added to the flasks. The 

stock solution was prepared according to the manufacturer´s instructions. 4-hydroxytamoxifen 

(Sigma-Aldrich) was changed every 48h for a total of 1 week.  

 

 
Figure 2. An overview on the cell culture passages, originating from brain. P0 was grown until 70-80% 

confluency was reached, and then passaged to another growth plate called P1. This was growth until the 

same confluency stage was reached and then passaged. This procedure was repeated for 3 weeks,  by then 

P3 or P4 was reached.  

 

After P3 or P4, the cells culture was observed under a light microscope (Nikon) to confirm 

confluency. When confirmed, the growth media was removed. The culture dish was rinsed with 

1X PBS and the 1X PBS was removed. 1ml TrypLE Express (gibco) was added to detach the cells 

from the dish, and the culture dish was incubated in a 37°C incubator (HERA cell) for 10 mins.  

After incubation the cells were looked under the microscope (Nikon) so confirm detachment. Once 

confirmed, 1ml of DMEM/F-12 (gibco) was added to inactivate TrypLE. The mixture was pipetted 

up and down to make a single cell suspension. The cell culture solution was centrifuged 

(Fisherbrand) for 5 mins at 300 x g. The supernatant was discarded, and the supernatant was 

resuspended in 500 𝜇l of 1X PBS. 250 𝜇l was pipetted into a 1.5 ml Eppendorf tube and centrifuged 

for 5 mins at 300 x g. The cell suspension was then used for RT-qPCR. A total of 3 cell cultures was 

used for the respective group.  
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RT-qPCR pdgfr-𝜷 

The GenElute Mammalian Total RNA Miniprep Kit (Sigma-Aldrich) was used to extract the total 

RNA from the cells. The manufacturer’s instructions were followed. NanoDrop 

Spectrophotometer (Saveen Werner) was used to collect the concentration of RNA, the 260/230 

and the 260/280 ratio. DNase I (ThermoFisher) was used to digest any possible traces of DNA, 

and the manufacturer´s instructions were followed. iScript cDNA Synthesis Kit (Bio-Rad) was used 

to synthesize cDNA, and the manufacturer´s instructions were followed. After complete cDNA 

synthesis, the RT-qPCR reaction was prepared. The 5x HOT FIREPol EvaGreen qPCR Supermix 

(Solis BioDyne) kit was used, and the manufacturer’s instructions was followed.  Two separate 

reactions were prepared, one for pdgfr-𝛽 and one for the housekeeping gene, actin. The primer 

sequences for actin (Eurofins Genomics) and pdgfr-𝛽 (Eurofins Genomics) can be seen in Table 1. 

Actin was used as a house-keeping gene. 

Table 1. Shows the primers used for the RT-qPCr reaction.  

Primer Sequence (5´-3´) 

pdgfr-𝜷 

forward 

AGG AGT GAT ACC AGC TTT ACT CC 

pdgfr-𝜷 

reverse 

CCG AGC AGG TCA GAA CAA AGG 

Actin 

forward 

GGC TGT ATT CCC CTC CAT CG 

Actin 

reverse 

CCA GTT GGT AAC AAT GCC ATG T 

The reactions were pipetted in triplicates in a 96 Fast PCR-PI plate (Sarstedt) and run in the 

thermo cycler (Rio-Rad). 

Fixating brain and obtaining brain slides 

Cryoprotecting and sectioning for immunohistochemistry to confirm Cre/loxP recombination 

differed in comparison to IHC for pdgfr-𝛽. For the Cre/LoxP staining, the stored brains were taken 

out after the overnight incubation in 1X PBS. The samples were placed in a new 15ml conical tube 

with 30% sucrose, one brain per tube, and left in cold room overnight. Before proceeding it was 

important to make sure that the brains had sunk to the bottom of the tube overnight incubation. 

Once this was confirmed, the brains were taken out and rinsed with 1X PBS. All water was 

removed, and the samples were each put in a cryomold (Miles) and covered in an Optimal Cutting 

Temperature (OCT) Mounting Media (VWR Chemicals). Isopentane (Sigma-Aldrich) was put in a 
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small bowl and put in dry ice to cool down for 15 mins. The bottom of the cassettes was briefly 

submerged into the cold isopentane for 5 second to flash freeze the samples. The samples were 

then either stored in -80 freezer, or directly put in cryostat (Cellab). The samples were taken out 

of the plastic cassettes and glued onto metal grids using the same OCT Mounting Media. The 

settings were set to -15°C in cryostat chamber and the sections were cut at 20 𝜇m. The sections 

were put on glass slides (Thermo Scientific) and stored in -20 freezer.   

For pdgfr-𝛽 staining, the brains left on ice were taken out of the 15ml conical tube containing 1X 

PBS. For these samples, no overnight incubation was performed. Isopentane (Sigma-Aldrich) was 

put in a small bowl and put in dry ice to cool down for 15 mins. Meanwhile, the brain was cut into 

quarters. One quarter at a time was put on tissue paper and submerged into the ice cold 

isopentane for 5 second to flash freeze the samples. The samples were attached to metal grids 

with Optimal Cutting Temperature (OCT) Mounting Media (VWR Chemicals) inside the cryostat 

(Cellab). The settings were set to -15°C in cryostat chamber and the sections were cut at 20 𝜇m. 

The sections were put on glass slides (Thermo Scientific).  

