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Gefitinib resistance in EGFR-mutant non-small cell lung cancer (NSCLC) poses a critical challenge to effective treatment. We
conducted transcriptomic analysis of a gefitinib-resistant HCC827R cell line to identify key molecular drivers of resistance
and performed CRISPR-mediated gene editing and overexpression experiments to validate candidate genes. TRIM28 was
significantly upregulated in resistant cells, promoting survival and proliferation via the PI3K/AKT/mTOR pathway. Functional
studies confirmed that CRISPR-mediated TRIM28 knockout restored drug sensitivity, while overexpression conferred resistance.
Rapamycin, an mTOR inhibitor, effectively reduced cell viability, impaired colony formation, and suppressed TRIM28 expression
and pathway activation, demonstrating its potential to overcome resistance. Clinical data showed TRIM28 upregulation in lung
adenocarcinoma (LUAD), correlating with advanced disease stages and poor prognosis. These findings establish TRIM28 as
a critical mediator of gefitinib resistance and highlight targeting TRIM28 and the PI3K/AKT/mTOR pathway as a promising
therapeutic strategy for improving outcomes in EGFR-mutant NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) remains a leading cause
of cancer-related mortality worldwide, with epidermal growth
factor receptor (EGFR) mutations frequently identified as criti-
cal drivers of tumorigenesis1. EGFR-tyrosine kinase inhibitors
(TKIs), such as gefitinib, have demonstrated significant clini-
cal efficacy in patients harboring EGFR-activating mutations,
including exon 19 deletions. However, acquired resistance to
TKIs inevitably arises, limiting the long-term benefits of these
targeted therapies2,3. Understanding the molecular mechanisms
underlying resistance is essential to developing novel therapeutic
strategies.

To investigate resistance mechanisms, we generated a
gefitinib-resistant HCC827 cell line (HCC827R) by exposing
parental HCC827 cells to escalating concentrations of gefitinib.
RNA sequencing revealed transcriptomic reprogramming4 in
HCC827R cells, compared to parental HCC827 cells, with sig-
nificant upregulation of genes associated with survival and stress
responses.

Among the differentially expressed genes, TRIM28 emerged
as a particularly compelling candidate due to its marked upregu-
lation and known roles in cellular stress adaptation, proliferation,
and apoptosis5. While previous studies have explored various
mechanisms of TKI resistance, the role of TRIM28 in this con-
text has not been well characterized. This study addresses this
gap by identifying and validating TRIM28 as a novel contributor

to gefitinib resistance in EGFR-mutant NSCLC.
We further investigated the causal role of TRIM28 using

CRISPR-Cas9-mediated gene editing and overexpression experi-
ments in both resistant and sensitive cell lines. We hypothesized
that TRIM28 promotes gefitinib resistance in EGFR-mutant
NSCLC through activation of the PI3K/AKT/mTOR signaling
pathway, and that targeting TRIM28 or its downstream effectors
could restore drug sensitivity. To test this, we evaluated the
effect of rapamycin, an mTOR inhibitor, as a potential therapeu-
tic intervention6. Rapamycin treatment effectively suppressed
cell viability and colony formation in HCC827R cells, accom-
panied by downregulation of TRIM28 and key components of
the mTOR pathway.

These findings suggest that targeting TRIM28 and the
PI3K/AKT/mTOR signaling axis may offer a promising strategy
to overcome gefitinib resistance in EGFR-mutant NSCLC7.

This study aims to elucidate the molecular mechanisms un-
derlying gefitinib resistance, clarify the role of TRIM28 in this
process, and explore therapeutic approaches to improve out-
comes in patients with EGFR-mutant NSCLC.

