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Abstract

Resistance to neoadjuvant chemoradiotherapy in rectal cancer diminishes survival benefits, potentially

due to dysregulated lipid metabolism, though the mechanisms are unclear. Using the MSigDB

database and GSE68204 cohort, we identified lipid metabolism genes linked to radiotherapy

resistance. We developed resistant cell lines and xenograft models, and through multi-algorithm

analysis (SVM-RFE, RF, LASSO), pinpointed key genes. Molecular mechanisms were explored via

Western blotting, co-immunoprecipitation, molecular docking, and functional assays, validated in

patient-derived organoids. Our study found that radiotherapy-resistant rectal cancer shows a lipid

accumulation phenotype, with an inverse relationship between lipid droplet deposition and

radiosensitivity in resistant cell models. The multi-algorithm screening identified GDPD5 as a key

regulator. Silencing GDPD5 reduced lipid accumulation and increased radiosensitivity. Mechanistically,

GDPD5 competes with CD55, disrupting its interaction with EGFR and promoting EGFR nuclear

translocation, which suppresses p53 and leads to lipid buildup and radiotherapy resistance in tumors.

Clinical samples showed high GDPD5 and low CD55 levels correlate with EGFR nuclear localization.

Patient-derived organoids with high GDPD5 also showed increased radiotherapy resistance. Our

findings indicate that GDPD5 facilitates EGFR nuclear translocation by binding to CD55, suppressing

p53, and causing lipid accumulation and radiotherapy resistance in tumors. Targeting the GDPD5-

CD55-EGFR interaction may enhance radiosensitivity.

1. Introduction



Neoadjuvant chemoradiotherapy (nCRT) is an established therapeutic approach for rectal cancer,
known for its efficacy in reducing tumor volume and recurrence rates, as well as enhancing tumor
resectability and sphincter preservation rates® 2 3. Nonetheless, inadequate tumor control due to
radioresistance poses a significant challenge, adversely affecting patient prognosis and survival
outcomes*. Although advancements in radiosensitization strategies are ongoing, their clinical
application remains limited®, suggesting that the molecular mechanisms underpinning radioresistance
are not yet fully understood. Notably, dysregulated lipid metabolism, characterized by abnormal lipid
accumulation® 7 and the concomitant upregulation of fatty acid synthase (FASN) expression®, is
frequently observed in models of rectal cancer radioresistance. This lipid accumulation phenotype
implies a potential link with radioresistance. However, the upstream regulatory mechanisms and the

specific pathways through which it influences radioresistance have yet to be delineated.

Glycerophosphodiester Phosphodiesterase Domain Containing 5 (GDPD5), a pivotal molecule within
the phospholipase D superfamily that regulates lipid metabolism®, demonstrates biological functions
across various cancers, indicating its potential role in radioresistance. In colorectal cancer, the
overexpression of GDPD5 has been directly associated with tumor cell resistance to 5-fluorouracil (5-
FU), and its inhibition has been shown to reverse this chemoresistance'®. Considering that
radiotherapy and 5-FU chemotherapy share similar DNA damage response mechanisms, it is plausible
that the GDPD5-mediated chemoresistance pathway may similarly affect radiosensitivity. In breast
cancer, GDPD5-induced dysregulation of choline phospholipid metabolism results in the accumulation

of malignant phospholipid metabolites’ 12, and such metabolic reprogramming has been



independently recognized as a common characteristic of radioresistance. Moreover, research on
neuroblastoma indicates that GDPD5 inhibits cell proliferation and migration through lipid metabolic
pathways's. This modulation of malignant cell behavior may indirectly support the survival
microenvironment of radioresistant cells. Taken together, current evidence suggests that GDPD5 may
serve as a crucial regulator of treatment resistance via lipid metabolic reprogramming, with its

regulatory network intersecting essential pathological processes associated with radioresistance.

p53, a critical mediator in the cellular response to ionizing radiation (IR), plays a pivotal role in
determining cell fate post-irradiation. The suppression of p53 is associated with increased
radioresistance and lipid accumulation. In head and neck squamous cell carcinoma, mutations that
disrupt TP53 significantly elevate local recurrence rates following radiotherapy and contribute to
radioresistance'. Similarly, in colorectal cancer cells, the loss of p53-binding protein 1 diminishes p53
pathway activity, thereby enhancing radioresistance'®. Concerning lipid accumulation, p53 regulates
the expression of Adipose Triglyceride Lipase (ATGL) and FASN, which leads to lipid deposition® 17,
In the context of radiation research, the nuclear localization of Epidermal Growth Factor Receptor
(EGFR) can inhibit p53 function through direct interaction, thereby influencing radioresistance®.
Nonetheless, the upstream mechanisms responsible for radiation-induced EGFR nuclear translocation
remain poorly understood, as existing ligand-dependent pathways do not fully account for this

phenomenon.

Through bioinformatic analysis and functional experiments, this study elucidates that the lipid

metabolism-associated gene GDPD5 enhances radioresistance by competitively binding to CD55,



thereby displacing EGFR from membrane anchoring. This displacement facilitates the nuclear

translocation of EGFR, which in turn suppresses p53-dependent apoptosis and mediates cellular lipid

accumulation.

2. Materials and methods

2.1 Antibodies and reagents

GDPD5 (25703-1-AP, Proteintech, AB_2880200), FASN(10624-2-AP, Proteintech, AB_2100801),

ATGL(55190-1-AP, Proteintech, AB_11182818), B-actin(66009-1-lg, Proteintech, AB_2687938), Ki67

(ab21700, Abcam, AB_446486), p53(ab241566, Abcam, AB_3675436), p53(ab32389, Abcam,

AB_776981), EGFR(66455-1-1g, Proteintech, AB_2881824), EGFR(TA506224, ZSGB-BIO,

AB_2623687), CD55(82781-6-RR, Proteintech, AB_3086534), Lamin B1(12987-1-AP, Proteintech,

AB_2136290), anti-Flag (66008-4-lg, Proteintech, AB_2918475), anti-Myc (16286-1-AP, Proteintech,

AB_11182162), anti-Myc (2276, Cell Signaling Technology, AB_331783), anti-HA (3724, Cell Signaling

Technology, AB_1549585), anti-mouse IgG (5415, Cell Signaling Technology, AB_11112987), anti-

rabbit IgG (3900, Cell Signaling Technology, AB_1550038), Nanoantibody anti Rabbit for IP (RS0121,

Immunoway, AB_3732917), Nanoantibody anti Mouse for IP (RS0092, Immunoway, AB_3732925).

HEK293T, HCT116 and DLD-1 cells from Zhejiang Meisen Cell Technology Co., Ltd., China (January

2024) were authenticated and confirmed to be free of mycoplasma and contamination. HCT116/R and

DLD-1/R were obtained after 25 rounds of 4 Gy irradiation.



2.2 Ethics statement and animals

Eight-week-old male BALB/c-nu mice were purchased from Shanghai SLAC Laboratory Animal Co.,
Ltd. (Shanghai, China) and housed in a specific pathogen-free (SPF) animal facility at the Soochow
University Animal Centre. The mice were provided ad libitum access to water and standard chow and
maintained on a 12-h light/dark cycle. All experimental groups included n=6 mice. Randomization was
strictly applied during mouse group allocation. Tumor measurements were performed by investigators
blinded to group identities. All experimental procedures were conducted in compliance with the
guidelines and protocols approved by the Animal Ethics Committee of Soochow University

(SUDA202411A11809).

2.3 Cell culture

HCT116 (p53-WT"% 20) and DLD-1 (p53-MUT S241F29) cells from Zhejiang Meisen Cell Technology
Co., Ltd., China were authenticated and confirmed to be free of mycoplasma and contamination. The
human embryonic kidney (HEK293T) cells were obtained from Beyotime Company (Shanghai, China).
The cells were cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal

bovine serum (FBS) and 1% (v/v) penicillin-streptomycin at 37 °C under 5% CO2.

2.4 Plasmids, lentiviral vectors, shRNA, and transfection

GDPD5, CD55 and EGFR coding regions were tagged with Flag, Myc and HA, respectively, and
cloned into the pCDH-CMV-MCS-EF1a-Puro vector. Lentiviral ShRNA plasmids targeting USP15 were

obtained from Shanghai Genechem (Shanghai, China). The sequences were as follows: shGDPD5#1



5-GCTCCCATGATGATACCACAC-3’, shGDPD5#2 5-GCTTTACTTCTGGTGGGAAGT-3’,

shCD55#1 5-GCAGTCAATGGTCAGATATTG-3', shCD55#2 CD55:5 ' -

AUGUGAAGAAAGCUUUGUGUU-3*, shP53#1 5'-GGAGCTTACCATGACCGAGTA-3', shp53#2 5'-

GAAGAAAATTTCCGCAAAA-3'. Transfection of the plasmids and shRNA was performed using

Lipo3000 (Invitrogen).

