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Abstract   

Background: The discipline of comparative oncology has advanced by recognising the importance of pet dog 

spontaneous tumours as models for human cancer. Canine mammary tumours (CMTs) are pathologically and 

molecularly similar to humans, with conserved oncogenic mechanisms.   

Objective: This study aimed to analyse publicly available human breast cancer data sets and identify up and 

downregulated genes, identify differently expressed gene in a mouse mammary tumour serglycin (SRGN)-deficient 

environment, and to design and verify functioning stable CRISPR interference (CRISPRi) systems in the CMT-U27 cell 

line, using two different plasmids containing dCas9-KRAB constructs, as the KRAB domain is a transcriptional 

repressor known to downregulate wide range of genes, including transposable elements (TEs) and protein-coding genes 

through epigenetic silencing. Then evaluate the interference of expression of SRGN, which is known to mediate 

inflammation, remodelling of the extracellular matrix, and tumour progression.  

Methods: A public transcriptomic dataset from mouse mammary tumours and four datasets from human breast cancer 

samples were examined to study the expression profile of SRGN in the context of TP53-regulated genes. 

Experimentally, CMT-U27 cells were transfected with dCas9-KRAB constructs and G418 was used for selection. 

Subsequently, in the resulting G418-resistant cells qPCR verification was done to confirm construct expression and, 

after addition of guide RNAs targeting exon 1 and exon 2, evaluating SRGN repression. 

Results: Bioinformatics analyses uncovered that SRGN expression is variable in human datasets of breast cancer. In a 

mouse knockout model, SRGN deficiency resulted in an extreme downward spiral of SRGN and inflammatory 

extracellular matrix remodelling associated genes. CMT-U27 cells stably transfected with CRISPRi constructs were 

shown to integrate the plasmid and exhibited variable SRGN repression. Most significant downregulation was seen in 

clones CRISPI-G and CRISPI-G-2 with 0.70 and 0.39 fold changes, respectively. Non-targeting controls like CRISPI C 

showed SRGN elevation, which may be explained by clonal heterogeneity after G418 selection. 

Conclusion: The system for CRISPRi-dCas9-KRAB developed in this study should allow for efficient and precise 

transcriptional control of genes of interest (GOI) in canine mammary cancer cells, extending beyond SRGN for future 

gene suppression investigations. This system allows controlled exploration of manipulated genes, desired therapeutic 

targets, and tumour biology in comparative oncology. 
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1. Introduction 
According to WHO breast cancer caused about 670 000 deaths globally from 2.3 million women 

who were diagnosed in 2022. Understanding the complex genetic mechanisms is necessary to battle 

this situation. Bioinformatics analysis of transcriptomic data of human breast cancer would help to 

understand up- and down-regulated and co-regulated genes, which may shed light on further 

studies. 

As it is unethical to subject human patients to the early stages of clinical trials, naturally occurring 

cancers in other species, such as dogs and cats, can be used as a tool to understand human tumour 

pathology. This gives more accurate results than laboratory mouse models, in which tumours are 

created artificially by genetic modifications or by injection of tumour cell lines (Sultan & Ganaie, 

2018). Canines and humans are more genetically related than to mouse, and thereby canine cancers 

show close resemblance in histopathologically and molecular features to their human counterparts 

(Mestrinho & Santos, 2021). Above similarities allow hereditary risk studies of cancer development 

as well as gene interactions (GxE) and mutations existing in both species (Oh & Cho, 2023). 

According to Mestrinho & Santos, (2021) and Oh & Cho, (2023) dog is an ideal organism for 

identifying therapeutic targets, and to evaluate in clinical trials and gene therapies, due to their 

genetic similarity to humans. Presenting similar counterpart in cancer types such as sarcomas, 

melanomas, etc. increase the usability of canine models for preclinical studies (Schiffman & Breen, 

2015).   

Canine mammary tumour (CMT) which shows a high prevalence in older female dogs is 

histologically and molecularly very similar to human breast cancer (HBC) (Oliveira‐Lopes et al., 

2024; Kim et al., 2020). Prognosis factors not limited to such as lymphatic metastasis 

(Abdelmegeed & Mohammed, 2018; Queiroga & Lopes, 2011) but also molecular pathways such as 

PI3K-Akt signaling pathway and the steroidogenic PIK3CA gene, along with alterations in the 

receptor EGFR and expression of mutated p53 genes (Kim et al., 2020) shows remarkable 

similarities. Due to this similarity studying CMT can shed insight into HBC and may assist in 

determining therapeutic intervention. 

Cancer cell lines derived from both human and dog are robust experimental tools for studying the 

effects of individual genes on cancer development and treatment responses. Traditional knockout 

models which involve homologous recombination or CRISPR/Cas9 that induce double-strand 

breaks (DSBs) (Jinek et al., 2012) can be used for above studies, but these models may cause 

irreversible genetic damages, which may mask the findings. However, the CRISPR interference 

(CRISPRi) system, that avoids DNA double-strand breaks, can provide a more precise and non-

invasive approach for targeted gene silencing (Qi et al., 2013; Larson et al., 2013). 

CRISPRi uses guide RNAs and a deactivated dCas9 protein to bind and prevent the transcription 

initiation or elongation, and the methodology has successfully been used to silence genes across 

several species, like bacteria, vertebrates such as zebrafish, and Caenorhabditis elegans (Larson et 

al., 2013; Qi et al., 2013; Long et al., 2015; Zhang et al., 2021).  Furthermore, as reported by Goetzl 

& Alpert (2024), one of the latest advancements includes FDA approval of CASGEVY™ for sickle 

cell disease treatment, which has proven to increase foetal haemoglobin production. Together, this 

illustrates that the technique is easily applicable across different species without the uncontrolled 

effects and risks associated with permanent gene knockouts. CRISPRi capacity to simultaneously 

silence multiple genes enable increased flexibility in functional genomics and synthetic biology 

research, including cancer research (Zhang et al., 2021). 
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Serglycin (SRGN) is a proteoglycan involved in inflammation by storing and releasing cytokines 

and chemokines within the extracellular matrix (Kolset & Pejler, 2011) and it is expressed in 

hematopoietic and some cancer cells and acts as a scaffold for pro-inflammatory mediators, 

including TNF-α (Tumor Necrosis Factor alpha), IL-6 (Interleukin-6), and CCL2 (monocyte 

chemoattractant protein-1). Furthermore, SRGN has been associated with metastasis of some 

cancers, including, colorectal, lung, and triple negative breast cancer. SRGN-dependent metastasis 

seems to occur via CD44-dependent pathways via biochemical interaction & downstream 

signalling. When SRGN is highly glycosylated, it promotes binding CD44 which is a cell surface 

receptor in cancer cells and activates Src signalling. It leads to paxillin phosphorylation and 

disassembly of the FAK/paxillin complex, which accelerates focal adhesion turnover (Guo et al., 

2017) Metastasis also could facilitate through TGF-β2 and CREB1 signalling interactions (REFs). 

SRGN also plays a role in immune evasion through the CD47–Sirpα pathway (Guo et al., 2017; 

Zhang et al., 2017; Xu et al., 2018; Chao et al., 2012). However, considering its significance in 

human oncology, SRGN has been relatively understudied in veterinary models, particularly in 

spontaneously occurring cancers. 

The first aim of this thesis was to identify differently expressed genes in human breast cancers and 

evaluate how expression patterns change in a SRGN-deficient environment. The second aim was to 

establish two novel CRISPRi-expressing canine mammary tumour cell line (CMT-U27), and to 

conduct a functional repression study using guide RNAs targeting exon 1 or 2 of the SRGN gene. 

2 Literature Review 

2.1 Data sets used for bioinformatics analysis of SRGN expression   

2.1.1 GSE29044 

The GSE29044 dataset consist of 73 tumour samples and 36 normal tissue samples with age 

stratified metadata. The dataset was produced using the Affymetrix Human Genome U133 Plus 2.0 

arrays and was normalised using the GC-RMA method (Gene Chip Robust Multi-array Average 

method combines multiple probe signals targeting same gene into a single expression value using a 

statistical model. It provided expression profiles of ductal carcinoma in situ (DCIS) and invasive 

ductal carcinoma (IDC). GSE29044 serves as an important resource for discovering age-associated 

transcriptional signatures of tumour invasiveness (Colak et al., 2013). 

2.1.2 GSE42568 

The GSE42568 dataset contains age-associated, ranging from 31 to 89 years, transcriptional profiles 

of 104 primary breast cancer biopsies alongside 17 normal breast tissue samples. Tumour 

characteristics included histological subtypes (ductal, lobular, and special types), grades (1–3), 

tumour sizes (T1–T3), along with lymph node involvement and estrogen receptor (ER) status. The 

dataset also contains clinical metadata with long-term follow-up data, some extending to 3026 days, 

making GSE42568 ideal for co-expression network analyses and survival transcriptional profiling. 

The expression data obtained from the Affymetrix Human Genome U133 Plus 2.0 arrays and 

normalized using GC robust multichip average method and using the ‘affy’ Bioconductor package. 

This dataset highlights the significance of transcriptional signatures and breast cancer outcomes 

(Clarke et al., 2013). 

