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INTRODUCTION

Cancer is a multifaceted health condition that arises from the abnormal and uncontrolled
growth of cells in the body. This unregulated proliferation can occur in any tissue or organ,
leading to the formation of tumors, which can be either benign (non-cancerous) or malignant
(cancerous)[1,2]. The complex origins of cancer involve a combination of genetic,
environmental, and lifestyle elements, requiring a comprehensive understanding to develop
precise approaches for prevention and treatment. Molecular research has played a crucial role
in uncovering the fundamental processes, including genetic mutations, disruptions in signaling

pathways, and evasion of the immune system, that drive cancer progression [3-5].

The hallmarks of cancer represent a fundamental set of characteristics that collectively
influence the initiation, progression, and metastasis of tumors. These traits offer a
comprehensive framework for comprehending the biological mechanisms underlying cancer
development and behavior. Introduced by Hanahan and Weinberg in 2000, the hallmarks
include sustained proliferative signaling, evading growth suppressors, resisting cell death,
enabling replicative immortality, inducing angiogenesis, and activating invasion and
metastasis. Understanding these hallmarks provides crucial insights for researchers and
clinicians, guiding the identification of potential therapeutic targets in the complex landscape
of cancer [6]. Among all, lung cancer persists as a significant worldwide health issue,

contributing substantially to cancer-related illness and death.

Lung cancer represents a significant portion of cancer fatalities, comprising the majority of
cancer-related deaths (18.0% of all cancer fatalities) [7, 8]. Lung cancer encompasses two
major subtypes: non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC).
NSCLC, representing 80-85% of cases, three subtypes of NSCLC that are characterized
histologically are adenocarcinoma, squamous cell carcinoma, and large cell carcinoma [9]. The
development of lung cancer is widely acknowledged to result from a complex interplay of
genetic and environmental factors, rendering it a multifaceted disease [10, 11]. Understanding
its etiology is paramount for formulating effective prevention measures and targeted
interventions. Foremost among the causes of lung cancer is tobacco smoke, notably from
cigarettes, which stands as the primary culprit. A wealth of epidemiological research
consistently underscores the robust correlation between smoking and the risk of lung cancer
[12—-14]. Cigarette smoke contains carcinogenic substances and harmful compounds, such as

polycyclic aromatic hydrocarbons (PAHs), aromatic amines, nitrosamines, and reactive oxygen



species (ROS), capable of initiating DNA damage and genetic modifications within lung cells
[10, 11]. These genetic alterations, encompassing mutations in tumor suppressor genes and
oncogenes, play a pivotal role in initiating and advancing lung cancer. Additionally, exposure
to environmental carcinogens and occupational hazards is associated with susceptibility to lung
cancer. Notably, radon, a naturally occurring radioactive gas, stands out as a recognized
contributor to lung cancer, particularly in regions characterized by elevated concentrations of
radon [15, 16]. Genetic susceptibility, chromosomal aberrations, and epigenetic alterations
contribute further complexity to the molecular portrait. More than half of lung
adenocarcinomas exhibit somatic mutations in the five primary oncogenes: KRAS, EGFR,
ALK, ERBB2, and BRAF [17, 18]. DNA methylation profiling suggests TRIM58 methylation
as a promising early diagnostic biomarker for lung cancer, with TRIMS58 potentially serving as
a tumor suppressor gene [19]. Exploring the genetic landscape of lung cancer reveals its
polymorphic state that is resulted failure of treatment strategies. Understanding these
multifactorial contributors becomes essential for personalized risk assessment and the

formulation of effective prevention strategies.

Altered protein conformation/ amplification is one of the known characteristics of cancer
survival along with gene mutation. A disruption in the cellular proteostasis network can arise
from various factors, including genetic mutations, environmental stressors, and the natural
aging process. This disruption leads to the accumulation of misfolded or dysfunctional proteins
within the cells. Consequently, a condition known as proteotoxic stress emerges when there is
an imbalance between the production of misfolded or damaged proteins and the cell's capacity
to adequately fold, repair, or degrade these proteins through its molecular machinery. This
imbalance results in the aggregation of protein and disrupts the normal equilibrium within the

cell. Ultimately, this process leads to cellular dysfunction and the onset of cancer [20].

In response to proteotoxic stress, cells have developed sophisticated protein degradation
pathways designed to eliminate abnormal proteins and uphold protein quality control. Essential
for maintaining cellular proteostasis and preventing the accumulation of harmful protein
aggregates, these degradation pathways include the ubiquitin-proteasome system and the
autophagy-lysosome pathway [21, 22]. Ubiquitin, a conserved protein found in eukaryotic
cells, regulates ubiquitylation, a crucial post-translational modification that directs targeted
protein degradation [23]. Aberrations in ubiquitylation pathways are associated with the
progression of cancer, significantly influencing tumor biology [24-26]. Irregular ubiquitylation

processes result in either the degradation or stabilization of critical regulatory proteins,



impacting cellular functions such as growth, survival, invasion, and metastasis [27, 28]. The
ubiquitin-proteasome system (UPS) plays a significant role in breaking down tumor suppressor
proteins, thereby promoting unchecked cell growth. Conversely, the abnormal ubiquitylation
that stabilizes oncoproteins contributes to tumorigenesis and resistance to therapy.
Dysfunctions in ubiquitin ligases and deubiquitylating enzymes present promising targets for
therapeutic advancement, with the goal of reinstating regular ubiquitin signaling and impeding
oncogenic pathways [29]. In the domain of ubiquitylation, the Tripartite Motif (TRIM) family
of proteins, recognized for their E3 ubiquitin ligase functions, stands out as a central player in
both cancer and rare genetic disorders [30]. The accurate ubiquitylation and degradation of
oncogene proteins, supported by technologies such as PROTAC, offer potential for

groundbreaking therapeutic approaches in treating lung cancer [31].

Consequently, TRIM utilizes their CC domain to create homodimers arranged in an anti-
parallel manner. This arrangement suggests that the two catalytic RING domains, separated by
the extended CC domain, work together in the ubiquitylation process of substrates [32]. The
TRIM protein family is linked to diverse pathophysiological mechanisms, including cell
proliferation, DNA repair and signal transduction[33—37]. Along with cellular function, TRIM
proteins associates in antiviral activities. Certain TRIMs initiate immune responses and
cytokine production, whereas others directly hinder viral replication by targeting viral proteins.
Members of the TRIM family participate in essential processes such as innate immunity,
autophagy, signaling, and carcinogenesis [38, 39]. In lung cancer, distinct TRIM proteins
undergo upregulation, impacting pivotal processes in tumorigenesis and potentially serving as
both diagnostic indicators and targets for therapeutic intervention [40]. Wang et al. (2015)
demonstrated the regulatory roles of TRIMs across various signaling pathways associated with
the interferon response and inflammation [41]. It governs diverse cellular processes,
encompassing protein quality control, intracellular signaling, innate immunity, inflammation,
transcription, autophagy, cell metabolism, developmental processes, chromatin modification,

carcinogenesis, and numerous other functions [38, 42—49].

TRIM proteins, integral to innate immunity and antiviral responses, are subject to regulation
by Interferons (IFNs) [50]. The expression of numerous TRIM genes is profoundly influenced
by both type I and type II interferons (IFNs). This emphasizes the crucial role of IFNs in
regulating TRIM proteins that are integral to antiviral immune responses [51]. Understanding
these intricate interactions offers insights into the diverse roles of TRIM proteins in the immune

system and their modulation by IFNs. Interferons (IFNs) are a diverse group of cytokines that
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take central position in cancer immunotherapy, showcasing promise in treating cancer, viral
infections, and autoimmune disorders [52—54]. Their dual impact on the cancer immune
response, influencing various stages of the cancer immunity cycle, positions them as valuable
tools in advancing cancer treatment strategies [55]. The significance of IFNs is particularly
highlighted in lung cancer, known for its heterogeneity, where immunotherapy has emerged as

a successful approach in leveraging the body's immune system to target cancer cells [56].