Results

To investigate mechanisms of acquired resistance to EGFR tyro-
sine kinase inhibitors (TKIs), we established a gefitinib-resistant
HCC827 cell line (HCC827R) by chronically treating parental
HCC827 cells with escalating concentrations of gefitinib over
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Fig. 1 Effect of Gefitinib on HCC827 Cell Proliferation
(A) A schematic diagram illustrates the development of
gefitinib-resistant HCC827 cells. HCC827 parental cells were cultured
and treated with escalating concentrations of gefitinib over eight weeks
to generate a resistant cell line (HCC827R).
(B) Representative images of colony formation in HCC827 cells with
and without gefitinib treatment. Untreated control cells (left) formed a
significantly higher number of colonies, while gefitinib-treated cells
(right) exhibited markedly reduced colony numbers and sizes,
indicating suppressed proliferation.
(C) Quantitative analysis of colony numbers. Bar graphs represent the
mean colony counts from three independent experiments, showing a
significant reduction in colony formation in gefitinib-treated HCC827
cells compared to untreated controls. Error bars indicate the standard
error of the mean (SEM). Statistical significance was determined using
a two-tailed t-test (**p < 0.01).

an eight-week period. Parental HCC827 cells, which are EGFR
mutation-positive and highly sensitive to gefitinib, gradually
acquired resistance under prolonged exposure to the drug, as
illustrated schematically (Fig. 1A).

First, to evaluate the effect of gefitinib, an EGFR tyrosine
kinase inhibitor (TKI)2, on the proliferation of HCC827 cells,
we treated the cells with gefitinib and assessed their growth
using a colony formation assay. HCC827 cells, which harbor ac-
tivating EGFR mutations (exon 19 deletion), are highly sensitive
to gefitinib, making them an ideal model to study TKI efficacy.

Colony formation assays revealed a significant suppression of
cell growth upon gefitinib treatment. As shown in the represen-
tative images (Fig. 1B), the number and size of colonies formed
by HCC827 cells were substantially reduced when gefitinib was
present, compared to untreated control cells. This indicates
that gefitinib effectively inhibits the proliferative capacity of
HCC827 cells under these experimental conditions.

Quantitative analysis of colony numbers further confirmed
this observation (Fig. 1C). Gefitinib-treated HCC827 cells ex-
hibited a significant decrease in colony formation compared to
untreated controls, with a reduction of approximately 50% (p <
0.01). These data highlight the potent anti-proliferative effect of
gefitinib in this EGFR-mutant NSCLC cell line, aligning with
its clinical role as a targeted therapy for tumors driven by EGFR
signaling.

Overall, these findings demonstrate that gefitinib effectively
suppresses the growth of EGFR-mutant HCC827 cells, validat-
ing its use in targeted therapy for non-small cell lung cancer
(NSCLC). This model serves as a robust platform for further

investigating resistance mechanisms and optimizing treatment
strategies for EGFR-TKI-sensitive cancers.

Fig. 2 Establishment of gefitinib-resistant HCC827 cells (HCC827R)
following long-term treatment with gefitinib.
(A) HCC827 parental cells and gefitinib-resistant HCC827R cells were
treated with gefitinib for 1–3 days. Viable cell numbers were
quantified using a cell viability assay. HCC827R cells exhibited
10-fold higher viability compared to HCC827 cells under gefitinib
treatment (*p < 0.05).
(B) The half-maximal inhibitory concentration (IC50) of gefitinib was
5-fold higher in HCC827R cells compared to HCC827 cells, indicating
acquired resistance to the drug. Data represent mean ± SEM from
three independent experiments (***p < 0.001).
(C) Flow cytometry analysis revealed cell cycle profiles of HCC827
and HCC827R cells after gefitinib treatment. HCC827 cells displayed
a marked G1 phase arrest, while HCC827R cells bypassed the G1
checkpoint with increased S and G2/M phase populations.
(D) The percentage of apoptotic cells (Annexin V-positive) was
reduced by 1/4 in HCC827R cells compared to HCC827 cells
following gefitinib treatment, highlighting the reduced apoptotic
response in resistant cells (***p < 0.001).

To investigate the mechanisms of resistance to EGFR tyrosine
kinase inhibitors (TKIs), gefitinib-resistant HCC827R cells were
developed by continuously exposing HCC827 parental cells
to increasing concentrations of gefitinib. These resistant cells
exhibited distinct growth characteristics, survival, and cell cycle
profiles compared to parental cells, highlighting their resistance
to gefitinib.