2.5 Irradiation protocol

The mice were anesthetized with an intraperitoneal injection of pentobarbital sodium (approximately

40 mg/kg) and placed on a platform to receive 5 Gy of tumor using an X-RAD 320iX Biological Irradiator

(Precision X-ray, North Branford, CT, USA) at a dose rate of 1.0 Gy/min. Targeting the subcutaneous

tumor region was irradiated, and other parts of the body were shielded by a 5 cm-thick lead block.

Vitro model of tumor cell was established by irradiating HCT116 and DLD-1 at the dose rate of 1.0

Gy/min using an X-RAD 320iX Biological Irradiator (Precision X-ray, North Branford, CT, USA).

2.6 RNA-Seq assay

Samples were isolated, gently washed with DEPC-treated water (10601ES76, YEASEN), frozen and

then used for transcriptome RNA-Seq. Total RNA extraction, RNA integrity evaluation, library

construction, and sequencing were performed according to the manufacturer’s standard protocol.

RNA-seq and analysis were conducted by OE Biotech Co., Ltd. (Shanghai, China). Differentially

expressed genes (DEGs) were identified using the absolute value of log2 (ratio) = 1 as the threshold.



The t test threshold (P values <0.05) and fold-change threshold (> 1.5 or <0.5) were set as the

thresholds for significantly DEGs.

2.7 Quantification of Tissue Triglyceride (TG) Content

TG were extracted from tissue specimens through homogenization in ice-cold Reagent 1 (LE-1-145,

Lai Er Bio-Tech) at a tissue mass (g)-to-reagent volume (mL) ratio of 1:5-10. Specifically,

approximately 0.1 g of tissue was homogenized in 1 mL of Reagent 1 using a pre-chilled homogenizer

on ice. The homogenate was centrifuged at 8,000 x g for 10 min at 4°C. The resulting supernatant

was collected as the TG extract for subsequent analysis. For spectrophotometric determination, a

visible light spectrophotometer was preheated for 30 min and calibrated to 505 nm wavelength.

2.8 Colony formation assay

The tumor cells were seeded in friplicate in 6-well plates at the density of 100-2000 cells/well

depending on the radiation dose. After overnight culture, followed by 0, 2, 4, 6, and 8 Gy X-ray radiation.

The cells were cultured for 1-2 weeks and stained with crystal violet, and the viable colonies containing

at least 50 cells were counted.

2.9 Oil Red O Staining

Tissue specimens were fixed in 4% paraformaldehyde (Solarbio), cryoprotected in 30% sucrose, and

embedded in OCT compound prior to cryosectioning. Cultured cells were fixed in 4% PFA for 15 min.

For lipid detection, samples were stained with Oil Red O working solution for 20 min at room

temperature, differentiated in 60% isopropanol, and counterstained with hematoxylin.



2.10 BODIPY 493/503 Staining

Cultured cells were fixed with 4% paraformaldehyde for 15 min at room temperature. After PBS
washing, cells were incubated with BODIPY 493/503 (D3922, Thermo Fisher Scientific) for lipid droplet
visualization, followed by nuclear counterstaining with DAPI (C1002, Beyotime) for 5 min. Critical
precautions included avoiding antigen retrieval, detergent treatments, and cell drying throughout the
procedure. Stained samples were mounted using aqueous mounting medium immediately after

staining.

2.11 Immunofluorescence (IF) Staining

Cultured cells seeded in confocal dishes and cryosectioned tumor tissues (5-8 um) underwent fixation
in 4% paraformaldehyde (15 min cells/30 min tissues). Cell samples were permeabilized with 0.5%
Triton X-100 (10 min), while tissue sections required antigen retrieval in sodium citrate buffer (95°C,
15 min). All samples were blocked with 10% goat serum (1 h, RT) before incubation with primary
antibodies (4°C overnight). After PBS washes, Alexa Fluor 488/594-conjugated secondary antibodies
(Thermo Fisher: A11001, A11008, A11037, A11032) were applied (1 h, RT) with DAPI counterstaining.
Images were acquired using confocal microscopy (Leica) with z-stack acquisition and analyzed in LAS

X software, maintaining identical exposure settings between samples.

2.12 Mass spectrometry analysis of GDPD5 and EGFR interacting proteins

HCT116/R cells transfected with Flag-GDPD5 or Myc-EGFR were subjected to immunoprecipitation
with an 1gG control. Immune complexes were then incubated with Protein A/G Agarose (P2197,

Beyotime). After washing 4 times, the immunoprecipitates were boiled in 1X loading buffer and



resolved using SDS-PAGE. MS analysis was then performed by Guangzhou Saicheng Biotechnology

company (Guangzhou, China).

2.13 Immunoprecipitation (IP)

For IP analysis, cell lysis buffer (P0013, Beyotime) containing PMSF and phosphatase inhibitor

cocktail was used to lyse the cells for IP analysis (P1081, Beyotime). Cell lysates were first precleared

with protein A/G agarose, and then were incubated with the indicated primary antibodies at 4 °C

overnight. The next day, 40 ul of protein A/G-agarose beads were added and incubated for 4 h at 4 °C.

After washing three times, the mixture was resuspended. After boiling and centrifugation to pellet the

agarose beads, supernatants were subjected to IB analysis.

2.14 Co-immunoprecipitation (Co-IP) assay

Lysis buffer (Beyotime, catalog P0013), which contained a protease inhibitor cocktail (MCE, catalog

HY-K0010), was used for lysis. The indicated antibodies were used in cell lysates for IP at 4 °C

overnight and then incubated with protein A/G (Beyotime, catalog P2055) at 4 °C for 3 h. Then the cell

lysates were washed with lysis buffer four times and then analyzed by IB.

2.15 Rectal cancer organoid isolation and culture

Upon arrival, colorectal cancer tumor tissues were photographed and washed in the cold PBS with

penicillin/streptomycin for 5 min, and then minced into tiny fragments in a sterile dish on ice. Then

tissue fragments were subjected to enzymatic digestion (K601003, BioGenous) in 10 mL digestion

medium containing 9.5 mL basal medium (K601003-A100, BioGenous) at 37°C for 30—60 min. Tumor



organoids were collected after centrifugation at 300 g for 5min. The resuspended organoids were

subsequently mixed with an equal volume of Matrigel® (356231, Corning) and then seeded on a

prewarmed 24-well plate at a density of 500 crypts per well. Colorectal cancer organoid complete

medium (K2103-CR; BioGenous) (500 uL) was then added to each well. The organoids were treated

with complete medium with or without 100 uM I3A 1 h pre-IR and then exposed to 6 Gy X-rays at a

dose rate of 1.1 Gy/min or sham-irradiated. The organoids were finally viewed under an optical

microscope, followed by analysis of the organoids using ImageJ software. At least 50 organoids were

counted. The study received approval from the Clinical Research Ethics Committee of the Second

Affiliated Hospital of Soochow University (Approval Number: JD-LK2022167-IR02).

2.16 Analysis of the lipid metabolism gene set

Using the MSigDB database to find related gene sets in hallmark, KEGG, and Reactome, collectively

termed LMRGs. The GSE68204 dataset from the GEO database, comprising 59 rectal cancer patients

undergoing preoperative NCRT, was analyzed. Patients were categorized into NCRT responders (27)

and non-responders (32) based on pathology results. The raw GSE68204 data were processed using

the Affy package in R, and differential expression was analyzed with the "Limma" package, using a P

value < 0.05. The DEGs were cross-referenced with LMRGs to identify DE-LMRGs, whose ability to

distinguish between the two NCRT groups was evaluated using principal component analysis (PCA).

Functional enrichment analyses, including GO and KEGG analysis, were conducted to understand the

biological role of DE-LMRGs. The R software "ClusterProfiler" and "ggplot2" packages were used for

analysis and visualization. Candidate LMRGs were identified using LASSO, SVM, and RF machine



learning algorithms. Their accuracy in predicting NCRT for rectal cancer was evaluated with ROC

curves.

2.17 Statistical analysis

Analyses were carried out using GraphPad Prism software (Version 7.0). Data are represented as the

mean = SD. Two-tailed Student’s t-tests and one-way ANOVAs were utilized in the data analysis for

the article. Cohen's d for estimating effect size. A P-value less than 0.05 was considered to be

statistically significant.

