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Abstract: Objective: To investigate the role of long non-coding RNA LINC01949 in mediating rituximab sensitivity 
and its underlying epigenetic mechanisms. Methods: Expression of LINC01949 was analyzed in rituximab-sen-
sitive and -resistant diffuse large B-cell lymphoma (DLBCL) cell lines using Gene Expression Omnibus datasets. 
Functional assays involved LINC01949 knockdown in sensitive cells and overexpression in resistant cells, followed 
by evaluation of drug response (IC50, apoptosis) and protein levels. Mechanistic studies examined H3K27me3 
modification and one cut homeobox 2(ONECUT2) expression. Rescue experiments employed H3K27me3 demeth-
ylase inhibitor (GSK-J4) and ONECUT2 inhibitor (CSRM617). EZH2 binding to LINC01949 was assessed by RIP-
qPCR. Results: LINC01949 expression was significantly downregulated in rituximab-resistant cells. Its knockdown 
in sensitive cells conferred resistance, while overexpression in resistant cells restored sensitivity. Mechanistically, 
LINC01949 loss reduced H3K27me3 levels, leading to derepression of the oncogenic transcription factor ONECUT2. 
Pharmacological restoration of H3K27me3 or inhibition of ONECUT2 reversed resistance. RIP-qPCR confirmed di-
rect binding of LINC01949 to EZH2, which was diminished in resistant cells. Conclusion: LINC01949 suppresses 
rituximab resistance in DLBCL by promoting H3K27me3-dependent silencing of ONECUT2. These findings highlight 
the LINC01949-H3K27me3-ONECUT2 axis as a key epigenetic pathway and suggest potential targets to overcome 
resistance in DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL), acco- 
unting for approximately 30% of all non-Hodg-
kin lymphomas [1], is the most common and 
aggressive subtype. The R-CHOP regimen - 
comprising rituximab, cyclophosphamide, do- 
xorubicin, vincristine, and prednisone - has 
been the frontline therapy for over two decad- 
es, with rituximab, an anti-CD20 monoclonal 
antibody, serving as its key component [2, 3]. 
However, 30-40% of patients exhibit primary 
resistance or relapse after treatment. Even 
advanced therapies such as CD19-targeted 
CAR T-cell therapy eventually encounter ac- 
quired resistance. This highlights the urgent 
need to elucidate the molecular mechanisms 
underpinning immune and chemoresistance to 

enable the development of precision treatment 
strategies.

Long non-coding RNAs (lncRNAs) are RNA tran-
scripts longer than 200 nucleotides, tran-
scribed by RNA polymerase II and lacking open 
reading frames [4]. They regulate gene ex- 
pression through interactions with DNA, RNA, 
and proteins at epigenetic, transcriptional, and 
post-transcriptional levels, and have been im- 
plicated in tumor progression and therapy re- 
sistance [5]. LINC01949, a 2898-bp lncRNA 
located on chromosome 5, has not been stud-
ied in cancer. Bioinformatic analysis of the 
GSE159852 dataset suggests its involvement 
in rituximab resistance in DLBCL [6].

One cut homeobox 2(ONECUT2), a member of 
the One Cut transcription factor family [7], mod-
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ulates gene expression by binding specific DNA 
sequences. Its aberrant expression promotes 
cancer stemness and chemoresistance by acti-
vating the WNT/β-catenin pathway and induc-
ing epithelial-mesenchymal transition (EMT) 
[8-11]. H3K27me3, a repressive histone mark 
catalyzed by the PRC2 complex, typically silenc-
es oncogenes through chromatin compaction. 
However, in DLBCL, CpG hypermethylation at 
the ONECUT2 promoter [12, 13] and poten- 
tial antagonism between DNA methylation and 
H3K27me3 suggest loss of H3K27me3 at this 
site, possibly enabling ONECUT2 derepression. 
Nonetheless, direct evidence of H3K27me3 
alterations at the ONECUT2 locus and their link 
to rituximab resistance is lacking. In this stu- 
dy, we re-analyzed data from the GSE159852 
dataset, compared rituximab-sensitive and -re- 
sistant DLBCL cell lines, and explored how 
LINC01949 regulates ONECUT2 expression to 
promote rituximab resistance.

