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Advancing Colorectal Cancer Research Through Xenograft Modeling

Colorectal cancer remains a leading cause of cancer-related morbidity and mortality, driven by complex genetic,
epigenetic, and microenvironmental factors that contribute to disease progression and therapeutic resistance. While in
vitro models have provided critical insights into molecular mechanisms, they often fail to replicate the intricate tumor
architecture and in vivo dynamics observed in patients. Xenograft models, including both cell line-derived and patient-
derived systems, offer a more physiologically relevant platform for evaluating drug efficacy, investigating tumor
heterogeneity, and identifying resistance pathways. Despite limitations such as the absence of a fully functional immune
system in host animals, xenografts enable the systematic study of therapeutic responses under controlled genetic and
epigenetic conditions.

RKO Cell Line L

The RKO cell line, established from a poorly differentiated human colorectal -
carcinoma, is a widely studied model characterized by microsatellite instability (MSI-H), "\
wild-type TP53, and the absence of common KRAS and BRAF mutations. These
genetic attributes, combined with a hypermethylated epigenome and silencing of key |
DNA mismatch repair genes such as MLH1, position RKO cells as a valuable tool for
investigating epigenetic regulation, genomic instability, and p53-dependent apoptotic

pathways in colorectal cancer. RKO cells exhibit robust responses to DNA-damaging | 2 .:;
agents and are frequently employed to evaluate the efficacy of chemotherapeutics, = i = —
particularly those targeting the p53 axis or exploiting MSl-associated vulnerabilities. = * "

Additionally, they have been used in studies exploring the reversal of gene silencing AN N e

via DNA methyltransferase inhibitors, revealing potential for sensitization to
immunotherapies through reactivation of immune signaling pathways. Despite their ; ;
extensive use, gaps remain in understanding how epigenetic modulation influences ~ H&E stained section of a
immune evasion and how MSI-H status affects tumor-immune dynamics in Subcutaneously-implanted
physiologically relevant models. RKO tumor (Altogen Labs).

Figure 1. Tumor Histology.
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Each athymic BALB/c (nu/nu) mouse, aged 10
weeks, receives a single subcutaneous injection into
the hind leg comprising 1 x 10® RKO cells
suspended in 100 pyL of a Matrigel-based solution.
Following injection, animals are monitored for tumor
establishment, with treatment initiated once tumors
reach volumes between 50 and 150 mm3. Mice are
then randomized into appropriate treatment cohorts.
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Tumor volumes are measured daily using calipers, - I
while body weights are recorded three times per . = - = & -
week. Upon reaching the terminal tumor size limit of T 5 & 12 1w a7

2,000 mm3, animals are euthanized, and tumors are Days After Xenotransplantation

excised, weighed, and subjected to downstream ) o .
processing. Tumor and tissue samples are Figure 2. Tumor growth kinetics and chemotherapeutic

preserved in liquid nitrogen, fixed in 10% neutral evaluation of the Altogen Labs in-house validated RKO

buffered formalin for histopathological analysis, or xenograft model of colorectal cancer. Immunodeficient mice

stabilized in RNAlater for RNA-based assays. bearing subcutaneous RKO tumors were randomized to receive
treatment with docetaxel (20 mg/kg) or vehicle control (buffer
only). Data are presented as mean tumor volumes * standard
error of the mean (SEM).
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All procedures at Altogen Labs are performed in a
pathogen-free facility in compliance with the Guide for
the Care and Use of Laboratory Animals and
institutional IACUC regulations. The RKO cell line, 25

Tumor Weight (g)

derived from a poorly differentiated colorectal T
carcinoma, is widely recognized for its utility in 2 T
preclinical cancer research due to its wild type TP53, 15

microsatellite instability, and reproducible tumorigenicity '

in vivo. It has served as a valuable model for evaluating 1

the effects of targeted agents, RNA interference, and

immunotherapies. Notable studies using RKO 0>

xenografts have explored mechanisms of resistance to 0

BRAF inhibitors, investigated the functional role of HIF-
1a in tumor proliferation, and assessed gene
knockdown strategies targeting NOB1. These
investigations have collectively advanced the
understanding of apoptosis regulation, drug resistance
pathways, and angiogenesis in colorectal cancer.
Subcutaneous RKO xenografts remain integral to drug
development pipelines, enabling robust efficacy
assessment of experimental therapeutics under defined
genetic conditions.