Our research focuses on TRIM34, an antiviral protein that plays a protective role in colon
cancer. The primary objective of this investigation is to explore the functions of TRIM34 in
lung adenocarcinoma. Also recognized as RING Finger Protein 21 (RNF21), TRIM34 belongs
to the ubiquitin E3 ligase family and is induced by interferons. This upregulation by interferons
implies its potential role as an effector in the cellular response against viruses and in the realm
of cancer therapy. Researchers observed that other TRIM proteins, such as TRIM6, TRIM22,
and TRIMS, exhibit functional similarities to TRIM34 [57]. Orozco et al. (2009) noted a strong
correlation between TRIM34 expression and copy number variants (CNVs), which impact gene
expression and metabolic characteristics in mice [58]. In a recent investigation into the genetic
underpinnings of Parkinson's disease, analysis of DNA methylation patterns indicated that
TRIM34 was among the genes associated with multiple CpGs linked to epigenetic changes
[59].

TRIM34 demonstrates antiviral characteristics and appears to be downregulated in colon
cancer, suggesting a potential role as a tumor suppressor gene [60]. We hypothesized that
TRIM34 may play dual role in oncogenic crosstalk in combination with interferon as promoter
or suppressor. To accomplish this, TRIM34 expression levels were elevated through interferon
(IFN) treatment, while CRISPR/Cas9 technology was employed to downregulate TRIM34 in
NSCLC.

Further study aimed to explore a possible connection between the regulatory mechanisms of
TRIM34 and changes in DNA methylation levels, which can result in either hypo- or
hypermethylation. The primary objective was to investigate whether treating non-small cell
lung cancer (NSCLC) cell lines with Interferon (IFN) along with an epigenetic modifying agent
could enhance the upregulation of TRIM34 expression. The study employed 5-Aza-2'-
deoxycytidine (AZA), a well-known inhibitor of DNA methyltransferase, to reduce DNA
methylation. This approach aimed to shed light on the potential interplay between TRIM34



regulation, DNA methylation alterations, and the therapeutic implications of combining IFN

with an epigenetic modifying agent in the context of NSCLC.
HYPOTHESIS:

Cancer cells convive with the proteotoxic stress created by promoting the UPR and related
pathways to induced protein degradation. And literature suggested that Interferon can induce
ER stress to induce cell death. Moreover, our preliminary data in which we had seen that
TRIM34 expression was under expressed as compared with normal. Hence based on our
preliminary data and the relevant literature we hypothesize that ‘TRIM34 may regulate lung
cancer pathogenesis by modulating interferon and ubiquitin-proteasomal pathways’. Also,

Interferon treatment-induced TRIM34 may induce lung cancer regression.

Specific Objectives:
1. To characterize the modulatory role of TRIM34 expression in lung cancer cell lines.
2. To investigate changes in TRIM34-sensitive ubiquitination pathway genes in lung
cancer cell lines.

3. Toinvestigate epigenetic regulation of TRIM34 expression in lung cancer cell lines.



MATERIAL AND METHODS

Cell culture

A549, NCI-H23, and NCI-H522 lung adenocarcinoma cells were obtained from National Centre
for cell sciences (NCCS), Pune. Cells were cultured in RPMI-1640 (Himedia, AL162S)
supplemented with 10% Fetal Bovine serum (Gibco,10270106) and 1% Penicillin Streptomycin
solution (Gibco,15140122). Cells were maintained in a 5% CO incubator at 37 C.

Dose-dependent Study of Interferon Treatment

In this experiment, a total of 0.1 x 10° cells were seeded in each well of a 12-well cell culture
plate. The cells were allowed to adhere and grow for the required confluence state. Cells were
exposed to Interferon Alpha (10,50,100,200, and 500 1U/ml), Interferon Gamma (10,50,100,
and 200 ng/ml), and Interferon Lambda (10,50, and 100 ng/ml).

Transfection study by CRISPR/Cas9

1.5 x 10° NCI-H23 cells were seeded per well of a 6-well plate in an antibiotic-free media. After
24 hours cells were transfected with TRIM34 CRISPR/Cas9 KO Plasmid (h) (Santa Cruz
Biotechnology, sc-417920) and Negative Control plasmid (Santa Cruz Biotechnology, sc-418922)
using UltraCruz Transfection Reagent (Santa Cruz Biotechnology, sc-395739) according to

manufacturer’s instructions.

Demethylation Assay

3 x 10° Cells were seeded in a 6-well culture plate, and 5 UM 5-Aza-2'-deoxycytidine (AZA)
(A3656-10MG, Sigma) treatment was given every 24 hours in 1 % FBS containing media for 48
hours. After 48 hours of AZA treatment, Cells were further treated with AZA with Interferon
Alpha (100 IU/ml) and only with IFN Alpha (100 1U/ml) for 10 hours in A549, NCI-H23, and
NCI-H522. Total RNA in TRIzol was collected. qRT-PCR was performed to check relative

expression by a 2724CT method.

Gene expression study by gqRT-PCR

Cells were seeded and after treatment, total RNA was extracted by using TRIzol reagent (Thermo
Fisher Scientific,15596018) and quantified using Nanodrop. cDNA was prepared using a High-
Capacity cDNA Reverse Transcription kit (Applied Biosystems,4374966). Real-time PCR (QRT-
PCR) was performed using Powerup SYBR Master Mix (Applied biosystems, A25742). GAPDH



level was used as an internal control and the expression level of the TRIM34 gene was checked by

using the 2/24CT method.

Western Blot Analysis

Cells were treated with Interferon gamma (100 ng/ml) for 10 hours. After treatment protein
extraction with Pierce RIPA Buffer (Thermo Fisher Scientific, 89900), After that Protein
quantification was done by using Pierce BCA Protein Assay kit (Thermo Fisher Scientific, 23227).
PAGE was performed using NUPAGE Bis-Tris precast polyacrylamide gels (Thermo Fisher
Scientific, NP0323), transfer protein on PVDF membrane using Power Blotter XL (Invitrogen).
Incubated membrane with Primary antibody after blocking. After washing, membranes were
incubated with secondary antibody and then wash with TBST. ECL reagent was used to observe
the protein bands on the blot. Images were observed under the iBright CL1000 Imaging system

(Invitrogen).

Cell Apoptosis Assay

The Apoptotic ratio of NCI-H23 cells was determined using Cell Apoptosis Kit with Annexin V
Alexa Fluor 488 & Propidium lodide (Invitrogen, V13241). After treatment apoptosis assay
performed according to manufacture protocol using BD FACSAria Instrument. The apoptosis

percentage was calculated using BD FACSDiva 8.0.2 software.

Cell viability Assay

Live dead Assay was performed using a Cytotoxicity kit (Invitrogen, L3224). After treatment cells
were stained using 2 pM Calcein AM and 4 pM Ethidium homodimer-1 (EthD-1) as per
manufacturer’s protocol. Live Cells Imaging was done by using Nikon-Ti2E Fluorescence

microscopy. Image analysis was done by using Image J Software.

Immunocytochemistry (ICC)

3 x 10* NCI-H23 cells were seeded in each well of the 8-well Lab-Tek 11 chambered slide
(Thermo Fischer Scientific, 154534). Post-treatment cells were fixed with methanol, Cells were
incubated overnight with Primary Antibody at 4C after blocking. After washing, cells were
incubated with Fluorophore-tagged secondary antibodies. After washing, Cell was incubated
with DAPI for 2 min, with the help of mounting media mounted the slide then observed the
images under LSM 710 Confocal microscopy (Carl Zeiss). The acquired images were analyzed

using ZEN 3.6 software, which is commonly used for image analysis in confocal microscopy.

7



The mean intensity value of the fluorescence signal was measured using the software.
Additionally, the fluorescence signal was quantified using the Corrected Total Cell
Fluorescence (CTCF) formula, Mean of Corrected total cell fluorescence (CTCF) = Integrated
density — (Area of selected cell x Mean fluorescence of Background). This calculation helps to
normalize the fluorescence intensity based on the size of the selected cell and the background

fluorescence.