Materials and methods

Differentially expressed lncRNA analysis and 
mapping

Differential expression analysis of lncRNAs in 
the GSE159852 dataset was performed using 
GEO2R. Significantly dysregulated transcripts 
were identified using thresholds of |log2FC| > 
0.1 and adjusted P < 0.05, and visualized with 
volcano plots. Raw sequencing data were pro-
cessed through a transcriptome analysis pipe-
line: reads were aligned to the GRCh38 genome 
using HISAT2, transcripts were assembled with 
StringTie, and differentially expressed mRNAs 
were identified and visualized via mRNA-specif-
ic volcano plots. Gene Ontology (GO) enrich-
ment analysis was conducted using GOSeq, 
topGO, and HMMscan, with significant terms  
(P < 0.05) illustrated using Directed Acyclic 
Graphs (DAGs) to represent functional hierar- 
chies.

(GZYXbio, Guangzhou) according to the ma- 
nufacturer’s instructions. The overexpression 
plasmid, negative control siRNA (5’-TTCTCC- 
GAACGTGTCACGT-3’), and LINC01949 siRNA 
(targeting NR_130914.1, positions 2479-
2501; 5’-AAGCTTCATTAGCAAAGAAGA-3’) were 
synthesized by Ige Biotechnology Co., Ltd. 
(Guangzhou).

qPCR detection of LINC01949 and ONECUT2 
expression

Following treatment, cells were collected by 
trypsinization and centrifugation. Total RNA 
was extracted using RNAiso Plus reagent 
(RN6501, Aidlab, Beijing) according to the man-
ufacturer’s protocol. RNA was precipitated with 
isopropanol, washed three times with 75% eth-
anol, air-dried, and dissolved in RNase-free 
water. Reverse transcription was performed 
using 1 µg of RNA with the PrimeScript™ RT 
Master Mix (RR036A, Takara, Japan). Quan- 
titative PCR was conducted using 2× UniTaq 
SYBR qPCR Master Mix (P1504, TIANGEN 
Biotech, Guangzhou) on a QuantStudio 6 Flex 
Real-Time PCR System with gene-specific prim-
ers (All-perfect Biological Technology Co., Ltd.). 
Primer sequences are shown in Table 1.

Flow cytometric detection of apoptosis

After treatment, cells were resuspended and 
centrifuged at 300×g for 5 minutes, then 
washed three times with ice-cold PBS. Apo- 
ptosis was assessed using the Annexin V-FITC/
PI Apoptosis Detection Kit (MA0220, Dalian 
Meilun Biotechnology Co., Ltd., China) follow- 
ing the manufacturer’s instructions. Cells were 
resuspended in 1× binding buffer at 1 × 106 
cells/mL, incubated with 2 µL Annexin V-FITC 
and 2 μL propidium iodide for 10 minutes in  
the dark. Samples were analyzed using a BD 
Accuri™ C6 flow cytometer, and data were pro-
cessed with NovoExpress software.

Table 1. The sequences of primers
LINC01949-Forward 5’-CCACAGAAGGCAAGCAGAAGCA-3’
LINC01949-Reverse 5’-CAGGCACCCAAGGGAATCTCCT-3’
ONECUT2-Forward 5’-CGCAGGATGTGGAAGTGGCTTC-3’
ONECUT2-Reverse 5’-TGTTCGGCGTTGGAGGTCAGT-3’
GAPDH-Forward 5’-CACCCACTCCTCCACCTTTGAC-3’
GAPDH-Reverse 5’-GTCCACCACCCTGTTGCTGTAG-3’

Cell culture and transfection

Rituximab-sensitive SU-DHL-4 and 
rituximab-resistant SU-DHL-8 cell lin- 
es (MesenCTCC) were cultured in 
RPMI-1640 medium supplemented 
with 10% fetal bovine serum and 1% 
penicillin/streptomycin at 37°C in  
a 5% CO2 incubator. Transfections 
were carried out using Lipe2000 
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CCK-8 assay for half-maximal inhibitory con-
centration (IC50) determination

Cells were seeded in 96-well plates at a density 
of 5,000 cells per well. After 48 hours of drug 
treatment or transfection, the medium was 
removed, and cells were washed three times 
with PBS. Then, 10 µL of CCK-8 reagent (CK04, 
Dojindo, Japan) and 90 µL of complete medium 
were added to each well and incubated at 37°C 
with 5% CO2 for 30 minutes. Absorbance at 
450 nm was measured using an ELx800 mi- 
croplate reader (BioTek, USA). The IC50 values 
were calculated using a four-parameter logistic 
regression model.