2.1.3 GSE89116 

The GSE89116 dataset examines expression changes on a genome scale for early-onset (≤40 years) 

and late-onset (≥55 years) breast cancers to look for biologically relevant differences in 

transcription that occur with age. Data was produced using the Illumina HumanWG-6 and 

HumanHT-12 beadchip platforms and data normalization was conducted using the LIMMA package 
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in R. The two age group-tumour and adjacent normal tissues (as controls) provided the opportunity 

to study genes that are regulated in a patient age-dependent manner. The dataset enhances 

understanding of age-stratified oncogenic signatures and tumour onset among Indian women 

(Malvia et al., 2019). 

2.1.4 GSE109169 

The GSE109169 dataset produced on Affymetrix Human Exon 1.0 ST array and it gives gene 

expression on 25 paired tumour and adjoining normal breast tissue samples in early-onset (≤40 

years) and late-onset breast cancer, specifically analysing genes related to metastasis and p53 

signalling pathways (Chang et al., 2018). 

2.1.5 GSE67806 

This data set contains gene expression patterns from tumour samples of 6 mouse of the MMTV-

PyMT tumour model with 3 heterozygous (SG+/−) and 3 serglycin knockout (SG−/−) tumour 

tissues. The data was produced on the Affymetrix Mouse Gene 2.0 ST array and normalised using 

the robust multi-array average (RMA) method. Notably, in the SRGN-deficient tumours, there was 

a striking repression of 666 genes and only six upregulated genes. The massive reduction of gene 

expression seem to confirm the previously suggested role of SRGN in moderating metastasis, 

inflammation, epithelial-mesenchymal transition (EMT), and extravasation. The dataset supports 

the idea that SRGN and its downstream effectors could be potential therapeutic targets in metastatic 

canine mammary tumours and human breast cancer. (Roy et.al., 2016) 

2.2 CRISPRi and dCas9-based Gene Silencing  

The use of Catalytically Inactive Cas9 (dCas9) and a single guide RNA (sgRNA) is referred to as 

CRISPR Interference (CRISPRi), and it is a powerful tool for gene suppression (Figure 1). 

According to Ghavami and Panddi (2021), CRISPRi is less risky and more accurate than 

“knockouts” as it does not produce DNA double-strand brakes. In addition to bacteria and human 

cells, CRISPRi has been applied in C. elegans and zebrafish, proving its versatility (Larson et al., 

2013).  

Thus, the transient CRISPRi technology provides a different use as compared to permanent gene 

knockout models and can avoid ambiguous and irreversible gene silencing (Qi et al., 2013). In 

synthetic biology and gene network studies, it is particularly convenient to have one gene 

simultaneously repressed by different elements, which is made possible by multiplex CRISPRi 

systems (Zalatan et al., 2015). The use of CRISPRi in cancer biology allows the exploration of 

essential genes, regulatory pathways, and therapeutic interventions (Gilbert et al.,2013). 

 

Figure 1: CRISPRi based suppression. (Source: Li, Z., Xiong, X. and Li, J.-F., 2019. The working dead: repurposing 
inactive CRISPR-associated nucleases as programmable transcriptional regulators in plants. aBIOTECH. 
https://doi.org/10.1007/s42994-019-00003-z) 

2.3 Role of KRAB Domains in Epigenetic Repression 

Many zinc finger proteins involved in DNA binding contain potent transcriptional repressors called 

KRAB (Krüppel-associated box) domains (Margolin et al., 1994). The co-repressor KAP1, which 

https://doi.org/10.1007/s42994-019-00003-z
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causes long-range transcriptional silencing through heterochromatin spreading, is recruited by 

KRAB-ZFPs (Lehner et al., 2013; Groner et al., 2010). Reduced histone acetylation and RNA Pol II 

recruitment are the outcomes of this repression mechanism, which involves the propagation of 

H3K9me3 and HP1β marks from the KRAB binding site to the target promoter. Interestingly, 

KRAB-ZFPs have co-evolved with a family of transposable elements (TEs) and may contribute to 

their suppression. According to recent data, TEs and KRAB-ZFPs work together to create species 

and cell-specific regulatory networks, influencing various aspects of development and physiology 

(Ecco et al., 2017).  

In human genome over 400 of KRAB-ZFPs are precent (Imbeault et al., 2017) and they regulate 

gene slicing during embryonic development, differentiation and homeostasis. One example is 

ZNF91 and ZNF93, which silence retrotransposons like SVA and LINE-1 elements in human 

pluripotent stem cells and protect genomic integrity. When it comes to gene editing, KRAB domain 

has fused to dCas9 and utilize it natural epigenetic suppression ability in CRISPR interference. As 

KRAB domain can used to repress TEs and any protein coding gene CRISPRi technology can be 

used to suppress many protein coding gene (Gilbert et al., 2013). Targeted genes can be varying 

such as oncogenes, cytokines or tumour suppressors, depending on the guide RNA used. 

2.4 Supercoiled vs. Linearized Plasmids in Transfection  

Previous studies have shown that the conformation of the plasmid affects their transfection 

efficiency. Supercoiled plasmids perform better than linear forms with delivery via lipids, chitosan 

microspheres, or electroporation (Lehner et al., 2013, Akbuğa et al., 2004; Chancham & Hughes, 

2001; Escoffre et al., 2012). The higher efficiency of supercoiled DNA toward transfection is 

attributable to its round shape, which makes it easier for the cells to take up and become stable in 

the cell fluid (Lehner et al., 2013; Chancham & Hughes, 2001). Some research suggests that the 

plasmid size does not influence gene delivery efficiency (Akbuğa et al., 2004). Instead, as pointed 

out by Lehner et al. (2013) the arrangement of DNA transfection complexes plays a crucial role in 

effective gene transfer. 

2.5 Lipofectamine Transfection. 

Lipofection is considered as a gold standard for the safe delivery of exogenous DNA or RNA into 

cells (Cardarelli et al., 2016). Lipofectamine is a cationic liposome-based transfection reagent that 

can be used to deliver plasmid DNA into mammalian cells. It facilitates cytoplasmic entry of DNA. 

Nuclear membrane penetration is facilitated by combining Lipofectamine with nuclear targeting 

peptides like M9 (Byrnes et al., 2002).  

2.6 Canine cancers 

Cancer in dogs poses a significant and increasing health threat, with about 6 million new diagnoses 

each year in the US (Printz, 2011). This high number indicates the necessity of understanding what 

causes canine cancer and improving how to detect and treat the cancer. Some dog breeds have a 

higher probability of getting certain types of cancer, which shows that the genetic makeup play a 

key part in cancer risk (Dobson, 2013). For instance, breeds like Golden Retrievers and Boxers are 

likelier to get specific cancers, such as lymphoma and hemangiosarcoma, indicating that inherited 

traits are strongly linked to cancer development. Furthermore, hormones affect tumour 

development, e.g. female dogs develop mammary gland cancer much more often than male dogs 

according to the Animal Tumour Registry of Genoa (Merlo et al., 2008). This shows that gender can 

affect cancer risks, i.e. breast cancer is more common in women than in men.  

In addition, comparing various cancer diseases across species has revealed striking similarities 

between dog and human cancers, with shared genetic changes and similar ways of cellular 

communication in both species (Schiffman & Breen, 2015). This suggests that comparative studies 

could lead to better treatments for both humans and dogs. Here, research efforts like the Canine 

https://www.nature.com/articles/srep25879#auth-Francesco-Cardarelli-Aff1
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Comparative Oncology and Genomics Consortium, which aim to facilitate large-scale studies by 

gathering dog tumour samples to examine their genomic profiles, play a key role in spotting genetic 

factors that drive cancer and creating targeted treatments (Printz, 2011). Furthermore, purebred dogs 

exhibit less genetic variance, which makes them ideal for genome-wide association studies 

(GWAS), enabling scientists to identify the complex network of genetic factors that influence 

cancer development. Thus, comparative oncology has excellent potential to improve our 

understanding of cancer. 

2.7 Canine mammary tumour 

Mammary tumours in dogs (CMTs) are highly prevalent among female dogs. They occur in 25-50% 

of females who are not spayed, with increased risk in the aged dog, particularly after six years of 

age (Queiroga & Lopes, 2002; Ferreira et al., 2024). Again hormones play a role, since spaying 

before the first heat reduce the risk of developing mammary cancer (Queiroga & Lopes, 2002). In 

almost half of the cases the mammary cancers are malignant, and surgery is the primary treatment 

for most of the tumours, with exclusion for inflammatory carcinomas or when the cancer is 

advanced (Queiroga & Lopes, 2002; Sleeckx et al., 2011; Benavente et al., 2016). 

2.8 CMT-U27 as a Model for Breast Cancer  

CMTs represent a valuable translational model for human breast cancer research because they share 

similarities in histopathological features, clinical presentations, and molecular signatures (Graim et 

al., 2020; Oliveira‐Lopes et al., 2024). CMTs also mirror human breast cancer subtypes sharing an 

analogous genomic landscape, microRNA expression changes, and metabolomic profile changes 

(Gherman et al., 2024). The canine model presents distinct benefits, such as having multiple 

spontaneously arising tumours in a single subject to provide the opportunity for investigation of 

tumour development from normal tissue to the cancerous state (Graim et al., 2020). This aspect 

allows the researcher to define transcriptional signatures and biological pathways specific to 

malignant tumours that may serve as prognostic markers in patients with breast cancer (Graim et al., 

2020). Besides, dogs' shorter lifespan and higher incidence of cancer development allow for a faster 

assessment of novel therapeutic strategies compared to human studies (Oliveira‐Lopes et al., 2024). 