Scratch Assay

3 x 10° Cells were seeded in a 6-well culture dish until they reached 100% confluence. After that,
a pipette tip was used to scrape the confluence cultures. Scratching was followed by two gentle
medium washes to remove the detached cells. And cells incubated with and without Interferon-
gamma (100 ng/ml). At 0, 24, and 48 hrs, scratches were captured in a microscope. Wound area

measured using Image J software and Wound closure % was measured using following formula

Area onday 0—Areaondayn

x 100

Wound Closure % =
Areaonday 0

RNA-Seq sample preparation and data analysis

NCI-H23 cells were seeded and then transfected with TRIM34 CRISPR/Cas9 KO plasmid and
Negative control plasmid in UltraCruz transfection reagent according to the manufacturer’s
instruction. Cells were extracted using TRIzol Reagent. RNA Isolation was done using Purelink
RNA mini kit (Invitrogen, 12183018A), Quantity and quality of RNA were checked by using
NanoDrop 2000 C (Thermo Fischer Scientific) and Qubit Fluorometer 4 (Invitrogen). Further, the
Quality was checked by using Agilent 2200 TapeStation system. The library was prepared by using
KAPA RNA HyperPrep Kit with RiboErase (HMR) Illumina Platforms (Roche, KR1351-v2.17)
followed by Sequencing was done using NovaSeq 6000 Platform. Ten significantly expressed
genes were selected with log2foldchange > = +/- 2 & Padj <0.05.

Statistical Analysis

The results were presented as the Mean = SEM. Statistical analysis was performed using
GraphPad Prism 9 software (GraphPad Software, Inc). Student’s t-test was performed for data
analysis. A result was deemed statistically significant if the value was p < 0.05 (* = p <0.05,
**=p<0.01, ***=p<0.001 and **** p <0.0001).



KEY FINDINGS

Chapter 1 delves into the increase of TRIM34 expression induced by interferon treatment in a
lung cancer cell line. Measured basal mMRNA level of TRIM34 gene in lung adenocarcinoma
cell lines and lung tissues (Figure 1.1). The expression of TRIM34 is significantly reduced in
various human lung adenocarcinoma cell lines, namely A549, H292, H1650, and H1975 when
compared to normal human alveolar epithelial type Il cells. This downregulation suggests a
lower level of TRIM34 mRNA production in the cancerous lung cells compared to healthy
lung cells. Furthermore, when examining the lungs of a cancer-susceptible mouse model strain
(AJ mice) and comparing them to the lungs of a cancer-resistant mouse model strain (C57BL6
mice), it was observed that the expression of TRIM34 mRNA was downregulated in the cancer-
susceptible mice. This indicates that the production of TRIM34 mRNA in the lungs of the
cancer-susceptible mice was notably lower than that in the lungs of the cancer-resistant mice.

Also, we investigated the impact of three types of interferons, namely Type I (IFN-a), Type 11
(IFN-y), and Type III (IFN-A), on the expression levels of TRIM34. Varying doses of each
interferon were administered to determine the maximum 7RIM34 expression at different time
points. Notably, maximum 7TRIM34 expression occurred at 6 hours in A549 cells and 8 hours
in NCI-H23 and NCI-H522 cells following exposure to IFN-a (Figure 1.2). Substantial
upregulation was observed, with significant fold increases in TRIM34 expression in all cell
lines. Moreover, we investigated the impact of IFN-y and IFN-A treatments on TRIM34 mRNA
expression, revealing dose-dependent increases across the cell lines. These results underscore
the ability of IFN-y and IFN-A to significantly enhance TRIM34 expression in lung cancer cells
(Figure 1.3&1.4), suggesting their potential involvement in modulating TRI/M34 dynamics and
emphasizing their relevance in lung cancer pathogenesis or therapeutic responses. Additionally,
our findings prompted further investigations specifically focusing on TRIM34 in NCI-H23 cells
stimulated with IFN-y, aligning with previous research demonstrating the sensitivity of NCI-

H23 cells to IFN-y signaling and its implications in initiating an immune response [61].

TRIM34 protein levels were assessed through Western blot (Figure 1.5A&B) and
immunocytochemistry (Figure 1.5 C&D) to validate the mRNA expression. IFN-y treatment
significantly increased TRIM34 protein levels in NCI-H23 cells. The immunocytochemistry
results further support higher presence of TRIM34. Cell viability assays (Figure 1.6) were
conducted to explore the functional consequences of TRIM34 upregulation induced by IFN-y.

The result indicates increase in apoptotic percentage on upregulation of TRIM34 (Figure 1.8).



These findings were further substantiated by assessing apoptosis-related genes (BAX, BAD,
TNF-a) following IFN-y treatment, revealing a significant upregulation and implying that
TRIM34 overexpression induced apoptosis in lung cancer cells (Figure 1.7). This finding is
consistent with the results reported by Vila-del Sol V ef al. (2008) in murine macrophage cells
[62]. Additionally, Boutsikou E ef al. (2018) demonstrated that the upregulation of TNF-a can
enhance immunotherapy outcomes and contribute to the extended survival of NSCLC patients
[63]. Yin et al. (2019) have shown that IFN-y induces Bak homodimers and Bax-Bak
heterodimers in mitochondria, these events can potentially induce apoptosis by activating
caspase-9, caspase-3, and PARP cascades in lung cancer [64]. Our result of BAX and BAD
upregulation is in accordance with the literature [65, 66]. Further to validate apoptosis, FACS-
based Annexin V and propidium iodide assays was employed. Result showed increase in
apoptotic percentage in response to IFN as compared to untreated cells. FACS and cell viability
assay suggest that TRIM34 overexpression dysregulates mitochondrial function, which leads
to mitochondrial dependent apoptosis. Mitochondrial morphology is pivotal for cell migration
across various tissues. The relocation of mitochondria to the leading edge of migrating cells is
integral, as it facilitates the provision of energy and metabolites for cytoskeletal remodeling.
This remodeling, in turn, contributes to the dynamic changes in cell shape during movement.
Thus, reduced mitochondrial migration is responsible for reduced cell migration and
proliferations [65, 67, 68]. In scratch assay (Figure 1.9), the cell migration was inhibited on
treatment of IFN-y (100 ng/ml). IFN-y contribute to cancer regression, potentially impeding

cell migration and reducing metastasis.
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Figure 1.1: Quantification of basal mMRNA level of TRIM34 genes in lungs of mice (A) and
lung adenocarcinoma cell lines (B-C). Cells were harvested, and Total RNA was isolated and

reverse-transcribed. Relative mRNA expression of TRIM34 was measured by real-time gRT-
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PCR and normalized to GAPDH gene expression. Graphs are plotted as Mean £ SEM, n=6.

Statistical significance is denoted by *, and **, to indicate p <0.05, and p <0.01 respectively.
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Figure 1.2: Effect of Interferon Alpha on TRIM34 gene expression in a Dose-dependent manner
in different lung adenocarcinoma cells. Cells were stimulated with various doses of Interferon
Alpha for 6 hours in A549 and 8 hours in NCI-H23 and NCI-H522. TRIM34 gene expression
level was measured by qRT-PCR and normalized by GAPDH. A. NCI-H23, B. A549, and C.
NCI-H522 cells. Data was calculated as Mean + SEM (n=3). Statistical significance is denoted
by *, **, *** ‘and **** to indicate p <0.05, p <0.01, p <0.001, and p <0.0001 respectively.
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Figure 1.3: Dose-dependent expression of TRIM34 on exposure of Interferon Gamma in lung
adenocarcinoma cells. A549, NCI-H23, and NCI-H522 cells were stimulated by different doses
of interferon-gamma for 10 hours. In A. NCI-H23, B. A549, and C. NCI-H522 cells, the
expression of the TRIM34 gene was quantified by qRT-PCR and normalized with GAPDH
gene. Data was calculated as Mean + SEM (n=3). Statistical significance is denoted as *, **,

and *** to indicate p <0.05, p <0.01, and p <0.001 respectively.
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Figure 1.4: Dose-dependent expression of TRIM34 on exposure of Interferon Lambda in lung
adenocarcinoma. The expression of the TRIM34 gene was measured by qRT-PCR and
normalized to GAPDH gene. A. NCI-H23, B. A549, and C. NCI-H522 cells. Data was
calculated as Mean £ SEM (n=3). *, and ** stands in for p <0.05, and p < 0.01 to indicate