Western blot for target protein expression

After treatment, cells were lysed using RIPA 
buffer (P0013B, Beyotime) supplemented with 
10 µM GSK-J4 (G10347, Psaitong). Protein  
concentrations were determined using the  
BCA Protein Assay Kit. Equal amounts of pro-
tein (50 µg per lane) were separated by  
10% SDS-PAGE and transferred to PVDF mem-
branes (ISEQ00010, Millipore). Membranes 
were blocked with 3% BSA (ST023, Beyotime) 
for 1 hour and incubated overnight at 4°C with 
primary antibodies: anti-ONECUT2 (1:2000, 
DF13779, Affinity), anti-H3K27me3 (1:2000, 
DF6941, Affinity), anti-β-actin (1:1000, ab6276, 
Abcam), and anti-BCL2 (1:1000, ab32124, 
Abcam). After washing, membranes were incu-
bated with HRP-conjugated secondary antibod-
ies (1:5000, ab205718, Abcam) for 2 hours. 
Protein bands were visualized using ECL re- 
agents and quantified with ImagePro Plus 6.0 
software, using β-actin as a loading control. All 
experiments were performed in triplicate.

Quantitative assessment of EZH2 binding to 
LINC01949 via RIP-qPCR

Approximately 1 × 107 SU-DHL-8 and SU-DHL-4 
cells were collected, washed with ice-cold PBS, 
and cross-linked with 1% formaldehyde in PBS 
for 10 minutes at room temperature. The reac-
tion was quenched with glycine, and cells  
were pelleted by centrifugation (1500 g, 4°C,  
5 minutes). Cells were lysed in RIPA buffer 
(P0013B, Beyotime Biotechnology, Shanghai) 
with protease and RNase inhibitors on ice for 
15 minutes, vortexing every 5 minutes, fol-
lowed by centrifugation at 14,000 g (10 min-
utes, 4°C). Supernatants were collected, and 

50 μL were saved as input controls. Protein A/G 
magnetic beads were washed and incubated 
with 5 μg of anti-EZH2 antibody (ab191250, 
Abcam) or an IgG isotype control for 1 hour at 
room temperature. After preparing the anti-
body-bead complex, 100 μL of cell lysate was 
added and the mixture was rotated overnight at 
4°C. Washes were performed with Low-salt, 
High-salt, and LiCl buffers. RNA extraction was 
performed, and purified RNA was dissolved in 
20 μL of RNase-free water. The LINC01949 
content input and RIP samples were analyzed 
by qPCR, and the enrichment fold was calcu-
lated using the ΔΔCt method. The Imprint®  
RNA Immunoprecipitation Kit was obtained 
from Sigma-Aldrich (Merck, Germany).

Statistical analysis

IBM SPSS Statistics 26.0 was used for data 
analysis. Each experiment was repeated inde-
pendently three times. The experimental re- 
sults were statistically analyzed using one-way 
ANOVA followed by the LSD test. A P value < 
0.05 was considered statistically significant.

Results

Differences in transcriptomes of cell lines with 
different sensitivity to rituximab

We performed differential expression analysis 
of lncRNAs in DLBCL cell lines with distinct 
rituximab sensitivities using the GSE159852 
dataset. Volcano plot visualization identified 
LINC01949 as the most significantly dysregu-
lated lncRNA (Figure 1A). qPCR validation con-
firmed that the expression of LINC01949 in 
rituximab-resistant SU-DHL-8 cells was 60.33 
± 10.97% of that in rituximab-sensitive SU- 
DHL-4 cells (P < 0.01, Figure 1B), indicating sig-
nificant downregulation of LINC01949 in resis-
tant cells. To further characterize transcription-
al alterations, we analyzed mRNA profiles using 
the HISAT2, StringTie, and Ballgown pipelines 
on the same dataset. A total of 1,539 diffe- 
rentially expressed mRNAs were identified, with 
611 upregulated and 928 downregulated in 
resistant cells compared to sensitive counter-
parts (Figure 1C). Gene Ontology (GO) en- 
richment analysis using GOSeq, topGO, and 
HMMscan revealed three major functional clus-
ters: biological processes were predominantly 
enriched in cell differentiation; cellular com- 
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Figure 1. Differences in the transcriptomes of cell lines with different sensitivity to rituximab. A: Expression differences in the non-coding transcriptome between 
rituximab-resistant and sensitive cell lines, with LINC01949 showing the most significant difference, displayed in volcano plots. B: qPCR confirmation of the differen-
tial expression of LINC01949 in SU-DHL-4 and SU-DHL-8 cell lines, **P < 0.01. C: Differential expression of mRNA transcriptomes in rituximab-resistant and sensi-
tive cell lines, shown in volcano plots. D-F: GO analysis of differentially expressed genes and enrichment results for MF, BP, and CC in Directed Acyclic Graph format.
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ponents were significantly associated with the 
actin cytoskeleton and integral plasma mem-
brane structures; and molecular functions were 
strongly linked to RNA polymerase II regulatory 
region DNA binding and transcription regulatory 
region sequence-specific DNA binding (Figure 
1D-F).