In addition, paraffin embedding, and section were performed. The stored brains were taken from 

the cold room and cut into quarters using a scalpel. The four pieces were washed three times with 

1X PBS for 30 mins, respectively. The samples were dehydrated by placing the tissue samples in 

a beaker in 70% ETOH for 20 mins. Afterwards, the samples were placed in 80% ETOH for 20 

mins, for 20 mins in 95% ETOH, then washed twice in 100% ETOH for 20 mins, respectively. The 

samples were placed inside cassettes and transferred into a fume hood and washed twice in 

Xylene (Fisher Chemicals) for 5 mins each. The dehydration step was performed in a fume hood 

(LabRum Ab). The samples were transferred to a 55°C incubator (Elektro Helios) and washed 

twice in melted paraffin (Histolab) for 1 hour, respectively. After, samples were transferred into 

a third paraffin beaker of paraffin and incubated overnight, still inside the 55°C incubator. The day 

after, the cassettes were opened, and the tissues were placed inside a metal cast form. A small 

amount of paraffin was poured (Leica) into the cast, just to cover the bottom, and the tissues was 

placed inside. The metal cast were placed on a cold spot order to make the tissues adhere to the 

bottom of the cast better. Paraffin was poured onto the tissues in the cast, and the cassette was 

put on top. Additional paraffin was poured on the cassette. The paraffin complex was left in RT for 

1 hour to solidify and could then be stored in the cold room at 4°C. Once solidified, the embedded 

paraffin tissues were sectioned by a rotary microtome (Sakura Accu-Cut SRM) at 10 𝜇m. The thin 

sections were placed on glass slides (Thermo Scientific). Distilled water was pipetted under the 

sections and the slides were put on a hot plate (Kunz Instruments) at 45°C. It was left on the hot 

plate for ~5 mins, until the paraffin sections had bewrinkled, then the water was removed. The 
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sections were left in a 55°C incubator (Elektro Helios)  overnight to melt the paraffin and enable 

the tissue samples to adhere to the glass slides. 

Confirming pericyte-specific Cre/loxP recombination with mT/mG 

Cryosection brain slides from two animals were used for IF to confirm mT/mG recombination. 

The mice had the genotype Foxf2 fl/fl, Tbx18Cre/+  and  heterozygote mT/mG. The CKO mouse got 

intraperitoneal tamoxifen injections at 6 weeks of age, every two days for a total of three times. 

Brains were harvested 3 weeks after the last received injection. The control animal did not receive 

tamoxifen injections.  

ImmEdge pen (Vector Laboratories) was used to draw a hydrophobic barrier around the brain 

slides where the IF was going to be performed. The samples were incubated for 20 mins with 1X 

PBS in room temperature (RT).  The samples were then incubated for 1 h in RT with TNB. The 

buffer consists of 0.1M Tris-HCl (pH 7.5), 0.15M NaCl and 0.5% (w/v) Blocking reagent 

(PerkinElmer FP1020). The primary antibody anti-GFP (Invitrogen, #A10262) was added in a 

concentration of 1:100 and incubated overnight in 4°C. The samples were then washed with 1X 

PBS three times and incubated in RT for 10 mins each. The secondary antibody Alexa Flour 488 

goat anti-chicken (Invitrogen, #A11039) was added in a concentration of 1:300. The samples were 

incubated in RT for 1 h. The samples were covered during this time to keep out light. The samples 

were thereafter washed three times in 1X PBS and incubated in RT for 10 mins each time. The 

samples were left in RT to dry, then mounting media Fluoromount-G (Southern BioTech, #0100-

01) was added and the samples were covered with a cover glass (Menzel-Gläser). The samples 

were left covered in RT overnight to dry the mounting media, and the next day the slides were 

visualized in a confocal microscope LSM700 (Zeiss) with the objective Plan-Apochromat 40x/1.3 

Oil DIC. 

 

To vizualize Cre/loxP recombination in cell cultures, an 200 𝜇l aliquot of the cellculture in 

DMEM/F-12 media was transferred to a chamber slide (Sigma-Aldrich). 5 𝜇M of 4-

hydroxytamoxifen was added to one of the wells and left there for 24h. The media was then 

removed and the slide was submerged in 1X PBS for 20 mins. The slide was then inclubated in 

4% paraformaldehyde for 20 mins. It was then submerged in 1X PBS for 20 mins, then mouting 

media Fluoromount-G (SounthernBiotech, #0100-01) was applied and a cover glass (Menzel-

Gläser) was put on top. The slide were photographed with widefield microscope Axio Observer 

(Zeiss). 
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Immunohistochemistry (IHC) staining fibrinogen 

Fixed paraffin brain slides from two animals were used for IHC fibrinogen staining. The mice had 

the genotype Foxf2 fl/fl and Tbx18Cre fl/+. The CKO mice was injected with Tamoxifen 

intraperitoneally at 3 months of age, every two days for a total of three times. The mouse was 

utilized at the age of 15 months. The control mouse received no tamoxifen injection and was 

utilized at the age of 13 months.  

Paraffin slides were put in a slide holder and the paraffin sections were deparaffinized and 

rehydrated by submerging the samples in Xylene for 10 mins, twice. The slides were transferred 

to 96% ETOH for twice, 70% ETOH once and 50% once, for 3 mins in every concentration. The 

samples were transferred and submerged in milli-Q water for 5 mins and then washed in 1X PBS 

for 5 mins. ImmEdge pen (Vector Laboratories) was used to draw a hydrophobic barrier around 

the samples so that liquid could be added to the samples without it leaking out. Endogenous 

peroxidase activity was blocked by incubating the sections in 3% H2O2 for 10 and 20 mins, 

followed by washing in 1X Tris- NaCl -Tween buffer (TNT) for 5 mins. TNT was made by mixing 

1M Tris-HCl (Acros, pH 7.5), 5M NaCl (Scharlau), 25𝜇l Tween-20 (Scharlau) and then add dH2O to 

a total volume of 50ml. For heat-induced epitope retrieval, the sections were incubated in 1X 

Proteinase K Solution (20𝜇g/ml) for 20 mins in an incubator (Termaks) at 37°C. The 1X stock 

Proteinase K solution (20𝜇g/ml) was made by adding 8mg of Proteinase K (30 units/mg) to Tris- 

EDTA- buffer (TE-Buffer) (pH8.0) until the Proteinase K dissolved. TE-buffer (pH 8.0) was made 

by mixing 6.10g Tris base (PanReac AppliChem) 0.37g EDTA (Scharlau), 5ml Triton X-100 (ICN 

Biomedicals) and dH2O to 1L. pH was adjusted to 8.0 with 37% HCl (Merck). Then 10ml of glycerol 

(Merck) was added to the 1X stock Proteinase K solution. The working solution was made my 

mixing 1ul of stock solution with 19ml of TE-Buffer (pH8.0). After the incubation, the sections 

were left in RT to cool down for 10 mins. The slides were then washed 3x5 mins with TNT.                                                                                                                              

Tris-NaCl- blocking buffer (TNB) was applied to the slides and incubated in RT for 30 mins. The 

sections were after incubated with the primary antibody (Polyclonal Rabbit Anti-Human 

Fibrinogen #A0080, DAKO) at a concentration of 1:2500 for 1h at RT. Then the sections were 

washed 3x5 mins with TNT. The secondary antibody (Goat Anti-rabbit HRP #P0448, DAKO, 1:100) 

was added and the sections were incubated for 1 hour at RT, and after washed 3x5 mins with TNT. 