The CMT-U27 canine mammary carcinoma cell line has been extensively studied for its potential in 

cancer research. This cell line exhibits high growth rates, anti-apoptotic potential, and shorter cell 

cycles compared to other canine mammary tumour lines (Król et al., 2009). CMT-U27 cells are 

sensitive to antiprogestins, which reduce cell viability and may affect progesterone receptor 

expression (Guil-Luna et al., 2014). The CMT-U27 cells also shows responsiveness to nonsteroidal 

anti-inflammatory drugs (NSAIDs), where combined treatments with piroxicam and deracoxib 

cause significant cytotoxic effects and induction of apoptosis (Alkan et al., 2012) 

2.9 Serglycin (SRGN) and its role in Tumour Biology  

The serglycin (SRGN) proteoglycan plays an essential part in tumour biology. For example, in non-

small cell lung cancer high SRGN expression levels increase binding to CD44 on the cancer cell 

surface. CD44 is a transmembrane glycoprotein cell surface receptor for hyaluronic acid and other 

ECM components (Guo et al., 2017). This process enhances cell migration, invasion and metastasis, 

i.e. tumour aggressiveness, leading to worsened patient outcomes (Korpetinou et al., 2014; Guo et 

al., 2017; Guo et al., 2020). In hematologic cancers such as multiple myeloma and leukaemia, 

CD44 helps to homing and adhesion to the bone-marrow niche (Asosingh et al., 2001) immune 

evasion, and drug resistance (Purushothaman et al., 2014; Guo et al., 2020).   

Apart from its pro-tumorigenic role in epithelial cancers, there is also evidence that SRGN is 

released from tumour-associated macrophages and myeloid-derived suppressor cells, which impact 

immune suppression and chronic inflammation in colonic and pancreatic tumours (Wang et al., 

2019). Furthermore, some studies in breast cancer have shown that SRGN expression is controlled 
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through the NF-κB signalling pathway, connecting inflammation and cancer malignancy. This data 

indicates that SRGN may serve as a candidate biomarker and a molecular target for inhibition of 

malignant tumours. 

New bioinformatics studies in both mouse models of mammary tumours and human breast cancer 

cohorts have now shown aggressive tumour subtypes to consistently overexpress SRGN, indicating 

a likely evolutionary conserved function that promotes tumour development. In dogs, while SRGN 

has not been studied in great detail, its role in immune responses and remodelling of the 

extracellular matrix renders it a compelling candidate for translational cancer research. Therefore, 

silencing of SRGN in the CMT-U27 cell line could shed light on standard inflammatory and 

metastatic processes of the mammary gland tissue in dogs and breast cancers in humans. 

2.10 Rationale for Experimental Design of the Thesis Work 

Due to its biological and molecular features, CMT-U27 cell line can be used as a model for human 

breast cancer. SRGN was chosen as the gene of interest for functional testing due to its involvement 

in inflammation, metastasis, and immune system interactions. This thesis work aimed at 

suppressing SRGN expression in the CMT-U27 cell line using the CRISPRi technology.  Cell lines 

with stably integrated CRISPR components will allow for improved understanding of the role genes 

of interests (e.g. SRGN) in cancer-related mechanisms, thus advancing the comparative oncology 

field. 

 

3 Materials and Methods 

3.1 Data Analysis 

Four publicly accessible gene expression datasets were analysed to identify up- and down-regulated 

gene, in correlation with SRGN expression, in human breast cancer. The datasets, GSE42568, 

GSE29044, GSE89116, and GSE109169 were acquired from the Gene Expression Omnibus (GEO) 

repository. Each dataset contained expression profiles from breast tumour samples and controls 

(normal tissue or context-specific control groups). The series matrix files were downloaded and 

separated into sample-wise and group-wise data frames. These data frames served as a baseline for 

assessing the SRGN regulation throughout tumour contexts as well as for finding differentially 

expressed genes (DEGs) related to extracellular matrix (ECM) modification, immune regulation, 

and cancer progression.  

 

The fifth dataset contained mouse mammary cancer SRGN-knockout data, which allowed to 

understand transcriptomic shifts in an ablated SRGN expression environment. This provided insight 

into downstream genes regulated by SRGN and served as a comparative model to validate findings 

from human data. Finally, a sixth qPCR-based SRGN expression dataset from the CRISPR 

interference (CRISPRi) CMT-U27 canine mammary tumour cells was generated experimentally 

during this study.  

3.1.1 The Computational Environment 

All computational analyses were conducted in JupyterLab on a Windows 11 laptop equipped with 

an Intel Core i7 processor and 16 GB of RAM. The entire workflow was implemented using the 

Python programming language. Preprocessed expression data was imported from .txt files, which 

had already been normalised. Python libraries including pandas, numpy were used for data 

manipulation, while matplotlib and seaborn were employed for data visualization, including 

boxplots, volcano-style plots, and density plots. Custom scripts were written for parsing, 

comparing, and interpreting gene-level expression values across different experimental groups. All 
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code was deposited in the GitHub repository to ensure traceability and reproducibility of the 

project. 

3.1.2 Analysis of Differential Expression 

Expression matrices were log-transformed for each dataset, with focus on the genes and two 

conditions tumour versus control. Statistical significance was assessed using a Welch’s t-test. 

Adjusted p-values (multiple testing) and log2FC values were used in the human datasets to identify 

the most significantly differentially expressed genes, In the mouse dataset non-adjusted p-values 

and log2FC were used. The top ten up- and down-regulated genes were selected.  

All analyses were performed using Python (version 3.12.5) in Jupyter Lab (4.4.3), using the 

following packages: pandas and numpy for data handling, scipy.stats for Welch’s t-test, statsmodels 

for multiple testing correction. 

3.1.3 Visualisation and Output of Results 

All visualisations were created using Python (version 3.12.5) in the Jupyter Notebook (4.4.3) 

environment. Graphical outputs were created using the matplotlib package (REF), seaborn. Volcano 

plots were made which displayed DEGs. SRGN normalized expression levels were also compared 

via boxplots for tumour and control groups across datasets, which were generated using ggplot2. 

Moreover, within-group variation and SRGN expression consistency among biological replicates is 

shown with sample level expression plots. 

3.1.4  Quality Control of experimental data  

When selecting data points from the qPCR analysis, melting curves were manually analysed as a 

quality control measure to remove non-specific amplifications (Figure 2). Samples with multiple 

melting peaks, broad peaks, or irregular peak shapes, which indicated non-specific amplification, 

primer dimers, or some form of contamination, were removed from further processing. This step 

ensured that all quantification was based on reliable and target-specific amplifications with Ct 

values below 38 (Figure 3).  

 

Figure 2: Melting curve peaks for RPS5 and SRGN qPCR products. The graph shows the derivative of fluorescence with 
respect to temperature, indicating single melting peaks around 80 °C and 81 °C, consistent with specific amplification. 

(Source: Author’s own, generated during qPCR analysis using Bio-Rad CFX Maestro, 2025) 
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Figure 3; Amplification curve- RPS5 & SRGN. Fluorescence increases indicate successful and specific amplification of 

the target sequences. (Source: Author’s own, generated during qPCR analysis using Bio-Rad CFX Maestro, 2025) 

3.1.5  Data Management and Storage 

All data management adhered to the Principles of FAIR data (Findable, Accessible, Interoperable, 

Reusable) for processed and raw data files. Data was stored on personal encrypted storage to 

ensure security and backup. Output tables, figures, intermediate data frames, and final DEG lists 

were archived for reproducibility and transparency in reporting. 

3.2 Cell culture, Plasmid Preparation and CRISPRi Transfection 

3.2.1 Cell Lines and Culture Conditions 

CMT-U27 cells in freezing media (DMSO 10% + fetal bovine serum (FBS) 90%) were thawed, 

resuspended in 10 ml cell culture media (RPMI 1640 GlutaMAX™ medium +10% FBS +1% 

penicillin-streptomycin (PEST), +1% MEM Na pyruvate). Cells were centrifuged at 1100 rpm for 5 

minutes, and the supernatant containing the diluted freezing media was discarded. Cells were 

resuspended in 5 mL of cell culture media and cultured in T-25 flasks at 37 °C and 5% CO2. In 

every 2-3 days, culture media was changed, and cells were passaged at approximately 70-80% 

confluency. 1.5X trypsin was used for cell detachment. To achieve uniform cell seeding densities 

across experiments, an automated cell counter (VWR, Fluo) was used. 

3.2.2 Selection of Plasmid 

The CRISPR interference (CRISPRi) system was integrated to induce specific gene silencing in the 

CMT-U27 cell line using either one of two plasmids, i.e. pAAVS1-NC-CRISPRi (Gen3) plasmid 

(Addgene plasmid #73499, Watertown, Massachusetts, USA) and Addgene plasmid #112195 

(Watertown, Massachusetts, USA). Plasmid structures are included in Appendix 2. 

3.2.3 Plasmid Amplification and Linearization 

The dCas9-KRAB and CRISPRi plasmids were delivered in bacterial swabs and cultured on agar 

plates containing ampicillin. Then, a few colonies were transferred into LB broth + ampicillin, and 

plasmids were extracted using the QIAprep Spin Miniprep Kit as per the manufacturer’s protocols 

The QIAprep Spin Miniprep Kit (Qiagen, Cat. No. 27106) was purchased in 2020 from Qiagen 

GmbH, Hilden, Germany, and was available in the laboratory at the time of use. A NanoDrop 8000 

Spectofotometer (Thermo scientific) was used to measure the concentration and purity of the 

plasmids. 