LINC01949 regulates rituximab resistance in 
DLBCL cell lines

To investigate the relationship between LINC- 
01949 expression and rituximab resistance in 
DLBCL cell lines, we manipulated LINC01949 
expression in two cell lines, SU-DHL-4 and 
SU-DHL-8. Specifically, we inhibited LINC01949 
expression in SU-DHL-4 and increased its 
expression in SU-DHL-8 (Figure 2A and 2B). 
After these adjustments, we assessed ritux-
imab resistance in both cell lines. CCK-8 assay 
results showed that decreased LINC01949 
expression in SU-DHL-4 cells led to increased 
rituximab resistance, marked by a significant 
increase in IC50 (Figure 2C). Conversely, in 
SU-DHL-8, increased LINC01949 expression 
was associated with decreased rituximab resis-
tance, reflected by a significant decrease in 
IC50 (Figure 2D). Flow cytometry analysis re- 
vealed that, at the same rituximab concen- 
tration, reduced LINC01949 expression in 
SU-DHL-4 cells resulted in significantly lower 
apoptosis (Figure 2E). In contrast, increased 
LINC01949 expression in SU-DHL-8 cells led to 
a significant rise in apoptotic cell proportion 
(Figure 2F).

LINC01949 affects ONECUT2 expression by 
regulating histone H3K27me3 methylation 
levels

Intersection analysis of significantly enriched 
gene sets from GO analysis revealed that the 
gene encoding ONECUT2 was the only gene 
concurrently present in gene sets associated 
with cell differentiation, actin cytoskeleton 
organization, and RNA polymerase II regulatory 
region DNA binding (Figure 3A). ONECUT2, a 
member of the ONECUT transcription factor 
family, is known to promote tumor cell stem-
ness and facilitate EMT, contributing to chemo-
therapy resistance. We investigated whether 
LINC01949 correlates with ONECUT2 expres-
sion. Western blot analysis showed that elevat-