statistical significance, respectively.
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Figure 1.5: Protein level expression of TRIM34 using western blot and Immunocytochemistry
techniques after 10 hours of interferon gamma. A. Blot of TRIM34 and GAPDH protein
expression in NCI-H23 cells. TRIM34 expression was normalized by GAPDH. B. Graph
represents densitometry analysis of blot using ImageJ software. C. TRIM34 localization. TRIM34
protein (red) and Nucleus (Blue). D. Graphs represent the corrected total cell fluorescence (CTCF)
of TRIM34. 63X magnification. Statistical significance is denoted by **, and *** to indicate p <
0.01, and p <0.001, respectively.
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Figure 1.6: Overexpression of TRIM34 induces Cell death in NCI-H23 cells after 10 hours of
treatment of IFN-y. Calcein AM stains for live cells in green, and EthD-1 stains for dead cells
in red. Images were seen with a fluorescence microscope at 20X objectives. A. Control
(Untreated) Cells, B. Cells were treated with IFN-y (100 ng/ml) to observe the cell viability in
NCI-H23 cell. C. Graph represents % Dead cell. ** Stand for p < 0.0/ to indicate statistical

significance.

MRNA Fold change expression

0 | - T
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Figure 1.7: Gene expression of cell death markers. NCI-H23 cells were treated with IFN-y for
10 hours. Evaluation of apoptosis regulating gene expression after IFN-y exposure. The
expression of the BAX, BAD, and TNF-a genes was measured by qRT-PCR and normalized
with GAPDH gene expression in NCI-H23 cells. Mean + SEM. (n=3) (*; p < 0.05).
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Figure 1.8: Cell death analysis using FACS on IFN treatment for 10 hours to NCI-H23 Cells.
A. Untreated, B. Interferon Alpha (100 IU/ml), C. Interferon Gamma (100 ng/ml), and D.

Interferon Lambda (100 ng/ml) treatment to NCI-H23 Cells. Percent apoptosis measured using
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significance.
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Percent wound closure measured by ImageJ software. * and ** stands for p <0.05 and p <0.01
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18



Chapter 2 aimed to elucidate TRIM34's role in ubiquitylation pathways. CRISPR/Cas9 was
employed to knockout TRIM34 in NCI-H23 cells, with three experimental groups: Control,
Negative control, and 7RIM34 CRISPR/Cas9 KO Transfection. The study utilized
transcriptomics analysis to examine patterns of gene expression (Figure 2.2). Differential
analysis was conducted on the knockout (KO) group compared to the control group, aiming to
identify genes significantly expressed based on log2 fold changes. The investigation focused
on understanding the impact of TRIM34 knockout on gene expression, revealing substantial
changes in 204 upregulated and 69 downregulated genes overall (Figure 2.5). Our aim in this
experiment was to identify ubiquitylation genes among the top 10 hub genes. The findings
present the top 10 differential genes within the network, ranked by the degree ranking method
according to their interactions in the STRING database (Table 1). DDX58 holds the highest
rank, followed by [FIT3 and IFIHI. Notably, DDX58, the gene with the highest rank, is
associated with ubiquitylation [69, 70]. Literature suggests that DDX58 inhibits the
proliferation, migration, and invasion of colon cancer cells [71]. UBE2L6, the sixth-ranked
gene, is also linked to ubiquitylation [72, 73] and is implicated as a tumor suppressor in

melanoma [74].

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses were employed to ascertain the participation of differentially expressed genes in
cellular compartments and molecular functions. These genes participate in various molecular
functions such as binding with ubiquitin-like proteins, ubiquitin protein ligases, thiol-
dependent ubiquitin-specific proteases activity, and ubiquitinyl hydrolases. Enrichment
analysis revealed that four out of the top ten molecular functions were associated with
ubiquitylation among the differentially expressed genes, highlighting the significant impact of
TRIM34 on the ubiquitylation process in non-small cell lung cancer (NSCLC). In the absence
of TRIM34, a decrease in expression was observed in genes related to ubiquitylation, including
SLC25A45, PRKACB, TANK, ATF6, ZNF746, USP48, and RINGI (Table 3). Conversely, there
was an increase in the expression of genes associated with ubiquitylation, such as TXNIP,
USP25, DTX3L, BAGS, UBE2L6, USP19, DDX58, CUL4A4, POLR2A, USP18, USP3, COPS5,
UBA7, FBXWI11, HERCS, TRIMS, KIAA1586, RC3H2, UBR4, and TRIM38, under the TRIM34
knockout condition (Table 2). Cell morphology was observed after cell transfection, more
rounded cells were observed in knockout group than control and negative control (Figure 2.1).
Assessment of cell viability and apoptosis in TRIM34 KO NCI-H23 cells showed increased

cell death (Figure 2.3) and apoptosis (Figure 2.4) compared to control cells. The involvement
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of DDX58 in the STAT3/CSE signaling pathway supports our findings, suggesting enhanced

sensitivity to apoptosis with TRIM34 knockout.
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Figure 2.1: Morphological changes of the cells in A. Control, B. transfection of Negative
Control plasmid, and C. transfection of TRIM34 CRISPR/Cas9 plasmid.
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Figure 2.2: Transcript level confirmation of TRIM34 knockdown in lung adenocarcinoma
NCI-H23 cells. mMRNA expression of TRIM34 was measured by real-time gRT-PCR and
normalized to GAPDH gene expression. Graphs are plotted as Mean + SEM. (n=3). Statistical
significance is denoted by **, and ***, to indicate p <0.01, and p <0.001, respectively.
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Figure 2.3: Assessment of cell viability using Calcein AM and Ethidium Homodimer-1 (EthD-
1) staining in NCI-H23. Calcein AM stains for live cells in green, and EthD-1 stains for dead
cells in red. A. Control (Untreated) Cells, B. Negative Control Group: Cells transfected with
CRISPR/Cas9 lacking Guide RNA C. TRIM34 CRISPR/Cas9 KO Transfected cells. D.
Measurement of the proportion of dead cells in each group using ImageJ software. ** stands

for p <0.01 to indicate statistical significance. Scale bar: 100 um.
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Figure 2.4: Assessment of apoptosis in NCI-H23 cells with TRIM34 CRISPR/Cas9 Knockout
using Annexin V-FITC and PI staining. NCI-H23 cells were stained with Annexin V-FITC and

propidium iodide (PI) to assess apoptosis. Representative FACS plot showing the distribution

of live cells (Annexin V-FITC negative, Pl negative), early apoptotic cells (Annexin V-FITC

positive, Pl negative), late apoptotic cells (Annexin V-FITC Positive, Pl Positive) and necrotic

cells (Annexin V-FITC negative, Pl Positive). A. Control (Untreated) cells, B. Negative control
group: cells transfected with CRISPR/Cas9 lacking Guide RNA C. TRIM34 CRISPR/Cas9 KO

transfected cells. D. Apoptosis index (%): Quantification of the percentage of early and late

apoptotic in each group, ** stands for p < 0.01 to indicate statistical significance.
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Figure 2.5: Differentially gene expression of TRIM34 Knockout sample.

Volcano plot depicting differentially expressed genes (DEGs) in TRIM34 knockout samples
compared to control. Genes with a log fold change (log FC) > +2 and a p <0.05 are highlighted,

with upregulated genes shown in orange and downregulated genes in blue.

Table 1: Top 10 differential genes in network String interactions ranked by degree ranking

method.
Rank Name Score
1 DDX58 18
2 IFIT3 14
3 IFIHI 12
4 ILIB 11
4 IFI35 11
6 CXCLS 10
7 UBE2L6 9
7 IRF9 9
9 PARPI14 8
9 H3Cl14 8
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Table 2: Upregulated ubiquitin pathway genes identified by GO analysis in the TRIM34
knockout sample.

