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Introduction 

Preliminary work from our laboratory on whole genome sequencing of transgenic mice overexpressing Neu (HER2, erbb2) revealed 
an amplification event composed of ~40 genes.  Surprisingly, in HER2+ve breast cancer the same amplification event is also present 
and is distinct from the HER2 amplification event. This region was strongly associated with metastatic progression of the HER2+ 
breast cancers and we hypothesized that there were genes within the amplification event that impacted metastasis.  To test this 
hypothesis, this proposal seeks to knockout several of the key genes and test for the impact on metastatic progression. 

Keywords 

HER2 / Neu / ErbB2 
Mouse model 
Col1A1 (collagen 1A1) 
CHAD (Chondroadherin) 
PHB2 (prohibitin2) 
MMTV 

Accomplishments 

Task 1 Subtask 1 
NDL2-5 knockout has been completed. 
BT474 knockouts have not been completed for PHB, Col1A1 or Chad (Col1A1 and Chad were previously completed but lost during a 
LN2 freezer meltdown). Cells have repeated died during selection after transfection (attempted numerous times with numerous 
reagents with many variable changes). GFP was used as a transfection control and we were unable to flow sort any GFP positive cells. 
Switching to a lentiviral based system, we then could not produce lentivirus and once that issue was solved (defect in the packaging 
cell line), the lentiviral infection resulted in dead BT474 cells with both CRISPR knockout and knockdown for each of the genes. We 
are now using optimized conditions and procedures to improve lentivirus production, including a brand new stock of 293T cells, 
quantitating lentivirus via qRT-PCR, concentrating lentivirus, and optimizing transduction conditions and are still unable to generate 
knockdown or knockouts. 
To resolve this issue, we have sought approval from our PO (Jessica Brusgard) and have been approved to contract with a company 
(Vector Builder) to provide these knockdown cell lines. This is project to take ~3 months to complete. 

Tasks 2-5 have not been initiated as they were dependent upon the alteration of PHB, Col1A1 and CHAD. 

Task 2 Subtask 1 
Expression studies of the three genes using IHC.  This has been initiated to validate antibodies even though we are lacking the 
knockout controls from Task 1 Aim 1. Previous antibodies that were profiled and working have had lot number switches and are now 
generating too much background to give scientific confidence in the results. Antibodies listed in the original manuscript for 
preliminary data have since been discontinued by the manufacturer, and alternative antibodies tested via western blot have yielded 
mixed results. Western blots have been conducted for both human tumors grown in mice as well as mouse model tumors. While we 
have a good PHB antibody (and have purchased a frozen stock), we are still seeking suitable antibodies for Col1A1 and CHAD. We 
are actively exploring various sources and options to acquire appropriate antibodies for our research. 

Subtask 2-4 
Have not been initiated as we are waiting for the knockout controls, now contracted out to Vector Builder. 

Major Task 3 
Not initiated but planned in months 24-30. We anticipate that this will be slightly delayed but are committed and excited about this 
aim of the proposal. It may be necessary to request a no-cost extension but this will become more clear in the coming months. In an 
attempt to get the proposal back on timeline, we are recruiting another individual to the project. 

REJECTED PRIOR SUBMISSION (2023) 

In the first year we described the loss of the previously described cell lines with Col1A1 and CHAD knockout due to a new student 
overfilling the liquid nitrogen freezer, resulting in cryovials with the frozen cell lines shattering.  The backup lines at -80C did not 
survive the freeze/thaw cycle and we have had to work on regeneration of these lines. This has been hampered by supply chain issues 
with a lack of tissue culture plates, tips and tubes, indeed a recent order for basic supplies was quoted at a 4-5 month delivery.   

At a personnel level, the lab has been quarantined two times in the past year due to positive COVID cases in the personnel working on 
the funded work. 
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The major goals of the project during the reporting period were as follows: 
1) Generate PHB knockdown / knockout in BT-474 and NDL2-5 cell lines.
2) 4 subtasks examining metastatic spread in mice (angiogenesis, intravasation, extravasation and colonization) using knockouts

of Col1A1, CHAD and PHB in comparison to parental controls.