HCC827R cells maintained robust proliferation under high
gefitinib concentrations, unlike parental cells, which showed sig-
nificant growth inhibition (Fig. 2A). MTT assays revealed that
resistant cells formed more colonies under gefitinib treatment
than parental cells (Fig. 2B). Flow cytometry showed that gefi-
tinib induced G1 phase arrest in parental cells, while HCC827R
cells bypassed the G1 checkpoint, with increased S and G2/M
phase populations (Fig. 2C). Apoptotic response analysis con-
firmed reduced annexin V-positive cells in HCC827R compared
to parental cells, indicating attenuated cell death under gefitinib
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treatment (Fig. 2D).
These findings demonstrate that chronic gefitinib exposure in-

duces a resistant subpopulation in HCC827 cells, characterized
by sustained proliferation, altered cell cycle dynamics, and di-
minished apoptosis. The HCC827R model is a valuable tool for
understanding EGFR-TKI resistance and developing strategies
to overcome it in EGFR-mutant NSCLC.

Fig. 3 TRIM28 is highly upregulated in gefitinib-resistant HCC827R
cells and correlates with poor prognosis in lung adenocarcinoma
(LUAD).
(A) Volcano plot of RNA sequencing analysis (top) comparing
HCC827R and HCC827 cells revealed significant changes in gene
expression. Table of top 15 genes (bottom) lists genes that show either
increased or decreased expression in HCC827R cells compared to
HCC827, with TRIM28 exhibiting the highest expression increase in
HCC827R cells, with a log2 fold change > 2 and an adjusted p-value
< 0.05.
(B) Pathways enriched in HCC827R cells include PI3K/AKT/mTOR
signaling, oxidative phosphorylation, and glycolysis, which support
cell survival and metabolic adaptation.
(C) Boxplot analysis of publicly available datasets shows that TRIM28
expression is significantly upregulated in LUAD tumor samples
compared to normal tissues (*p < 0.05).
(D) LUAD patients with high TRIM28 expression exhibit significantly
poorer overall survival compared to those with low TRIM28 expression
(p = 0.015, hazard ratio [HR] = 1.4), emphasizing its potential as a
prognostic marker.
(E) Violin plot analysis shows a progressive increase in TRIM28
expression with advancing LUAD stages, further supporting its role in
tumor progression.

To investigate the molecular mechanisms underlying gefitinib
resistance in HCC827R cells4, RNA sequencing (RNA-seq) was
performed on both HCC827 parental and HCC827R cells, re-
vealing significant changes in gene expression profiles. Volcano
plot analysis identified numerous genes significantly upregu-
lated or downregulated in HCC827R cells (log2 fold change
> 2 or < -2, adjusted p-value < 0.05), with TRIM28 notably
upregulated (Fig. 3A), suggesting its potential role in resistance
through survival and stress-related processes.

Gene set enrichment analysis (GSEA) showed enrichment
of pathways such as PI3K/AKT/mTOR signaling, oxidative
phosphorylation, and glycolysis in HCC827R cells, supporting
cellular proliferation and metabolic adaptation, while pathways
related to apoptosis and UV response were downregulated (Fig.
3B), consistent with reduced sensitivity to gefitinib-induced
apoptosis.

To evaluate TRIM28’s clinical relevance, its expression in
lung adenocarcinoma (LUAD) samples was analyzed using pub-
licly available datasets. TRIM28 was significantly upregulated
in tumor tissues compared to normal tissues (Fig. 3C), and
Kaplan-Meier survival analysis revealed that high TRIM28 ex-
pression was associated with poor overall survival (p = 0.015,
HR = 1.4; Fig. 3D). Violin plot analysis showed a trend of
increasing TRIM28 expression with advancing cancer stages
(Fig. 3E), indicating its progressive upregulation during tumor
progression.

These findings highlight transcriptomic reprogramming in
HCC827R cells, emphasizing TRIM28’s role in resistance
through survival-related pathways, including PI3K/AKT/mTOR
signaling. The association of TRIM28 with poor LUAD patient
outcomes suggests its potential as a biomarker and therapeutic
target in EGFR-mutant NSCLC.

