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Measurement of TGIF1 expression levels due to TGF-β overexpression
I. Introduction:

[image: ]Pancreatic ductal adenocarcinoma (PDAC), the most common type of pancreatic cancer, is the fourth leading cause of cancer related death. PDAC is identified by the formation of ducts in the cell lining of the pancreas. By the time patients are diagnosed, it has already metastasized to other parts of the body. It’s estimated that the 5-year survival rate for PDAC is only 9%.
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Description automatically generated]Kras is an oncogene that under certain circumstances has the ability to cause cancer. Hingorani et al (2003)2 sought to understand if Kras played a role in PDAC. Previous research has shown that mutations in amino acid glycine 12 to aspartic acid in the Kras oncogene is common among pancreatic carcinomas, a type of cancer that starts in the lining of organs. In this study they identified that mice with Kras specific expression in the pancreas developed pancreatic intraepithelial neoplasia (panINs), a common characteristic of PDAC (Fig 1).Fig 1. PDAC development
panINs are indicated by the yellow arrow.
Figure obtained from reference 1



In another study, Parash et al (2019)2 sought to understand the role of MAPK mediated TGIF1 Phosphorylation in Kras driven PDAC (Fig 2). This experiment used immunohistochemistry to see the specific localization of a protein within a tissue sample. They found that when TGIF1 (a transcription factor that regulates the activity of certain genes) is deleted and Kras is expressed there is an increase in the formation of PDAC, which is identified by the formation of PanINs (Fig 1). This indicated that TGIF1 was a tumor suppressor when it is was not expressed, PDAC formation accelerated. When Kras was activated, TGIF1 was phosphorylated by MAPK, repressing its tumor suppressor function.Fig 2. Activation of PDAC
Figure obtained from reference 1

[image: ]In another experiment they explored how TGF-β played a role in PDAC, TGF-β is a transcription factor that is involved in cell regulation. Their finding showed that TGF-β levels of expression were high during the final stages of PDAC, this indicated that it also interacts with TGIF1.

II. Experiment: The aim of this experiment is to measure the expression levels of TGIF1 in pancreatic cells of mice when there is an overexpression of TGF-β. This experiment will help determine if the overexpression of TGF-β represses TGIF1 as a tumor suppressor in PDAC. I would expect the expression levels of TGIF1 to decrease indicating that it has loss it’s ability as a tumor suppressor.

II.A TGF-β plasmid
In order to get clones of TGF-β, a plasmid needs to be constructed. A plasmid is a small circular double stranded piece of DNA, where a target gene can be inserted in order to create recombinant DNA (DNA assembled out of fragments). It then can be introduced to a bacterium, where it divides quickly, this makes it so that large amounts of the gene of interest can be produced.Fig 3: TGF-β plasmid
Figure obtained from reference 3



Yeh et al (2018)3 created a TGF-β plasmid (Fig 3), this plasmid can be ordered from Add gene. In order to get multiple copies of TGF-β, the plasmid first needs to be introduced into E. coli, this will be done through a process called transformation.  During this process the TGF-β plasmids are mixed into E. coli. This mixture is then given a heat shock, not all of the E. coli will take up a plasmid (Fig 4). In order to see which E. coli takes up a plasmid, the mixture is put onto an antibiotic plate. All plasmids contain an antibiotic resistance gene, making it so that E. coli without a plasmid will not survive. [image: ]
Fig 4: Bacterial transformation



II. B Polymerase chain reaction
[image: ]Polymerase chain reaction (PCR) is a process where the DNA sequence of interest is amplified to make millions of copies5. Three steps need to be repeated multiple times to get millions of copies of TGF-β (Fig 5). 

Step 1 Denaturation: The two strands in DNA are separated by increasing the temperature of the mixture, breaking the hydrogen bonds between the two strands. 
Fig.5 Polymerase chain reaction
Figure obtained from Thermo Fisher Scientific


Step 2 Annealing: Primers attach to each strand; this happens when the temperature is lowered. 

[image: ]Step 3 Extension: New strands of DNA are made by DNA polymerase.


II.C Tet-On Doxycycline inducible system
The Tet-On doxycycline inducible system was used by Das et al (2016)4 to express their gene of interest, HIV-1 in human cells. This system was used as a method to induce gene expression where the transcription gene of interest was turned on in the presence of doxycycline, a tetracycline derivative. In the absence of doxycycline, gene expression was turned off. Das et al created a system where the binding of doxycycline to rtTA (reverse tetracycline transactivator) at the tetracycline response element allowed for the region to interact with the RNA polymerase at the promoter, thereby transcribing the downstream gene, HIV-1 (Figure 6). With this system they were able to turn off and on the expression of HIV-1.Fig 6: Tet-On system
In the Tet-On system, doxycycline (dox), a tetracycline derivative, binds to the reverse tetracycline transactivator (rtTA) at the tetracycline response element (TRE). reverse tetracycline transactivator (rtTA) is a transcription factor that binds to the promoter region. When doxycycline binds to the rtTA, DNA is binded at the promoter. This allows for the gene of interest (G.O.I) to be expressed, HIV-1. Figure obtained from reference 4.