TSA Biotin System (Akoya Biosciences) kit was used to amplify the signal and used according to 

manufacturer’s instructions.  For chromogenic detection, DAB plus (DAKO product) was applied 

to the sections, with 1ml of substrate buffer was mixed with 1 drop of DAB+ chromogen. This was 

done when the samples were observed under a light microscope (LIIooA) in order to control the 

staining as the staining differs greatly between samples. The samples were incubated with the 

solution for 10 mins then washed under running dH2O for 10 mins. Mounting media DAPI 
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Fluoromount (SounthernBiotech) was applied, and a cover glass (Menzel-Gläser) was put on top. 

The slides were left covered in room temperature overnight to dry. The next day, the slides were 

imaged with widefield microscope Axio Observer (Zeiss).  

Immunohistochemistry (IHC) staining pdgfr-𝜷 

Cryosection brain slides from two animals were used for IHC for pdgfr-𝛽 staining. The mice had 

the genotype Foxf2 fl/fl, Tbx18Cre/+  and  heterozygote mT/mG. The CKO mouse got 

intraperitoneal tamoxifen injections at 6 weeks of age, every two days for a total of three times. 

The animal was sacrificed 3 weeks after the last received injection. The control animal did not 

receive tamoxifen injections.                                                                                                                                                            

The glass slides, containing the sectioned brain from the cryostat, were submerged in 4% PFA at 

RT for 2 mins to further fixate the tissues, and then submerged in 1X PBS for 20 mins. ImmEdge 

pen (Vector Laboratories) was used to draw a hydrophobic barrier around the brain slides. 0.2% 

Triton X-100 (ICN Biomedicals) in diluted in 1X PBS was pipetted inside the hydrophobic barrier 

and it was left to incubate in RT for 20 mins. The solution was removed, and TNB was applied to 

the slides and incubated in RT for 60 mins. The sections were after incubated with the primary 

antibody PDGF Receptor 𝛽 Rabbit mAb (Cell signaling Technology, #3169) diluted in TNB to a 

final concentration of 1:100 at RT overnight. The day after, washing had to be performed by 

submerging them in 1X PBS for 20 mins, then a solution containing 4% Bovine Serum Albumin 

(BSA) (Sigma-Aldrich), 0.2% Triton X-100 in 1X PBS was applied and left for incubation in RT for 

20 mins. The slides were then washed by submerging them in 1X PBS for 20 mins. The secondary 

antibody Alexa Flour 647 goat anti-rabbit (ThermoFisher Scientific, #A21244) was diluted in TNB 

to a concentration at 1:500 and added to the sections and then incubated for 1 hour at RT, followed 

by a wash in 1X PBS for 20 mins as mentioned previously. Mounting media Fluoromount-G 

(SounthernBiotech, #0100-01) was applied, and a cover glass (Menzel-Gläser) was put on top. 

The slides were left covered in room temperature overnight to dry. The next day, the slides were 

imaged with confocal microscope LSM700 (Zeiss) using objective Plan-apochromat 40x/1.3 Oil 

DIC. 

Statistical analysis 

The statistical analysis on pdgfr-𝛽 expression was conducted in IBM SPSS Statistics 25. A 2-tailed 

paired sample t-test was conducted and the p-value was set at 0.05. The delta delta Ct method was 

used and the t-test was performed by using the realtive gene expression (2^-(∆∆Ct)) (Livak & 

Schmittgen, 2001). The relative gene expression (RGE) of the control were set to 1, and the RGE 

of the conditional-knockout were normalized against the controls. This was done by dividing the 
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RGE values of CKO to the corresponding control RGE values, e.g., the RGE of Conditional knock-

out 1/Control 1, RGE of Conditional knock-out 2/Control 2 and so forth.  

Ethical considerations and permit 

Mice (C57Bl/6 and 129/SvJ strains (Charles River Laboratories)) was sacrificed in this research. 

The mice were kept in polyacrylic cages under standard laboratory conditions with natural light 

cycles. The temperature was 20±1°C with a humidity of 40-70% Rh. The diet consisted of dry 

rodent pellets, and breeding pellets were given in breeding cages. The experiments in this project 

had been approved by the Gothenburg Animal Ethics Committee Ethics Number 2311/19. The 

committee consists of research representatives and also representatives from animal welfare 

organizations. The university of Gothenburg  follow Swedish laws (Animal Welfare Act SFS 

2018:1192 and Animal Welfare Ordinance SFS 2019:66) and EU directive and conventions 

(2010/63/EU) on animal welfare and the animal’s welfare is being well monitored by the County 

Administrative Board (Animal Protection Index, n.d.; University of Gothenburg, 2020).  

Results 

Genotyping 

The gel electrophoresis results from the genotyping can be seen in Figure 3. For Tbx18Cre, HHz 

indicates a homozygote genotype as the fragment present was 253 bp and HTz indicated a 

heterozygote genotype with fragment sizes of 253bp and 300bp.  For Foxf2, HTz indicates 

heterozygote genotype for WT and floxed (non-recombined) with fragment sizes of 332bp and 

432bp, while HHz indicates a homozygote floxed non-recombined genotype with a single 

fragment size appearing of 432 bp. For mT/mG, WT indicates a wild type fragment of 330bp, HHz 

indicates a homozygote mutant genotype of 250bp and HTz indicates a heterozygote genotype of 

330 bp and 250 bp. Using a three-primer strategy in order to confirm the wanted genotypes 

through PCR in the mice was successful.  
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Figure 3. Gel electrophoresis results from genotyping. 100bp Plus DNA ladder (Thermo scientific) was used 

as a reference. Tbx18Cre display a heterogenous genotype in lane 2, while lane 1, 3 and 4 showed the 

homozygote wild type. Foxf2 showed a homozygote genotype in lanes 2 and 3, while lane 1 showed a 

heterozygote pattern. Lanes 2 shows a homozygote mutant fragment, 3 and 4 showed a heterozygote 

genotype for mT/mG, while lane 1 displayed a homozygote wild type fragment.  