To investigate the functional role of TRIM28 in gefitinib re-
sistance, we employed CRISPR-Cas9 technology to knockout
TRIM28 in HCC827R cells8 and conducted overexpression ex-
periments in parental HCC827 cells. These experiments aimed
to validate TRIM28’s role in mediating resistance and assess its
potential as a therapeutic target.

RT-qPCR analysis confirmed elevated TRIM28 mRNA levels
in HCC827R cells compared to parental HCC827 cells, consis-
tent with RNA-seq results (Fig. 4A). CRISPR-mediated TRIM28
knockout (TRIM28-KO) in HCC827R cells successfully elim-
inated TRIM28 expression, as validated by Western blot (Fig.
4B), and restored sensitivity to gefitinib. Functional assays re-
vealed that TRIM28-KO cells exhibited significantly reduced
proliferation and survival under gefitinib treatment. Colony
formation assays demonstrated a marked reduction in both the
number and size of colonies in TRIM28-KO cells compared to
control cells transduced with a non-targeting guide RNA (Fig.
4C). Similarly, MTT assays showed a significant decrease in
cell viability in TRIM28-KO cells treated with gefitinib (p <
0.05, Fig. 4D).

In contrast, TRIM28 overexpression in parental HCC827 cells
conferred resistance to gefitinib. Lentiviral transduction of
TRIM28-expressing vectors resulted in a substantial increase
in TRIM28 protein levels, confirmed by Western blot (Fig. 4E).
Functional assays indicated that TRIM28-overexpressing cells
displayed enhanced survival and proliferation in the presence of
gefitinib compared to vector-only controls. Colony formation as-
says showed an increase in both the number and size of colonies
in TRIM28-overexpressing cells (Fig. 4F), while MTT assays
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Fig. 4 Functional Validation of TRIM28 in Gefitinib Resistance through CRISPR-Mediated Knockout and Overexpression
(A) Relative mRNA expression of TRIM28 was 5-fold higher in HCC827R cells compared to HCC827 cells, as measured by RT-qPCR. Data are
presented as mean ± SEM from three independent experiments. (***p<0.001)
(B) Western blot analysis and quantification confirmed that CRISPR-mediated knockout (KO) of TRIM28 in HCC827R cells led to a significant
reduction in TRIM28 protein levels along with phosphorylated PI3K (p-PI3K p85), phosphorylated AKT (p-AKT), and phosphorylated mTOR
(p-mTOR) levels, confirming TRIM28’s role in activating this pathway.
(C) CRISPR-mediated TRIM28 knockout reduced colony formation in HCC827R cells compared to scrambled control, indicating restored
sensitivity to gefitinib.
(D) TRIM28 knockout significantly reduced the IC50 of gefitinib in HCC827R cells, restoring drug sensitivity (*p < 0.05).
(E) Western blot analysis and quantification confirmed that lentiviral overexpression of TRIM28 (TRIM28 OE) in HCC827 cells led to increased
TRIM28 protein levels and upregulated phosphorylated PI3K, AKT, and mTOR, confirming TRIM28’s role in promoting this signaling pathway.
(F) TRIM28 overexpression in HCC827 cells enhanced colony formation under gefitinib treatment compared to the empty vector control,
indicating induced resistance.
(G) Overexpression of TRIM28 increased the IC50 of gefitinib in HCC827 cells, conferring resistance (*p < 0.05).
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revealed over a 20% increase in cell viability under gefitinib
treatment (p < 0.01, Fig. 4G).

These findings establish TRIM28 as a critical regulator of gefi-
tinib resistance in EGFR-mutant NSCLC. CRISPR-mediated
TRIM28 knockout restores drug sensitivity by impairing survival
and proliferation, whereas TRIM28 overexpression induces resis-
tance by enhancing these processes. This underscores the thera-
peutic potential of targeting TRIM28 to overcome gefitinib resis-
tance, offering valuable insights into resistance mechanisms and
guiding the development of novel strategies for EGFR-mutant
NSCLC treatment.