3. Results

3.1 Radiotherapy resistance in rectal cancer is linked to lipid accumulation

To elucidate the mechanisms underlying radioresistance in rectal cancer, we conducted an initial

screening of the MSigDB database, identifying 763 genes associated with lipid metabolism related

genes (LMRGSs). Transcriptomic analysis of the GSE68204 cohort revealed that, in comparison to

radiotherapy responders (27 patients), non-responders (32 patiens) exhibited 583 upregulated and

605 downregulated differentially expressed genes (DEGs). An intersection analysis of these datasets

with the LMRGs identified 36 differentially expressed LMRGs. Principal Component Analysis (PCA)

demonstrated a significant separation in LMRG expression profiles between the two groups.

Interaction network analysis revealed strong associations among these genes, and KEGG pathway

enrichment further indicated their collective involvement in the regulation of lipid metabolism (Fig. 1A).



Validation using clinical samples showed significantly elevated lipid content in tumor tissues from non-

responders (n=10) compared to radiotherapy responders (n=10) among 20 rectal cancer patient

tissues (Fig. 1B).

Subsequently, we successfully developed radioresistant models using HCT116 and DLD-1 cell lines

(Fig. 1C-F). Western blot (WB) analysis revealed an upregulation of Fatty Acid Synthase (FASN) and

a downregulation of ATGL expression in the radioresistant cell lines (Fig. 1G). Oil Red O staining and

BODIPY fluorescence staining demonstrated significant lipid accumulation in the radioresistant cells

(Fig. 1H-1, K-L). In vivo experiments employing a subcutaneous xenograft tumor model indicated that

tumors derived from radioresistant cells exhibited reduced sensitivity to IR compared to those derived

from parental cells (Fig. 1J, M-N), while also showing an increased Ki67-positive rate and enhanced

histological lipid deposition (Fig. 10-Q). Overexpression of FASN in parental cell lines induces lipid

accumulation and radiation resistance (Fig. S1A-E), while inhibiting lipid synthesis in radioresistant

cell line induces radiosensitization (Fig. S1F-I). Collectively, these findings confirm that the

radioresistant phenotype in rectal cancer is significantly associated with tumor lipid accumulation.

3.2 GDPDS5 Modulates Lipid Accumulation and Radiosensitivity in Rectal Cancer

To elucidate the regulatory mechanisms connecting lipid accumulation with radioresistance, this study

utilized Support Vector Machine Recursive Feature Elimination (SVM-RFE), Random Forest (RF), and

LASSO logistic regression algorithms to identify differentially expressed LMRGs, resulting in the

identification of 10 core regulatory genes. Receiver Operating Characteristic (ROC) curve analysis

indicated that all top 10 key LMRGs exhibited Area Under the Curve (AUC) values exceeding 0.67,



thereby confirming their predictive stability. Among these genes, GDPD5 demonstrated the most

significant predictive efficacy for chemoradiotherapy response and was identified as the primary

candidate gene (Fig. 2A). WB analysis showed that GDPD5 expression was significantly elevated in

radioresistant cell lines compared to their parental counterparts (Fig. 2B). The knockdown of GDPD5

expression in radioresistant cells resulted in a significant downregulation of FASN and an upregulation

of ATGL protein levels (Fig. 2C) with these metabolic alterations and associated radioresistance

phenotypes being completely reversed by re-expression of shRNA-resistant GDPDS5 constructs (Fig.

S2C-G). Oil Red O staining and BODIPY fluorescence staining demonstrated that GDPD5 knockdown

effectively mitigated the lipid accumulation phenotype in radioresistant cells (Fig. 2D-G). Clonogenic

survival assays and flow cytometric analysis of apoptosis further revealed that GDPD5 knockdown

significantly augmented IR-induced clonogenic cell death and apoptosis (Fig. 2H-K). GDPD5 was

overexpressed in HCT116 and DLD-1 cell lines, resulting in increased lipid accumulation and

enhanced resistance to radiation therapy (Fig. S3). In vivo experiments corroborated that GDPD5

knockdown increased the radiosensitivity of radioresistant cells to IR while simultaneously reducing

lipid accumulation in tumor tissues (Fig. 2L-Q). Collectively, these findings identify GDPD5 as a critical

molecular regulator of lipid accumulation and radiosensitivity in rectal cancer.

3.3 GDPDS5 Modulates Lipid Accumulation and Radiosensitivity Through the p53 Pathway

To investigate how GDPD5 influences lipid accumulation and radiosensitivity, we created a GDPD5-

knockdown model in radioresistant HCT116 cells. We conducted transcriptome sequencing on

samples taken 6 hours after 4 Gy irradiation from both control and knockdown groups. PCA showed



clear separation between the two groups. GDPD5 deficiency led to the upregulation of 256 genes and

downregulation of 250 genes compared to controls (Fig. 3A). KEGG enrichment analysis of these

differentially expressed genes revealed significant enrichment in the p53 signaling pathway (Fig. 3B).

Moreover, previous studies have substantiated the regulatory role of the p53 pathway in modulating

ATGL and FASN expression. Knockdown of p53 mediates lipid accumulation and reduced

radiosensitivity (Fig. S4). WB, Oil Red O staining, and BODIPY fluorescence staining revealed that

the reduction in lipid accumulation, induced by GDPD5 knockdown in radioresistant cell lines, was

completely reversed by simultaneous p53 knockdown (Fig. 3C-l). Furthermore, clonogenic survival

assays and flow cytometric analysis of apoptosis corroborated that the enhanced radiosensitizing

effect, resulting from GDPD5 knockdown, was also negated by p53 knockdown (Fig. 3J-M).

Collectively, these functional rescue assays demonstrate that GDPD5 modulates lipid accumulation

and radiosensitivity in rectal cancer via a p53-dependent pathway.

3.4 The Interaction Complex of GDPD5, CD55, and EGFR

Previous research has demonstrated that p53, a pivotal effector molecule involved in the regulation of

radiosensitivity, is modulated by the nuclear translocation of EGFR. In the present study, IF assays

indicated an enhanced nuclear localization of EGFR in radioresistant cell lines compared to their

parental counterparts, with a marked reduction in this localization following GDPD5 knockdown (Fig.

4A, S6). This observation led us to hypothesize that GDPD5 may influence p53-dependent

radiosensitivity through the regulation of EGFR. However, Co-IP assays revealed no direct interaction

between GDPD5 and EGFR (Fig. 4B-E). To further investigate this indirect regulatory mechanism, we



conducted Co-IP coupled with mass spectrometry for both GDPD5 and EGFR to identify common

interacting proteins. Bioinformatics intersection analysis identified CD55 as a potential interactor with

both proteins (Fig. 4F). Subsequent Co-IP and IF co-localization assays confirmed that CD55

specifically interacts with both GDPD5 and EGFR (Fig. 4G-R). These findings collectively demonstrate

that GDPD5, CD55, and EGFR form an interaction complex.

3.5 CD55-Mediated Competitive Binding of GDPD5 and EGFR Regulates EGFR Nuclear

Translocation

To elucidate the regulatory mechanism underlying the GDPD5-CD55-EGFR interaction complex,

molecular docking simulations have demonstrated that the LYS-161 and GLN-212 sites of CD55 are

capable of binding both GDPD5 and EGFR. This finding suggests the potential for competitive binding

of CD55 between these two proteins (Fig. 5A-B). In radioresistant cell lines, alterations in GDPD5

expression levels, in conjunction with Co-IP assays, have confirmed that the binding affinity between

CD55 and EGFR is contingent upon GDPD5 expression levels (Fig. 5C-D). This competitive binding

model has been further substantiated by in vitro IP assays (Fig. 5E-F). To assess the functional

implications of this interaction on EGFR subcellular localization, WB and IF analyses have shown that

GDPD5 knockdown results in the suppression of EGFR nuclear translocation. Notably, simultaneous

knockdown of CD55 under these conditions partially mitigates this suppression of EGFR nuclear

translocation (Fig. 5G-I). The evidence suggests that CD55, functioning as a membrane-anchored

protein, sequesters EGFR at the plasma membrane through direct binding, thereby inhibiting its



translocation to the nucleus. In contrast, the interaction of GDPD5 with CD55 facilitates the nuclear

translocation of EGFR.

