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Abstract 

The monocyte chemoattractant protein-1 (MCP-1/CCL2) is a member of the C-C chemokine family. Gene for 

MCP-1 is located on chromosome 17 and its expression can be induced by a variety of mediators. This 

chemokine regulates the migration and infiltration of monocytes, memory T lymphocytes, and natural killer (NK) 

cells. CCL2 is produced by many cell types, including endothelial, fibroblasts, epithelial, smooth muscle, 

mesangial, astrocytic, monocytic, and microglial cells. It is also produced by human hematopoietic 

stem/progenitor cells (HSPC). CCL2 expression inversely correlates with expression of stem cell leukemia/T-cell 

acute leukemia 1 (SCL/TAL1) transcription factor that controls the HSC homeostasis.  Our hypothesis is that in 

quiescent state when TAL1 expression is weak, HSPC produce CCL2 to attract monocytes/macrophages thus 

modifying their specific hematopoietic niche.  

In order to prove the hypothesis described above, the goal of this project was to create human MSCs that don’t 

secrete CCL2, using both the shRNA/transduction approach and the CRISPR-Cas 9 approach. Those cells will be 

used in a co-culture with HSPC with a knockdown in the TAL1 gene, introduced into a scaffold and implanted in 

mice so that we can see if there is a monocyte attraction. Simultaneous expression of luciferase gene permits to 

visualize these cells when implanted in mice. For that purpose, three shRNAs and five sgRNAs were cloned in 

FUW-Luciferase Cherry and pX458 expression vectors, respectively. The recombinant shRNA vectors were used 

to create lentiviral particles for the MSC’s transduction. The efficiency of CCL2 knockdown was then evaluated by 

gene expression analysis using RT-Q-PCR. Concerning the CRISPR-Cas 9 experiment, combinations of two 

gRNAs were done to make two double breaks of genomic DNA inside the CCL2 gene. The recombinant vectors 

were then transfected into HEK 293T cells and the DNA damage was evaluated by Phusion Hot Start Flex PCR, 

followed by an agarose electrophorese gel. 

Although the viral DNA has been integrated in the cell genome, there wasn’t a downregulation of the CCL2 gene. 

As for the CRISPR-Cas 9 approach, the expected DNA cuts were successfully observed in the electrophorese 

gel.  

In conclusion, the CRISPR-Cas 9 approach was proved to be successful in damaging the CCL2 gene. On the 

other hand, the shRNA approach will need some improvements, in order to successfully achieve the 

downregulation of CCL2 in MSCs. 
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1 – Introduction  

MCP-1 (CCL2), a potent monocyte attractant, was the first discovered human chemokine of the CC family. This 

molecule, composed of 76 amino acids, is approximately 13 kDa in size and its gene is found on chromosome 17. 

As for its expression, it can be induced by multiple mediators, such as platelet-derived growth factor, interleukins 

IL-1 and IL-4, tissue necrosis factor α, vascular endothelial growth factor, bacterial lipopolysaccharide, and 

interferon γ. The main function of MCP-1 is the recruitment of monocytes, memory T-cells, and dendritic cells to 

sites of tissue injury and infection, which is extremely important for anti-viral immune responses in the peripheral 

circulation and in tissues. This chemokine is produced by many cell types, including endothelial, fibroblasts, 

epithelial, smooth muscle, mesangial, astrocytic, monocytic, and microglial cells. It is also produced by human 

hematopoietic stem/progenitor cells (HSPC). CCL2 expression inversely correlates with expression of stem cell 

leukemia/T-cell acute leukemia 1 (SCL/TAL1) transcription factor that controls the HSC homeostasis. There are 

evidences that prove that alterations leading to the overexpression of SCL are the most common tumor-specific 

chromosomal abnormalities found in human T cell acute lymphoblastic leukemia. 

 Our hypothesis is that in quiescent state when TAL1 expression is weak, HSPC produce CCL2 to attract 

monocytes/macrophages thus modifying their specific hematopoietic niche.  