Control Docetaxel

Figure 3. Tumor weights of RKO xenografts harvested from
mice treated with the docetaxel (20 mg/kg) or vehicle control
(buffer only). Tumor weights were recorded on Day 20 of the
study and are presented as mean £ SEM. The study performed
using Altogen Labs in-house validated RKO xenograft model.

Subcutaneous RKO Xenografts in Colorectal Cancer Research

Subcutaneous xenograft transplantation is a widely employed method in preclinical oncology, enabling consistent and
measurable tumor growth through the implantation of human cancer cells into the subcutaneous tissue of immunodeficient
mice. This approach facilitates the evaluation of therapeutic efficacy, tumor progression, and molecular responses within a
controlled in vivo environment. The RKO colorectal cancer cell line has proven especially valuable in this context due to its
microsatellite instability-high (MSI-H) status, intact TP53, and absence of common KRAS and BRAF mutations. These
characteristics reflect a distinct molecular subtype of colorectal cancer and support the use of RKO xenografts for studying
DNA mismatch repair deficiencies, p53-mediated responses, and epigenetic regulation. RKO tumors consistently engraft
and proliferate in vivo, replicating key histopathological features of poorly differentiated colorectal carcinomas, and exhibit
pronounced sensitivity to DNA-damaging agents, offering a relevant model for evaluating genotoxic therapies.

In recent research, subcutaneous RKO xenografts have also been utilized to investigate the effects of epigenetic therapies
and immune modulators. DNA methyltransferase inhibitors, for example, have been shown to reactivate silenced immune-
related genes, potentially enhancing tumor immunogenicity. However, the immunodeficient status of host animals limits
direct assessment of immune-tumor interactions, necessitating additional models for immunotherapy studies. Despite this
constraint, RKO xenografts remain a reliable platform for analyzing tumor behavior under defined genetic conditions,
advancing the understanding of treatment resistance, and enabling targeted drug development. Their reproducibility and
molecular specificity continue to support their relevance in colorectal cancer research and contribute to the broader goals
of precision medicine.

Orthotopic RKO Models in Colorectal Cancer Research

Orthotopic xenograft transplantation has emerged as a superior model for studying colorectal cancer, offering an
anatomically and biologically relevant environment that closely mimics the tumor's native site. In this approach, human
cancer cells are implanted directly into the colonic or rectal wall of immunodeficient mice, allowing for the evaluation of
tumor growth, local invasion, and the initiation of metastasis within a context that reflects physiological conditions. RKO
cells, which exhibit microsatellite instability, an intact TP53 gene, and epigenetic silencing of MLH1, have been
successfully used in orthotopic models, particularly when engineered with luciferase reporters for non-invasive imaging.
These models have demonstrated consistent tumor engraftment, progressive disease, and metastasis to clinically relevant
organs such as the liver, pancreas, and small intestine, thereby validating their application in studies of tumor
dissemination and microenvironmental interactions.
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The orthotopic RKO model provides a platform to investigate critical aspects of colorectal cancer progression, including
stromal remodeling, peritoneal invasion, and metastatic colonization. It also allows for localized therapeutic delivery and
real-time monitoring of treatment response. Histologically, orthotopically implanted RKO tumors replicate the poorly
differentiated phenotype observed in human tumors, supporting their relevance in translational research. Given RKO’s
distinct molecular profile, this model facilitates exploration of how mismatch repair deficiency and epigenetic modifications
shape tumor biology and therapeutic response. Future studies incorporating humanized immune systems and refined
implantation techniques may further enhance the clinical applicability of RKO orthotopic xenografts, contributing to the
development of more effective and personalized treatment strategies.