To linearize the plasmid AgeI and NotI restriction enzymes were used and then linearization was 

checked via agarose gel electrophoresis. These enzymes were available in laboratory at the time, but 

purchase history was unknown. Concentrations of the linearised plasmids were measured again via 

NanoDrop. 
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3.2.4 Transfection Procedures 

Two forms of transfections were done: supercoiled plasmid transfection and linearized plasmid 

transfection. For the transfections, cells were cultured in 6-well plates (protocol – Appendix 3) at a 

confluency of approximately 50–70%. Plasmid was transfected using CRISPRMAX™ 

lipofectamine (Invitrogen, Thermo Fisher Scientific, USA) and the complete protocol has been 

included in Appendix 4. 

After the cells were transfected, they were grown at 37°C for 1-2 days, depending on the plasmid 

DNA type. When transfecting the linearised plasmid, a longer incubation period before antibiotic 

selection was found to be beneficial (48 hours) for better plasmid uptake. 

3.2.5 Antibiotic Selection and Stable Line Establishment 

For the selection process, growth medium containing 300 µg/ml G418 (geneticin) (Invitrogen, 

Thermo Fisher Scientific, USA) was used 48 hours after transfection.  After two weeks of selection, 

surviving cells were expanded into new T-25 flasks to generate stable populations. Cytotoxic effects 

of gentamicin selection were evaluated throughout the selection process with phase contrast 

microscopy. 

3.2.6 gRNA Co-transfection 

After developing the cell populations expressing dCas9-KRAB and establishing CRISPRi, cells 

were detached using 1.5X Trypsinase (protocol- Appendix 3). gRNA was transfected using 

CRISPRMAX™ (protocol – Appendix 4). After 48 hours of incubation, cells were harvested for 

downstream analyses. Used gRNAs are previously ordered and tested gRNA from Invitrogen, 

Thermo Fisher Scientific. 

3.2.7 RNA extraction 

Extraction of RNA was done with NucleoSpin® RNA Plus kit (Machery Nagel, GmbH & Co., 

Germany) according to the manufacturer’s protocols. All steps were conducted in a RNase-free 

environment. The concentration of extracted RNA was measured using the NanoDrop 8000 before 

cDNA synthesis. 

3.2.1 Freezing and Cryopreservation of Cells 

Transfected CMT-U27 cells were also cryopreserved for long-term storage. The cells were 

harvested and resuspended in freezing medium, consisting of 90% FBS and 10% dimethyl sulfoxide 

(DMSO). The cells were aliquoted into cryogenic vials and placed in Mr, Frosty and placed in -80 

°C. (all these reagents were previously prepared aliquots presented in laboratory at the time of 

conducting this step) 

3.3 cDNA Synthesis and Quantitative PCR (qPCR) 

One microgram of total RNA from CMT-U27 wild-type and CRISPRi-transfected cells were treated 

with DNase I to remove contaminating genomic DNA. First, reverse transcription with SuperScript 

IV (Invitrogen™, Thermo Fisher Scientific, USA) was done on the reactions containing oligo(dT) 

(Invitrogen™,Thermo Fisher Scientific, USA) and random hexamers primers (Thermo 

Scientific™). Master mixes were prepared in a clean room while reactions were conducted in a 

template room under RNase-free conditions. Specificity of amplification was confirmed with melt 

curve analysis following qPCR, and those with atypical melt curves were removed from further 

analysis. A complete step-by-step protocol is provided in Appendix 5 and 6. 
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4 Results 

4.1 Statistical Analysis of Mouse Mammary Tumour Data 

To identify key transcriptional changes in the SRGN “low” environment, knockout (KO) mice were 

compared to heterozygous (HET) mice. There were three KO (mus30, mus31, mus38) and three 

HET (mus32, mus37, mus39). Six genes were selected based on the largest absolute log₂ fold 

change and statistical significance (p < 0.05) from 672 genes with a significantly altered expression 

level. Those are BPIFA2, KLK1, SPT1, BC023719, DCPP2, and A2M. However, there was no 

statistical significance (p > 0.05) in the Mann–Whitney U tests, and this is likely due to the limited 

sample size. BPIFA2 demonstrated upregulation in the KO group, whereas DCPP2 and A2M were 

downregulated. This may indicate potential roles in the biological processes affected by gene 

knockout (Figure 4). As the microarray assay may produce a noise level reaching up to 4.5, values 

below 4.5 needs to be evaluated cautiously.  

 

Figure 4; DEG in Knockout vs control mouse sample. Values below 4.5 are not significant as the noise level = 4.5. 
(Source: Author’s own, generated during bioinformatic analysis using Python programming language in Jupiter Lab, 

2025) 

 

4.2  SRGN mRNA expression of Mouse Mammary Tumour  

The microarrays contain seven different oligonucleotides for each gene, and two different assays 

were conducted. SRGN mRNA expression was compared in heterozygous (HET) and knockout 

(KO) mouse mammary tumour samples. In Assay 1 (all 7 values), SRGN expression was lower in 

KO mice (mean = 5.15) relative to HET (mean = 7.48). This difference was confirmed by an 

unpaired two-tailed t-test, which showed a significant difference (p = 0.0016), graph is attached to 

appendix 7. Assay 2 (with discarded values below noise level) also showed same results but the 

differences were even higher, with KO mice expressing a mean SRGN of 4.89 and HET mice 

averaging 10.52 (Figure 5). The difference was highly significant with p = 2.16 × 10-⁷. Moreover, 

all KO replicates displayed lower expression values, suggesting a consistent KO phenotype. These 

statistical assessments demonstrate that KO mice exhibit a robust reduction of SRGN expression 

compared to HET controls. 
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Figure 5; SRGN expression Knockout vs control. Which indicate knockout success. (Source: Author’s own, generated 
during bioinformatic analysis using Python programming language in Jupiter Lab, 2025) 

4.3 Statistical Analysis and Quality Control - Human breast cancer 

data sets 

In GSE42568, the volcano plot suggested a balanced number of upregulated and downregulated 

genes, with neither side dominating the other. In GSE29044, however, the plot showed greater 

numbers of upregulated genes, revealing a stronger skew towards overexpression. In GSE89116, 

late-stage tumours showed greater dispersion in expression changes, and GSE109169 had 

significant gene expression changes in early onset tumours related to immune-related context.  

In all four datasets, expression values remained uniform within sample groups, and no significant 

outliers or unconventional distributions appeared in the volcano plots or sample-level boxplots. 
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Figure 6; Volcano plot of differential gene expression between tumour and normal tissue samples (GSE29044). Genes 
with significant upregulation (log₂ fold change p > 0.05) are marked in red, and significantly downregulated genes (log₂ 
fold change p < -0.05) are marked in blue. 
(Analysis and figure generated by the author using GSE29044 data from the Gene Expression Omnibus (GEO) using 
Python programming language in Jupiter Lab, 2025) 
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Figure 7: Volcano plot of differential gene expression between tumour and normal tissue samples (GSE42568). Genes 
with significant upregulation (log₂ fold change p > 1) are marked in red, and significantly downregulated genes (log₂ fold 
change, p  < -1) are marked in blue. 
(Analysis and figure generated by the author using GSE42568 data from the Gene Expression Omnibus (GEO) using 

Python programming language in Jupiter Lab, 2025) 
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Figure 8: Volcano plot of differential gene expression between tumour and normal tissue samples (GSE 89116). Genes 
with significant upregulation (log₂ fold change p > 0.05) are marked in red, and significantly downregulated genes (log₂ 
fold change p < -0.05) are marked in blue. 
(Analysis and figure generated by the author using GSE89116 data from the Gene Expression Omnibus (GEO) using 

Python programming language in Jupiter Lab, 2025) 
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Figure 9: Volcano plot of differential gene expression between tumour and normal tissue samples (GSE109169). Genes 
with significant upregulation (log₂ fold change p > 0.05) are marked in red, and significantly downregulated genes (log₂ 
fold change p < -0.05) are marked in blue. 
(Analysis and figure generated by the author using GSE109169 data from the Gene Expression Omnibus (GEO) using 
Python programming language in Jupiter Lab, 2025) 
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4.3.1 DEG Summary per Dataset 

Differential gene expression analysis was conducted for each dataset using an adjusted p-value 

cutoff of 0.05 and a minimum log² fold-change of ±1. The adjusted thresholds for significance as 

well as representative examples of the upregulated and downregulated genes are summarized below. 

Table 1; DEG analysis summary 

Dataset Total 

DEGs 

Upregulated 

Genes 

Downregulated 

Genes 

Adjusted 

p-value 

Cutoff 

Top 

Upregulated 

Genes 

Top 

Downregulated 

Genes 

GSE42568 1,412 689 723 FDR < 

0.05 

SDC1, 

COL11A1, 

S100P 

PCK1, KLB, 

ADH1C 

GSE29044 1,236 641 595 FDR < 

0.05 

COL10A1, 

COMP, 

GJB2 

HBG2, 

SCGB3A1, 

MME 

GSE89116 1,782 902 880 FDR < 

0.05 

PBK, 

COL11A1, 

MMP11, 

S100A7 

CYP4B1, 

KLF4, 

GPIHBP1 

GSE109169 2,214 1,074 1,140 FDR < 

0.05 

CXCL9, 

CXCL10, 

HLA-DRA 

FABP4, 

FIGF,ADH1B, 

ABCA8 

 

4.4 Functional Enrichment of Differentially Expressed Genes 

An analysis was performed to investigate the differences in functional enrichment with regards to 

the significantly upregulated and downregulated genes in GSE29044 and GSE42568. Gene 

Ontology (GO) terms were created with p-value cutoff lower than 0.05 after correction for multiple 

testing. 