ed LINC01949 expression led to significant 
downregulation of ONECUT2 protein levels in 
both SU-DHL-4 and SU-DHL-8 cell lines, while 
reduced LINC01949 expression correlated wi- 
th increased ONECUT2 expression (Figure 3B, 
3C). Given previous reports of altered CpG 
island methylation at the ONECUT2 locus in 
DLBCL and the mutual exclusivity between  
DNA methylation and H3K27me3 modificati- 
ons, we quantified H3K27me3 levels. Western 
blotting revealed significantly higher basal 
H3K27me3 modification levels in SU-DHL-4 
compared to SU-DHL-8 (Figure 3D). Modulation 
of LINC01949 expression substantially affect-
ed this epigenetic mark: LINC01949 overex-
pression in SU-DHL-8 significantly elevated 
H3K27me3 levels (P < 0.01), while LINC01949 
knockdown in SU-DHL-4 significantly reduced 
H3K27me3 levels (P < 0.01), indicating that 
LINC01949 promotes H3K27me3 modification 
in DLBCL cell lines (Figure 3E, 3F). To con- 
firm whether LINC01949 regulates ONECUT2 
through H3K27me3-mediated silencing, we 
performed rescue experiments in SU-DHL-4 
cells. Upon LINC01949 knockdown, we ob- 
served decreased H3K27me3 levels and in- 
creased ONECUT2 expression; however, con-
current administration of GSK-J4 (an inhibitor  
of H3K27me3 demethylation) maintained H3- 
K27me3 levels and abolished ONECUT2 upreg-
ulation despite LINC01949 depletion (Figure 
3G). Further functional validation in SU-DHL-4 
cells, where LINC01949 knockdown enhances 
rituximab resistance, revealed that co-treat-
ment with the ONECUT2 inhibitor CSRM617 
during LINC01949 knockdown significantly re- 
stored apoptosis sensitivity (Figure 3H), con-
firming that LINC01949 regulates rituximab 
resistance through ONECUT2. Mechanistically, 
since H3K27me3 is catalyzed by Polycomb 
Repressive Complex 2 (PRC2), which includes 
the core methyltransferase subunits EZH2/
EZH1, we hypothesized that LINC01949 might 
recruit PRC2 to the ONECUT2 locus. RNA im- 
munoprecipitation (RIP) assays confirmed that 
LINC01949 directly binds to EZH2 protein in 
both cell lines, with significantly lower levels  
of LINC01949-EZH2 complexes detected in 
SU-DHL-8 cells. This was consistent with their 
reduced LINC01949 expression and diminish- 
ed PRC2 recruitment to ONECUT2, resulting in 
enhanced transcriptional activity of ONECUT2 
and increased drug resistance (Figure 3I).
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Figure 2. LINC01949 regulates rituximab resistance in DLBCL cell lines. A: qPCR confirmation of siRNA effectiveness. After siRNA transfection, LINC01949 mRNA 
expression was significantly reduced, ***P < 0.001. B: qPCR confirmation of the LINC01949 overexpression plasmid effectiveness. After plasmid transfection, 
LINC01949 mRNA expression significantly increased, ***P < 0.001. C: CCK-8 assay testing the lethality of different concentrations of rituximab on SU-DHL-4. As 
LINC01949 expression decreased, SU-DHL-4 showed increased resistance to rituximab. D: CCK-8 assay testing the lethality of different concentrations of rituximab 
on SU-DHL-8. As LINC01949 expression increased, SU-DHL-8 showed reduced resistance to rituximab. E: Flow cytometry detection of apoptosis levels in SU-DHL-4. 
Rituximab increased apoptosis, and reducing LINC01949 expression protected SU-DHL-4 from rituximab-induced apoptosis, **P < 0.01, ***P < 0.001. F: Flow 
cytometry detection of apoptosis levels in SU-DHL-8. Rituximab increased apoptosis, and enhancing LINC01949 expression promoted rituximab-induced apoptosis, 
*P < 0.05, ***P < 0.001.
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Figure 3. LINC01949 affects ONECUT2 expression by regulating histone H3K27me3 methylation levels. A: ONECUT2 identified by intersection of three functional 
subsets in GO analysis. B, C: Western blot analysis detecting ONECUT2 expression changes under different LINC01949 expression levels. Increased LINC01949 
expression significantly reduced ONECUT2 protein levels in SU-DHL-4 and SU-DHL-8, *P < 0.05, **P < 0.01. D: Western blot analysis of H3K27me3 modification lev-
els in SU-DHL-4 and SU-DHL-8. Increased LINC01949 expression significantly upregulated H3K27me3 modification in SU-DHL-4 cells, ***P < 0.001. E, F: Western 
blot analysis detecting changes in H3K27me3 modification levels in SU-DHL-4 and SU-DHL-8 under different LINC01949 expression levels. Increased LINC01949 
expression significantly elevated H3K27me3 modification levels in both cell lines, **P < 0.01. G: Western blot analysis in SU-DHL-4 detecting changes in H3K27me3 
levels. Reducing LINC01949 expression significantly reduced ONECUT2 levels, but maintaining H3K27me3 with GSK-J4 prevented changes in H3K27me3 and 
blocked ONECUT2 upregulation despite LINC01949 knockdown, ns: P > 0.05, *P < 0.05, **P < 0.01. H: Flow cytometry detection of apoptosis levels. Reducing 
LINC01949 expression inhibited rituximab-induced apoptosis, **P < 0.01, ***P < 0.001. I: RIP assays validating the binding capacity between the EZH2 protein 
and LINC01949. Binding was detected in both SU-DHL-4 and SU-DHL-8, ***P < 0.001.
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Discussion