ID Description Genes
. T, - TXNIP, USP25, DTX3L, BAGS,
GO.§8443 Ublqwtln-gil:]%ipnrotem ligase UBE2L6. USP19. DDX58, CULAA,
g POLR2A
G0:00048 Thiol-dependent ubiquitin- USP18, USP3, USP25, USP19,
43 specific protease activity COPS5
G0:01010 Ubiquitinvl hvdrolase activit USP18, USP3, USP25, USP19,
05 quitinyt hy y COPS5
UBA7, DTX3L, FBXW11,
GO0:00197 Ubiquitin-like protein UBE2L6, HERC5, TRIM5,
87 transferase activity KIAA1586, CUL4A, RC3H2,
UBR4, TRIM38
GO0:00316 Ubiquitin protein ligase TXNIP, USP25, BAG5, UBE2LS6,
25 binding USP19, DDX58, CUL4A, POLR2A

Table 3: Downregulated ubiquitin pathway genes identified by GO analysis in the TRIM34
knockout sample.

ID Description Genes
SLC25A5, PRKACB, TANK,
ATF6, ZNF746
SLC25A5, PRKACB, TANK,
ATF6, ZNF746

G0:0031625 Ubiquitin protein ligase binding

G0:0044389 | Ubiquitin-like protein ligase binding

Thiol-dependent ubiquitin-specific
G0:0004843 o USP48, TANK
protease activity

G0:0101005 Ubiquitinyl hydrolase activity USP48, TANK

Ubiquitin-protein transferase
G0:0055106 . RING1
regulator activity
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Chapter 3 is aim to unraveling the epigenetic regulation of TRIM34 in non-small cell lung
cancer (NSCLC) through methylation analysis. NCI-H23 (Figure 3.1A), NCI-H522 (Figure
3.1C), and A549 (Figure 3.1B) cell lines were examined to observe the promoter methylation
pattern of the TRIM34 gene. The investigation involved the use of 5-Aza-2'-deoxycytidine
(AZA), a DNA methylation inhibitor, to demethylate the TRIM34 promoter in conjunction with
IFN.

The combined treatment with AZA and IFN aimed to demethylate the TRIM34 gene's promoter
region, resulting in the restoration of its transcriptional activity. The observed reduction in
methylation levels via qRT-PCR and the subsequent increase in TRIM34 expression following
the treatment with AZA and IFN provided additional evidence supporting the role of DNA
methylation in suppressing 7RIM34 in lung cancer cells. Elevated TRIM34 expression in NCI-
H23, NCI-H522, and A549 lung cancer cell lines suggests that the altered methylation pattern

of TRIM34 is involved in lung cancer tumorigenesis.

The study implies that TRIM34 upregulation in response to immunotherapy or alteration of the
ubiquitin-proteasome system (UPS) by its suppression acts as a double-edged sword in lung

cancer treatment.

Demethylation highly induces TRIM34 expression along with Interferon.
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Figure 3.1A: Analysis of methylation pattern of TRIM34 after 48 hours of 5uM 5-Aza-2'-
deoxycytidine before being treated with interferon, AZA and AZA+IFN in NCI-H23 cells.
GAPDH gene expression was used for normalization. * and ** stands for p < 0.05 and p <

0.01 to indicate statistical significance respectively.
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Figure 3.1B: Analysis of methylation pattern of TRIM34 after 48 hours of 5uM 5-Aza-2'-
deoxycytidine before being treated with interferon, AZA and AZA+IFN in A549 cells.
GAPDH gene expression was used for normalization. * stands for p < 0.05 to indicate

statistical significance.
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Figure 3.1C: Analysis of methylation pattern of TRIM34 after 48 hours of 5uM 5-Aza-2'-
deoxycytidine before being treated with interferon, AZA and AZA+IFN in NCI-H522 cells.
GAPDH gene expression was used for normalization. * and ** stands for p < 0.05 and p <

0.01 to indicate statistical significance respectively.
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CONCLUSION

Our study investigated the role of TRIM34 in non-small cell lung cancer (NSCLC). Expression
analyses, particularly in response to various interferons, revealed substantial upregulation,
implicating TRIM34 in the intricate network of cellular responses to interferon treatments. The
study delved into the impact of [FN-y on NCI-H23 cells, revealing increased TRIM34 protein
levels and providing visual confirmation of its presence post-treatment. Functional
consequences, including pro-apoptotic effects, altered expression of apoptosis-related genes,
and inhibition of cell migration, suggest a potential therapeutic avenue for IFN-y induced

TRIM34 overexpression in lung adenocarcinoma.

The exploration of TRIM34's role in NSCLC extended to CRISPR/Cas9 gene KO editing,
showcasing its impact on cell viability, apoptosis. RNA-seq analysis uncovered significant
alterations in expression of genes involved in ubiquitylation pathway upon TRIM34 knockout.

Protein-Protein interaction network analysis shed light on potential molecular mechanisms

affected by TRIM34.

Epigenetic studies revealed the impact of DNA methylation on TRIM34 expression, with 5-
Aza-2'-deoxycytidine (AZA) with IFN treatment demonstrating a reduction in methylation

levels and a subsequent upregulation of TRIM34 expression.

The comprehensive exploration of TRIM34 in NSCLC not only advances our understanding
of its functional roles but also unveils potential therapeutic avenues, emphasizing the complex
interplay between genetics and epigenetics in lung cancer pathogenesis and treatment

strategies.

28



BIBLIOGRAPHY

1.

Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. (2022). Cancer statistics, 2022.
CA: A Cancer Journal for Clinicians, 72(1), 7-33. https://doi.org/10.3322/caac.21708

Siegel, R. L., Miller, K. D., Wagle, N. S., & Jemal, A. (2023). Cancer statistics, 2023.
CA: A Cancer Journal for Clinicians, 73(1), 17-48. https://doi.org/10.3322/caac.21763

Debela, D. T., Muzazu, S. G., Heraro, K. D., Ndalama, M. T., Mesele, B. W., Haile, D.
C., ... Manyazewal, T. (2021). New approaches and procedures for cancer treatment:
Current  perspectives. SAGE  Open  Medicine, 9, 205031212110343.
https://doi.org/10.1177/20503121211034366

Anand, P., Kunnumakara, A. B., Sundaram, C., Harikumar, K. B., Tharakan, S. T., Lai,
0. S., ... Aggarwal, B. B. (2008). Cancer is a Preventable Disease that Requires Major
Lifestyle Changes. Pharmaceutical Research, 25(9), 2097-2116.
https://doi.org/10.1007/s11095-008-9661-9

Friedenreich, C. M., Ryder-Burbidge, C., & McNeil, J. (2021). Physical activity, obesity
and sedentary behavior in cancer etiology: epidemiologic evidence and biologic
mechanisms. Molecular Oncology, 15(3), 790-800. https://doi.org/10.1002/1878-
0261.12772

Hanahan, D., & Weinberg, R. A. (2000). The Hallmarks of Cancer. Cell, 100(1), 57-70.
https://doi.org/10.1016/S0092-8674(00)81683-9

Thai, A. A., Solomon, B. J., Sequist, L. V, Gainor, J. F., & Heist, R. S. (2021). Lung
cancer. The Lancet, 398(10299), 535-554.
https://doi.org/https://doi.org/10.1016/S0140-6736(21)00312-3

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray,
F. (2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for
Clinicians, 71(3), 209—-249. https://doi.org/10.3322/caac.21660

Sktickova, J., Kadlec, B., Venclicek, O., & Merta, Z. (2018). Lung cancer. Casopis
lekaru ceskych, 157(5), 226-236. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/30441934/

29



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Barnes, J. L., Zubair, M., John, K., Poirier, M. C., & Martin, F. L. (2018). Carcinogens
and DNA damage. Biochemical Society Transactions, 46(5), 1213-1224.
https://doi.org/10.1042/BST20180519

Hecht, S. S. (1999). Tobacco Smoke Carcinogens and Lung Cancer. JNCI Journal of the
National Cancer Institute, 91(14), 1194—1210. https://doi.org/10.1093/jnci/91.14.1194