As part of the enrichment analysis in GSE29044, upregulated genes were associated with functions 

related to extracellular matrix. Their most significant GO terms include “extracellular matrix 

structural constituent” (GO:0005201), “tendon development” (GO:0035989), “extracellular matrix 

organization” (GO:0030198), “collagen type X trimer” (GO:0005599), and “supramolecular 

polymer” (GO:0099081). Those hits suggest the enrichment of structural and matrix components in 

the tumour tissue. 

In GSE42568, genes SDC1, COL11A1, FOXA1, S100P, and GALNT6, with adjusted p-values < 

1e–10, were among the most upregulated genes. They are associated with cellular proliferation, 

matrix signaling, and epithelial plasticity. In contrast, PCK1 (log₂FC = –1.62), KLB, ADH1C, and 

DEFB132 mostly active in metabolism and tissue-specific functions were downregulated 

In GSE29044, the most significantly downregulated genes included MME (–0.62, p = 9.15e–23), 

SCGB3A1, OLFM4, and HBG2. These genes are associated with secretory and differentiation 

processes which indicate an epigenetic silencing of epithelial characteristics. 

GSE89116 revealed that genes involved in cell proliferation (e.g., PBK, BUB1), ECM remodelling 

(e.g., MMP11, COL10A1) and metastasis or immune evasion (e.g., S100 family genes) are highly 

expressed in late-stage tumours in contrast to normal tissues.  
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4.5 Up- and Downregulated Genes in Human Breast Cancer 

In GSE42568, tumour samples displayed GO-terms “ECM remodelling” and “invasion” with for 

example SDC1, COL11A1, FOXA1, and S100P as significantly upregulated and with PCK1, KLB, 

and ADH1C downregulated 

Micrometastatic tumor dissemination was noted during the progression of breast cancer, describing 

an abundant form of tumoral dissemination in GSE29044. Tumours showed strong upregulation of 

the ECM associated genes COL10A1, COMP, and COL11A1 while HBG2, SCGB3A1, and MME 

were downregulated. 

 

Figure 10; Boxplot showing gene upregulation in tumour samples, GSE29044. Tumour sample in (red) and normal 
samples (ash colour) Graph generated by the author using data from the Gene Expression Omnibus dataset GSE29044 

using Python programming language in Jupiter Lab, 2025) 
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Figure 11; Boxplot showing gene down-regulation in tumour samples, GSE29044. Tumour sample in (red) and normal 
samples (ash colour). Graph generated by the author using data from the Gene Expression Omnibus dataset GSE29044 
using Python programming language in Jupiter Lab, 2025) 

 

Tumour samples taken from early onset have retained some normal tissue markers that were more 

strongly downregulated in samples from late onset tumours (Figure 12 & 13). 

 

Figure 12; Boxplot showing gene upregulation in tumour samples early vs late in contrast to the same age normal tissue 
samples, GSE89116. Graph generated by the author using data from the Gene Expression Omnibus dataset GSE89116 

using Python programming language in Jupiter Lab, 2025) 

 



32/

78 

 

 

 

 

Figure 13; Boxplot showing downregulated genes in tumour samples early vs late in contrast to the same age normal 
tissue samples, GSE89116. Graph generated by the author using data from the Gene Expression Omnibus dataset 
GSE89116 using Python programming language in Jupiter Lab, 2025) 

In GSE109169, tumours demonstrating elevated immune cell densities also exhibited upregulation 

of CXCL9, CXCL10, HLA-DRA, along with other genes of the immune system. 

 

Figure 14; Boxplot showing top down-regulated genes in tumour vs normal sample cumulatively across all 4 data sets. 
Tumour sample in (yellow) and normal samples (purple). Graph generated by the author using data from the Gene 
Expression Omnibus datasets GSE29044, GSE42568, GSE89116 and GSE109169 using Python programming 
language in Jupiter Lab, 2025) 
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Figure 15; Boxplot showing top up-regulated genes in tumour vs normal sample cumulatively across all 4 data sets. 
Tumour sample in (yellow) and normal samples (purple). Graph generated by the author using data from the Gene 
Expression Omnibus datasets GSE29044, GSE42568, GSE89116 and GSE109169 using Python programming 
language in Jupiter Lab, 2025) 

4.6 SRGN Regulation in Human Breast Cancer 

The expression of SRGN exhibited lower level in tumour samples than in normal tissues. In the 

case of GSE42568, SRGN expression was lower in the tumour relative to normal tissue (p = 5.786 

× 10-⁷). In GSE29044, tumour samples had a lower median SRGN expression compared to normal, 

though this difference did not reach statistical significance (p = 0.0843). In GSE89116, SRGN 

expression was upregulated in later stages of tumour progression compared to early stages and was 

consistently low in normal tissue. In GSE109169, immune-rich and immune-depleted tumours had 

comparable SRGN expression, with immune-rich tumours showing slightly elevated expression. 

Overall, context-dependent regulation was evident for SRGN as some datasets demonstrated lower 

tumour expression, while others showed greater dependence on stage or immune context. 

 

Figure 16; Boxplot showing SRGN expression in tumour vs normal samples across all 4 data sets. Tumour sample in 
(brown) and normal samples (purple). Graph generated by the author using data from the Gene Expression Omnibus 
datasets GSE29044, GSE42568, GSE89116 and GSE109169 using Python programming language in Jupiter Lab, 2025) 
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4.7 CMT-U27 Cell Line 

4.7.1 Antibiotic Selection and Cell Survival Following CRISPRi 

Transfection 

 

Following the transfection of CMT-U27 cells with CRISPRi-dCas9-KRAB plasmid, the cells were 

exposed to selection with G418. The morphological shape and density of cells were evaluated via 

phase-contrast microscopy twice a week to determine their tolerance to the antibiotic and 

survivability. 

All 6 wells displayed a marked increase in cell death and detachment during tumour selection that 

lasted for 72 hours. This indicates effective G418 activity. In 7 days, surviving wells had a low 

amount of cell debris, with few colonies emerging from resistant cells. This shows successful 

uptake of the plasmid and expression of the resistance gene. The observed colonies were 

morphologically similar to the parental CMT-U27 cells, compact and more tightly adherent. Most 

wells exhibited recovery by day 14 post-selection, except control wells. The below phase contrast 

microscopy images show cells before and after antibiotic selection (Figure 17). 

  

 

Figure 17; Phase-contrast microscopy images showing CMT-U27 wild type cells before (top) and after (bottom) G418 
antibiotic selection. The upper image displays a dense population of untreated cells, while the lower image shows 
cellular debris from dead cells following selection. 
(Images captured by the author using phase-contrast microscopy, 2025) 
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Figure 18;  Surviving transfected populations 5–7 days post-selection with G418, showing high viability and dense 
adherence in multiple colonies, indicating successful transfection. (Images captured by the author using phase-contrast 
microscopy, 2025) 
 

4.8 qPCR Analysis of Plasmid Delivery 

Plasmid delivery and stable expression of the CRISPRi system was further verified via qPCR using 

primer pairs for plasmids #112195 (KRAB) and #73499 (CRISPI) with RPS5 serving as a reference 

gene. For plasmid #112195, only two groups, the CMT, KRAB-C (only containing plasmid) and 

KRAB-G (containing qRNA for SRGN exon i) groups, had adequate replicates (n = 2 each). 

Levene’s test showed variance inequality (W = ∞, p = 0.000) and the Kruskal-Wallis test produced 

H = 2.400, p = 0.121, indicating no significant difference between groups in delta Cq values at the 

0.05 alpha level. 

Plasmid 73499_2 (plasmid detection with primer pair 2) had at least two biological replicates per 

sample for CMT, CRISPI-C (contain only plasmid 73499), CRISPI-G (containing gRNA for SRGN 

exon 1) and CRISPI-G-2 (containing gRNA for SRGN exon 2). All groups failed to meet normality 

due to low sample count (Shapiro–Wilk p > 0.05). 