Although rituximab effectively prolongs the  
survival of DLBCL patients, its efficacy can  
be compromised by acquired or inherent che-
motherapy resistance, even when combined 
with drugs such as cyclophosphamide, doxoru-
bicin, vincristine, and prednisone as part of the 
standard immunochemotherapy regimen [14]. 
Understanding the mechanisms underlying 
rituximab resistance is crucial for developing 
improved therapies for DLBCL patients. Kau- 
ppinen et al. performed high-throughput se- 
quencing on DLBCL cell lines with varying ritux-
imab sensitivities and found differences in 
their lncRNA transcriptomes [6]. We utilized  
the GEO2R online analysis tool to analyze  
and map the sequencing results, identifying 
LINC01949 as a significantly differentially 
expressed lncRNA. LINC01949, located at 
5q14.3, is a non-coding gene that has not  
been extensively studied. In this study, we con-
firmed for the first time the differential ex- 
pression of LINC01949 in rituximab-resistant 
DLBCL cell lines and demonstrated that it acts 
as a tumor suppressor gene. Overexpression of 
LINC01949 reduced rituximab resistance in 
DLBCL cells, decreasing the IC50 value of ritux-
imab and enhancing its cytotoxic effect.

Further analysis of the sequencing data re- 
vealed differences in the mRNA transcriptom- 
es of DLBCL cell lines with varying rituximab 
sensitivities. GO analysis of differentially ex- 
pressed mRNAs showed that the biological pro-
cesses were mainly related to cell differentia-
tion. Cellular components were predominantly 
associated with the actin cytoskeleton and the 
plasma membrane, while molecular functions 
were enriched in RNA polymerase II regulatory 
region DNA binding and transcription regulatory 
region sequence-specific DNA binding [15]. 
These findings suggest a potential mechanism 
for drug resistance: the regulation of specific 
gene promoter regions, leading to altered tran-
scriptional expression levels, which ultimately 
influence cell proliferation, differentiation, and 
epithelial-to-mesenchymal transition, contrib-
uting to rituximab resistance. By analyzing sig-
nificant gene sets from GO analysis, we identi-
fied ONECUT2 as a key gene associated with 
drug resistance in DLBCL. ONECUT2, a member 
of the ONECUT transcription factor family, is 
involved in regulating proteins related to cell 
proliferation, migration, adhesion, differentia-

tion, and metabolism [16, 17]. ONECUT2 has 
been shown to drive castration-resistant pros-
tate cancer [18] and promote lymph node 
metastasis in colorectal cancer [19, 20]. Our 
study further demonstrated that LINC01949 
regulates rituximab resistance through ONE- 
CUT2 by modulating histone H3K27me3 le- 
vels. When LINC01949 regulation was block- 
ed, rituximab resistance in cells could not be 
reversed.

While our findings elucidate a novel LINC01949-
H3K27me3-ONECUT2 axis in rituximab resis-
tance in DLBCL, several limitations warrant 
consideration. First, the study primarily relies 
on in vitro models (SU-DHL-4/SU-DHL-8 cell 
lines), and the physiological relevance of these 
findings requires validation in in vivo systems, 
such as patient-derived xenografts or geneti-
cally engineered mouse models. Second, clini-
cal correlations between LINC01949 expres-
sion, H3K27me3 levels, ONECUT2 activity, and 
patient outcomes (e.g., progression-free sur-
vival) remain unexplored. Future studies should 
analyze primary DLBCL samples stratified by 
treatment response to establish translational 
relevance. Third, the mechanistic focus on 
ONECUT2 as the sole effector may overlook 
additional LINC01949-regulated targets. Geno- 
me-wide ChIP-seq or CUT&Tag profiling under 
LINC01949 modulation could identify broader 
epigenetic networks. Lastly, although pharma-
cological inhibition (GSK-J4, CSRM617) res-
cued phenotypic effects, the therapeutic feasi-
bility of targeting this axis in vivo - particularly 
regarding toxicity and specificity - requires sys-
tematic evaluation. Future work should priori-
tize developing LINC01949-mimetic oligonucle-
otides or ONECUT2 degraders and testing their 
efficacy in combination with rituximab to over-
come clinical resistance.

In conclusion, our transcriptome analysis of 
rituximab-sensitive and -resistant cells re- 
vealed significant differential expression of 
LINC01949 and ONECUT2. We further con-
firmed that LINC01949 modulates ONECUT2 
expression by regulating H3K27me3 levels, 
ultimately impacting rituximab resistance in 
DLBCL.
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