The rationale for evaluating rapamycin as a therapeutic agent
stems from the transcriptomic analysis (Figure 3), which re-
vealed significant enrichment of the PI3K/AKT/mTOR signal-
ing pathway in gefitinib-resistant HCC827R cells. This pathway,
heavily implicated in promoting survival, proliferation, and
metabolic adaptation, presents a compelling target for overcom-
ing gefitinib resistance.

To assess the potential of rapamycin, a well-known mTOR
inhibitor6, in counteracting this resistance, HCC827R cells were
treated with increasing concentrations of rapamycin for 72 hours,
and viability was measured using the MTT assay. A dose-
dependent reduction in cell viability was observed, and the IC50
value was calculated to quantify rapamycin’s inhibitory effect
(Fig. 5A). These results confirm that rapamycin effectively
reduces the survival of resistant cells by targeting the mTOR
pathway.

A colony formation assay was conducted to evaluate the
long-term impact of rapamycin on the proliferative capacity
of HCC827R cells. Rapamycin-treated cells exhibited a marked
reduction in both colony number and size compared to untreated
controls, demonstrating a significant impairment in the cells’
ability to sustain growth (Fig. 5B). Representative images of
the assay further highlight the pronounced reduction in colony
density, emphasizing rapamycin’s potential as a therapeutic strat-
egy.

To elucidate the molecular mechanisms underlying ra-
pamycin’s effect, Western blot analysis was performed to mea-
sure key components of the PI3K/AKT/mTOR pathway. Ra-
pamycin treatment resulted in a marked decrease in the expres-
sion of TRIM28, a regulator implicated in gefitinib resistance,
as well as phosphorylated mTOR (p-mTOR) and phosphory-
lated AKT (p-AKT) (Fig. 5C). These findings align with the
pathway enrichment data (Fig. 3), further substantiating the role
of PI3K/AKT/mTOR signaling in gefitinib resistance and its
suppression by rapamycin.

In an effort to investigate the sequence of events following
rapamycin treatment and determine the kinetics of TRIM28
mRNA regulation, time-course experiments were performed
(Fig. 5D). These experiments suggest that rapamycin-mediated
inhibition of TRIM28 expression occurs over time, providing
insight into the temporal dynamics of gene suppression and

potential feedback mechanisms. Although the inhibition of
TRIM28 by rapamycin (Fig. 5C) is intriguing, the underlying
mechanism remains unclear. It is uncertain whether TRIM28 is a
direct transcriptional target of mTOR or if rapamycin influences
its stability through an indirect mechanism. Further experiments
involving proteasome inhibition or mRNA stability analysis will
be necessary to differentiate between these possibilities.

Finally, treatment with MG132, a proteasome inhibitor9, in
combination with rapamycin further restored TRIM28 expres-
sion (Fig. 5E), suggesting that mTOR pathway may modu-
late TRIM28 stability through proteasomal degradation. This
provides additional insight into the mechanisms underlying ra-
pamycin’s regulatory effect on TRIM28.

Discussion

Non-small cell lung cancer (NSCLC) driven by EGFR mutations
poses a significant clinical challenge due to the inevitable emer-
gence of resistance to EGFR-tyrosine kinase inhibitors (TKIs)
like gefitinib3. This study highlights TRIM28 as a key regulator
of gefitinib resistance and demonstrates the therapeutic potential
of targeting the PI3K/AKT/mTOR pathway with rapamycin to
overcome resistance in gefitinib-resistant HCC827R cells.

RNA sequencing and functional assays revealed that TRIM28
is significantly upregulated in gefitinib-resistant HCC827R cells,
driving resistance through enhanced survival and proliferation.
CRISPR-Cas9-mediated TRIM28 knockout8 restored drug sen-
sitivity, while TRIM28 overexpression conferred resistance in
parental HCC827 cells. Potential off-target effects of CRISPR-
Cas9 were considered, and consistent results with two sgRNAs
support the specificity of TRIM28 knockout. These findings
identify TRIM28 as a critical therapeutic target in overcoming
TKI resistance.