4.9 Fold change of plasmid expression 

For qPCR, one primer pair was used for #112195 and plasmid and two different primer pairs were 

used for plasmid #73499, which was named as 73499_1(contain primer pair 1 for #73499 plasmid 

recognition) and 73499_2 (containing primer pair 2 for #73499 plasmid recognition). When 

compared to the non-transfected control (CMT), cells with KRAB-C (containing plasmid #112195) 

and KRAB-G (contain plasmid #112195 and gRNA for SRGN exon 1) transfections displayed 

robust stimulation of #112195 plasmid with fold (FC) changes of 21.63 and 21.98, respectively. The 

73499 _2 target gave even greater signals in CRISPI-C (FC = 123.70), CRISPI-G (containing 

gRNA for SRGN exon 1) (103.97), and CRISPI-G-2 (149 .30). 
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Figure 19;  Fold change in plasmid expression levels of targets 112195, 73499_1, and 73499_2  CMT-U27 cells 
transfected with different CRISPRi control, gRNA containing SRGN exon 1 and 2. In contrast to wild type. RPS5 was 
used as the reference gene. Calculated using the 2^-ΔΔCq method using Python programming language in Jupiter Lab, 

2025) 

4.10 SRGN Expression in CRISPRi-Treated Cell Lines 

Statistical analysis was confined to groups with biological replicates of three or greater: CMT and 

CRISPI-C (n = 4 each). Normality was confirmed using the Shapiro-Wilk test (CMT: W=0.858, 

p=0.255; CRISPI-C: W=0.933, p=0.612}). Levene’s test for equality of variances yielded results 

W=1.523, p=0.282. A one-way ANOVA with CMT, CRISPI-C, CRISPI-G, and CRISPI-G-2 

resulted in F=0.954, p=0.459, demonstrating no statistically significant differences in SRGN 

expression between groups at the p < 0.05 level. No comparisons were performed due to the low 

replicate numbers in CRISPI-G and CRISPI-G-2 (n = 2 each) 

4.11 Fold change 

SRGN expression was evaluated by qPCR in CRISPRi-transfected canine cancer cell lines, each 

compared to its corresponding control. For the CRISPRi-guided constructs, CRISPI-G and CRISPI-

G-2 were compared to CRISPI-C. Both conditions showed effective SRGN repression, with fold 

changes of 0.70 and 0.39, respectively. In contrast, SRGN expression in CMT (non-transfected) was 

lower than in CRISPI-C, with a fold change of 0.27, indicating that CRISPI-C itself may elevate 

SRGN levels or that the “subcloning” via G418 of CRISPRi transfected cells by chance selected 

CMT U27 cells with a higher expression of SRGN. For the KRAB-dCas9 conditions, KRAB-C and 

KRAB-G were compared to KRAB-C as the internal reference. KRAB-G showed an increased 

SRGN expression (fold change = 3.58), while CMT had a slightly elevated expression relative to 

KRAB-C (fold change = 1.65). These results indicate that SRGN suppression was successful in 

CRISPI-G and CRISPI-G-2, while KRAB-only conditions yielded variable expression patterns 

depending on the gRNA used. 
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Figure 20:  Fold change in SRGN expression relative to the control (CRISPI-C) in CMT-U27 cells transfected with 
plasmid #73499. Expression was measured by qPCR and calculated using the 2^−ΔΔCq method. Both CRISPI-G and 
CRISPI-G-2 constructs showed strong suppression of SRGN expression compared to the control. Graph generated by 
the author using Python programming language in Jupiter Lab, 2025) 

 

Figure 21: Fold change in SRGN expression relative to the control (KRAB-C) in CMT-U27 cells transfected with plasmid 
#112195. Expression was measured by qPCR and calculated using the 2^−ΔΔCq method. Graph generated by the 
author using Python programming language in Jupiter Lab, 2025) 

 

5 Discussion 

5.1 Overview of Findings 

This thesis analysed changes in the regulated transcriptome of mammary tumour tissue with special 

focus on the potential importance of the SRGN gene that encodes serglycin. In addition, the 
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CRISPRi system was used to repress SRGN gene expression in the canine mammary tumour cell 

line CMT U27.  

Four human datasets indicated that the expression level of SRGN changed with tumour stage and 

immune infiltration. It was either downregulated (as in GSE42568 or GSE29044) or upregulated in 

late-stage and immune-rich tumours (GSE89116 and GSE109169 respectively). Functional 

enrichment of differentially expressed genes indicated the persistent involvement of the 

extracellular matrix (ECM) remodelling, inflammation and cell division related pathways. In the 

mouse model, Serglycin (SRGN) knockout caused notable transcriptional changes, including the 

downregulation of immune and ECM-remodelling associated genes.  

CRISPRi plasmids were delivered to CMT U27 cell line and with two different guide RNAs 

targeting exon 1 and exon 2 of the SRGN gene significant downregulation of the SRGN expression 

was demonstrated. These results demonstrate that transcriptional regulation in the CMT U27 is 

possible when using the CRISPRi system, and thus, provides a novel tool for evaluation of context-

dependent mechanisms in canine mammary cancer progression. 

5.2 Statistically significant and Quality control in Human data sets 

When it comes to deferential expressed genes (DEGs) mRNAs from some genes which were highly 

regulated (1> log2FC >-1) were present at low levels in all datasets. It could be due to heterogeneity 

of the tumour (consisting of a mixture of cancer, stromal, and immune cells). Such diversity may 

dilute the intensity of gene expression signals in bulk samples, and changes would be more 

prominent in homogeneous cell populations. On the other hand, normal tissues may have a more 

uniform cell composition, which makes their gene expression levels more stable and easier to 

interpret. Therefore, as only a few genes showing extreme fold changes this does not imply a lack 

of cancer-related dysregulation but highlights the limitations of bulk analysis. Approaches like 

single-cell RNA-seq or spatial transcriptomics could help reveal these masked expression patterns 

more clearly. 

 

5.3 Functional Implications of Shared Differentially Expressed 

Genes 

In all four human breast cancer datasets, a subset of genes showed a consistent pattern of 

differential expression in tumour tissues relative to normal controls. Some of the most frequently 

upregulated genes included COL10A1, COL11A1, TPX2, COMP, and SDC1. These genes have 

important roles in extracellular matrix remodelling but also in cell growth and the activation of 

stromal tissues. 

COL10A1, a collagen isoform, is one of the most frequently overexpressed genes in many 

mammary tumour samples. It is linked to cell proliferation, migration and invasion of the tumour 

cells. The presence of COL10A1 in multiple datasets in this study suggests its possible use as a 

marker of ECM remodelling and breast cancer invasiveness. COMP and SDC1 also serve as ECM-

associated proteins and are involved in metastases and angiogenic processes. 

S100 family genes are highly expressed in late-onset tumours, in contrast to normal tissues, 

indicating metastasis and immune cell infiltration. On the other hand, the downregulated genes 

PCK1, SCGB3A1, and KLB are related to a tissue’s specific metabolism, as well as epithelial and 

secretory functions. These genes showed downregulation across several human tumour datasets, 

indicating that tumour progression not only activates invasive growth and advancement pathways, 

but also downregulates genes that maintain normal tissue identity and metabolic homeostasis.  

The persistent recurrence of these genes along with their associated biological processes across 

various datasets strongly suggests the existence of a conserved core set of transcriptional alterations 
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in breast tumour progression. This work provides a foundational molecular framework that helps 

understand the control of SRGN expression, which seems to be involved with other ECM and 

immune-related genes to modulate the mammary/breast cancer microenvironment.  

5.4 SRGN Regulation Across Human Breast Cancer Datasets 

The regulation of SRGN across human breast cancer datasets showed a context-dependent 

expression pattern according to age and onset, which may reflect the gene's dual roles in immune 

modulation and extracellular matrix (ECM) dynamics. In some tumour samples, SRGN appeared to 

be downregulated, especially when comparing tumour samples to normal tissue (NT) in paired 

samples. However, when compared to older onset tumours or in immune cell-dominated regions, 

SRGN was increased. This suggests SRGN expression in cancer is highly dependent on the 

surrounding microenvironment and immune cells. SRGN is known to control the immune & 

inflammatory mediators, but epithelial tumour cells might downregulate SRGN as part of a 

dedifferentiation or inactivated secretory pathways. Thus, the expression trends across datasets can 

be attributed to the interplay of these contrasting influences. 

Additionally, the more advanced stage of the tumour and associated increase in SRGN expression 

suggest it is involved in tumour progression rather than initiation. However, the variability across 

datasets suggests that SRGN is not a biomarker for a fixed state but a dynamic regulator, with its 

expression reflecting the changing interaction between tumour cells and their surrounding 

microenvironment. These results underscore the need to discriminate and stratify breast cancer by 

immune phenotype in relation to evaluating the dual purpose of SRGN as a possible therapeutic 

target or biomarker. 

5.5 Mouse SRGN Knockout: Systemic Gene Expression Changes 

The SRGN knockout model described here, deepened our understanding regarding the 

transcriptional changes that accompany SRGN loss within mammary tumour tissues. Here the 

systemic changes in gene expression in the knockout animals pointed to wider regulatory networks 

that were likely associated with SRGN’s role within the tumour microenvironment. 

The pattern and magnitude of the transcriptional changes imply that the silencing of SRGN may 

interfere with the crosstalk between tumour and stroma and perhaps blunts critical pathways that 

promote tumour progression. This interpretation is consistent with earlier observations where 

SRGN controlled the storage of chemokines and inflammatory mediators, aided in the migration of 

leukocytes toward tissues, and participated in the remodelling of the extracellular matrix during 

inflammation and cancer (REF). The co-regulation of certain genes with SRGN, especially those 

exhibiting robust positive or negative expression associations, reinforces the notion that SRGN may 

control the expression of some genes directly, as part of an upstream regulatory network. 

Noteworthy is the fact that the SRGN involvement in the shedding and expression of some other 

genes in the knockout model correlates functionally with several gene sets revealed in the human 

dataset analysis, including ECM and immune system-related genes. This cross-species 

comparability enhances the biological significance of SRGN as a putative tumour 

microenvironment architect.  

5.6 CRISPRi-Mediated Repression of SRGN 

5.6.1 Influence of Plasmid Architecture on CRISPRi Functionality 

CRISPRi-mediated repression is dependent on plasmid architecture. Plasmid #73499, containing a 

strong CAG promoter, showed higher expression of genes in the plasmid and suppression of SRGN 

compared to plasmid #112195 which had a CMV promoter that had relatively low expression of 

plasmid genes. Promoter cassette and dCas9-KRAB fusion in #73499 are likely contributing factors 
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to stable nuclear retention and persistent transcriptional activity. That could be the reason for the 

enhanced SRGN repression observed in the CRISPI-G-2 clone.  