Case Study: Enhanced Antitumor Activity of SOMCL-19-133 in RKO Colon Cancer Models

A study by Zhou et al., published in Neoplasia journal, describes the development of SOMCL-19-133, a selective and
orally bioavailable inhibitor of the NEDDB8-activating enzyme (NAE). The compound demonstrates potent enzymatic
inhibition (ICs5, = 0.36 nM) and exceptional selectivity over the closely related ubiquitin-activating enzyme. In both in vitro
and in vivo experiments, SOMCL-19-133 induced accumulation of CRL substrates such as Cdt1 and p21, triggered DNA
damage signaling via yH2AX, and led to apoptosis in human colon cancer cells including RKO. In RKO specifically,
SOMCL-19-133 showed enhanced effects compared to MLN4924, with a lower ICs, (40.23 £ 5.12 nM versus 150.5 *
26.38 nM) and greater induction of cell cycle arrest and polyploidy. In a xenograft model using RKO tumors, oral
administration of SOMCL-19-133 significantly reduced tumor volume in a dose-dependent manner, yielding a T/C value of
0.03 at 10 mg/kg, which was more effective than MLN4924.

The methods employed included enzyme inhibition assays, UBL-thioester loading, flow cytometry, western blotting, and
xenograft models, with careful control and replication. RKO and HCT-116 cells were used to confirm the compound's
effects across genetically distinct colorectal lines. Despite its promising pharmacodynamic and pharmacokinetic profile,
SOMCL-19-133 demonstrated moderate oral bioavailability (10.8 percent), which may warrant formulation improvements.
The compound's stronger cytotoxicity compared to MLN4924, even with similar NAE inhibition potency, suggests superior
intracellular activity, possibly due to enhanced solubility or cellular uptake. While the study provides strong support for
SOMCL-19-133 as a next-generation NAE inhibitor, future studies should focus on understanding resistance in less
responsive lines and identifying biomarkers that predict therapeutic response, particularly in colorectal cancer models such
as RKO.

Additional Case Study: Targeting Geranylgeranylation Disrupts RKO Cell Growth

The article authored by Wang X, et al. and published in Molecular Cancer journal investigates the effects of lipophilic
bisphosphonate BPH1222, a geranylgeranyl diphosphate synthase (GGDPS) inhibitor, on colorectal cancer cell lines, with
particular emphasis on RKO. The central hypothesis posits that BPH1222 suppresses cell proliferation through inhibition of
protein geranylgeranylation, ultimately disrupting small GTPase activity. Key findings show that BPH1222 significantly
inhibits viability in multiple colon cancer cell lines, with RKO being among the most sensitive. Specifically, BPH1222
reduced RKO cell viability in a dose-dependent manner and caused marked downregulation of Rac1 and Rab6A protein
levels, which are crucial for actin cytoskeleton organization and vesicular trafficking. Additionally, flow cytometry revealed a
prominent increase in G1 phase arrest in RKO cells, and western blot analyses indicated decreased levels of
phosphorylated ERK1/2 and cyclin D1. The authors further showed that BPH1222 suppressed anchorage-independent
growth of RKO cells and that co-treatment with GGOH patrtially rescued cell viability, confirming the specificity of the drug’s
mechanism.

These findings strongly support the papers thesis that GGDPS inhibition via BPH1222 impairs post-translational
modification of small GTPases, which are integral to cancer cell survival and proliferation. A notable pattern is the selective
sensitivity of RKO cells to BPH1222, possibly due to their specific dependency on geranylgeranylation-dependent
pathways. The experimental methods were comprehensive, utilizing multiple assays including MTT, flow cytometry, soft
agar colony formation, and western blotting. However, limitations exist in the relatively short-term treatment windows and
the exclusive use of in vitro models, which constrain the extrapolation of results to in vivo settings. Sample sizes were
adequate for statistical comparisons, yet the study would benefit from orthotopic or xenograft validation in RKO models to
confirm clinical relevance. Overall, the findings offer compelling evidence for the therapeutic potential of GGDPS inhibitors
in colorectal cancer, particularly in RKO tumors, and future work should explore combinatorial regimens, long-term
resistance profiles, and translational biomarkers for geranylgeranylation pathway targeting.
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RKO Cell Sensitivity to Dual Deubiquitinase Inhibition