In order to study cell interaction between human HSPC, MSC and monocytes/macrophages, the goal of this 

project was to create human MSCs that don’t secrete CCL2, using both the shRNA/transduction approach and 

the CRISPR-Cas 9 approach. 

 

 

2 – Materials and methods 

2.1 – shRNA Approach 

2.1.1 – Subcloning in pSuper Plasmid 

 Three shRNAs, the expression of which is driven by H1 promoter were cloned in pFUW-Luc/Puro/mCherry 

vector. In order to recover the H1 promoter DNA, oligonucleotides coding for shRNAs were chemically 

synthesized, annealed and subcloned in pSuper-RNAi plasmid. 

2.1.1.1 – Annealing of the sh oligonucleotides 

Before the annealing reaction, the oligonucleotides were dissolved in sterile, nuclease free H2O to a concentration 

of 3 mg/ml. The annealing reaction was assembled by mixing 1 µl of each oligonucleotide (up + low) with 48 µl of 

annealing buffer, fulfilling a final volume of 50 µl. The samples were then incubated at 95°C for 4 minutes, 70°C 

for 10 minutes, 37°C for 10 minutes and 10 minutes at room temperature (RT). 

2.1.1.2 – Hind III and Bgl II double digestion of the pSuper plasmids and gel extraction 

To make a restriction digest, a mixture containing 33 µl of H2O, 5 µl of 10X Buffer 2 (NEB), 4 µg of pSuper 

plasmid and 2 µl of Hind III was prepared. The sample was incubated at 37ºC, for 60 minutes. After the incubation 

period, it was added to the sample 2 µl of Bgl II enzyme and 2,5 µl of NaCl (1 M) and 2 µl of Tris HCl (1 M and pH 

8) (in order to change the buffer from Buffer 2 to Buffer 3), and the sample was incubate for another 60 minutes at 



37ºC. A simple Hind III digestion and a Bgl II digestion were also performed as a control. The digestion efficiency 

was analyzed using agarose gel electrophoresis.  

Linearized pSuper plasmids were visualized under an UV-illuminator, the corresponding band was excised and 

DNA was extracted using the freeze-thaw method. The Eppendorf tube containing the gel slice put on GF/C glass 

filter was submersed into liquid nitrogen for a few seconds and then it was left to melt at room temperature. After 

this cycle was repeated a second time, the tube was pierced, put into a second tube and centrifuged at 12800 x g 

for 2 minutes to recover the liquid content. 

2.1.1.3 – Cloning strategies 

For each one of 3 the annealed oligonucleotides, two ligation reactions were performed – one using a 1/10 

dilution of the original annealing reaction and another one using a 1/20 dilution, to get approximately 1/6 and 1/3 

plasmid/duplex ratio. 

In order to perform the ligation reaction, a mixture containing 2 µl of purified pSuper plasmid, 1 µl of T4 DNA 

Ligase, 1 µl of T4 Ligase 10X Buffer and 1 µl of the respective annealed oligonucleotides was prepared. Nuclease 

free water was added, fulfilling a final volume of 10 µl. These mixtures were incubated overnight, at 16°C. 

2.1.1.4 – Bacterial Transformation 

One Shot® TOP10 Chemically Competent E.coli (Invitrogen) were transformed with 1 μl of the ligation mixture to 

amplify obtained pSuper-RNAi constructs. 

 

25 μl of competent cells were mixed with 1 μl of the ligation samples. The mix was kept on ice for 20 min, heat 

shocked for 30 seconds at 42°C and kept for 2 min on ice. 

250 μl of pre-warmed S.O.C medium were added to each vial and the mix was incubated at 37°C for 60 min with 

mild shaking. 20 μl of each sample were plated on agar plates containing ampicillin and incubated overnight at 

37°C, to get resistant bacterial colonies. A  Puc plasmid was also used as a positive control of the transformation 

procedure. 