5.6.2 Guide RNA-Specific Repression Patterns and Interpretation 

Although CRISPI-G1 is located closer to the transcription start site (TSS), the region generally 

associated with higher repression efficiency in CRISPRi systems, CRISPI-G-2 surprisingly 

produced stronger knockdown. This suggests that the gRNA targeting Exon 2 may have had more 

effective chromatin accessibility, reduced off-target effects, or better recruitment of the KRAB-

dCas9 complex in the canine cancer context. Alternatively, differences in guide sequence efficiency 

or local epigenetic landscape may have contributed to this unexpected pattern. 

In some conditions, especially those with non-targeting or poorly placed gRNA, SRGN expression 

was either un-repressed or even elevated. Notably, the CRISPI-C line without a guide RNA had 

greater SRGN expression relative to wild-type cells; however, this may be due to clonal 

heterogeneity within the pleiomorphic CMT-U27 population or selection bias during G418 

screening, instead of the impact of unanchored CRISPRi elements. 

5.6.3 Statistical and Biological Interpretation of Results 

While qPCR data supported the successful expression and integration of dCas9-KRAB, statistical 

comparisons were constrained by the limited number of biological replicates in some groups.  

The most significant SRGN repression was observed in CRISPI-G (0.70×) and CRISPI-G-2 (0.39×) 

in comparison to internal controls. Expression in CRISPI-C was higher than in wild-type giving an 

expression change of 1.65 which is suggestive of clonal variation or selection bias during stable 

integration rather than a direct effect of the CRISPRi system itself. KRAB-G, using plasmid 

#112195, also showed an increase (FC = 3.58), suggesting variable suppression or compensatory 

upregulation. 

Statistical tests ANOVA and Kruskal–Wallis did not achieve any significance (p > 0.05) due to low 

replicate numbers (n = 2–4). These bounds, however, do not impact the functional validation of the 

CRISPRi framework how the results are achieved. Rather, they point to the need for a broader 

dataset, quantification at the protein level (e.g. western blot), and phenotypic measurement such as 

migration or cytokine release. 

5.7 Limitations and Technical Challenges 

At an experimental scale, G418 selection did enrich for transfected CMT-U27 cells, but some 

variability in SRGN expression across clones was noted. For instance, the CRISPI-C line, which 

does not contain a guide RNA, surprisingly exhibited higher SRGN expression than the wild-type. 

Clonal variability, integration plasmid off-target effects, or even stochastic biological noise could 

explain this. A broader array of gRNAs alongside clonal duplicates would enhance paradigm 

specificity and reliability of repression. 

Another limitation of this study is that all qPCR measurements were conducted at 48 h post-

transfection. This time point was chosen based on reported peaks of CRISPRi activity by Yu et al. 

(2016) in HEK293FT cells and Kosicki et al. (2017) for plasmid-based delivery. However, Lin et al. 

(2021) observed detectable effects as early as 2.5 h following RNP lipofection, and different cell 

types may exhibit distinct kinetics. Future studies should include a comprehensive time-course 

analysis (e.g., 24, 48, 72, and 96 h) to define the onset and durability of dCas9 KRAB/gRNA-

mediated knockdown as cells proliferate and dilute the effector complex. 

In addition, identification of dCas9-KRAB at the protein level was not achieved in this study. 

Although functional SRGN repression occurred in our CMT U27 CRISPRi cell line, suggesting that 

the construct is present, protein verification (e.g., Western or immuno-staining) step should be 

performed as a confirmatory test. Several phenotypic assays of SRGN repression at a downstream 
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level (for example, migration, invasion, cytokine secretion assays) should also be conducted. The 

time constraints to perform this study is the main reason why this was not performed, and the 

interpretation of the data relies exclusively on transcriptional levels. 

As the level of CRISPR interference relies on the position of the guide RNA and the chromatin 

context, modifications to guide RNA design in subsequent experiments could be beneficial. The 

addition of multiple gRNA could enhance repression and lower clonal variability. Regardless of 

these setbacks, the key aims of the research were accomplished: transcriptional SRGN suppression 

was achieved in CMT-U27 cells, and the CRISPRi system was confirmed as a robust and 

operational framework for conducting gene interference experiments in dog cancer cell models. 

6 Conclusion 
In this thesis, differential gene expression analysis and the involvement of serglycin in cancer were 

examined using integrated transcriptomics, along with functional gene silencing in a dog cancer cell 

line model. This study, combining available datasets with experimental validation, identified SRGN 

as a gene of interest due to its association with aggressive tumours. 

A significant milestone in the study was the successful establishment of the CRISPR interference 

(CRISPRi) based platform in CMT-U27 canine mammary tumour cell line. The system relies on a 

dCas9-KRAB fusion and permits stable transcriptional repression of SRGN, controlled by guide 

RNAs. It was functionally validated via stringent antibiotic selection, morphological stasis, and 

quantitative PCR, confirming reproducible knockdown across numerous clones. 

The CRISPRi system characterised in this study is not limited to SRGN. It functions as a gene 

suppression apparatus that is reusable and expandable and offer a versatile platform for the 

investigation of other candidate genes in canine mammary tumours as well as other cancer models. 

The ability to stably, reversibly, and non-mutagenically shut down transcriptional activity makes 

this tool valuable for various functional studies involving, but not limited to, basic and applied 

research, prospective therapeutic target validation, and gene network elucidation. 

6.1 Future Directions 

This platform may be enhanced in multiple ways in future work. First, the phenotypic consequences 

of SRGN suppression should be evaluated with functional assays such as migration, invasion, and 

cytokine profiling. Then, transcriptomic analysis of CRISPRi-repressed clones can identify SRGN-

associated gene networks, potentially suitable for SRGN-controlled intervention.  

The CRISPRi-dCas9-KRAB system developed here can also be modified to span a variety of 

targets beyond SRGN in the CMT-U27 cell line or other spontaneous canine tumour models, where 

multiple guide RNAs can be added to enable multiplexed gene suppression and combinatorial gene 

regulation studies. As a research tool, this system provides the capability for reproducible and 

sustained gene regulation investigations in comparative oncology and SRGN-controlled 

oncogenesis, providing cross-species ramifications between veterinary and human oncology. 
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Popular science summary 

 

Dogs and humans share many similarities when it comes to cancer. In this project, I used a genetic 

tool called CRISPRi to "switch off" a specific gene, Serglycin (SRGN), in cancer cells from dogs. 

This gene is linked to inflammation and cancer spread. Before doing the lab work, I analysed a 

large public dataset from mice and an unpublished dataset from humans to understand how this 

gene behaves in different cancers. Then, I created dog cancer cells with a system that can block 

SRGN without permanently changing the DNA. This combination of computer-based analysis and 

lab experiments helps us understand how specific genes drive cancer. My goal is to support future 

cancer research and treatments, both for animals and people, through this shared knowledge. 
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Appendix 1 

code used for data analysis 

All codes used for data analysis have been stored on github suppository and can be accessed via 

following link: 

https://github.com/ruwinimadhu/Bioinformatics_thesis 

  

https://github.com/ruwinimadhu/Bioinformatics_thesis
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Appendix 2 -Plasmid #73499 
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Plasmid #112195 
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Appendix 3 – Cell transferring Protocol 

1. remove the medium in the T25 flask. 

2. Put 5 ml of PBS. tilt it carefully and discard it. 

3. repeat step 2. 

4. Add 500 mcl of trypsinise enzyme into the T-25 flask. Tilt carefully and incubate it at 37C for 

5 min. 

5. Observe under microscope. - These steps are conducted to detach cells from the surface. 

(T-25 flask) if the majority of cells are not detached from the surface these steps can be 

repeated. 

6. Give a gentle tap to detach cells. 

7. Add 5 ml of growth medium into T- 25 flack. mix them with up and down pipette 

movements. 

8. take 5ml of solution and add into a 15ml conical tube. Centrifuge it at 11000 for 5 min. 

9. in the same time, add 5ml of growth medium into to T - 25 flask and let cells grow again. 

(incubate in 37C and 5% CO2) 

10. Discard the supernatant in the conical tube after centrifuge. add 12 ml of growth medium to 

the pellet and dissolve it using up and down pipette movements.  

11. take 6 wells plate and add 2ml of cell-containing media into each well. 
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Appendix 4 - CRISPRMAX™ Transfection Protocol  

 

Step Action Component Volume 

(6-well) 

Day 

0 

1. Seed cells (30–70% 

confluency at 

transfection) 

Adherent cells 2.5–4.5 × 

10⁵ cells 

Day 

1 

2. Prepare Tube 1: Cas9 

+ gRNA mix (Mix well) 

Opti-MEM™ I Medium (Gibco) 125 µL 

  
Plasmid (dCas9-KRAB) 6250 ng 

  
gRNA (synthetic, previously ested 

inhouse gRNA used by Sofia 

Tengstrand) 

1200 ng 

  
Cas9 Plus™ Reagent (add last) 12.5 µL 

 
3. Prepare Tube 2: 

Diluted CRISPRMAX™ 

(Mix well) 

Opti-MEM™ I Medium 125 µL 

 
 (Do not let sit >3 min) CRISPRMAX™ Reagent (Invitrogen, 

Thermo Fisher Scientific, USA) 

7.5 µL 

 
4. Combine Tube 1 → 

Tube 2 (mix well 

immediately) 

Final mix: Cas9/gRNA/transfection mix 
 

 
5. Incubate at room temp 

(Do not exceed 30 min) 

 
5–10 

minutes 
 

6. Add complex to cells Transfection complex 250 µL 

 

Transfection of the plasmid is conducted without gRNA. 