Schwartz, A. G., & Cote, M. L. (2016). Epidemiology of Lung Cancer. Advances in
experimental medicine and biology, 893, 21-41. https://doi.org/10.1007/978-3-319-
24223-1 2

Sasco, A. J., Secretan, M. B., & Straif, K. (2004). Tobacco smoking and cancer: a brief
review of recent epidemiological evidence. Lung cancer (Amsterdam, Netherlands), 45

Suppl 2(SUPPL. 2). https://doi.org/10.1016/J.LUNGCAN.2004.07.998

Yang, D., Liu, Y., Bai, C., Wang, X., & Powell, C. A. (2020). Epidemiology of lung
cancer and lung cancer screening programs in China and the United States. Cancer

letters, 468, 82—87. https://doi.org/10.1016/J.CANLET.2019.10.009

Darby, S., Hill, D., Auvinen, A., Barros-Dios, J. M., Baysson, H., Bochicchio, F., ...
Doll, R. (2005). Radon in homes and risk of lung cancer: collaborative analysis of
individual data from 13 European case-control studies. BMJ, 330(7485), 223.
https://doi.org/10.1136/bmj.38308.477650.63

Riudavets, M., Garcia de Herreros, M., Besse, B., & Mezquita, L. (2022). Radon and
Lung Cancer: Current Trends and Future Perspectives. Cancers, 14(13), 3142.
https://doi.org/10.3390/cancers14133142

Ding, L., Getz, G., Wheeler, D. A., Mardis, E. R., McLellan, M. D., Cibulskis, K., ...
Wilson, R. K. (2008). Somatic mutations affect key pathways in lung adenocarcinoma.

Nature, 455(7216). https://doi.org/10.1038/nature07423

Pikor, L. A., Ramnarine, V. R., Lam, S., & Lam, W. L. (2013). Genetic alterations
defining NSCLC subtypes and their therapeutic implications. Lung Cancer.
https://doi.org/10.1016/j.lungcan.2013.07.025

Shi, Y.-X. (2021). Identification of the molecular function of tripartite motif containing
58 in human lung cancer. Oncology Letters, 22(3), 685.
https://doi.org/10.3892/01.2021.12946

30



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ho Zhi Guang, M., Kavanagh, E., Dunne, L., Dowling, P., Zhang, L., Lindsay, S., ...
McCann, A. (2019). Targeting Proteotoxic Stress in Cancer: A Review of the Role that
Protein Quality Control Pathways Play in Oncogenesis. Cancers, 11(1), 66.
https://doi.org/10.3390/cancers11010066

Nandi, D., Tahiliani, P., Kumar, A., & Chandu, D. (2006). The ubiquitin-proteasome
system. Journal of Biosciences, 31(1), 137—-155. https://doi.org/10.1007/BF02705243

Glick, D., Barth, S., & Macleod, K. F. (2010). Autophagy: cellular and molecular
mechanisms. The Journal of Pathology, 221(1), 3—12. https://doi.org/10.1002/path.2697

Hershko, A., Ciechanover, A., & Rose, 1. A. (1979). Resolution of the ATP-dependent
proteolytic system from reticulocytes: a component that interacts with ATP. Proceedings
of the National Academy of Sciences, 76(7), 3107-3110.
https://doi.org/10.1073/pnas.76.7.3107

Hu, X., Wang, J., Chu, M., Liu, Y., Wang, Z., & Zhu, X. (2021). Emerging Role of
Ubiquitination in the Regulation of PD-1/PD-L1 in Cancer Immunotherapy. Molecular
Therapy, 29(3), 908-919. https://doi.org/10.1016/j.ymthe.2020.12.032

Zou, T., & Lin, Z. (2021). The Involvement of Ubiquitination Machinery in Cell Cycle
Regulation and Cancer Progression. International Journal of Molecular Sciences,

22(11), 5754. https://doi.org/10.3390/ijms22115754

Sun, T., Liu, Z., & Yang, Q. (2020). The role of ubiquitination and deubiquitination in
cancer metabolism. Molecular Cancer, 19(1), 146. https://doi.org/10.1186/s12943-020-
01262-x

Pan, M., & Blattner, C. (2021). Regulation of p53 by E3s. Cancers, 13(4), 745.
https://doi.org/10.3390/cancers13040745

Deshmukh, D., Xu, J., Yang, X., Shimelis, H., Fang, S., & Qiu, Y. (2022). Regulation of
p27 (Kipl) by Ubiquitin E3 Ligase RNF6. Pharmaceutics, 14(4), 802.
https://doi.org/10.3390/pharmaceutics 14040802

Mattern, M. R., Wu, J., & Nicholson, B. (2012). Ubiquitin-based anticancer therapy:
Carpet bombing with proteasome inhibitors vs surgical strikes with E1, E2, E3, or DUB
inhibitors. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 1823(11),
2014-2021. https://doi.org/10.1016/j.bbamcr.2012.05.005

31



30.

31.

32.

33.

34.

35.

36.

37.

Bhaduri, U., & Merla, G. (2021). Ubiquitination, Biotech Startups, and the Future of
TRIM Family Proteins: A TRIM-Endous Opportunity. Cells, 10(5), 1015.
https://doi.org/10.3390/cells 10051015

Ye, Z., Yang, J., Jiang, H., & Zhan, X. (2023). The roles of protein ubiquitination in
tumorigenesis and targeted drug discovery in lung cancer. Frontiers in Endocrinology,

14. https://doi.org/10.3389/fend0.2023.1220108

Koliopoulos, M. G., Esposito, D., Christodoulou, E., Taylor, I. A., & Rittinger, K.
(2016). Functional role of TRIM E3 ligase oligomerization and regulation of catalytic
activity . The EMBO Journal, 35(11), 1204-1218.
https://doi.org/10.15252/EMBJ.201593741

Kikuchi, M., Okumura, F., Tsukiyama, T., Watanabe, M., Miyajima, N., Tanaka, J., ...
Hatakeyama, S. (2009). TRIM24 mediates ligand-dependent activation of androgen
receptor and is repressed by a bromodomain-containing protein, BRD7, in prostate
cancer cells. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 1793(12),
1828-1836. https://doi.org/10.1016/j.bbamcr.2009.11.001

Okumura, F., Matsunaga, Y., Katayama, Y., Nakayama, K. 1., & Hatakeyama, S. (2010).
TRIMS modulates STAT3 activity through negative regulation of PIAS3. Journal of Cell
Science, 123(13), 2238-2245. https://doi.org/10.1242/jcs.068981

Masuda, Y., Takahashi, H., Sato, S., Tomomori-Sato, C., Saraf, A., Washburn, M. P,, ...
Hatakeyama, S. (2015). TRIM29 regulates the assembly of DNA repair proteins into
damaged chromatin. Nature Communications, 6(1), 7299.

https://doi.org/10.1038/ncomms8299

Watanabe, M., Tsukiyama, T., & Hatakeyama, S. (2009). TRIM31 interacts with p52Shc
and inhibits Src-induced anchorage-independent growth. Biochemical and Biophysical
Research Communications, 388(2), 422-427.
https://doi.org/10.1016/j.bbrc.2009.08.028

Kano, S., Miyajima, N., Fukuda, S., & Hatakeyama, S. (2008). Tripartite Motif Protein
32 Facilitates Cell Growth and Migration via Degradation of Abl-Interactor 2. Cancer
Research, 68(14), 5572-5580. https://doi.org/10.1158/0008-5472.CAN-07-6231

32



38.

39.

40.

41.

42.

43.

44,

45.

46.