Confirming pericyte-specific Cre/loxP recombination with mT/mG  

The results from the IF staining on cryosections for pericyte-specific Cre/loxP recombination with 

mT/mG can be seen in Figure 4. Row A displays uninduced animal as control where no Tamoxifen 

injections was given.  As seen in the figures, all tissue expresses tdTomato which results in 

exhibition of red fluorescence. The more intense red areas are the microvasculature, consisting of 

endothelial cells, pericytes and so forth. Row B displays images from an induced animal, where 

Tamoxifen induced the pericyte-specific Tbx18Cre promoter to produce Cre recombinase which 

induced the Cre/loxP recombination. The green, fluorescent areas indicate the presence of 

pericytes. The green areas indicate a successful recombination event. The images were processed 

in Fiji (ImageJ).  
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Figure 4. (A) Cryosection of mT/mG control mouse photographed with confocal microscope LSM700 (Zeiss) 

using objective Plan-apochromat 40x/1.3 Oil DIC. The exhibited red fluorescence is tdTomato expressed in 

un-induced mice. (B) Cryosections of mT/mG conditional knock-out mouse, photographed with confocal 

microscope LSM700 (Zeiss) using objective Plan-apochromat 40x/1.3 Oil DIC. Slides stained with anti-GFP 

(green). The green indicates recombined lox-allele and successful GFP expression. The Cre-driver is 

pericyte-specific, making the GFP expression restricted to pericytes. 

 

The results from the visualization of fixed cell cultures in order to confirm Cre/loxP 

recombination can be seen in Figure 5. Row A displays cell culture where no 4-hydroxytamoxifen 

was applied. As can be observed, all cells exhibit red fluorescence.  Row B displays cell culture of 

induced cell culture. Both red and green fluorescence can be observed in the image, indicating a 

successful recombination in pericytes. The images were processed in Zen Blue (Zeiss). 
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Figure 5.  Images of cell culture. (A) Uninduced cell culture, photographed with widefield microscope Axio 

Observer (Zeiss). It can be observed that all cells only exhibit red fluorescence, tdTomato. (B) Induced cell 

culture. Both red and green fluorescence can be observed, indicating a successful recombination. 

Fibrinogen 

The results from the fibrinogen staining can be seen in Figure 6. Row A displays images from un-

induced control animal where no Tamoxifen was injected. Row B shows images from an induced 

animal where intraperitoneally Tamoxifen injections were given. Fibrinogen is displayed as  

dark brown color indication. As can be observed in row B, the presence of Fibrinogen is 

abdundant in comparison to row A, indicating a disrupted blood-brain barrier. The images were 

processed in ImageJ. 
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Figure 6. Results from IHC of fibrinogen staining. Dark brown color indicates fibrinogen. (A) Shows results 

from staining of un-induced control animal. Figures were imaged with widefield microscope Axio Observer 

(Zeiss). (B). Shows results from staining of induced animal. Figures were imaged with widefield microscope 

Axio Observer (Zeiss). 

Pdgfr-𝜷 expression 

The IHC staining for pdgfr-𝛽 results can be seen in Figure 7. Row A displays the staining from the 

control animal, where no Tamoxifen injections was given. The left figure in row A displays the 

meninges and capillaries, and the figure to the right in row A shows capillaries. The yellow color 

indicates pdgfr-𝛽 expression, and the expression can be observed in a distingt pattern around the 

vessels and in the meninges. Row B displays figures from CKO animal which was induced with 

continious Tamoxifen injections. The left figure in row B show the meninges and capillaries, and 

the right figure shows capillaries.. Pdgfrr-𝛽 expression exhibit the same yellow color as for row A. 

GFP filter to indicate successful recombination in pericytes was not applied in images. There is no 

obvious difference in pdgfr-𝛽 expression between the control animal in comparison to the 

induced animal. The images were processed in Fiji (ImageJ). 

  

Figure 7.  (A) Cryosection of un-induced control mouse photographed with confocal microscope LSM700 

(Zeiss) using objective Plan-apochromat 40x/1.3 Oil DIC. The exhibited red fluorescence is tdTomato 
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expressed in un-induced mice. The cryosections were stained with antibody PDGF Receptor 𝛽 (yellow). (B) 

Cryosections of induced conditional knock-out mouse, photographed with confocal microscope LSM700 

(Zeiss) using objective Plan-apochromat 40x/1.3 Oil DIC.. The same staining procedure was conducted as 

for control mice staining.  

RT-qPCR 

The concentration and purity of the extracted total RNA from the two cell cultures was measured 

using NanoDrop Spectrophotometer (Saveen Werner). The quality was above 2 in absorbance 

values and enough RNA was extracted for the RT-qPCR.  

 

The results from the RT-qPCR results can be seen in table 2. The Ct values was obtained from RT-

qPCR and the delta-delta Ct method was used to calculate the relative gene expression (2^-

(∆∆Ct)). The ΔCt value of the pdgfr-𝛽 expression is relative to the housekeeping gene, actin. The 

amplification curves for actin and pdgfr-𝛽 can be seen in Figure 8. A Ct value around 22 can be 

seen for actin, and around 28 for pdgfr-𝛽. Both the control samples and CKO are displayed in the 

figure, with no obvious distinction. The melt peaks observed indicate that designed primers 

showed target specific amplification, see Figure 8.   

 

Table 2. Shows calculations of RT-qPCR based on the delta-delta Ct method.  

Sample  Pdgfr-

𝜷 Ct  

Pdgfr-𝜷 

Average 

Ct 

Actin Ct  Actin 

Average 

Ct 

∆Ct ∆∆Ct 2^-(∆∆Ct) 

Cell culture 1        

Control 1 27.35 27.35 21.58 21.58 5.77 0.07 0.95 

Control 2 27.58 27.58 21.93 21.93 5.65 -0.05 1.04 

Control 3 27.72 27.72 22.03 22.03 5.69 -0.01 1.01 

Conditional 

knock-out 1 

27.03 27.03 21.60 21.60 5.43 -0.27 1.21 

Conditional 

knock-out 2 

27.89 27.89 21.66 21.66 6.23 0.53 0.69 

Conditional 

knock-out 3 

27.67 27.67 21.31 21.31 6.36 0.66 0.63 

        

Cell culture 2        

Control 1 27.98 27.98 20.14 20.14 7.84 0.11 0.93 
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Figure 8. Shows the amplification and menting curve for the housekeeping gene actin and for pdgfr-𝛽 from 

RT-qPCR. Designed primers showed target specific amplification. 