3.6 GDPD5 Modulates Lipid Accumulation and Radiosensitivity via a CD55-Dependent

Mechanism

To elucidate the regulatory function of the GDPD5-CD55 interaction complex on lipid accumulation

and radiosensitivity, we first confirmed CD55-specific functional phenotypes using two distinct shRNAs

(Fig. S5A), with full phenotypic rescue by shRNA-resistant CD55 constructs establishing target

specificity (Fig. S5G-K). We then conducted functional rescue experiments by silencing CD55 in

GDPD5-knockdown radioresistant cell lines. Our findings demonstrated that the increased

radiosensitivity resulting from GDPD5 knockdown was reversed upon simultaneous CD55 knockdown

(Fig. 6A-E). Concurrently, the decrease in lipid accumulation associated with GDPD5 deficiency was

also mitigated by CD55 knockdown (Fig. 6F-L). In vivo subcutaneous xenograft tumor models further

corroborated that the radiosensitizing effects induced by GDPD5 knockdown, evidenced by

suppressed tumor growth, a reduced Ki67-positive rate, and diminished lipid accumulation—were

effectively counteracted by CD55 knockdown (Fig. 6M-R). Collectively, these findings suggest that

GDPD5 modulates lipid metabolism and radiosensitivity in rectal cancer through a CD55-dependent

pathway.

3.7 Clinical Significance of the GDPD5-CD55-EGFR Competitive Binding Axis and Integrated

Mechanism



To ascertain the clinical significance of the GDPDS5-CD55-EGFR competitive binding axis,
immunohistochemical analyses were conducted on patient tissue samples. The findings indicated that
patients who responded favorably to radiotherapy exhibited low levels of GDPD5 expression, elevated
CD55 expression, and decreased nuclear localization of EGFR (Fig. 7A-D). Subsequent correlation
analysis revealed a positive association between the number of EGFR nuclear-positive cells and
GDPD5 expression, alongside a negative association with CD55 expression (Fig. 7E-F). Furthermore,
these findings were statistically significant in both p53 wild-type and mutant patient tissue samples
(Fig. S7). Utilizing these results, isogenic patient tissues were employed to develop patient-derived
organoid (PDO) models with high GDPD5 expression, low CD55 expression, high EGFR nuclear
localization and low GDPD5 expression, high CD55 expression, low EGFR nuclear localization (Fig.
S8A). The GDPD5-high PDO group displayed enhanced radioresistance, as demonstrated by
significantly increased post-irradiation organoid budding rate and area, elevated IC50, and extended

half-maximal proliferation time (Fig. 7G-H, S8B-E).

In conclusion, this study introduces a mechanistic model in which GDPD5 regulates the nuclear
translocation of EGFR by competitively binding to the membrane-anchored protein CD55, thereby
affecting p53-mediated lipid metabolic reprogramming and radiosensitivity. The findings underscore
the pivotal role of the GDPD5-CD55-EGFR competitive binding axis in promoting radioresistance in

rectal cancer and offer a theoretical basis for developing targeted therapeutic interventions (Fig. 71).

4. Discussion



Radiotherapy is a fundamental therapeutic approach for different stages of rectal cancer. However, its
effectiveness is often limited by the radioresistance of tumor cells. This study elucidates the molecular
mechanism by which the GDPD5-CD55-EGFR competitive binding complex influences p53-
associated lipid accumulation and simultaneously promotes radioresistance through the regulation of
EGFR nuclear translocation. The concurrent occurrence of lipid accumulation within tumor tissue and
radioresistance is frequently documented. However, the underlying causal relationship remains
inadequately elucidated. Clinical observations indicate elevated expression of CPT1A, a critical
enzyme in fatty acid oxidation, in radioresistant nasopharyngeal carcinoma and pancreatic cancer
tissues?!, accompanied by significantly reduced serum levels of high-density lipoprotein cholesterol??
23, Multi-omics analyses further reveal aberrant accumulation of membrane phospholipids and
arachidonic acid precursors, along with persistently increased lipid droplet content within radioresistant
tumors. Notably, FASN overexpression is associated with enhanced DNA repair capacity in
radioresistant cells?*, while cholesterol accumulation is observed concurrently with Wnt pathway
activation?®. Our findings also suggest that patients with rectal cancer who exhibit no response to
radiotherapy demonstrate significantly increased intratumoral lipid content compared to responders.
Furthermore, a lipid accumulation phenotype is consistently observed in both radioresistant cell lines
and subcutaneous xenograft models. Furthermore, it was discovered in cellular models that lipid
content influences radiosensitivity. The findings of this study indicate that GDPD5-CD55-EGFR-p53
axis functions as a higher-order regulatory mechanism. The knockdown of GDPD5 concurrently

mitigates lipid accumulation, reinstates p53-dependent apoptotic processes, and impedes the nuclear



translocation of EGFR, thereby collectively counteracting radioresistance. Consequently, although

lipid accumulation is a requisite element, GDPDS5 acts as the principal orchestrator of this phenotype.

Subsequent investigations indicate that this process may be modulated by GDPDS5. Prior research
has demonstrated the tumor-promoting role of GDPD5 in solid tumors, with significant overexpression
observed in colorectal cancer tissues. In these tissues, GDPD5 facilitates metastasis and induces
resistance to 5-FU by promoting epithelial-mesenchymal transition'®. In breast cancer, GDPD5
enhances tumor cell migration through the hydrolysis of glycerophosphocholine (GPC)?. Although its
potential to induce differentiation has been documented in neuroblastoma?®, GDPD5 is located within
the frequently deleted chromosomal region 1191327. This deletion is directly associated with poor
prognosis in advanced-stage neuroblastoma, implying that the tumor-suppressive function of GDPD5
may be context-dependent. Importantly, the oncogenic mechanisms of GDPD5 closely align with its
role in transmembrane signaling regulation. As a glycosylphosphatidylinositol (GPIl)-anchored
hydrolase, the loss of its membrane localization results in a decreased release of GPl-anchored
proteins?. In contrast, the overexpression of GDPD5 in colorectal cancer may activate oncogenic
pathways, exemplified by the GDPD5-CD55-EGFR competitive binding complex identified in this study,
potentially through the stabilization of membrane-localized complexes'®. This reliance on membrane
localization is apparent in both its hydrolytic activity towards GPC and its role in the regulation of lipid
metabolism?5. Taken together, the aforementioned evidence offers a mechanistic explanation for

GDPD5's involvement in modulating radioresistance and lipid accumulation in rectal cancer.



This study elucidates that the regulation of GDPD5 is contingent upon the p53 signaling pathway.
Serving as a pivotal node in metabolic regulation, the functional inhibition of p53 results in a significant
lipid accumulation phenotype?®. p53 facilitates transcriptional activation by binding to the ATGL
promoter. Consequently, the absence or functional inhibition of p53 leads to impaired triglyceride
hydrolysis'®. Additionally, the USP22-FASN axis remains constitutively active in p53-deficient cells,
promoting excessive lipid accumulation and tumor progression'’. Beyond ATGL and FASN, p53
deficiency may also augment the expression of lipogenic genes through the derepression of SREBP-
1c and suppress lipolytic pathways by downregulating ADRB3, further intensifying lipid accumulation?®
30, Importantly, p53-mediated metabolic reprogramming demonstrates considerable tissue and stress
specificity?®. In the context of radioresistance, this reprogramming, potentially through alterations in
lipid metabolic phenotypes, may affect DNA damage repair efficiency and cell survival®'. Moreover, as
a fundamental regulator of radiosensitivity, the functional status of p53 directly influences tumor
response to radiotherapy. Patients with bladder cancer and head and neck squamous cell carcinoma
that retain functional p53 exhibit significantly improved complete response rates to radiotherapy?2. The
underlying mechanism entails the protein p53 coordinating the cellular response to radiation via a
bifurcated program. Initially, it activates the p21-mediated G1/S phase arrest, thereby providing an
opportunity for DNA repair. Subsequently, it triggers the PUMA/BAX-dependent apoptotic pathway to
eliminate cells with irreparable damage.3® 34. When p53 function is compromised, tumor cells not only
lose their ability to undergo radiation-induced apoptosis but also experience dysregulation of the G2/M

checkpoint, resulting in a marked increase in clonogenic survival®. Collectively, these insights provide



the theoretical basis for the findings in this study, which demonstrate that GDPD5, acting through the

p53 pathway, regulates lipid accumulation and radioresistance in rectal cancer.