The RKO colorectal cancer cell line was evaluated to determine its response to a novel dual inhibitor targeting USP28 and
USP25, two deubiquitinases implicated in oncogenic protein stabilization. The compound induced a marked reduction in
RKO cell viability, with a low nanomolar IC50, indicating high potency. Treatment led to the depletion of c-Myc, a key
oncogenic driver, as well as reduced levels of Notch1 and c-Jun proteins. This downregulation correlated with increased
markers of apoptosis, including cleaved PARP and caspase-3, as well as elevated y-H2AX, suggesting that DNA damage
was induced as part of the compound’s cytotoxic mechanism. The compound also impaired clonogenic potential and
induced G1 cell cycle arrest, further supporting its inhibitory effect on tumor cell proliferation.

A notable pattern was the compound’s selectivity against tumors with elevated c-Myc and Notch1 activity, positioning RKO
as a highly responsive model due to its inherent molecular characteristics. These findings strongly support the hypothesis
that USP28/USP25 inhibition destabilizes oncogenic networks in susceptible cancer types. The methods employed
included standard in vitro assays such as cell viability screening, immunoblotting, and flow cytometry, all of which were
appropriate for delineating molecular and phenotypic outcomes. However, the absence of in vivo validation or extended
time-course analyses presents a limitation in assessing long-term efficacy and systemic tolerability. The findings affirm
RKO as a valuable preclinical model for mechanistic studies of oncogene-driven tumor suppression via ubiquitin pathway
disruption. Further research should explore in vivo pharmacodynamics and examine potential synergistic effects when
combined with DNA-damaging agents or immune-based therapies. These results contribute meaningfully to the evolving
understanding of targeted protein degradation as a therapeutic strategy in colorectal cancer.

Synergistic Inhibition of Colon Tumors via Akt and EGFR Co-Blockade

The experimental findings demonstrate that the Akt inhibitor ISC-4 synergizes with cetuximab to produce a potent
antitumor response in human colon cancer cells, particularly those with wild-type KRAS such as RKO. Initial screens
identified ISC-4 as having modest single-agent efficacy in colon cancer models. However, its potency significantly
increased when combined with cetuximab, specifically in wild-type KRAS cells. This synergy was characterized by
enhanced apoptosis, increased sub-G1 cell population, and reduced phospho-Akt levels. In vitro, this combinatorial
treatment induced early and sustained cytotoxic responses, including caspase-3 activation and DNA fragmentation.
Notably, the synergistic effect persisted in RKO clones with acquired resistance to 5-FU, emphasizing the clinical
relevance of this approach for refractory disease. In vivo studies in RKO xenograft models confirmed the combination's
efficacy in reducing tumor growth without observed toxicity, as measured by stable body weights and unaltered serum
chemistry.

Methodologically, the study employed well-established in vitro assays for viability, flow cytometry for cell cycle analysis,
and Western blotting to assess molecular responses. While the choice of multiple cell lines and the inclusion of resistant
clones strengthened the experimental design, a limitation was the lack of authentication for cell lines and limited
exploration of alternative resistance pathways. The findings reinforce the importance of KRAS status in predicting
response to cetuximab and demonstrate that phospho-Akt may serve as a predictive biomarker for treatment efficacy. The
absence of adverse effects in vivo supports the safety of the combination. Future research should explore comparative
efficacy with other Akt inhibitors, dissect alternative resistance mechanisms, and investigate phospho-Akt as a clinical
biomarker. Overall, this work advances the potential of ISC-4 and cetuximab as a targeted therapeutic option for KRAS
wild-type colon cancers resistant to standard chemotherapy.