 

2.1.1.5 – Colonies selection – RED Taq PCR 

To check the insertion of DNA duplexes into pSuper plasmid, the bacterial colonies were analyzed by RED Taq 

PCR (Sigma Aldrich) using primers complementary to 5’ and 3’ regions around the insertion site: 

 Forward: GCGTAATACGACTCACTATAG 

 Reverse: TAACCCTCACTAAAGGGAAC 

 

For each one of the three inserts transformed, 8 colonies were picked from the incubated agar plates, added to 10 

μl of nuclease free water and boiled for 10 minutes, at 95 ºC, to isolate DNA. 2 μl of boiled bacterial cells were 

used in RED Taq PCR mixture, as showed in Table 1. PCR cycle conditions followed the Sigma Aldrich protocol.  

 

 

 



Table 1 - RED Taq PCR solution composition 

Solutions 1 Tube – Volume (µl) Final Concentration 

10X Buffer 2 1x 

dNTP 10 mM 0,4 200 µM 

pr F 10 µM  1 0,5 µM 

pr R 10 µM  1 0,5 µM 

RED Taq DNA Polymerase 20x  1 1x 

DNA 10 - 

H2O 4,6 - 

 

2.1.1.6 – Plasmid Extraction 

Plasmid DNA isolation was done using the QIAprep Spin Miniprep Kit (Qiagen).  This procedure comprises 

alkaline bacteria lysis, neutralization and precipitation of genomic DNA and plasmid DNA isolation on QIAprep 

columns. 

2.1.1.7 – DNA sequencing of the recombinant plasmids 

Plasmid concentrations were adjusted to 50-80 ng/μl and the samples of interest were sent to GATC Company 

(Köln) for sequencing (Sanger method).  

As all the insertions are between Bgl II and Hind III restriction sites (928 and 934, respectively) we used 

commercial T7 and T3 primers for the best sequence resolution (Table 2).  

Table 2 - Primers used for the Sanger Sequencing 

Primers Nucleotide Sequence Binding Site 

T7 forward primer AATACGACTCACTATAG 627-643 

T3 reverse primer GAAATCACTCCCAATTA 1005-989 

 

2.1.2 – Transfer of the H1-shRNA cassettes into the pFUW-Luc/Puro/mCherry vector 

2.1.2.1 – EcoRI digestion of the Luciferase Cherry vector and the pSuper-RNAi constructs 

The samples containing 5 µl of 10X NE EcoRI Buffer, 2 µl of EcoRI enzyme, 5 µg of plasmids and nuclease free 

water, were incubated at 37ºC, for 90 minutes. Digestion efficiency was analyzed on 1% agarose gel.  Linearized 

Luciferase-Cherry vector and H1-shCCL2 cassettes were isolated using QIAQuik Gel Extraction Kit (Qiagen).  An 

H1-shCTRL control cassette was digested and isolated from the pTRIP/ΔU3-MND-GFP vector used in the 

laboratory. Control hairpin sequence (shCTRL) targets human hepatitis B virus RNA, absent in healthy cells.  

2.1.2.2 – Vector Dephosphorylation and ligation 

Dephosphorylation of linearized Luciferase Cherry vector was performed, to avoid the self-ligation. Therefore, a 

mix of 39 µl of the digested Luciferase Cherry vector (3,9 µg) and 3,9 µl of AP FAST phosphatase was incubated 

at 37ºC for 15 minutes, with 10s rotation cycles at 500 rpm, from 40 to 40s. Phosphatase was then deactivated at 

80ºC, for 20 minutes. 



For each one of the 3 H1-shCCL2 and for the H1-shCTRL cassettes, two ligation reactions were performed – one 

with 1/3 and another with 1/6 vector/insert ratio. 10 µl of ligation mixtures containing vector, insertion fragments, 1 

µl of T4 Ligase 10X Buffer and 1 µl of T4 DNA Ligase were incubated for 180 minutes, at room temperature and 2 

µl of mixtures were used for bacteria transformation. 