TP53 mutations are present in 50-70% of colorectal cancers and primarily consist of missense
mutations, truncating mutations (nonsense and frameshift), and less frequently, splice site and
regulatory region mutations®®: 37, Missense mutations are the most prevalent and may retain partial
functions, such as phosphorylation and pro-apoptotic activity, as well as "gain-of-function" properties3®
39 . In contrast, truncating mutations and splice site mutations typically result in a complete loss of
function?® 41 42 Regulatory region mutations result in downregulation of p53 function®. This study
demonstrates that the GDPD5-CD55-EGFR axis operates in a p53-context-dependent manner. In
cells with wild-type p53, this axis fully regulates lipid metabolism and radiosensitivity through p53. In
models with missense mutations, silencing GDPD5 continues to suppress lipid accumulation and
enhance radiosensitivity, effects that can be reversed by co-knockdown of CD55, thereby confirming
the core functionality of the axis with partially active p53. However, in models with truncating and splice
site mutations, the axis is anticipated to be ineffective, as changes in lipid accumulation and
radiosensitivity are contingent upon p53 functionality. Future research should undertake a systematic
comparison of responses across various mutation types, namely missense, truncating, splice site, and
regulatory mutations, within isogenic backgrounds. Additionally, efforts should be directed towards the
development of p53 phosphorylation enhancers specifically for missense mutants, as well as the

design of combination therapies that operate independently of p53 for truncating or null mutations.



In radioresistant models, the modulation of p53 activity is influenced by the process of EGFR nuclear
translocation, which constitutes a critical mechanism underlying tumor radioresistance. Upon
exposure to IR, EGFR is transported retrogradely via the Golgi-endoplasmic reticulum pathway and
subsequently translocated through the nuclear pore complex, facilitated by the coordinated actions of
the Sec61 translocon and importin 143, Clinical studies indicate that EGFR nuclear translocation in
rectal cancer patients following radiotherapy is significantly associated with an elevated risk of local
recurrence*4. Once translocated to the nucleus, EGFR suppresses p53 transcriptional activity by
promoting the formation of a complex with DNA-PKcs, thereby inhibiting its pro-apoptotic function®.
This interaction is contingent upon EGFR-mediated enhancement of DNA-PKcs binding and results in
the attenuation of p53 stability by preventing phosphorylation at its Ser15 residue'’®. Moreover,
research has demonstrated that the Wnt/EGFR pathway activates EGFR signaling through rhomboid,
which subsequently suppresses the Chk2/p53-dependent DNA damage response pathway to IR,
thereby reducing apoptosis*®. Importantly, EGFR inhibitors have been shown to restore p53 activity'®.
Our study identifies an increase in EGFR nuclear translocation in radioresistant rectal cancer models.
Significantly, GDPD5 was observed to affect this EGFR nuclear translocation, a finding corroborated
by analyses of patient-derived tissues. Consequently, we propose that GDPD5 may modulate the p53

pathway by regulating EGFR nuclear translocation.

We have determined that there is no direct binding relationship between GDPD5 and EGFR. CD55,
which functions as a GPl-anchored membrane glycoprotein, exerts its non-canonical tumor-

suppressive effects through molecular scaffolding facilitated by its short consensus repeat (SCR)



domains. These domains are crucial for maintaining the homeostasis of key receptors within lipid raft
microdomains. Previous research has shown that CD55 negatively regulates oncogenic pathways via
its SCR domains, binding to CD97 suppresses excessive JAK/STAT3 activation, while interaction with
the LIME/ROR2 complex limits LCK/JNK signaling intensity*® 4748, These mechanisms are implicated
in the dysregulation of DNA repair associated with radioresistance. In this study, we identify residues
LYS-161 and GLN-212 within CD55 as the specific binding sites for EGFR. The competitive occupancy
of this site by GDPD5 disrupts the CD55-EGFR interaction and promotes the nuclear translocation of
EGFR. This process consequently inhibits the function of p53, promotes the accumulation of lipids,
and ultimately results in radioresistance. This mechanism provides novel evidence supporting the
tumor-suppressive role of CD55. Research indicates that the depletion of CD55-positive cells is
associated with increased radioresistance*®, potentially due to unchecked nuclear trafficking of EGFR.
In contrast, the expression of CD55 induced by hypoxia-inducible factor 1-alpha within hypoxic
microenvironments may delay the onset of resistance by stabilizing the localization of EGFR at the
membrane®. This observation is consistent with clinical findings that high CD55 expression is
associated with improved prognosis in patients with gastric cancer®. Therapeutically restoring the
CD55-EGFR interaction presents significant potential. Enhancing the function of CD55 in cervical
cancer models activates caspase-3-dependent apoptosis®'. Additionally, this study confirms that
inhibiting GDPD5 competition enhances CD55-mediated anchoring of EGFR to the membrane. By

maintaining p53 expression, this intervention reverses lipid accumulation and radioresistance.



The causal relationship between lipid accumulation and radioresistance observed in this study
necessitates further investigation, as current evidence primarily highlights their co-occurrence.
Previous research suggests that lipid droplets may sequester free radicals, thereby mitigating
oxidative damage® %2. Additionally, enhanced fatty acid synthesis in radioresistant tumor cells
facilitates membrane phospholipid biogenesis and the release of signaling molecules®. Elevated
expression of ATP citrate lyase (ACLY) is associated with poor prognosis in patients undergoing
radiotherapy, while inhibition of ACLY impairs DNA damage repair capacity®*. Increased expression
and activity of FASN have been observed in radioresistant tumors®. FASN upregulates the androgen
receptor via the Akt/NF-kB pathway, leading to cell cycle arrest and enhanced DNA repair®®. The key
enzyme in fatty acid oxidation, carnitine palmitoyltransferase 1A (CPT1A), enhances DNA damage
repair and suppresses apoptosis by modulating FOXM1%. It is overexpressed in radioresistant
patients and negatively correlates with survival rates?'. The DGAT2 inhibitor PF-06424439, which
targets a lipid droplet metabolic enzyme, reduces lipid droplet accumulation and sensitizes cells to
radiation®®. These findings collectively suggest that the reprogramming of lipid metabolism contributes
to radioresistance by providing essential membrane components, energy, and substrates necessary

for repair.

Recent research underscores the pivotal role of feedback regulation between p53 and lipid metabolism
in tumor progression. The accumulation of lipid droplets facilitates the anchoring of p53 to the lipid
droplet surface through interactions with cytochrome b5 reductase 3 and myosin heavy chain 9 59 60,

This anchoring renders p53 vulnerable to specific ubiquitination and subsequent degradation by the



E3 ubiquitin ligase MDM2%°. The deficiency of p53 subsequently liberates ribosomal protein S3A,
promoting its nuclear translocation in complex with the transcription factor C/EBPR®'. This complex
enhances the expression of peroxisome proliferator-activated receptor gamma and the fatty acid
transporter CD36, resulting in sustained lipid droplet expansion. This deleterious cycle—where lipid
droplet accumulation triggers p53 degradation, and the loss of p53 facilitates de novo lipogenesis—

has received further clinical validation®2.

Future research should focus on inducing lipid accumulation in radiation-sensitive rectal cancer cell
lines to evaluate the resulting alterations in radiotherapeutic response. Moreover, the therapeutic
potential of targeting CD55 warrants further investigation. Although this study demonstrated that CD55
knockdown intensifies radioresistance, the translational significance of CD55 as a tumor suppressor
must be validated through overexpression models. Employing CRISPR activation technology or lipid
nanoparticle-mediated delivery of CD55 mRNA could provide insights into whether these approaches
can counteract GDPD5-mediated EGFR nuclear translocation and radioresistance®® 4. For clinical
translation, the integration of radiomics to assess intratumoral lipid content, such as quantifying lipid
droplet distribution via chemical shiftimaging, could serve as an indirect biomarker for evaluating rectal

cancer radiosensitivity® 66,

In conclusion, GDPD5 competitively interacts with the LYS-161/GLN-212 residues of CD55, leading
to the dissociation of EGFR from the membrane and promoting its translocation to the nucleus. This

signaling cascade inhibits p53 activity, thereby causing dysregulation of lipid metabolism and



contributing to radioresistance. Understanding this regulatory pathway unveils new therapeutic targets

and strategies for addressing radioresistance in rectal cancer.



Refrence:

10.

Benson AB, Venook AP, Al-Hawary MM, Azad N, Chen Y], Ciombor KK, et a/. Rectal Cancer,
Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J Nat/ Compr Canc Netw
2022, 20(10): 1139-1167.

Kagawa Y, Smith ]J, Fokas E, Watanabe J, Cercek A, Greten FR, et a/. Future direction of total
neoadjuvant therapy for locally advanced rectal cancer. Nat Rev Gastroenterol Hepato/
2024, 21(6): 444-455.

Scott A, Kennedy EB, Berlin J, Brown G, Chalabi M, Cho MT, et a/. Management of Locally
Advanced Rectal Cancer: ASCO Guideline. J Clin Oncol 2024, 42(28): 3355-3375.