Oncogenic Regulation via RNF6 Stabilization of ETV5 in RKO Cells

The RKO colorectal cancer cell line provides a valuable model for studying oncogene regulation due to its defined
molecular background, including microsatellite instability, wild-type TP53, and silencing of the DNA mismatch repair gene
MLH1. Analysis of this system reveals that the E3 ubiquitin ligase RNF6 plays a critical role in promoting tumorigenesis
through the regulation of transcription factor ETV5. RNF6 overexpression correlates with increased ETV5 protein levels,
which in turn promotes cell cycle progression by upregulating Cyclin D1, CDK2, and CDK4. RKO cells subjected to RNF6
knockdown exhibit significantly reduced proliferation, colony formation, and migration, underscoring the functional
importance of this pathway. Moreover, in vivo experiments using RKO xenografts show that silencing RNF6 markedly
inhibits tumor growth, indicating that this oncogenic axis is not only active in vitro but also functionally relevant in tumor
progression. These findings align with the broader understanding of ETV5 as a driver of colorectal cancer aggressiveness,
with RNF6 serving as a post-translational stabilizer that enhances its activity. The data demonstrate a consistent pattern in
which RNF6 amplifies oncogenic signaling by preventing ETV5 degradation, thus facilitating transcriptional activation of
key cell cycle genes. The study's strengths include the use of complementary in vitro and in vivo methods, as well as
mechanistic validation through ubiquitination assays. However, the absence of detailed exploration into downstream ETV5
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targets and potential compensatory pathways limits a more comprehensive understanding of this regulatory network.
Additionally, while the sample sizes for xenograft studies appear adequate, further replication across diverse colorectal
models would improve the generalizability of these conclusions. This research highlights RKO as an optimal platform for
interrogating the functional consequences of post-translational oncogene regulation and supports RNF6 as a potential

therapeutic target.

Xenograft animal models serve as a
foundational platform in preclinical oncology,
enabling the evaluation of therapeutic
efficacy against specific cancer types under
controlled in vivo conditions. By engrafting
human tumor cells, either subcutaneously or
orthotopically, into immunocompromised
mice or rats, researchers can simulate
tumor progression and assess drug
responses in a biologically relevant
environment. These models have played a
pivotal role in the development of all
clinically approved anti-cancer therapies.
The complexity of xenograft studies lies in
their multifactorial design, which includes
selection of an appropriate animal model,
cell line authentication, tumor inoculation
strategy, drug administration route and
schedule, and detailed post-treatment
analysis. Comprehensive assessment
typically involves tumor volume
measurements, histopathological evaluation,
and molecular profiling through mRNA and
protein expression analyses.

The RKO xenograft model offers a robust
framework for evaluating drug-induced tumor
growth delay (TGD) and tumor growth
inhibition ~ (TGI).  Various  experimental
parameters can be tailored, including dosing
frequency, duration, and administration route,
such as intravenous, intratumoral, or oral
gavage, as well as advanced techniques like
pump-controlled  infusion.  This  model
supports a range of downstream analyses,
including tumor immunohistochemistry, blood
chemistry profiling, toxicity assessments, and
survival studies. Investigators may also
employ alternative engraftment strategies
such as orthotopic transplantation or systemic
injection for metastasis research. Optional
endpoints include lipid distribution, metabolic
assays, and imaging modalities like
fluorescence-based whole-body imaging and
MRI. Cisplatin is often used as a positive
control to benchmark therapeutic efficacy,
typically at a dosage of 25-30 mg/kg. The
RKO xenograft model's versatility makes it a
critical asset for preclinical testing of anti-
cancer agents and mechanistic investigations.
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Colorectal cancer cell lines represent accurate molecular models of primary carcinomas and have
proven to be potent tools in preclinical colon cancer research. The RKO is a colon carcinoma cell line
that contains wild-type p53 but lacks h-TRbeta. The RKO cell line is an adequate host for studying
various types of colon cancer.

The RKO colon cell line is used to create the CDX (Cell Line Derived Xenograft) RKO xenograft
mouse model, a highly utilized CDX in colon cancer research that enables the efficacy of
immunotherapies such as pembrolizumab or ipilimumab as well as other targeted therapies like
NOB1 inhibition. The RKO xenograft model is useful for biomedical research related to human colon
carcinoma.