 Transfection of gRNA is conducted without plasmid. 
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Appendix 5: cDNA Methodology (Linder, C. (2022)) 

Step A1 - Preparing DNase treatment mix for each RNA sample  

Agent Volume (µL)  

10× DNase I Buffer  2.2  

Nuclease free water  V 

DNase I (Invitrogen 

AMPD1, don’t vortex)  

2.2 

Total Volume   

 

22 

 

V = Amount to be added to give 1 µg RNA concentration in next step  

 

Step A2 – Preparing cDNA master mix 1 

 

Agent Volume (µL)  

dNTPs mix 10 µM  1.2 

 Random Hexamer  1 

Oligo DT diluted 1:10  0.2 

Total 2.4 

 

Step A3 – Preparing cDNA master mix 2 

Agent RT+  (µL)  

5× SSIV buffer  4 

0.1 M DTT  1 

Superscript 4 RT (200 

U/µL)  

1 

Nuclease free water  1 

Total 7 

 

Combining cDNA and RNA 

Step B1 – DNase treatment mix for each sample 

Agent Volume (µL)  

RNA V*  

DNase treatment 

mix  

22 – V  
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Total 22 µL  

V = Calculated correct amount to give desired RNA concentration and amount.  

 Mix gently by pipetting up and down, incubate at room temperature for 15 min. 

 Add 2.2 µL DNase stop (EDTA).  

 Now the total treated RNA volume will be 24.2 µL.  

 Incubate at 70°C for 10 min, chill on ice for 5 min, and then spin down. 

 

 Step B2 – cDNA master mix 1 for each RNA 

Agent Volume (µL)  

RNA treated  24.2  

Master mix  2.4  

Total  26.6  

 

 Incubate at 59°C for 5 min and put on ice for 1 min. 

 

 Step B3 – cDNA master mix 2 for each reaction 

Agent RT+ (µl)  

Master mix 2  7  

Template RNA treated  

 

26.6  

Total 33.6  

 

 Incubate at 25°C or room temperature for 15 min  

 Incubate at 55°C for 60 min  

 Inactivate reaction at 70°C for 15 min  

 Dilute samples 1:5 with nuclease-free water  

 Finished product can be stored in -20°C freezer  
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Appendix 6: qPCR Methodology (Linder, C. (2022)) 

 Volume per well: 25 µL total  

 Vessel: Bio-Rad white plate 

 Seal: Bio-Rad Seal 

 Samples: synthesized cDNA 1:5 dilution with RNAse free water 

Step 1: Master Mix Preparation 

Agent 
Volume per 

reaction (µL) 

Volume for 

duplicates +2 (µL) 

SsoAdvanced™ 

Universal SYBR® 

Green Supermix 

(Bio-Rad, USA)  

12.5 25 

Primer forward 1 2 

Primer reverse 1 2 

Nuclease free 

water 
8.5 17 

Total 23 46 

 

Step 2: Sample and Master Mix Combining 

 Add 2 µL sample per well 

 Add 23 µL master mix per well 

 

Step 3: Perform qPCR 

 Centrifuge down sample plate for 1000 XG for 2 min 

 qPCR was conducted using BioRed CFX Maestero machine. 

 Thermocycle 

 

Steps Cycle Temperature Time 

Denature 1 95 C 5 min 

Amplification 39 95 C 15 sec 

60 C 30 sec 

72 C 30 sec 

Collect SYBR green 

Melt Curve 60 C, 0.5 C steps to 95 C, 10 sec dwell time 

 

Appendix 6.1: qPCR primers for Plasmids recognition 
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Plasmid #112195 
 

Sequence (5'->3') Lengt

h 

Tm GC% Self 

complem

entarity 

Self 3' 

complement

arity 

Forward 

primer 

AAGCCAGATGTGATCCTC

CG 

20 59.53 55.00 4.00 2.00 

Reverse 

primer 

GAGTACTTCTTGTCCATTG

GCC 

22 58.99 50.00 6.00 5.00 

 

Plasmid #73499 -Primer pair 1 
 

Sequence (5'->3') Lengt

h 

Tm GC

% 

Self 

complementa

rity 

Self 3' 

complementa

rity 

Forwar

d 

primer 

ACTAAGCCAGATGTGATC

CTCC 

22 59.3

0 

50.0

0 

4.00 0.00 

Revers

e 

primer 

TGCTGTACTTCTTGTCCAT

CGA 

22 59.4

4 

45.4

5 

4.00 4.00 

 

Primer pair 2 
 

Sequence (5'->3') Lengt

h 

Tm GC

% 

Self 

complementa

rity 

Self 3' 

complementa

rity 

Forwar

d 

primer 

ACTAAGCCAGATGTGATC

CTCC 

22 59.3

0 

50.0

0 

4.00 0.00 

Revers

e 

primer 

GTTCTTCTTGATGCTGTG

CCG 

21 60.1

4 

52.3

8 

2.00 2.00 
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Appendix 7: GSE67806 

SRGN Expression Summary: 

Assay KO mean HET mean t-stat p-value 

Assay 1 5.145195  7.483795  -3.582040 1.567880e-03 

Assay 2 4.891293 10.523342 -13.748012 2.155009e-0 

 
 
 
 
 
 
 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 8: GSE89116 

Early tumour: 10 Late tumour: 13 Early normal: 4 Late normal: 5 

 

 
 
 

 



 

 

 

 

 

 

 

 

 
 

 



 

 

Appendix 9: GSE42568  

 

 

 



 

 

  

 



 

 

Top 10 Upregulated Genes: 

log2FC p_value 

Gene 
 

SDC1 1.222234 9.648563e-16 

COL11A1 1.148206 8.838002e-17 

FOXA1 1.141988 1.324632e-11 

S100P 1.113816 1.235952e-19 

GALNT6 1.101452 1.507053e-14 

CDC20 1.071860 1.026745e-12 

SYNE4 1.059639 1.568445e-10 

EZH2 1.056040 8.615546e-10 

ESRP1 1.048060 2.816567e-10 

RAB25 1.047515 8.928803e-10 

 
Top 10 Downregulated Genes: 

log2FC p_value 
 

Gene  

PCK1 -1.617203 7.384604e-08 

DEFB132 -1.571821 1.873079e-06 

LOC101930114 -1.568322 1.660221e-07 

LOC101926960 -1.555296 2.016997e-06 

KLB -1.538618 3.668836e-07 

SLC19A3 -1.517362 5.984505e-07 

C14orf180 -1.508267 5.798532e-07 

SGCG -1.495885 5.721884e-07 

GLYAT -1.471931 5.136715e-07 

ADH1C -1.464445 1.270418e-07 
 
 

  

 
Gene Enrichment 



 

 

 

 



 

 

Appendix 10: GSE29044 

 
 
 
 

🔺 Top 10 Upregulated Genes: 
            Gene_Symbol    log2FC       p_value  -log10(p) 
Gene_Symbol                                                
4108            COL10A1  1.166195  9.490338e-36  35.022718 
4109            COL11A1  1.019259  7.001858e-26  25.154787 
4173               COMP  1.015101  6.581372e-26  25.181684 
7483               GJB2  0.891259  1.736958e-23  22.760211 
13884              MMP1  0.871690  5.271276e-13  12.278084 
16568          PPAPDC1A  0.847015  4.866692e-22  21.312766 
5530          DSCAM-AS1  0.806208  3.110709e-09   8.507141 
22324              TPX2  0.781553  5.221493e-23  22.282205 
9634              KIF4A  0.779931  1.709364e-23  22.767166 
3554            CEACAM6  0.770136  6.736910e-10   9.171539 
 

🔻 Top 10 Downregulated Genes: 
            Gene_Symbol    log2FC       p_value  -log10(p) 
Gene_Symbol                                                
8122               HBG2 -0.823185  1.828512e-05   4.737902 
8121               HBG1 -0.823185  1.828512e-05   4.737902 
8123                HBM -0.647471  6.995509e-04   3.155181 
19299           SCGB3A1 -0.629635  8.764842e-06   5.057256 
15268             OLFM4 -0.624777  1.957334e-07   6.708335 
13881               MME -0.622633  9.157710e-23  22.038213 
6796             FGFBP2 -0.612412  5.298021e-06   5.275886 
16578              PPBP -0.604822  6.817885e-04   3.166350 
19156           S100A12 -0.600276  1.600821e-04   3.795657 
8118                HBD -0.590297  1.045215e-03   2.980794 
 
 
 
 
 
 



 

 

 
 
Top Up and down regulated genes – in complete data set 



 

 

 
 
 
 

 
Top Up and down regulated genes – according to Age groups 



 

 

 



 

 



 

 

 
Gene Enrichment 



 

 



 

 

 

 
 

 

 



 

 

 

 

 

  



 

 

Appendix 11: expression details cumulative (all data 
set -Human) 

 

 

 



 

 

 

 



 

 

Appendix 12: Experimental Data Analysis (qPCR) 

 

  



 

 

 

 



 

 

 



 

 

KRAB-G-2 did not have data on SRGN expression 
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