Recombinant vectors were extracted as described earlier, analyzed by EcoRI digestion and sequenced using 

primers presented in Table 3. 

Table 3 - Primers used in the Sanger Sequencing of the Luciferase Cherry Recombinant Vectors 

Primers Nucleotide Sequence 

Forward primer CGTGACCGCCGACGTGGAGG 

Reverse primer AGTTAAGAATACCAGTCAAT 

 

2.1.3 – Preparation of the viral particles, HEK 293T cells transfection and virus titration 

Lentiviral particles were produced by transient calcium phosphate cotransfection of HEK 293T cells with a 

packaging plasmid p8.91, envelope expression pCMV-VSVG and one of shRNA vector. HEK 293T cells were 

seed at 1x10
6
 cells per flask 175cm

2
 to get 70-80% of confluence on the day of transfection. Cells were cultured 

in standard DMEM medium containing pyruvate, Glutamax, 1% Penicilline/Streptomycine, 10% of Fetal Calf 

Serum and geneticin G418 (250µg/ml). Culture medium was changed by 12 ml of G418-free medium 4h before 

the transfection. After transfection, the cells were incubated 4h at 37°C, and then the transfection medium was 

replaced by 20 MCS medium. This medium containing viral particles were collected 3 days post-transfection, 

centrifuged at 1200 rpm 5 min, supernatant was filtered, aliquoted and frozen.  

The viral particle production was then evaluated through using a FACS analysis. 

2.1.4 – Transduction and sorting of MSCs 

MSC cells were seed in 6-well plate and transduced by different volumes of virus-containing media. The 

transduced cells were harvested 2 days later, counted,  the population of Cherry expressing cells was estimated 

by Fluorescence-activated cell sorting (FACS) analysis, using the LSRII cytometer (BD Biosciences). When 

Cherry positive cell population achieved 30%, one viral integration per cell was established. 

Transduced Cherry-positive MSCs were sorted on BD INFLUX sorter and plated in 6-well plates to eliminate dead 

cells. 

2.1.5 – In Vitro functional tests 

Two days after the plating of the sorted cells, RNA was isolated, using the MIRVANA RNA isolation kit (Life 

Technologies). 200 ng of RNA were used for cDNA synthesis using SuperScript VILO cDNA Synthesis kit 

(Invitrogen). The reaction mix containing 2 µl of 5X Buffer and RNase inhibitors, 1v of 10X Superscript enzyme 

mix, 200 ng of RNA and  DEPC-treated water, was incubated 10 min at 25°C, then 60 min at 42°C. 

 The cDNA mixture was diluted 5 times and 5 μl were used in Q-PCR reactions with specific CCL2 primers 

targeting two neighbor exons of the transcript. 

 Forward: AGTCTCTGCCGCCCTTCT 

 Reverse: GTGACTGGGGCATTGATTG 

 



CCL2 expression was normalized to β2m housekeeping gene expression amplified with following primers: 

 Forward: CACAGCCCAAGATAGTTAAGT 

 Reverse: CCAGCCCTCCTAGAGC 

 

2.2 – CRIPSR-Cas 9 approach 

2.2.1 – Annealing of the sgRNA oligonucleotides 

Before annealing the oligonucleotides, they were re-suspended in sterile, nuclease free H2O at 100 mM 

concentration. The annealing reaction was assembled by mixing 1 µl of each oligonucleotide (forward + reverse), 

1 µl of 10x T4 Ligation Buffer, 1 µl of T4 PNK and 6 µl of nuclease free water, fulfilling a final volume of 10 µl. The 

samples were then incubated at 37°C for 30 minutes, 95°C for 5 minutes, and ramped down to 25ºC at a rate of 

5ºC/min. Afterwards, the phosphorylated and annealed oligonucleotides were diluted to 1:200, by adding 1 µl of 

oligonucleotides to 199 µl of room temperature nuclease free water. 