Control 2 28.05 28.05 20.42 20.42 7.63 -0.10 1.07 

Control 3 28.00 28.00 20.28 20.28 7.72 -0.01 1.01 

Conditional 

knock-out 1 

27.44 27.44 18.81 18.81 8.63 0.9 0.54 

Conditional 

knock-out 2 

27.48 27.48 18.7 18.7 8.78 1.05 0.48 

Conditional 

knock-out 3 

27.31 27.31 18.73 18.73 8.58 0.85 0.55 

        

Cell culture 3        

Control 1 28.06 28.06 21.01 21.01 7.55 0.22 0.86 

Control 2 28.16 28.16 20.9 20.9 7.26 -0.07 1.05 

Control 3 28.29 28.29 21.12 21.12 7.17 -0.16 1.11 

Conditional 

knock-out 1 

29.43 29.43 20.99 20.99 8.44 1.11 0.46 

Conditional 

knock-out 2 

29.89 29.89 21.04 21.04 8.85 1.52 0.35 

Conditional 

knock-out 3 

29.65 29.65 21.03 21.03 8.62 1.29 0.41 
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A statistical analysis was conducted in IBM SPSS Statistics 25. A  paired sample t-test was 

performed, and it resulted in a 2-tailed p-value of 0.112.  

Discussion 

The method of using PCR to confirm the wanted properties of the mice was successful. As 

displayed in Figure 3, different sized fragments were produced based on gene properties. The 

results are consistent with the expected fragment sizes stated in Appendix 1, Table 2. The desired 

genotype for Tbx18Cre was heterozygote, and as seen in Appendix 1, Table 2, the fragment sizes 

for a heterozygote genotype are 250 bp and 300 bp. In the figure, one animal had the desired 

heterozygote genotype. The desired genotype for Foxf2 was homozygote floxed (non-

recombined), and as seen in the table, this genotype generates a DNA fragment of 432 bp. In the 

figure, two of the animals displayed the wanted homozygote non-recombined genotype. For 

mT/mG the desired genotype was either homozygote mutant with a fragment size of 250 bp, or 

heterozygote for wild type and mutant with fragment sizes of 330 bp and 250 bp. One animal 

displayed the desired homozygote pattern and two animals the desired heterozygote genotype. 

This method allowed for successful separation of the mice with the wanted properties from the 

unwanted. 

The confirmation of Cre/loxP recombination can be observed in Figure 4 and 5 for cryosections 

and cell cultures, respectively. There is a distinct difference from the control to the induced 

animal, where the control solely expressed tdTomato resulting in a red fluorescence. In the 

induced animals, however, it can clearly be observed that GFP is expressed in restricted areas. In 

Figure 4, in the images of the cryosection, it can be observed that the green fluorescence is 

wrapping around the capillary tube, which is characteristic for pericytes. Both Figure 4 and 5 

display images of successful recombination, as tdTomato have been specifically excised as a result 

of inducing Cre recombinase. In Figure 4, it can be observed a distinct difference between the un-

induced (5A) and induced (5B) figures. In row A, all tissue expresses tdTomato which results in 

exhibition of red fluorescence. Row B displays images from an induced animal. The recombination 

resulted in an excised tdTomato reporter, and the expression of GFP. This resulted in pericytes 

exhibiting green fluorescence, whereas all other cells exhibit the red fluorescence as in row A. In 

the figures in row B, it can be observed a heterogenous pattern of pericytes along the vessel wall, 

with the cell wrapping around the vessels. The change of exhibiting fluorescence in pericytes 

indicated a successful recombination event.   
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Fibrinogen has been used as a key biomarker to examine a decreased permeability in the blood-

brain barrier. The blood-bound protein is absent in the healthy brain, but in a variety of 

neurodegenerative diseases it is abundantly deposited due to a disrupted BBB (Petersen, Ryu & 

Akassoglou, 2018). A compound with a higher molecular weight (MW) than 180 Da is unable to 

cross the intact BBB, and fibrinogen has a MW of 340 kDa (de Souza Goldim, Giustina & Petroniho, 

2019; Herrick, 1999). In Figure 6 the results from the fibrinogen staining can be seen, in row A 

the control animal can be seen and in row B the CKO animal can be seen. In the CKO images, it can 

be observed that fibrinogen has extravasated through the capillaries and are accumulated in close 

contact with the capillaries. In the control images some traces of chromogen can however be 

observed. This can be the cause of two reasons. One is that it is unspecific background staining, 

and this will be discussed later. The other reason could be that since the animals are considered 

rather old when they were sacrificed, they could have some underlying neurodegenerative 

disease that could cause fibrinogen extravasation. A decreased BBB that results in extravasation 

and deposition of fibrinogen is a side-effect of multiple neurological diseases (Petersen, Ryu & 

Akassoglou, 2018). But the IHC images still portray a distinct difference between the control and 

CKO animals, revealing that with a pericyte-specific knock-out mutation of Foxf2 there is a BBB 

disruption leading to fibrinogen extravasation. Another way to investigate to which extent the 

BBB is disrupted is to inject Evans Blue Dye. Evans Blue is an insert tracer with a molecular weight 

of 961 Da that, after injection, binds to albumin and forms a molecular weight complex of 68.5 kDa 

that is incapable of passing through the BBB. Of note, albumin by itself is too large to pass the 

intact barrier (de Souza Goldim, Giustina & Petroniho, 2019). Previous experiments executed by 

Reyhani et al., (2015) showed that a global knock-out of Foxf2 did not results in extravasation of 

Evans Blue Dye through the BBB. Therefore, the conclusion can be drawn that no extravasation of 

Evans Blue is possible since the mutation induced in this experiment is restricted to only 

pericytes. This concludes that the BBB is disrupted to an extent to allow fibrinogen to pass, but 

the lesion is not that great for bigger protein complexes to pass. Since fibrinogen could pass, but 

not Evans Blue Dye, it shows that the permeability of the BBB is disrupted to an extent to allow a 

340Da molecule to pass but the permeability is not completely disrupted.  