Coelho D, Estévao D, Oliveira MJ, Sarmento B. Radioresistance in rectal cancer: can
nanoparticles turn the tide? Mo/ Cancer 2025, 24(1): 35.

Buckley AM, Lynam-Lennon N, O'Neill H, O'Sullivan J. Targeting hallmarks of cancer to
enhance radiosensitivity in gastrointestinal cancers. Nat Rev Gastroenterol Hepatol 2020,
17(5): 298-313.

YuY, Yul, GeS, SuY, Fan X. Novel insight into metabolic reprogrammming in cancer
radioresistance: A promising therapeutic target in radiotherapy. /nt J Biol 5¢i 2023, 19(3):
811-828.

An D, Zhai D, Wan C, Yang K. The role of lipid metabolism in cancer radioresistance. C/in
Trans!/ Oncol 2023, 25(8): 2332-2349.

Liang J, Liao L, Xie L, Tang W, Yu X, Lu Y, et a/. PITPNC1 Suppress CD8(+) T cell immune
function and promote radioresistance in rectal cancer by modulating FASN/CD155. J 7rans/
Med 2024, 22(1): 117.

Borza R, Matas-Rico E, Perrakis A, Moolenaar WH. Unlocking the signaling potential of GPI-
anchored proteins through lipolytic cleavage. 7rends Cell Biol 2025, 35(9): 732-744.

Feng C, Zhang L, Sun 'Y, Li X, Zhan L, Lou Y, et a/. GDPD5, a target of miR-195-5p, is
associated with metastasis and chemoresistance in colorectal cancer. Biomed Pharmacother



11.

12.

13.

14.

15.

16.

17.

18.

19.

2018, 101: 945-952.

Cao MD, Dépkens M, Krishnamachary B, Vesuna F, Gadiya MM, Lgnning PE, et a/.
Glycerophosphodiester phosphodiesterase domain containing 5 (GDPD5) expression
correlates with malignant choline phospholipid metabolite profiles in human breast cancer.
NMR Biomed 2012, 25(9): 1033-1042.

Wijnen JP, Jiang L, Greenwood TR, Cheng M, Dépkens M, Cao MD, et a/. Silencing of the
glycerophosphocholine phosphodiesterase GDPD5 alters the phospholipid metabolite
profile in a breast cancer model in vivo as monitored by (31) P MRS. NMR Biomed 2014,
27(6): 692-699.

Luo T, Peng J, Li Q, Zhang Y, Huang Y, Xu L, et a/. GDPD5 Related to Lipid Metabolism Is a
Potential Prognostic Biomarker in Neuroblastoma. /nt J Mol Sci 2022, 23(22).

Busato F, Khouzai BE, Mognato M. Biological Mechanisms to Reduce Radioresistance and
Increase the Efficacy of Radiotherapy: State of the Art. /nt J Mo/ Sci 2022, 23(18).

Shen A, Chen 'Y, Liu L, Huang Y, Chen H, Qi F, et a/. EBF1-Mediated Upregulation of
Ribosome Assembly Factor PNO1 Contributes to Cancer Progression by Negatively
Regulating the p53 Signaling Pathway. Cancer Res 2019, 79(9): 2257-2270.

Wang X, Xu M, Peng Y, Naren Q, Xu Y, Wang X, et a/. Triptolide enhances lipolysis of
adipocytes by enhancing ATGL transcription via upregulation of p53. Phytother Res 2020,
34(12): 3298-3310.

Han Z, Liu M, Xie Y, Zeng K, Zhan Z, Chen Y, et al. Derepression of the USP22-FASN axis by
p53 loss under oxidative stress drives lipogenesis and tumorigenesis. Cell Death Discov
2022, 8(1): 445.

Ding J, Li X, Khan S, Zhang C, Gao F, Sen S, et a/. EGFR suppresses p53 function by
promoting p53 binding to DNA-PKcs: a noncanonical regulatory axis between EGFR and
wild-type p53 in glioblastoma. Neuro Oncol 2022, 24(10): 1712-1725.

Zhao K, Zhou Y, Qiao C, Ni T, Li Z, Wang X, et al. Oroxylin A promotes PTEN-mediated
negative regulation of MDM2 transcription via SIRT3-mediated deacetylation to stabilize



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

p53 and inhibit glycolysis in wt-p53 cancer cells. J Hermatol Oncol 2015, 8: 41.

Liu'Y, Bodmer WF. Analysis of P53 mutations and their expression in 56 colorectal cancer
cell lines. Proc Nat! Acad Sci U S A 2006, 103(4): 976-981.

Tan Z, Xiao L, Tang M, Bai F, Li J, Li L, et a/. Targeting CPT1A-mediated fatty acid oxidation
sensitizes nasopharyngeal carcinoma to radiation therapy. 7heranostics 2018, 8(9): 2329-
2347.

Kery M, Papandreou |. Emerging strategies to target cancer metabolism and improve
radiation therapy outcomes. BrJ Radio/ 2020, 93(1115): 20200067.

Zhang Y, Yang Z, Liu Y, Pei J, Li R, Yang Y. Targeting lipid metabolism: novel insights and
therapeutic advances in pancreatic cancer treatment. Lipids Health Dis 2025, 24(1): 12.

Wang CJ, Li D, Danielson JA, Zhang EH, Dong Z, Miller KD, et a/. Proton pump inhibitors
suppress DNA damage repair and sensitize treatment resistance in breast cancer by
targeting fatty acid synthase. Cancer Lett 2021, 509: 1-12.

Marchan R. GDPD5, a choline-generating enzyme and its novel role in tumor cell
migration. Arch Toxico/ 2016, 90(12): 3143-3144.

Matas-Rico E, van Veen M, Leyton-Puig D, van den Berg J, Koster J, Kedziora KM, et a/.
Glycerophosphodiesterase GDE2 Promotes Neuroblastoma Differentiation through
Glypican Release and Is a Marker of Clinical Outcome. Cancer Cel/ 2016, 30(4): 548-562.

Yu EY, Cheung NV, Lue NF. Connecting telomere maintenance and regulation to the
developmental origin and differentiation states of neuroblastoma tumor cells. J Hemato/
Oncol 2022, 15(1): 117.

Westerhaus A, Joseph T, Meyers AJ, Jang Y, Na CH, Cave C, et a/. The distribution and
function of GDE2, a regulator of spinal motor neuron survival, are disrupted in Amyotrophic
Lateral Sclerosis. Acta Neuropathol Commun 2022, 10(1): 73.

Liu Y, Gu W. The complexity of p53-mediated metabolic regulation in tumor suppression.
Semin Cancer Biol 2022, 85: 4-32.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kang JG, Lago CU, Lee JE, Park JH, Donnelly MP, Starost MF, et a/. A Mouse Homolog of a
Human TP53 Germline Mutation Reveals a Lipolytic Activity of p53. Ce// Rep 2020, 30(3):
783-792.e785.

Koo KY, Moon K, Song HS, Lee MS. Metabolic regulation by p53: Implications for cancer
therapy. Mo/ Cells 2025, 48(4): 100198.

Song B, Yang P, Zhang S. Cell fate regulation governed by p53: Friends or reversible foes in
cancer therapy. Cancer Commun (Lond) 2024, 44(3): 297-360.

Huang RX, Zhou PK. DNA damage response signaling pathways and targets for
radiotherapy sensitization in cancer. Signal Transduct Target Ther 2020, 5(1): 60.

Chen X, Zhang T, Su W, Dou Z, Zhao D, Jin X, et a/. Mutant p53 in cancer: from molecular
mechanism to therapeutic modulation. Cell Death Dis 2022, 13(11): 974.

Huang R, Zhou PK. DNA damage repair: historical perspectives, mechanistic pathways and
clinical translation for targeted cancer therapy. Signal Transduct Target Ther 2021, 6(1):
254,

Funk JS, Klimovich M, Drangenstein D, Pielhoop O, Hunold P, Borowek A, et a/. Deep
CRISPR mutagenesis characterizes the functional diversity of TP53 mutations. Nat Genet
2025, 57(1): 140-153.

Yan S, Zhan F, He Y, Zhu Y, Ma Z. p53 in colorectal cancer: from a master player to a
privileged therapy target. J 7rans/ Med 2025, 23(1): 684.

Lane DP. Mutant p53 Gain-of-Function in the Spotlight: Are We Suffering a GOF Delusion?
Cancer Discov 2024, 14(2): 211-213.