 

2.2.2 – Enzymatic digestion of the PX458 plasmid and ligation 

As opposed to the shRNA approach, in the CRISPR-Cas 9 protocol, the digestion of the PX458 vector and the 

ligation procedure are part of the same step. The components for this step are represented in Table 4. The 

Enzymatic Digestion/Ligation cycle conditions are shown in Table 5. 

Table 4 - Components for the Enzymatic Digestion/Ligation Mix 

Components Amount (µl) 

PX458, 100 ng 2 

Diluted oligo duplexes 2 

Tango Buffer, 10X 2 

DTT, 10 mM 1 

ATP, 10 mM 1 

Fast Digest BbsI 1 

T7 Ligase 0,5 

ddH2O 11,5 

Table 5 - Cycle conditions for the Enzymatic Digestion/Ligation step 

Cycle Number Conditions 

1-6 37°C for 5 min. and 21°C for 5 min. 

 

The ligation reaction was then treated with PlasmidSafe exonuclease to digest any residual linearized DNA. For 

this procedure, a mixture containing 11 µl of ligation reactions, 1,5 µl of 10x PlasmidSafe Buffer (N4), 1,5 µl of 

ATP (10 mM) and 1 µl of PlasmidSafe Exonuclease was prepared. 

The PlasmidSafe reaction was then incubated at 37 °C for 30 min, followed by 70 °C for 30 min. 

2.2.3 – Transformation of Stbl3 competent cells 

The PlasmidSafe-treated recombinant plasmids were transformed into a competent E.coli strain, according to the 

protocol supplied with the cells. 2 µl of the treated plasmids were added into 20 µl of ice-cold chemically 

competent Stbl3 cells, incubated on ice for 10 min, heat-shocked at 42 °C for 30 s and returned immediately to ice 



for 2 min. Afterwards, 100 µl of SOC medium was added, the sample was plated into a LB plate containing 100 

µg/ml ampicillin and incubated overnight at 37 °C.  

2.2.4 – CRISPR/-CAS 9 recombinant plasmids extraction and sequencing 

For the extraction procedure, 2 colonies were picked from de agar plates, for each one of the five recombinant 

plasmids. The extraction of the plasmidic constructions from E.coli was done using the QIAprep Spin Miniprep Kit 

(QIAGEN). Sequencing of the recombinant plasmids was done using U6-FWD primer (Table 6). 

Table 6 - Primer used in the Sanger Sequencing of the Recombinant CRISPR-Cas 9 Vectors 

Primers Nucleotide Sequence 

U6-Fwd primer GAGGGCCTATTTCCCATGATTCC 

 

All plasmids contained correctly inserted gRNAs were amplified in Stbl3 bacteria and the quantity of plasmid was 

extracted using Plasmid Midi-Prep extraction kit (Macherey-Nagel). 

2.2.5 – Functional validation of sgRNAS: transfections of the recombinant vectors to HEK 293T 

cell culture 

Transfections of the Recombinant Plasmids into HEK 293T cells were done with Lipofectamine 2000 (Invitrogen) 

according the standard protocol, in 24-well plates.  HEK293T cells were seeded at 5x10
4
 and 3x10

4
 cells per well 

and transfected with 0,5 μg of plasmid per well with plasmid/lipofectamine ratio 1/3. Genomic DNA was isolated 

using QIAamp DNA Mini (Qiagen). The DNA concentration was then evaluated by NanoDrop spectrophotometer. 

2.2.6 – Phusion Hot Start Flex PCR 

A Phusion Hot Start Flex PCR was performed in order to amplify the targeted genomic regions. Two couples of 

primers were used in this analysis with corresponding amplicons of 581 and 646 bp of WT genomic DNA. A 

mixture containing 11,5 µl of H2O, 5 µl of 5x GC Buffer, 0,5 µl of DNTPs, 0,75 µl of DMSO, 0,25 µl of Phusion Hot 

Start Flex DNA Polymerase, 2,5 µl of  Primers 1 and 4,5 µl of Template DNA was incubated at the thermocycling 

conditions described in the NEB protocol. 