Hatakeyama, S. (2017). TRIM Family Proteins: Roles in Autophagy, Immunity, and
Carcinogenesis. Trends  in  Biochemical  Sciences,  42(4), 297-311.

https://doi.org/10.1016/j.tibs.2017.01.002

Rajsbaum, R., Garcia-Sastre, A., & Versteeg, G. A. (2014). TRIMmunity: The Roles of
the TRIM E3-Ubiquitin Ligase Family in Innate Antiviral Immunity. Journal of
Molecular Biology, 426(6), 1265—1284. https://doi.org/10.1016/j.jmb.2013.12.005

Zhan, W., & Zhang, S. (2021). TRIM proteins in lung cancer: Mechanisms, biomarkers
and therapeutic targets. Life Sciences, 268, 118985.
https://doi.org/10.1016/j.1fs.2020.118985

Wang, Y., Yan, S., Yang, B., Wang, Y., Zhou, H., Lian, Q., & Sun, B. (2015). TRIM35
negatively regulates TLR7- and TLR9-mediated type I interferon production by
targeting IRF7. FEBS letters, 589(12), 1322-1330.
https://doi.org/10.1016/J.FEBSLET.2015.04.019

Cambiaghi, V., Giuliani, V., Lombardi, S., Marinelli, C., Toffalorio, F., & Pelicci, P. G.
(2012). TRIM proteins in cancer. Advances in Experimental Medicine and Biology, 770,
77-91. https://doi.org/10.1007/978-1-4614-5398-7 6

Cammas, F., Mark, M., Doll¢, P., Dierich, A., Chambon, P., & Losson, R. (2000). Mice
lacking the transcriptional corepressor TIF1f are defective in early postimplantation

development. Development, 127(13), 2955-2963.

Czerwinska, P., Mazurek, S., & Wiznerowicz, M. (2017). The complexity of TRIM28
contribution to cancer. Journal of Biomedical Science, 24(1), 1-14.

https://doi.org/10.1186/s12929-017-0374-4

Jaworska, A. M., Wlodarczyk, N. A., Mackiewicz, A., & Czerwinska, P. (2020). The role
of TRIM family proteins in the regulation of cancer stem cell self-renewal. Stem Cells,

38(2), 165—-173. https://doi.org/10.1002/stem.3109

Mandell, M. A., Jain, A., Arko-mensah, J., Chauhan, S., Dinkins, C., Silvestri, G., ...
Kirchhoff, F. (2015). NIH Public Access, 30(4), 394-409.
https://doi.org/10.1016/j.devcel.2014.06.013. TRIM

33



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Napolitano, L. M., & Meroni, G. (2012). TRIM family: Pleiotropy and diversification
through homomultimer and heteromultimer formation. /[UBMB Life, 64(1), 64-71.
https://doi.org/10.1002/iub.580

Hatakeyama, S. (2011). TRIM proteins and cancer. Nature Reviews Cancer, 11(11),
792-804. https://doi.org/10.1038/nrc3139

Reymond, A., Meroni, G., Fantozzi, A., Merla, G., Cairo, S., Luzi, L., ... Ballabio, A.
(2001). Cde221, 20(9).

Carthagena, L., Bergamaschi, A., Luna, J. M., David, A., Uchil, P. D., Margottin-Goguet,
F., ... Nisole, S. (2009). Human TRIM Gene Expression in Response to Interferons.
PLoS ONE, 4(3), e4894. https://doi.org/10.1371/journal.pone.0004894

Rajsbaum, R., Stoye, J. P., & O’Garra, A. (2008). Type I interferon-dependent and -
independent expression of tripartite motif proteins in immune cells. European Journal

of Immunology, 38(3), 619-630. hitps://doi.org/10.1002/¢ji.200737916

Ikeda, H., Old, L. J., & Schreiber, R. D. (2002). The roles of IFNYy in protection against
tumor development and cancer immunoediting. Cyfokine & Growth Factor Reviews,

13(2), 95-109. https://doi.org/10.1016/S1359-6101(01)00038-7

Zitvogel, L., Galluzzi, L., Kepp, O., Smyth, M. J., & Kroemer, G. (2015). Type I
interferons in anticancer immunity. Nature Reviews Immunology, 15(7), 405-414.

https://doi.org/10.1038/nri3845

Fenton, S. E., Saleiro, D., & Platanias, L. C. (2021). Type I and II Interferons in the Anti-
Tumor Immune Response. Cancers, 13(5), 1037.

https://doi.org/10.3390/cancers13051037

Zhang, X., Wang, S., Zhu, Y., Zhang, M., Zhao, Y., Yan, Z., ... Li, X. (2021). Double-
edged effects of interferons on the regulation of cancer-immunity cycle.

Oncolmmunology, 10(1). https://doi.org/10.1080/2162402X.2021.1929005

Ruiz-Cordero, R., & Devine, W. P. (2020). Targeted Therapy and Checkpoint
Immunotherapy in Lung Cancer. Surgical Pathology Clinics, 13(1), 17-33.
https://doi.org/10.1016/j.path.2019.11.002

Li, X., Gold, B., O’hUigin, C., Diaz-Griffero, F., Song, B., Virology, Z. S.-, & 2007,
undefined. (n.d.). Unique features of TRIMS5a among closely related human TRIM

34



58.

59.

60.

61.

62.

63.

64.

family members. Elsevier. Retrieved from

https://www.sciencedirect.com/science/article/pii/S0042682206007914

Orozco, L., Cokus, S., ... A. G.-H. molecular, & 2009, undefined. (n.d.). Copy number
variation influences gene expression and metabolic traits in mice. academic.oup.com.

Retrieved from https://academic.oup.com/hmg/article-abstract/18/21/4118/2527215

Kaut, O., Schmitt, I., Tost, J., Busato, F., Liu, Y., Hofmann, P., ... Wiillner, U. (2017).
Epigenome-wide DNA methylation analysis in siblings and monozygotic twins
discordant for sporadic Parkinson’s disease revealed different epigenetic patterns in
peripheral ~ blood  mononuclear  cells.  Neurogenetics, 18(1),  7-22.

https://doi.org/10.1007/S10048-016-0497-X

Lian, Q., Yan, S., Yin, Q., Yan, C., Zheng, W., Gu, W,, ... Sun, B. (2021). TRIM34
attenuates colon inflammation and tumorigenesis by sustaining barrier integrity.
Cellular & Molecular Immunology, 18(2), 350-362. https://doi.org/10.1038/s41423-
020-0366-2

Wroblewski, J. M., Bixby, D. L., Borowski, C., & Yannelli, J. R. (2001).
Characterization of human non-small cell lung cancer (NSCLC) cell lines for expression

of MHC, co-stimulatory molecules and tumor-associated antigens. Lung Cancer, 33(2—

3), 181-194. https://doi.org/10.1016/S0169-5002(01)00210-0

Vila-del Sol, V., Punzon, C., & Fresno, M. (2008). IFN-y-Induced TNF-a Expression Is
Regulated by Interferon Regulatory Factors 1 and 8 in Mouse Macrophages. The Journal
of Immunology, 181(7), 4461-4470. https://doi.org/10.4049/jimmunol.181.7.4461

Boutsikou, E., Domvri, K., Hardavella, G., Tsiouda, D., Zarogoulidis, K., & Kontakiotis,
T. (2018). Tumour necrosis factor, interferon-gamma and interleukins as predictive
markers of antiprogrammed cell-death protein-1 treatment in advanced non-small cell

lung cancer: a pragmatic approach in clinical practice. Therapeutic Advances in Medical

Oncology, 10, 175883591876823. https://doi.org/10.1177/1758835918768238

Yin, H., Jiang, Z., Wang, S., & Zhang, P. (2019). IFN-y restores the impaired function
of RNase L and induces mitochondria-mediated apoptosis in lung cancer. Cell Death &

Disease, 10(9), 642. https://doi.org/10.1038/s41419-019-1902-9

35



65.

66.

67.

68.

69.

70.

71.

72.