Kennedy MC, Lowe SW. Mutant p53: it's not all one and the same. Cell Death Differ 2022,
29(5): 983-987.

Hu J, Cao J, Topatana W, Juengpanich S, Li S, Zhang B, et a/. Targeting mutant p53 for
cancer therapy: direct and indirect strategies. J Hemato/ Oncol 2021, 14(1): 157.



41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51

Kastenhuber ER, Lowe SW. Putting p53 in Context. Ce// 2017, 170(6): 1062-1078.

Levine AJ. p53: 800 million years of evolution and 40 years of discovery. Nat Rev Cancer
2020, 20(8): 471-480.

Zhu J, Wu Z, Shan G, Huang Y, Liang J, Zhan C. Nuclear epidermal growth factor receptor
(nEGFR) in clinical treatment. Heliyon 2024, 10(21): e40150.

Yang CC, Lin LC, Lin YW, Tian YF, Lin CY, Sheu MJ, et al. Higher nuclear EGFR expression is a
better predictor of survival in rectal cancer patients following neoadjuvant
chemoradiotherapy than cytoplasmic EGFR expression. Onco/ Lett 2019, 17(2): 1551-1558.

Ewen-Campen B, Perrimon N. Wnt signaling modulates the response to DNA damage in
the Drosophila wing imaginal disc by regulating the EGFR pathway. PLoS Bio/ 2024, 22(7):
e3002547.

Bharti R, Dey G, Lin F, Lathia J, Reizes O. CD55 in cancer: Complementing functions in a
non-canonical manner. Cancer Lett 2022, 551: 215935.

Lala T, Hall RA. Adhesion G protein-coupled receptors: structure, signaling, physiology, and
pathophysiology. Physiol Revy 2022, 102(4): 1587-1624.

Saygin C, Wiechert A, Rao VS, Alluri R, Connor E, Thiagarajan PS, et a/. CD55 regulates self-
renewal and cisplatin resistance in endometrioid tumors. J Exp Med 2017, 214(9): 2715-
2732.

Leung TH, Tang HW, Siu MK, Chan DW, Chan KK, Cheung AN, et a/. Human papillomavirus
E6 protein enriches the CD55(+) population in cervical cancer cells, promoting
radioresistance and cancer aggressiveness. J Patho/ 2018, 244(2): 151-163.

Olcina MM, Balanis NG, Kim RK, Aksoy BA, Kodysh J, Thompson MJ, et a/. Mutations in an
Innate Immunity Pathway Are Associated with Poor Overall Survival Outcomes and Hypoxic
Signaling in Cancer. Cell Rep 2018, 25(13): 3721-3732.e3726.

Li G, Yin Q, JiH, Wang Y, Liu H, Jiang L, et a/. A study on screening and antitumor effect of



52.

53.

54,

55.

56.

57,

58.

59.

60.

61.

CD55-specific ligand peptide in cervical cancer cells. Drug Des Devel Ther 2018, 12: 3899-
3912.

Yang L, Wei W, Yuan X, Guo E, Peng P, Wang J, et a/. Targeting DNA Damage Repair to
Enhance Antitumor Immunity in Radiotherapy: Mechanisms and Opportunities. /nt J Mol Sci
2025, 26(8).

Khwairakpam AD, Banik K, Girisa S, Shabnam B, Shakibaei M, Fan L, et a/. The vital role of
ATP citrate lyase in chronic diseases. J Mo/ Med (Ber/) 2020, 98(1): 71-95.

FuY, Zou T, Shen X, Nelson PJ, Li J, Wu C, et a/. Lipid metabolism in cancer progression and
therapeutic strategies. MedComm (2020) 2021, 2(1): 27-59.

Chen J, Zhang F, Ren X, Wang Y, Huang W, Zhang J, et a/ Targeting fatty acid synthase
sensitizes human nasopharyngeal carcinoma cells to radiation via downregulating frizzled
class receptor 10. Cancer Biol Med 2020, 17(3): 740-752.

Kubik J, Humeniuk E, Adamczuk G, Madej-Czerwonka B, Korga-Plewko A. Targeting Energy
Metabolism in Cancer Treatment. /nt J Mol Sci/ 2022, 23(10).

Kwon YS, Lee MG, Baek J, Kim NY, Jang H, Kim S. Acyl-CoA synthetase-4 mediates
radioresistance of breast cancer cells by regulating FOXM1. Biochem Pharmaco/ 2021, 192:
114718.

Nistico C, Pagliari F, Chiarella E, Fernandes Guerreiro J, Marafioti MG, Aversa |, et a/. Lipid
Droplet Biosynthesis Impairment through DGAT?2 Inhibition Sensitizes MCF7 Breast Cancer
Cells to Radiation. /nt J Mo/ Sci 2021, 22(18).

Zhang C, Liu P. The New Face of the Lipid Droplet: Lipid Droplet Proteins. Proteomics 2019,
19(10): e1700223.

Liu H, Du ], Chao S, Li S, Cai H, Zhang H, et a/. Fusobacterium nucleatum Promotes
Colorectal Cancer Cell to Acquire Stem Cell-Like Features by Manipulating Lipid Droplet-
Mediated Numb Degradation. Aav Sci (Weinh) 2022, 9(12): e2105222.

Dorr D, Obermayer B, Weiner JM, Zimmermann K, Anania C, Wagner LK, et a/. C/EBPf



62.

63.

64.

65.

66.

regulates lipid metabolism and Pparg isoform 2 expression in alveolar macrophages. Sc/
Immunol 2022, 7(75): eabj0140.

LiuH, Jing L, LiY, Zhou J, Cui X, Li S, et a/. Lipid Droplet-Organized MDM2-Mediated P53
Degradation: A Metabolic Switch Governing Diet-Driven Tumor Progression. Adv Sc/
(Weinh) 2025, 12(32): e03473.

Calabria A, Cipriani C, Spinozzi G, Rudilosso L, Esposito S, Benedicenti F, et a/. Intrathymic
AAV delivery results in therapeutic site-specific integration at TCR loci in mice. Blood 2023,
141(19): 2316-2329.

Nufiez JK, Chen J, Pommier GC, Cogan JZ, Replogle JM, Adriaens C, et a/. Genome-wide
programmable transcriptional memory by CRISPR-based epigenome editing. Ce// 2021,
184(9): 2503-2519.e2517.

Jiang H, Chen HC, Lafata KJ, Bashir MR. Week 4 Liver Fat Reduction on MRI as an Early
Predictor of Treatment Response in Participants with Nonalcoholic Steatohepatitis.
Radiology 2021, 300(2): 361-368.

Kupczyk PA, Kurt D, Endler C, Luetkens JA, Kukuk GM, Fronhoffs F, et a/. MRI proton density
fat fraction for estimation of tumor grade in steatotic hepatocellular carcinoma. Eur Radiol
2023, 33(12): 8974-8985.



Figure 1 Lipid Accumulation Associates with Rectal Cancer Radioresistance

(A) Schematic of bioinformatics analysis, The GSE68204 dataset was integrated with the MSigDB to

conduct differential gene screening, PCA, correlation analysis, and KEGG enrichment analysis. (B)

Assessment of triglyceride levels in tumor tissues from rectal cancer patients (n=20), categorized by

treatment response (good response, TRG 0-1; poor response, TRG 2-3). (C-F) Clonogenic assays

and statistical analyses were performed on both parental and radioresistant HCT116 and DLD-1 cell

lines. (G) Western blot analysis was conducted to determine the protein levels of FASN and ATGL in

parental and radioresistant HCT116 and DLD-1 cell lines. (H-I) Oil Red O staining (scale bar = 10 ym)

and quantification of neutral lipids were performed in parental and radioresistant HCT116 and DLD-1

cell lines. (J) Schematic representation of the nude mouse subcutaneous tumor model and images of

gross tumors (n=6 per group). (K-L) BODIPY staining (scale bar = 20 um) and quantification of neutral

lipids were conducted in parental and radioresistant (R) HCT116 and DLD-1 cell lines. (M) Growth

curves of subcutaneous tumors derived from parental and radioresistant cell lines were plotted (n=6

per group, P (24 days) <0.001, Cohen's d (24 days)=7.91). (N) Statistical analysis of tumor weights

was performed comparing parental and radioresistant groups (n=6 per group, Cohen's d=8.67). (O-Q)

Oil Red O staining (n=6 per group, Cohen's d=28.53) and Ki67 IF analysis (n=6 per group, Cohen's

d=11.03), along with statistical evaluations (scale bar = 10 ym), were conducted in parental and

radioresistant groups. NS indicates non-significance, **p<0.01; ***p<0.001.