Xenografting is the transplantation of tissue from one species into another.
Xenografting has been established as benchmark studies in pre-clinical cancer research.

Typically, immunodeficient mice serve as hosts for a wide variety of human tumors, effectively serving
as models for human subjects.

Xenografting is a complete and accurate study of tumor growth and the activity of drug administration.
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Figure 4. In vivo xenograft services using the RKO colon cancer
model at Altogen Labs. This model enables evaluation of tumor
growth and therapeutic efficacy.
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Figure 5. Range of in vivo toxicology and pharmacology services
offered by Altogen Labs, including acute, subchronic, and chronic
toxicity testing, pharmacokinetics, absorption studies,
immunotoxicity, and reproductive toxicity assessments.

Altogen Labs Web: AltogenLabs.com E-mail: info@altogenlabs.com

© Altogen, Inc. 2025 Material may not be reproduced or distributed without written permission from Altogen Labs.


mailto:info@altogenlabs.com

References:

Allen JE, Gallant JN, Dicker DT, Amin S, Irby RB, Sharma AK, El-Deiry WS. The Akt inhibitor ISC-4 synergizes with
cetuximab in 5-FU-resistant colon cancer. PLoS One. 2013;8(3):€59380. doi: 10.1371/journal.pone.0059380. Epub 2013
Mar 12. Erratum in: PLoS One. 2013;8(11). doi:10.1371/annotation/aaa12360-0c90-42c3-bc43-d00022b68b81. PMID:
23555026; PMCID: PMC3595267.

Pinto AT, Pinto ML, Velho S, Pinto MT, Cardoso AP, Figueira R, Monteiro A, Marques M, Seruca R, Barbosa MA, Mareel
M, Oliveira MJ, Rocha S. Intricate Macrophage-Colorectal Cancer Cell Communication in Response to Radiation. PLoS
One. 2016 Aug 11;11(8):e0160891. doi: 10.1371/journal.pone.0160891. PMID: 27513864; PMCID: PMC4981353.

Wang X, Yu H, Sun W, Kong J, Zhang L, Tang J, Wang J, Xu E, Lai M, Zhang H. The long non-coding RNA CYTOR drives
colorectal cancer progression by interacting with NCL and Sam68. Mol Cancer. 2018 Jul 31;17(1):110. doi:
10.1186/s12943-018-0860-7. PMID: 30064438; PMCID: PMC6069835.

Yu Z, Zhang C, Chai R, Du Y, Gao X, Xing J, Yu E, Zhang W, Zhang X, Cao G, Fu C. Prognostic significance and
molecular mechanism of ATP-binding cassette subfamily C member 4 in resistance to neoadjuvant radiotherapy of locally
advanced rectal carcinoma. PLoS One. 2014 Jan 15;9(1):e85446. doi: 10.1371/journal.pone.0085446. PMID: 24454870;
PMCID: PMC3893201.

Zhou LN, Xiong C, Cheng YJ, Song SS, Bao XB, Huan XJ, Wang TY, Zhang A, Miao ZH, He JX. SOMCL-19-133, a novel,
selective, and orally available inhibitor of NEDD8-activating enzyme (NAE) for cancer therapy. Neoplasia. 2022
Oct;32:100823. doi: 10.1016/j.ne0.2022.100823. Epub 2022 Jul 27. PMID: 35907292; PMCID: PMC9352467.

Keywords: RKO, xenograft, in vivo, cancer, preclinical, colon, colorectal, research, in vivo pharmacology, colon cancer,
PDC, CDX, orthotopic

Other Available Altogen Labs Validated Xenograft Models:

A549 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/a549-xenograft-model/

Calu-3 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/calu-3-xenograft-model/

Cal-6 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/calu-6-xenograft-model/
NCI-H460 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/h460-xenograft-model/
NCI-H1975 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/nci-h1975-xenograft-model/
NCI-H226 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/nci-h226-xenograft-model/

NCI-H1155 Xenograft Model: https://altogenlabs.com/xenograft-models/lung-cancer-xenograft/h1155-xenograft-model/
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