In pursuit of the goals, Col1A1 and CHAD lentiviruses were generated, introduced to NDL2-5 cell lines, selected and were flow 
sorted for GFP. Confirmation of knockout was done initially by RT-PCR and was attempted by western blot shortly.  

These lines failed to have significant knockout in the first several attempts.  Troubleshooting eventually revealed (after five rounds of 
generating lentivirus) that the switch to a newer generation lentiviral system resulted in an inability to package sufficient lentivirus and 
that the flow sorted cell lines were not actually GFP positive.  This lentiviral switch to a newer generation line was done for safety at 
the request of the flow sorting facility. Ultimately, we found that the packaging cell line we were using was at fault. Using a new 
packaging cell line we have produced virus and have infected and sorted COL1A1, CHAD and PHB knockout lines (CRISPRi 
knockdown for PHB). The initial results were encouraging with high levels of GFP demonstrating good infection of all sorted cells. 
Isolation and characterization of knockout and knockdown clones is underway and is being carried out by two students. 

Once all transductions are complete and flow sorted, confirmation of knockout / knockdown will be confirmed by Western blot and 
DNA sequencing or through RT-PCR / target alteration. 

For Aim 2, we have not directly initiated any mouse work as we are still optimizing the lines.  However, all mouse work has been 
approved by IACUC and the approved protocol was submitted to the DoD. Training and optimization of various experiments has been 
undertaken so that all experiments are ready to feed in the CRISPR knockouts.  This includes optimization of scratch assays, culture of 
single cell metastases from blood and detection / characterization of metastatic lesions in the lungs.  Interestingly, in our injections 
into mice (using general lab funds until CDMRP fully approves the animal work), we were surprised to note lymphatic metastases.  
While these were not previously described in mouse experiments, we have characterized this so that a comparison of the COL1A1 / 
CHAD / PHB lines can readily be undertaken once knockouts are generated. 

With the difficulty in accomplishing goals and troubleshooting of the CRISPR experiments, we have used the time to fully train the 
student in bioinformatics in preparation for RNAseq in subsequent years.  The student has completed several courses in R studio, 
Linux, optimization of High performing computer cluster analysis and in RNAseq analysis.  This has also been expanded to whole 
genome sequence analysis so that he can integrate the RNAseq data with whole genome sequence results.  Using a practice dataset 
previously generated and analyzed in the lab, he has actually uncovered new results during his training as new modules have been 
released since the initial generation of the data. For instance, while the new callers for single base variants (mutations) and copy 
number variants (amplifications) reinforced the Col1A1 / CHAD finding, it also uncovered conserved mutation patterns and 
integration of the data with RNAseq allowed for identification of subtypes. Further, the translocation caller actually identified the 
PGK-Neo construct that was used in the genetically engineered mice as well as several conserved events. These results were fully 
unexpected but a side benefit of the training in new modules for RNAseq and WGS data analysis. These results will be used to 
generate a computational manuscript. 

Impact 

Nothing significant to report at this time but we anticipate writing a manuscript within the next month for submission to bioRxiv and 
then to journals for publication. 

Changes / Problems 

During training for bioinformatics, the student used a practice dataset that was previously analyzed and published. The new 
bioinformatic modules and methods have uncovered new findings which will be detailed in  a manuscript this year. We anticipate 
having a final draft within the next several weeks for submission. In addition to the manuscript, the analysis pipeline is now in place 
and only needs the RNAseq data from the knockout to be entered to allow for rapid analysis. 

As described above, we faced numerous supply chain and COVID related issues, including several positive tests that resulted in 
quarantines for the students and myself.    

Changes that impacted expenditures include not beginning the mouse experiments, resulting in much less spending that anticipated. 
This will be transferred to the next period of the proposal where the mice will be generated / purchased and costs will be higher.  

Lentiviral production was changed to the latest generation of lentivirus.  We then encountered issues with packaging, ultimately found 
to be in the packaging cell line.  This has been replaced and we are now generating virus and are able to infect cells. The three targets 
are being selected again for knockout / knockdown. 
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Products 

My attendance at the GRC Meeting on Mammary gland biology had to be cancelled when I developed COVID several days before the 
meeting, so there is no product to report at this point. The student and myself both plan to attend the GRC Mammary meeting this 
spring to describe the various aspects of the ongoing project. 
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