Figure 2 GDPD5 Regulates Lipid Accumulation and Radiosensitivity in Rectal Cancer Cells



(A) Screening of core lipid metabolism genes was conducted using SVM-RFE, RF, and LASSO logistic

regression, followed by ROC curve analysis to evaluate the AUC values of core genes. (B) WB

analysis was performed to detect GDPD5 protein levels in both parental and radioresistant HCT116

and DLD-1 cell lines. (C) WB analysis was also utilized to assess the protein levels of GDPD5, FASN,

and ATGL in control versus GDPD5-knockdown radioresistant cell lines. (D, F) Oil Red O staining

(scale bar = 10 ym) and quantification of neutral lipids were conducted in control and GDPD5-

knockdown radioresistant cells. (E, H) BODIPY staining (scale bar = 20 ym) and neutral lipid

quantification were performed in control and GDPD5-knockdown radioresistant cells. (H-1) Clonogenic

assays (IR-4 Gy) and statistical analyses were conducted in control and GDPD5-knockdown

radioresistant cells. (J-K) Flow cytometry was employed to detect apoptosis, with statistical analysis

performed on irradiated (IR-4 Gy) control and GDPD5-knockdown radioresistant cells. (L) Gross tumor

images were captured for control and GDPD5-knockdown HCT116 radioresistant cells (n=6 per group).

(M) Tumor growth curves were generated to compare radioresistant control and GDPD5-knockdown

groups (n=6 per group, P (24 days) <0.001, Cohen's d (24 days)=8.44). (N) Tumor weight statistics

for radioresistant control vs. GDPD5-knockdown groups (n=6 per group, Cohen's d=10.75). (O-Q) Qil

Red O staining (n=6 per group, Cohen's d=14.11) and Ki67 IF detection (n=6 per group, Cohen's

d=17.32) in radioresistant control and GDPD5-knockdown groups (Scale bar=10 um). sh #1,

shGDPD5-1; sh #2, shGDPD5-2. NS: non-significance; **p<0.01; ***p<0.001.

Figure 3 GDPD5 Modulates Lipid Accumulation and Radiosensitivity via the p53 Signaling Pathway



(A) PCA and Heatmap illustrating differentially expressed genes from RNA-seq analysis comparing

control and GDPD5-knockdown HCT116 radioresistant cells. (B) KEGG pathway enrichment analysis

of differentially expressed genes from RNA-seq in control versus GDPD5-knockdown HCT116

radioresistant cells. (C) WB analysis of GDPD5, p53, FASN, and ATGL protein levels across different

groups in radioresistant cells. (D-F) Oil Red O staining (Scale bar=10 ym) and quantification of neutral

lipids across groups. (G-I) BODIPY staining (Scale bar=20 ym) and quantification of neutral lipids

across groups. (J-L) Clonogenic assays following irradiation (IR-4 Gy) and statistical analysis across

groups. (M) Flow cytometry-based apoptosis detection and statistical analysis following irradiation (IR-

4 Gy) across groups. NS: not significant; **p<0.01; ***p<0.001.

Figure 4 Protein Interactions Among GDPD5, CD55, and EGFR

(A) IF analysis was conducted to examine the distribution of EGFR across different groups (Scale bar

= 20 um). (B-E) Co-IP analysis was performed using antibodies against GDPD5 and EGFR in

radioresistant cells. (F) A schematic representation of the mass spectrometry analysis is provided,

following Co-IP using GDPD5 or EGFR as baits in HCT116 radioresistant cells, with subsequent

identification of intersecting interacting proteins. (G-J) Co-IP analysis was conducted using antibodies

against GDPD5 and CD55 in radioresistant cells. (K) Co-IP analysis of GDPD5-CD55 interactions was

performed in HEK293T cells, utilizing an anti-Flag antibody for Flag-GDPD5 and an anti-Myc antibody

for Myc-CD55. (L) IF analysis was conducted to assess the co-localization of GDPD5 and CD55 in

radioresistant cells (Scale bar = 20 um). (M-P) Co-IP analysis was performed using antibodies against



EGFR and CD55 in radioresistant cells. (Q) Co-IP analysis of EGFR-CD55 interactions was conducted

in HEK293T cells, employing an anti-Flag antibody for Flag-CD55 and an anti-Myc antibody for Myc-

EGFR. (L) IF analysis was conducted to evaluate the co-localization of EGFR and CD55 in

radioresistant cells (Scale bar = 20 um).

Figure 5 CD55 facilitates competitive binding between GDPD5 and EGFR, thereby influencing the

nuclear translocation of EGFR

(A) Molecular docking model illustrating the interaction between GDPD5 and CD55. (B) Molecular

docking model depicting the interaction between EGFR and CD55. (C-D) Co-IP using a CD55 antibody

to assess the binding levels of EGFR and CD55 in cells with GDPD5 knockdown (C) and in cells

overexpressing GDPD5 (D) that exhibit radioresistance. (E) Co-IP analysis of GDPD5-CD55-EGFR

interactions in HEK293T cells, utilizing an anti-Myc antibody for Myc-tagged GDPDS5, an anti-Flag

antibody for Flag-tagged CD55, and an anti-HA antibody for HA-tagged EGFR. (F) Co-IP analysis of

EGFR interactions in HEK293T cells, employing an anti-HA antibody for HA-tagged GDPD5, an anti-

Myc antibody for Myc-tagged CD55, and an anti-Flag antibody for Flag-tagged EGFR. (G) Western

blot analysis detecting nuclear, membrane, and total EGFR levels across different groups in

radioresistant cells. (H-I) IF detection of EGFR distribution in radioresistant cells (Scale bar = 20 ym).

Figure 6 The regulation of lipid accumulation and radiosensitivity by GDPD5 is contingent upon CD55.



(A-C) Clonogenic assays were conducted using IR at a dose of 4 Gy, with statistical analyses

performed across different groups of radioresistant cells. (D-E) Flow cytometry was utilized for

apoptosis detection following IR exposure (4 Gy), accompanied by statistical evaluations across

groups. (F) WB analysis was employed to detect the expression levels of GDPD5, CD55, p53, FASN,

and ATGL across the various groups. (G-1) Oil Red O staining was performed to visualize neutral lipids

(Scale bar = 10 ym), and statistical analyses were conducted across groups. (J-L) BODIPY staining

was similarly executed (Scale bar = 20 um), and neutral lipid quantification was assessed across

groups. (M) Gross tumor images were obtained from control, GDPD5-knockdown, and GDPD5/CD55

dual-knockdown HCT116 radioresistant cells (n=6 per group). (N) Tumor growth curves were plotted

for the different groups (n=6 per group, P (sh Ctrl vs sh GDPD5, 24 days) < 0.001, Cohen's d (sh Ctrl

vs sh GDPD5, 24 days) =7.33, P (sh GDPD5+CD55 vs sh GDPDS5, 24 days) <0.001, Cohen's d (sh

GDPD5+CD55 vs sh GDPD5, 24 days) =12.22). (O) Tumor weight measurements were statistically

analyzed across groups (n=6 per group, Cohen's d (sh Ctrl vs sh GDPD5) =8.79, Cohen's d (sh

GDPD5+CD55 vs sh GDPD5) =10.45). (P-R) Oil Red O staining (n=6 per group, Cohen's d (sh Ctrl vs

sh GDPD5) =11.99, Cohen's d (sh GDPD5+CD55 vs sh GDPDS5) =10.20) and Ki67 IF detection were

conducted (n=6 per group, Cohen's d (sh Ctrl vs sh GDPD5) =13.63, Cohen's d (sh GDPD5+CD55 vs

sh GDPD5) =6.90), and statistical analyses were performed across groups (Scale bar = 40 uym). NS

indicates non-significance; **p<0.01; ***p<0.001.

Figure 7 Clinical Significance of the GDPD5-CD55-EGFR Axis in Rectal Cancer



(A) Immunohistochemical analysis of GDPD5, CD55, and EGFR expression in rectal cancer tissue
samples (n=20), accompanied by IHC scoring (B-D). (E-F) Correlation analysis of the IHC findings.
(G) Representative images depicting tumor organoid models comparing sham and IR-6 Gy treatment
groups. (H) Statistical analysis of the organoid response to radiation. (I) Graphical abstract illustrating
the mechanism by which GDPD5 competitively binds to CD55 and EGFR, facilitating EGFR nuclear
translocation, leading to the suppression of p53 and the promotion of radioresistance and lipid

accumulation. NS denotes non-significance; **p<0.01; ***p<0.001.
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