Figure 6 suggested that the fibrinogen could enter the brain, but through what pathway is still 

unknown. The BBB is constructed to keep put unwanted substances, and only allowing passage to 

useful ions and nutrients and this also protected the sensitive neural tissues from damage from 

different agents. The passage of blood-CNS exchange is mainly controlled by endothelial cells 

(Greene & Campbell, 2016; Abbott et al., 2010). There are two different types of endothelial cells, 

neural and periphery EC and they differ greatly from each other (Saunders, Liddelow & 

Dziegielewska, 2012). In regard to neural endothelial cells, there are two passages through the 

barrier across the endothelium, the transcellular and paracellular passage. The transcellular 
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passage acts through vesicles, while the paracellular acts through junctions (Komarova & Malik, 

2010).  

This research did not aim to investigate through what pathway proteins could extravasate though, 

whether it may be through the transcellular or paracellular passage. However, previous research 

provides clues on which passage was disrupted. In the global knockout of Foxf2, there was an 

increase of trans-endothelial vesicular transport (Reyhani et al., 2015). Since this event was 

observed in a complete knockout of Foxf2, it suggests that the same passage could possibly also 

be weakened in a pericyte-specific knockout. On the other hand, pericytes play an important role 

in the tight junction formation and paracellular permeability. In the development of tight 

junctions, pericytes and astrocytes are recruited to the endothelial cells (Winkler, Bell & Zlokovic 

2011; Bell et al., 2010). In this event the pericytes, without the involvement of astrocytes, are 

capable of inducing the tight junctions (Kim et al., 2009). This contradicts the findings found in 

the study by Reyhani et al., (2015). In addition, pericytes are capable of inhibiting molecules 

expressed by endothelial cells, which purpose is to an increase in vascular permeability and 

leakage of immune cell into the brain (Daneman et al., 2010; Armulik et al., 2010).  Suggesting 

upon disruption, pericytes are not capable of inhibiting these molecules, resulting in increased 

BBB permeability and disruption. More research needs to be done in regard to this matter, but it 

provides interesting suggestions about a possible regulation of the passage that is restricted and 

controlled by solely pericyte Foxf2.  

With a decreased permeability of the blood-brain barrier a variety of plasma proteins are capable 

of leaking into the CNS, including fibrinogen. So, despite of the exact cause of permeability 

disruption, the deposits of fibrinogen in the brain are not beneficial in any way.  Fibrinogen 

contains numerous binding sites for different receptors and proteins, and upon binding in its 

unnatural environment it results in countersignaling and pleiotropic functions, i.e., fibrinogen can 

activate or inactive certain pathways that is not needed or intended, just because it contains these 

binding sites. As mentioned, fibrinogen gets cleaved by thrombin into fibrin. This mechanism is 

initiated by activation of the coagulation cascade, and it results in blood clot formation (Petersen, 

Ryu & Akassoglou, 2018). When fibrinogen leaks into the brain, it rapidly gets cleaved into fibrin. 

As a result of the countersignaling and pleiotropic functions, fibrinogen and fibrin is strongly 

associated with inflammatory activities in the brain. Once cleaved to fibrin, the molecule exposes 

an epitope that specifically binds to the receptor CD11b/CD18. In the CNS, this epitope only exists 

on the immune cell microglia and infiltrating macrophages. When fibrin binds to these immune 

cells through the CD11b/CD18 receptor, it initiates their inflammatory activation, upregulating 

the genes involved in oxidative stress, releasing of compounds involved in neuron disruption and 

increases phagocytosis (Davalos, Mahajan & Trapp, 2019). Additional neuropathological effects 
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caused by the extravasation of fibrinogen in the brain is: microglia cells cluster around disrupted 

vessels , it is recruiting myelin specific Th1 cells into the central nervous system, axonal damage, 

inhibition of remyelination and neurite outgrowth, and inducting scar formation through 

astrocytes (Petersen, Ryu & Akassoglou, 2018; Davalos, Mahajan & Trapp, 2019). The interaction 

of fibrinogen in the perivascular matrix is strongly correlated to regulation of inflammation and 

neurodegenerative processes in the CNS through binding of receptors not native to the protein, it 

is therefore of great importance that the pathways involving a disrupted BBB gets fully 

understood, since the accumulation of fibrinogen in the brain have such devastating consequences 

(Petersen, Ryu & Akassoglou, 2018). In this experiment, conditional knock-out of Foxf2 in 

pericytes disrupted the BBB in such way that fibrinogen was leaked into the brain. It can therefore 

be concluded that the transcriptional factor Foxf2 in pericytes is somehow involved in the 

regulation of BBB permeability. Whether or not Foxf2 is the main regulator or just an intermediate 

in a bigger pathway could, however, not be concluded.  

In addition to the fibrinogen staining, the pdgf-B/pdgfr-𝛽 pathway was investigated by looking at 

pdgfr-𝛽 expression. Previous studies have displayed that mice mutant for either pdgf-B or pdgfr-

𝛽 exhibited enhanced vascular permeability and a general decrease in pericytes (Winkler er al., 

2011; Bell et al., 2010). The immunohistochemistry staining of pdgfr-𝛽, seen in Figure 7, displayed 

no obvious difference in expression when comparing the un-induced control animal and the 

induced knock-out animal, both in regard to the meninges and the capillaries. The intensity of 

pdgfr-𝛽 expression of CKO images looks similar to the control animal. In order to further validate 

these result, RT-qPCR was performed. In Figure 8 the amplification and melt curve can be 

observed. The amplification curves display good shape and the melt curve only display a single 

peak, indicating that the  RT-qPCR can be regarded reliable (INTEGRATED DNA TECHNOLOGIES, 

2020; INTEGRATED DNA TECHNOLOGIES, 2014). The statistical analysis resulted in a p-value of 

0.112, and since this is higher than 0.05 the gene expression of pdgfr-𝛽 is considered not 

significantly different between the control group and the CKO group. RT-qPCR results are, 

however, not so reliable. Since the sample size is only 3 for each group, it is too small to make a 

validated conclusion based on that result. This issue is further. Previous studies have showed a 

relationship between a decrease in pdgfr-𝛽 expression and a  decrease in vascular permeability 

(Winkler er al., 2011; Bell et al., 2010). Since a weakened neurovascular integrity have been 

proven in this research, it would be hypothesized to see a downregulation in gene expression for 

pdgfr-𝛽. In addition, a significant loss of brain pericytes are a result of pdgfr-𝛽 deficient mice. 