 

 

 

3 – Results and discussion 

3.1 – shRNA Approach 

3.1.1 – DNA sequencing of the pSuper recombinant plasmids – Sanger Sequencing 

In this approach, the forward primer T7 and the reverse primer T3 were used. The sequencing results show that, 

with the use of both forward and reverse primers, it was possible to sequence H1 promoter + sh sequences with 

only three differences. The errors observed are not problematic since they probably occur due to the low peak 

resolution that typically exists in the end of the sequencing reactions. Most likely our genes of interest don’t have 

any mutations. 

 

 



3.1.2 – DNA sequencing of the Luciferase Cherry recombinant plasmids – Sanger Sequencing 

After the sequencing while some plasmids were found to have the right insert, others weren’t completely 

sequenced, which leads to the conclusion that the right insert might not be present. Besides, on the sequenced 

plasmids, the inserts were found in both the sense and anti-sense direction and a double insertion was found in 

shCCL2 3.1. Taking into account the Sanger sequencing results, six of the sequenced recombinant plasmids 

were chosen for the further functional tests – shCCL2 1.1 and shCCL2 1.2, in order to check if the direction of 

insertion was meaningful to the knockdown of the CCL2, shCCL2 2.1, shCCL2 3.1 and shCCL2 3.2, to check if 

the double insertion was meaningful to the CCL2 knockout and shCTRL1. One plasmid per shCCL2 was then 

chosen after viral titration. 

3.1.3 – Efficiency of knockdown – in vitro functional tests 

As seen from the FACS results in Figure 1, the percentages of 

transduction were very low for all the transduced cells. This fact may be 

due to low virus titer. Some causes for the low virus titer are the 

inadequate confluence of the cell upon transfection or the distance 

between the 5’ LTR and the 3’ LTR. If a gene is very large, the increased 

distance between the LTRs may reduce the packaging efficiency. Usually, 

wild-type lentiviruses have a 9.7 kb genome from the start of the 5' LTR to 

the end of the 3' LTR. Constructs with a distance between LTRs larger 

than that might results in unstable viral particles and, consequently, a low 

virus titration. The HEK 293T cells were around 70%-80% confluent at the 

time of transfection, which is a good confluence for this procedure. 

However the Luciferase Cherry vector is around 12 kb long, which may 

have caused the distance between LTRs to be long enough to give rise to 

unstable viral particles. For the results of the functional analysis to be 

significant, the percentage of transduced cells has to be much larger than 

the ones obtained. In order to achieve a larger percentage of Cherry 

expressing cells, the transduced Cherry-positive MSC were sorted and 

plated to eliminate dead cells. As seen in Figure 2, the sorting successfully 

gave rise to Cherry-positive MSC’s populations above 90%. 

Afterwards, RNA was isolated and used for cDNA synthesis. Finally, a Q-

PCR was performed in order to check the downregulation of the CCL2 

gene. CCL2 expression was normalized to β2m housekeeping gene and its 

expression was related to shCTRL. As seen in Figure 3, there wasn’t a 

down regulation of the CCL2 gene. Since, after the sorting, the percentage of 

mCherry positive cells was above 90%, then it’s safe to conclude that the viral 

DNA has been integrated in the cell genome. Therefore, it remains the 

question as to why the integrated DNA isn’t being expressed. Does it express hairpin RNA that is successively 

processed? Or there are problems with shRNA sequences? Since it was the first time using the FUW-Luc vector 

in laboratory, can the vector be the problem? 

 

 

 

 

  Figure 1 - Transduced MSCs FACS results 

Figure 2 - Transduced MSCs FACS results after 
sorting 
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3.2 – CRISPR-Cas 9 Approach 

3.2.1 – DNA sequencing of the PX458 recombinant plasmids – Sanger Sequencing 

In this approach, the U6 was used. The sequencing results show that, with the use of both forward and reverse 

primers, it was possible to sequence U6 promoter + sgRNAs sequences with no differences. However, only the 

sgRNAs 1.1, 1.2, 2.2, 4.2 and 5.1 were correctly inserted in the PX458 plasmid. Therefore those were the 

samples used in the further procedures. 