II.D Expression of TGF-β
[image: ]Using the Tet-On doxycycline inducible system, the expression of TGF-β in pancreatic cells can be induced. The DNA plasmids containing TGF-β will be transfected into panc-1 cells (pancreatic cells).  In order to see if the overexpression of TGF-β inhibits the expression of TGIF1, there will need to be two experimental groups. The first group will have a TGF-β plasmid and doxycycline (Dox +). The second group will have a TGF-β plasmid and no doxycycline (Dox -). Two control groups will be made, with one containing an empty plasmid and doxycycline (Dox +), the other group will have an empty plasmid without doxycycline (Dox -). The purpose of having two control groups with empty plasmids is to see whether or not the plasmids with TGF-β are working.

II.E Measuring expression levels of TGIF1
Co-immunoprecipitation is a technique that is used to identify the protein-protein interactions between two proteins (Fig 7). To get the TGIF1 and TGF-β complex, anti-TGIF1 antibodies connect to beads that are in a mixture. The anti-TGIF1 antibodies have specific antigen binding sites that bind to a specific portion of TGIF11. The solution is then ultra-centrifuged, all of the beads that have the TGIF1 and TGF-β complex full down to the bottom, forming a pellet. This process is done for the experimental and control groups.
Fig.7: Co-immunoprecipitation
Figure obtained from Thermo Fisher Scientific 
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Description automatically generated]Western blot is a technique that allows for the detection of a specific protein. Parash et al (2019)1 employed this technique to analyze the amount of TGIF1 protein expression. Protein samples were separated by molecular weight, this was done by gel electrophoresis6. Charged molecules were transported through an electrical field where the negatively charged proteins moved down towards the positive end. Proteins that were larger in size traveled down slowly in the electrical field. Due to how difficult it is to identify proteins while they are in a gel, the proteins were transferred to a membrane that allowed for protein detection. In order to prevent nonspecific antibody binding, blocking solution was applied. A primary anti-TGIF1 antibody then attached to TGIF1, in order to detect the protein of interest a secondary antibody connected to a fluorophore was attached to the primary anti-TGIF1 antibody. Since fluorophore conjugated antibodies were being used, the membrane was scanned by special equipment that detected and documented the fluorophore signal.Fig. 8: Example western blot results
The imaging system scans for the presence of fluorophores, indicating where the target protein is. Black bands are shown as a result. If the band is dark, it indicates an increase in protein level. A light band indicates low protein level. Figure obtained from reference 1.


[bookmark: _GoBack]III. Discussion: 

If this experiment is to be executed, the expression levels of TGIF1 between the two experimental groups should be significantly different when there is overexpression of TGF-β. For the experimental group where there are TGF-β plasmids and doxycycline (Dox+), we would expect to see a dark band for TGF-β, due to overexpression, and a light band for TGIF1 for the western blot. The light band would indicate that in the presence of TGF-β overexpression, the expression of TGIF1 is inhibited, this indicates that TGIF1 has loss it’s ability as a tumor suppressor. The second experimental group with TGF-β plasmids and no doxycycline (Dox-) would expect to have a light band for TGF-β and a dark band for TGIF1. This would indicate that when there is no overexpression of TGF-β, the expression of TGIF1 is not inhibited. Both control groups with empty plasmids that are Dox+ and Dox- are both expected to have the same light band for TGF-β since expression is not being induced, TGIF1 should have a dark band, expression is expected not to be inhibited.  The results would indicate that the plasmids did work, because a plasmid without TGF-β inserted should not express TGF-β. If both empty plasmids from both control groups were exhibit TGF-β overexpression, that would mean that the plasmids did not work, results from the experimental groups would be invalid.

One of the pitfalls that might be encountered in this experiment is PCR. The plasmids that are being generated from PCR might not contain TGF-β. This could do be due to the millions of copies that are being generated during this process. In order to make sure that the PCR works and to make sure that the plasmids do contain TGF-β, gel electrophoresis can be done. This technique allows for DNA to be separated by their charge and size. A large band would mean that the PCR is successful, since it would mean that there is TGF-β overexpression. 

It’s important to note that in this experiment the western blot targeted specific proteins that were in pancreas cells, among a mixture of other proteins. It’s difficult to interpret whether or not the overexpression of TGF-β is the reason why TGIF1 is inhibited. Overexpression of TGF-β can inhibit other genes that are upstream or downstream from either TGIF1 or TGF-β. Knowing that TGF-β overexpression inhibits TGIF1 as a tumor suppressor in PDAC can help further understand other mechanisms that activate the formation of pancreatic ductal adenocarcinoma. 
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A Formalin-fixed paraffin-embedded (FFPE) sections from control or Tgif2*° mice were immunostained with anti-pSmad2 antibody and revealed by

immunofluorescence (IF) and DAPI. Representative pictures at 40x are shown (n = 30). Scale bars, 100 uM.

B FFPE pancreatic sections from control or TgifZ*’ mice were stained with hematoxylin and eosin (H&E) or immunostained with antibodies to CK19 or Amylase and

revealed by IHC. Representative pictures at 20x are shown (n = 30). Scale bars, 200 pM.
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Kaplan-Meier survival analysis of control, Tgif1°, KC, and KTC mice. A regular mosaic two-color line was used to discriminate between control and Tgif1“° mice.
Pictures of whole pancreas and spleen tissues from control, Tgif1*?, KC, or KTC mice (left). Weight of pancreas was measured and presented as dot plot (n = 30).
FFPE pancreatic sections from control, Tgif1, KC, or KTC were stained with H&E or subjected to IHC analysis using antibodies to CK19 or a-SMA. Yellow arrows
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