In addition to TRIM28, several other mechanisms of resis-
tance to EGFR-TKIs have been reported, including secondary
EGFR mutations (e.g., T790M), MET amplification, epithelial-
mesenchymal transition (EMT), and activation of bypass signal-
ing pathways such as AXL or IGF-1R10. While these mecha-
nisms have been well-characterized, our findings suggest that
TRIM28 represents an alternative and potentially complementary
resistance pathway. Notably, TRIM28 may function in concert
with these known mechanisms by modulating survival signaling
and chromatin regulation, which warrants further investigation.

Transcriptomic analysis showed significant enrichment of
the PI3K/AKT/mTOR signaling pathway in HCC827R cells,
which supports survival and metabolic adaptation in resistant
cells. This pathway’s activation provides a strong rationale for
therapeutic targeting.

Rapamycin, an mTOR inhibitor11, effectively reduced cell vi-
ability and impaired the proliferative capacity of HCC827R cells.
It also suppressed TRIM28 expression and key mTOR pathway
components (p-mTOR and p-AKT), demonstrating its ability
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Fig. 5 Rapamycin Targets the PI3K/AKT/mTOR Pathway and Reduces Cell Viability in Gefitinib-Resistant HCC827R Cells
(A) Cell viability was assessed using the MTT assay after treatment with increasing concentrations of rapamycin for 72 hours. Rapamycin
reduced cell viability in a dose-dependent manner, with an IC50 of 1.81 nM, indicating its effectiveness in targeting resistant cells.
(B) Representative images show that rapamycin treatment significantly impaired colony formation in HCC827R cells under gefitinib treatment
compared to gefitinib alone or the DMSO control, highlighting its ability to suppress long-term proliferation.
(C) Western blot analysis and quantification of rapamycin treatment in gefitinib-resistant HCC827R cells reduced the expression of TRIM28 and
key phosphorylated signaling components of the PI3K/AKT/mTOR pathway, including p-PI3K p85, p-AKT, and p-mTOR, indicating that
rapamycin inhibits TRIM28-mediated pathway activation.
(D) Relative TRIM28 mRNA expression after rapamycin exposure at different time points. Data represent the mean ± SD of three independent
experiments. Statistically significant differences compared to the 0h time point are indicated by **p < 0.01 and ***p < 0.001 as shown.
(E) Western blot analysis and quantification of TRIM28 expression in gefitinib-resistant HCC827R cells treated with 5 µM MG132 for 6 hours
showed an increase in TRIM28 levels. The treatment was applied in the context of a combination of gefitinib and rapamycin, suggesting that
MG132 exposure may influence the stability of TRIM28 in this specific treatment condition.

to overcome resistance by targeting this pathway. Although the
precise mechanism by which rapamycin suppresses TRIM28
remains to be fully elucidated, it is plausible that mTOR path-
way inhibition indirectly regulates TRIM28 expression through
downstream transcriptional or epigenetic mechanisms. Further
investigation is warranted to clarify this relationship. Addition-
ally, future studies should consider potential challenges related
to TRIM28-targeted drug delivery, treatment-associated toxicity,
and the emergence of resistance to rapamycin.

TRIM28 upregulation correlates with poor prognosis in lung

adenocarcinoma (LUAD), highlighting its potential as both a
prognostic biomarker and a therapeutic target. While TRIM28
has been implicated in various cancer types, its function appears
to be context-dependent. In particular, its role in EGFR-mutant
NSCLC requires further investigation to determine whether its
regulatory mechanisms are unique to this subtype. Understand-
ing how TRIM28 contributes to other resistance mechanisms
may further support its value in therapy development.

In summary, this study establishes TRIM28 as a critical driver
of gefitinib resistance in EGFR-mutant NSCLC and demon-
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strates that targeting the PI3K/AKT/mTOR pathway with ra-
pamycin is a promising strategy to overcome this resistance,
offering insights for improving patient outcomes. However,
this study is based on a single gefitinib-resistant cell line
(HCC827R), which may reflect cell line–specific adaptations
rather than clinically prevalent mechanisms such as T790M
or MET amplification. Further validation in diverse models,
including patient-derived samples, is needed to confirm the gen-
eralizability of TRIM28’s role in EGFR-TKI resistance.