Wu, W, Yang, B., Qiao, Y., Zhou, Q., He, H., & He, M. (2020). Kaempferol protects
mitochondria and alleviates damages against endotheliotoxicity induced by doxorubicin.
Biomedicine & Pharmacotherapy, 126, 110040.
https://doi.org/10.1016/j.biopha.2020.110040

Kuwana, T., Bouchier-Hayes, L., Chipuk, J. E., Bonzon, C., Sullivan, B. A., Green, D.
R., & Newmeyer, D. D. (2005). BH3 Domains of BH3-Only Proteins Differentially
Regulate Bax-Mediated Mitochondrial Membrane Permeabilization Both Directly and
Indirectly. Molecular Cell, 17(4), 525-535.
https://doi.org/10.1016/j.molcel.2005.02.003

Madan, S., Uttekar, B., Chowdhary, S., & Rikhy, R. (2022). Mitochondria Lead the Way:
Mitochondrial Dynamics and Function in Cellular Movements in Development and

Disease. Frontiers in Cell and Developmental Biology, 9.

https://doi.org/10.3389/fcell.2021.781933

Vasan, K., Clutter, M., Fernandez Dunne, S., George, M. D., Luan, C.-H., Chandel, N.
S., & Martinez-Reyes, 1. (2022). Genes Involved in Maintaining Mitochondrial
Membrane Potential Upon Electron Transport Chain Disruption. Frontiers in Cell and

Developmental Biology, 10. https://doi.org/10.3389/fcell.2022.781558

Okamoto, M., Kouwaki, T., Fukushima, Y., & Oshiumi, H. (2018). Regulation of RIG-I
Activation by Ko63-Linked Polyubiquitination. Frontiers in Immunology, 8.
https://doi.org/10.3389/fimmu.2017.01942

Maelfait, J., & Beyaert, R. (2012). Emerging Role of Ubiquitination in Antiviral RIG-I
Signaling. Microbiology and Molecular Biology Reviews, 76(1), 33-45.
https://doi.org/10.1128/ MMBR.05012-11

Deng, Y., Fu, H., Han, X, L1, Y., Zhao, W., Zhao, X., ... Wang, T. (2022). Activation of
DDXS58/RIG-I suppresses the growth of tumor cells by inhibiting STAT3/CSE signaling
in colon cancer. [International Journal of Oncology, 61(4), 120.

https://doi.org/10.3892/1j0.2022.5410

Kuser-Abali, G., Zhang, Y., Szeto, P., Zhao, P., Masoumi-Moghaddam, S., Fedele, C. G.,
... Shackleton, M. (2023). UHRF1/UBE2L6/UBR4-mediated ubiquitination regulates
EZH2 abundance and thereby melanocytic differentiation phenotypes in melanoma.

Oncogene, 42(17), 1360—1373. https://doi.org/10.1038/s41388-023-02631-8

36



73.

74.

Li, L., Bai, J., Fan, H., Yan, J., Li, S., & Jiang, P. (2020). E2 ubiquitin-conjugating
enzyme UBE2L6 promotes Senecavirus A proliferation by stabilizing the viral RNA
polymerase. PLOS Pathogens, 16(10), €1008970.
https://doi.org/10.1371/journal.ppat. 1008970

Song, L.-B., Zhang, Q.-J., Hou, X.-Y., Xiu, Y.-Y., Chen, L., Song, N.-H., & Lu, Y.
(2020). A twelve-gene signature for survival prediction in malignant melanoma patients.
Annals of Translational Medicine, 8(6), 312-312.
https://doi.org/10.21037/atm.2020.02.132

37



CONFERENCES/ WORKSHOPS

N Vo~
\3 1922-2022 m m

INCD2022

5th International Conference on Nutraceuticals and Chronic Diseases
“Pharmaceuticals and Nutraceuticals for Cancer and Other Chronic Diseases”

October 7-9, 2022

Certificate of Participation

This is to certify that __Kaushal Chaudhari

has participated as Invited Faculty / Delegate and made an Oral/Poster Presentation entitled
Regulation of Tripartite Motif 34 (TRIM34) expression by interferon in lung
adenocarcinoma at the INCD2022 organised by the Department of Zoology, University of
Delhi, Delhi, India from October 7-9, ?022. <3

D103

(e

NATIONAL CONFERENCE
On PN
|
CURRENT TRENDS IN BIOLOGICAL SCIENCES - VI (4
(CTBS-2023) "‘:
Saturday, January 07, 2023 (&
DA
@i B
Certificate f
This is to certify that Mr. Kaushalkumar Chaudhari, had attended and delivered an f;;)
P
i Oral Presentation on “Type | interferon-dependent TRIM34 expression induces i.v
& &
Apoptosis in lung adenocarcinoma”, at the conference organized by Post Graduate A,
Yy
)4} Department of Biosciences, UGC-Centre of Advanced Study, Sardar Patel }'7»'
if‘ University, Satellite Campus, Vadtal Road, Bakrol - 388 315 (Anand), Gujarat. {U y
& DA
e By
3 155
AN ' N
> (NS = @
Dr. (\Ttshn)'n Gupte Prof. Ujjval Trivedi :'3‘ ¥
Organizing Secretary President ¥ :5-
)r” e <'7c"”“)f e Y e ‘7(‘“ ‘*c"f S Y e Y R o T a ‘7(’”')(" erc e
YT RIYS e ¥ s ¥ i ¥ e :-’ e ¥ adra o et Y i Y S

38



10.

11.

Attended and presented a poster entitled “Regulation of Tripartite Motif 34 (TRIM34)
expression by Interferons in Lung Adenocarcinoma” at the 5th International
Conference on Nutraceuticals and Chronic Diseases (INCD 2022) on 7-9 October 2022,
at the Department of Zoology, University of Delhi, Delhi, India.

Oral presentation entitled “Type I interferon-dependent TRIM34 expression induces
Apoptosis in Lung Adenocarcinoma” at the 6th National Conference on Current Trends
in Biological Sciences (CTBS 2023) on 7th January 2023, at the Department of
Biosciences, Sardar Patel University, Anand, Gujarat, India.

The Workshop on Electron Microscopy (FEG-SEM & TEM) took place from October
10, 2019, to October 11, 2019, at the Sophisticated Instrumentation Centre for Applied
Research & Testing (SICART) in Vallabh Vidyanagar, Anand.

A Short-term Hands-on Training Programme on Application of Real-Time PCR was
conducted from November 25, 2019, to November 29, 2019, hosted by Kamdhenu
University and Gujarat Biotechnology Research Centre (GBRC) in Gandhinagar.

An International Online Conference on COVID-19 was held on April 30, 2020, lasting
for one day and organized by the Department of Bioscience at Manipal University
Jaipur.

Host Immunity and COVID-19 was the focus of an online conference held on May 16,
2020, at Mahamaya Govt. Degree College in Dhanupur, Prayagraj.

Development of Viral Vaccine and Other Preventive Measures in Pandemic: A One-
Day Online Event Hosted by the Department of Microbiology and Biotechnology at
Gujarat University, Ahmedabad on May 17, 2020.

An Online Course on DNA Taxonomy and Phylogeny took place from May 21, 2020,
to May 23, 2020, hosted by SATHYABAMA Institute of Science and Technology in
Chennai.

Online Gel-Based Proteomics Workshop by Amazing Biotech Pvt. Ltd. in Chennai
from June 21 to June 25, 2020.

International Webinar on Modern Trends in Experimental Research: Insights from
Regenerative Medicine and Metagenomics was organized by the Quality Assurance
Cell, Faculty of Science, and Institute for Interdisciplinary Studies at The M.S.
University of Baroda, Vadodara, on May 30, 2020, to May 31, 2020.

Ensembl Browser and REST API Course: Hosted by Nextgenhelper in New Delhi from
November 17 to November 20, 2020.
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12. Online Industrial Training in Bioinformatics, Genomics, and Data Sciences: Offered by
Nextgenhelper in New Delhi from February 19 to February 27, 2021.

13. Online Workshop on Flow Cytometry: Organized by the Research and Training Wing
at Drawing Pin Publishing in New Delhi from March 8 to March 10, 2021.

14. Online International Bioinformatics Workshop on Genome Informatics: Presented by
Decode Life in Haryana from April 5 to April 21, 2021.

15. Statistical Data Analysis Using SPSS: Online Training Program by Science Tech
Institute in Lucknow from May 21 to May 27, 2021.

16. Animal Cell Culture & Flow Cytometry Workshop: Hosted by Gujarat Biotechnology
Research Centre & Ahmedabad University from September 27 to October 1, 2021.

Signature of Candidate Signature of Ph.D. Guide
(Mr. Kaushalkumar D. Chaudhari) (Dr. Hetal Roy)
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