(Tallquist, French & Soriano, 2003; Lindblom et al., 2003). There is a correlation between a 

reduced pdgfr-𝛽 expression and CNS leakage, as  the loss of pericytes are directly proportional to 

BBB permeability (Liu et al., 2012). If a significant difference of pdgfr-𝛽 expression could be 

observed, it would coincide with previous research, and also provide information on the 
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involvement of the transcriptional factor Foxf2.  Interestingly, previous research by Reyhani et al,. 

(2015) where a global knockout of Foxf2 was conducted, a decrease in pdgfr-𝛽 was observed. If 

there was a reliable sample size and statistical analysis supporting no significant difference, in 

combination with the result from the global knockout study, it would suggest that it is not Foxf2 

in pericytes that regulates the communication through the pdgf-B/pdgfr-𝛽 pathway, telling the 

ECs to decrease the permeability.  Since Foxf2 restricted to pericytes is possibly excluded as a 

possible regulator of this pathway, Foxf2 in another cell could be responsible for this event since 

the global knockout portrayed a decreased pdgfr-𝛽 expression. Foxf2 could also be an 

intermediate in this communication. This can only be speculated , as more research is necessary 

to provide reliable data.  Since the RT-qPCR needs more validation and the IHC results only allow 

for interpretation, no conclusion can be made from this result. It only offers some knowledge on 

this expression, but not any conclusive.  

Strengths and limitations 

During this thesis project some difficulties have been faced along the way. For all staining 

procedures, both for immunofluorescence and immunohistochemistry, weeks were spent on 

trying to optimize the protocol. There is no decided method for this since it  depends on the tissue 

and the expression on the marker you are staining for. The issue relied on obtaining a strong 

enough signal from the specific antibody-epitope binding, without producing unspecific 

background staining. The specific antibody-epitope binding relies on ionic interaction, 

hydrophobic interaction, hydrogen bonding and so forth, but these molecular forces can also 

cause unspecific background staining. An example of this can be seen in Figure 4 row A, where 

some areas exhibit unspecific green fluorescence from the primary anti-GFP and secondary Alexa 

Fluor 488 antibody. The same phenomenon can be seen as well in Figure 5 row B, the image to 

the far right. In the meninges there should be no exhibited green fluorescence, since there are no 

pericytes in the meninges. Yet, green fluorescence can be observed in the meninges as well as an 

area above the meninges. This is the result of unspecific background staining, that unfortunately 

was not completely reduced. The challenge is to reduce the background staining but not 

compromise in the antibody-epitope binding (R&D Systems, n.d.). For all markers, IF and IHC was 

performed on both cryosections and paraffin sections. For the paraffin sections, different 

incubation time for quenching the endogenous peroxidase was tried in combination with using 

different buffers with varying pH for epitope retrieval, along with using different amplification 

kits. Unfortunately, the time frame for this work was simply not enough to obtain a perfect 

staining procedure in regard to the unspecific background staining, but since the images produced 

enough images in order to answer the research questions it is still seen as a success. The issue 

with using cryosections was that the morphology got negatively affected. So, it was a trial-and-
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error procedure with using both sectioning methods. A great amount of time was consumed on 

optimizing, and by the end of the laboration period the staining was optimized enough to produce 

results. The images are however still not perfect. On the other hand, an optimized in-house 

method for immunohistochemistry on brain sections was produced. This method provided great 

knowledge on troubleshooting when immunostaining for different biomarkers.  

In order to validate the regulation of pdgfr-𝛽 expression, RT-qPCR was performed. In vitro 

induced enriched pericyte cell cultures were used to measure the expression. Initially it was 

planned to use minced whole brains of in vivo induced animals to perform the RT-qPCR, but this 

did not work successfully. Several attempts were made to successfully accomplish the 

measurement using this method, but it did not result in any luck. After the cDNA synthesis it could 

be concluded by NanoDrop Spectrophotometer measurements that there was no concentration of 

cDNA in the reactions. One possibility is that since pericytes are restricted to the microvascular 

unit in the brain, there are simply not enough cells and therefore not enough pdgfr-𝛽 expression. 

Therefore, cell cultures were tried instead. During optimization it could be concluded that two 

brains per culture was needed to avoid cell death, and because of the ethical concerns regarding 

this unoptimized method, only one culture for CKO and one culture for control was grown 

simultaneously in case of unsuccessful growth. The cultures grew for 4 weeks before they were 

confluent enough to execute a successful RT-qPCR. Because of this, the sample size in this 

experiment is very frugal, making the statistical analysis of significant difference not optimal. So, 

in order to completely validate if the expression of pdgfr-𝛽 is significantly difference, a greater 

sample size needs to be used. Unfortunately, this could not be executed due to time constraints. 

RT-qPCR results in combination with the IHC results all point in the same direction, that there is 

no change in pdgfr-𝛽 expression after the knock-out mutation. Despite the need for more 

validation, the results provided more knowledge on how the integrity and permeability of the 

blood-brain barrier functions.  

Today there are some BBB models that are being used to conduct in vitro research instead of in 

vivo (Delsing et al., 2020). However, in this case, that is not applicable. Since the consequences of 

the knock-out in pericytes have not been studied enough and there is so much that is uncertain, 

the experiment has to include in vivo models in order to conclude that the results are 

representative of reality. In the future when more research has been conducted regarding this, 

animal models can be replaced with BBB models. Using human cells in these models would be of 

enormous benefit. But, since there is so much uncertainty regarding this particular field , in vivo 

models are both preferable and the only right model to use.  



 28 

Ethical considerations 

As animal models, in the form of mice, are used in this research it raises an ethical dilemma. It is 

hotly debated whether it is morally right or wrong by using animal models in research for human 

diseases. In experiments where the benefit of received data outweighs the harm done to the 

animal models, the usage of animal testing is to an extent justified. There should be a reasonable 

possibility that the research will provide great knowledge that will contribute to the 

understanding of human health, or any other species, in order for animal testing to be considered 

justified. The usage of animals in scientific testing should always be avoided if possible, and if it is 

a necessity the number of animals used should be as limited as possible. How the animals are 

treated is, of course, of great interest in order to minimize suffering (Ghasemi & Dehpour, 2009).  