3.2.2 – HEK 293T Transfection efficiency 

Through the FACS analysis, the wells with 3x10
4
 cells were concluded to have the higher rate of transfection, 

comparing to the wells with 5x10
4
 cells. Therefore those were the samples used for the functional analysis. Since 

the bigger the amount of cells, the lower was the transfection efficiency, in order to obtain a transfection efficiency 

bigger than 60% (3x10
4
 cells), a lower number of cells should be inserted per well (lower confluence). Genomic 

DNA was isolated from those samples, and a Phusion Hot Start Flex PCR was performed in order to amplify the 

targeted genomic regions. The primers chosen for this procedure were in 5’ and 3’ regions outside of the targeted 

region of CCL2 gene. The PCR fragments amplified from this region were then compared to those on non-treated 

cells. Afterwards, the amplified DNA fragments were separated by agarose gel electrophoresis, in order to check 

the existence of DNA damage. 

3.2.3 – Functional validation of sgRNASs 

In Figure 4, the expected DNA cuts are visible, when in comparison with the negative control (two last lanes). 

Therefore it can be concluded that the sgRNAs are functional and the PX458 is a good expression plasmid for 

those sgRNAs. 

 

 

 

 

 

 

Figure 3 – Q-PCR results: CCL2 downregulation 

Figure 4 – Agarose electrophoresis of the Phusion Hot Start Flex PCR samples. a) Positive-negative 

view and b) Normal view 



4 – Conclusions  

The main goal of this project was to create human MSCs that don’t secrete CCL2 using both the 

shRNA/transduction approach and the CRISPR-Cas 9 approach.  With that in mind, the first part of this study 

leaned mainly over a long molecular biology work in an attempt to get the most correct and reliable shRNA and 

sgRNA sequences cloned on the Luciferase Cherry and PX458 plasmids already mentioned. The second part of 

this study focused on the functional analyses of the recombinant plasmids.  

Regarding the shRNA approach, although the shRNAs were successfully cloned into the Luciferase Cherry 

plasmid and the viral DNA has been integrated in the cell genome, there wasn’t a down regulation of the CCL2 in 

the treated cells. Therefore, it remains the question as to why the integrated DNA isn’t being expressed. 

Concerning this problem, there are two hypotheses to consider – either there are problems with the shRNA 

sequences or FUW-Luc Cherry isn’t an adequate expression vector. Since, we had no previous experience with 

this expression vector before, an adequate test would be to clone the H1+shRNA cassettes into the pTRIP-MND-

shRNA vector, which has already been successfully used in gene knockdown experiments. With that experiment, 

it would be possible to understand if the chosen shRNAs aren’t efficient or if the problem is with our expression 

vector. 

Concerning the CRISPR-Cas 9 experiments not only the sgRNAs were successfully cloned into the PX458 vector, 

the CCL2 gene was successfully damaged in HEK 293T cells. Since this approach was successful in HEK 293T, 

a future step would be to transfer it to MSCs. For that, the sgRNAs could be cloned in the lentiviral vector 

CRISPR-Cas 9, followed by a MSCs transduction step. The positive cells could be sorted or the puromicine 

resistant cells could be selected, in order for us to achieve a high percentage of MScs with the viral DNA 

integrated in their genome. The final step would be a functional analysis, to verify the CCL2 knockdown efficiency 

– gene expression would be targeted, using RT-Q-PCR. 

Unfortunately, along this project it was not possible to successfully down regulate CCL2 in MSCs, but our results 

significantly advanced this study, regarding the discovery of the final solution. However, it was certainly a very 

good learning experience regarding the basics of genes handling, cloning, transformation, cells culture, 

transfection, transduction and other techniques used. 
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