Materials and Methods

1. Cell Lines and Culture Conditions

HCC827 parental cells (EGFR exon 19 deletion, gefitinib-
sensitive) were obtained from the Korea Cell Line Bank. Cells
were cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin at
37°C in a 5% CO2 atmosphere.

2. Establishment of Gefitinib-Resistant Cells

To generate gefitinib-resistant cells, HCC827 cells were exposed
to gradually increasing concentrations of gefitinib (0.01 µM to
1 µM) over an eight-week period. The resulting resistant line
(HCC827R) was maintained under 1 µM gefitinib and validated
for resistance through viability and colony formation assays.

3. Drug Treatment and Viability Assays

To evaluate the sensitivity of HCC827 and HCC827R cells to
gefitinib and rapamycin, we conducted viability and colony
formation assays.
3.1. MTT Assay

Cells (5,000 cells/well) were seeded in 96-well plates and
treated with gefitinib, rapamycin, or their combination for 72
hours. Cell viability was assessed using MTT reagent (5 mg/mL,
Sigma-Aldrich), and absorbance was measured at 570 nm. IC50
values were calculated using GraphPad Prism.
3.2. Colony Formation Assay

Cells (500 cells/well) were seeded in 6-well plates and treated
with drugs for 10–14 days. Colonies were fixed with 4%
paraformaldehyde, stained with 0.5% crystal violet, and manu-
ally counted.

4. Genetic Manipulation of TRIM28

To assess the functional role of TRIM28 in drug resistance, we
performed both knockout and overexpression experiments.
4.1. CRISPR-Cas9-Mediated Knockout

Guide RNAs targeting TRIM28 were cloned into the lenti-
CRISPRv2 vector (provided by Dr. Kim, Chromogen). Lentivi-
ral particles were produced in HEK293T cells and used to

transduce HCC827R cells, followed by puromycin selection
(2 µg/mL). Knockout efficiency was confirmed by Western blot
and RT-qPCR.
4.2. TRIM28 Overexpression

Full-length TRIM28 cDNA was cloned into the pCDH-CMV-
MCS-EF1-Puro vector (Dr. Kim, Chromogen). Lentiviral trans-
duction of HCC827 cells was followed by puromycin selection
(2 µg/mL). Overexpression was verified by Western blot and
RT-qPCR.

5. RNA Sequencing and Bioinformatics Analysis

Total RNA was extracted using TRIzol reagent and sequenced
using the Illumina NovaSeq 6000 platform. Differential gene ex-
pression was analyzed using DESeq2, and pathway enrichment
analysis was performed using GSEA (Gene Set Enrichment
Analysis).

6. Western Blot Analysis

Protein expression and signaling pathways were assessed via
Western blotting. Cells were lysed using RIPA buffer with
protease and phosphatase inhibitors. Proteins were separated
by SDS-PAGE, transferred to PVDF membranes, and probed
with antibodies against TRIM28(Invitrogen, MA1-2023), p-
mTOR(cell signaling technology, #2971), p-AKT(cell signal-
ing technology, #9271), and β -actin(cell signaling technology,
#4967). Bands were visualized using an ECL detection system.

7. Flow Cytometry

Flow cytometry was used to evaluate cell cycle distribution and
apoptosis.
7.1. Cell Cycle Analysis

Cells were fixed in ethanol, stained with propidium iodide
(PI), and analyzed using a flow cytometer.
7.2. Apoptosis Assay

Apoptotic cells were identified using Annexin V/PI staining
and quantified by flow cytometry.

8. Statistical Analysis

All experiments were conducted in triplicate. Data are presented
as mean ± standard error of the mean (SEM). Statistical analyses
were performed using two-tailed Student’s t-tests or one-way
ANOVA with Tukey’s post hoc test (GraphPad Prism). A p-
value < 0.05 was considered statistically significant.
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