In regard to the use of laboratory animals, Sweden has national laws together with international 

conventions and agreements that researchers must comply with. Anyone planning to use animal 

models in research must familiarize themselves with the rules and laws. Guidelines of the 

University of Gothenburg (UoG) has been read and due care was taken.  The University of 

Gothenburg has a 3R principle, which stands for Replacing the animals, Reducing the number of 

animals and Refining the methods (University of Gothenburg, 2020). Replacing the animal should 

always be the first option, but in this particular research there is no other method that is 

applicable. Since the impact and integrity of the blood-brain barrier is being assessed, other 

methods such as in vitro models cannot be used. The research conducted is in a field with limited 

knowledge, so in vivo research is important in the manner of the results being as accurately 

representative of the native mutation as possible. The second R (Reducing the number) and the 

third R (Refining the methods) go hand in hand. The usage of animals was being as limited as 

possible, where sample sizes were being as controlled and small as possible. The mice were 

weaned when they reach sexual maturity, so no unnecessary litters will occur. No breeding was 

being set up if not necessary. The target genes were being inherited according to standard 

mendelian inheritance patterns, which will result in progenies with an undesired genotype. The 

mice were genotyped for the target genes at a young age, and when the desired genes are absence, 

the mice are being eliminated to avoid an unnecessary life in captivity. The eliminations were 

performed as mentioned previously. The committee approved this research because the project 

has considered and refined the 3R principle and the public benefit of the research justifies the 

impact of the animals. Despite the animal’s utility value, researchers must have great respect for 

the animals as living creatures. The animal’s wellbeing must be well considered when choosing 

topic and methods of research, the animals must receive the adoptive care required (The 

Norwegian National Research Ethics Committees, 2019). The mice in this research will live in 

good conditions and they will not be kept in captivity unnecessarily. All procedures are performed 
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under anesthesia so ensure that the animal feels no distress or pain, as mandated under Article 

14 in EU directive 2010/63/EU (Animal Protection Index, n.d.). To know that the mice are being 

kept under good conditions, along with all measures are being taken to decrease suffering to a 

maximal extent,  contributed to the justification of using animal models.  

Contribution to society  

A decreased neurovascular integrity can lead to a number of harmful diseases, including vascular 

cognitive impairment and stroke (Rajan et al., 2020; Hartmann et al., 2021). Understanding of the 

surrounding mechanisms in the neurovascular unit is essential for deeper knowledge about 

neurodegenerative diseases linked to the BBB. As mentioned, a leaky BBB results in a number of 

neurodegenerative disorders. The interaction of fibrinogen, and the cleaved version fibrin, plays 

an important role in cognitive decline. The knowledge on key biomarkers and regulators that 

directly, or indirectly, affects and regulates the permeability of the barrier is of great importance 

in order to prevent the onset and progression of neurodegenerative diseases. With greater 

knowledge the underlying cause of a leaky BBB could potentially be treated, instead of treating 

the symptoms caused by the leakage.  This research has provided a contribution of knowledge 

about possible regulators and involved pathways for the blood brain-barrier integrity. One hope 

is that someday the knowledge about the BBB is great enough to apply gene therapy to help cure 

neurodegenerative diseases.  

Conclusion 

It can be concluded that a pericyte-specific knock-out mutation of Foxf2 in mice causes a disrupted 

blood-brain barrier. This disruption is great enough for fibrinigen to extravasate into the brain. 

However, there was no evidence that suggested that the pdgfr-𝛽 expression is regulated after this 

mutation since no obvious difference in expression was observed or measured. But, since the RT-

qPCR needs more validation and the IHC results only allow for interpretation, these results can 

only be seen as a suggested conclusion.  
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Appendix  

Table 1. Primers and primer sequences for genotyping with PCR. 

Gene Primer Primer type  Sequence (5´-3´) 

Tbx18Cre 40812_FW Tbx18 Common forward AAC GCC AGA GAA AGA GGA 

AAC 

 40812_REV Tbx18 Wild type reverse TCA GTG CCT CCA CAG AGA 

AG 

 Cre_5´_R_REV Tbx18 Mutant reverse TCC CTG AAC ATG TCC ATC 

AGG TTC 

    

mT/mG oIMR7318 mTmG Common forward CTC TGC TGC CTC CTG GCT  

TCT 

 oIMR7319 mTmG Wild type reverse CGA GGC GGA TCA CAA GCA 

ATA 

 oIMR7320 mTmG Mutant reverse TCA ATG GGC GGG GGT CGT 

T 

    

Foxf2 FW-Ckof2-flp CKO Foxf2 forward GAC TAA GCT ATT GCT TGT 

GGG GAA 

 RE2-CKOF2+FLP CKO Foxf2 reverse TAT GCC TTC CCC CTC CTT 

CTC TAG 

 RE3-Ckof2recom CKO Foxf2 recombined reverse GCC CGT AAG CTG ATC TAG 

AAT CAT T 

 

 

Table 2. Expected fragment sizes of respective genotypes. 

Gene Genotype Fragment size (base pairs) 

Tbx18Cre Mutant  300 

 Heterozygote 250 & 300 

 Wild type  250 

   

mT/mG Mutant 250 

 Heterozygote 250 & 330 

 Wild type 330 

   

Foxf2 Wild type 332 

 Floxed (non-recombined) 432 

 Floxed (recombined) 576 
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Table 3. PCR cycling conditions for genotyping. 

Gene  Temperature (°C) Time  

Tbx18Cre  94 3 min  

  94 30 sec  

  60 30 sec X 35 cycles 

  72 45 sec  

  72 5 min  

  4 ∞   

     

mTmG  95 3 min  

  95 30 sec  

  64 30 sec X 30 cycles 

  72 30 sec  

  4 4 min  

   ∞  

     

Foxf2  95 3 min  

  95 30 sec  

  64 30 sec X 30 cycles 

  72 30 sec  

  72 4 min  

  4 ∞  

 

 

 

 

 

 

 

 

 

 

 


