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Abstract
Background  Glioma is a malignant tumor associated with poorer prognosis. This study aims to elucidate the 
mechanism of LINC01018/miR-182-5p/Rab27B axis in PD-L1-mediated CD8+ T cell suppression in the progression of 
gliomas.

Methods  LINC01018, miR-182-5p, and Rab27B expression levels in glioblastoma tissues were measured. The 
proportion of infiltrating macrophages and monocytes and CD8+ T cell function were assessed. The relationship 
between miR-182-5p and Rab27B was analyzed. Glioma cell activity, invasion, and migration were measured. The 
expression of E-cadherin, N-cadherin, Vimentin, PD-L1, iNOS, and CD206 was determined. Glioma cell-derived EVs 
were isolated, and the co-localization of Rab27B and PD-L1 and the binding of Rab27B to PD-L1 were analyzed. The 
endocytosis of EVs by microglia was assayed. The impact of LINC01018/miR-182-5p/Rab27B on glioma growth was 
observed. The function of macrophages and CD8+ T cells in tumors was analyzed.

Results  Rab27B was downregulated, and infiltrating macrophages and monocytes were increased in glioblastoma. 
miR-182-5p inhibited Rab27B expression. Rab27B knockdown reverses the inhibitory effect of LINC01018 
overexpression on glioma cell growth. Glioma cells-derived EVs with low Rab27B expression carried more PD-L1 to 
increase PD-L1 expression and M2 polarization in microglia. LINC01018 overexpression reduced macrophages in 
orthotopic tumors. CD8+ T cell numbers showed no significant difference, but TIM-3 increased and IFN-γ decreased. 
miR-182-5p inhibition enhanced the therapeutic effect of anti-PD-L1, which was reversed after glioma cell-derived 
EVs.

Conclusion  LINC01018 promotes PD-L1-mediated CD8+ T cell suppression via the miR-182-5p/Rab27B axis in glioma 
cell-derived EVs, thereby contributing to immune escape in gliomas.

Mechanism of LINC01018/miR-182-5p/
Rab27B in the immune escape through PD-L1-
mediated CD8+ T cell suppression in glioma
Su Hu1†, Guoshuo Chen2†, Aiping Luo3†, Hailin Zhao1, Dan Li1, Biao Peng1*, Jike Du4* and Dongdong Luo1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13062-025-00651-w&domain=pdf&date_stamp=2025-5-16


Page 2 of 16Hu et al. Biology Direct           (2025) 20:61 

Introduction
Glioma is a common primary tumor found in the brain 
and spinal cord, typically originating from glial cells 
or precursor cells [1]. Gliomas are classified into four 
grades, and higher grades are associated with poorer 
prognosis, and the median overall survival time reduces 
from 11.6 years in patients with low-grade glioma to 15 
months in patients with grade 4 glioma [2]. The standard 
treatment for gliomas involves surgical resection of the 
tumor followed by adjuvant radiotherapy and chemo-
therapy; however, the therapeutic efficacy of glioma is 
widely limited by factors such as tumor immune escape 
and the complex tumor microenvironment [3]. Notably, 
gliomas contain a large number of glioma-associated 
microglia/macrophages, which promote an immunosup-
pressive microenvironment and facilitate glioma progres-
sion [4]. Thus, our study centered on the mechanisms of 
immune evasion in gliomas, providing new theoretical 
insights that may contribute to the development of thera-
peutic methods for glioma.

Long non-coding RNAs (lncRNAs) are defined as 
RNA transcripts longer than 200 nucleotides that do 
not encode proteins and function as regulatory units [5]. 
LncRNAs regulate mechanisms of cell death and tumor 
metastasis by targeting microRNAs (miRNAs) in can-
cers, thereby exerting oncogenic or tumor-suppressive 
functions [6]. Of note, LINC01018 is involved in glioma 
tumor growth and the malignant phenotype of glioma 
cells in mice [7]. Our preliminary study has confirmed 
that the LINC01018/miR-182-5p axis inhibits glioma cell 
growth [8]. However, their downstream genes and their 
effects on immune evasion in gliomas remain to be fur-
ther elucidated.

The member RAS oncogene family (Rab27B) is a small 
RAB GTPase that regulates the exocytosis of various ves-
icles in multicellular organisms [9]. Here, database pre-
dictions have indicated that miR-182-5p targets Rab27B, 
which may be a potential key factor in the development 
and progression of gliomas. Rab27B is a direct regulator 
protein for the transport of extracellular vesicles (EVs) to 
the plasma membrane [10]. Notably, cancer cell-derived-
EVs carry aberrantly overexpressed or mutated proteins 
and other biomolecules, sharing oncogenic material [11]. 
More importantly, a recent report has found that Rab27B 
is upregulated in metformin-treated glioma cells, along 
with decreased cell survival [12].

Programmed death ligand 1 (PD-L1), an I-type trans-
membrane protein belonging to the immunoglobulin (Ig) 
superfamily, inhibits T-cell activation signals by binding 
to its receptor PD-1 on activated T cells, thereby sup-
pressing antitumor immunity [13]. Blocking the PD-1/

PD-L1 pathway allows for the effective delivery of acti-
vation signals to downstream proteins and signaling 
pathways, ultimately stimulating T-cell proliferation and 
differentiation, and preventing the immune escape of 
tumor cells [14]. Tumor-associated macrophages (TAMs) 
upregulate PD-L1 expression in tumor cells and induce 
T cell suppression, thus promoting the development of 
the tumor microenvironment [15]. A previous study has 
shown that Rab27B inhibition promotes the delivery of 
PD-L1 into EVs, which are transferred to TAMs, exacer-
bating the suppression of CD8+ T cells in hepatocellular 
carcinoma [10]. We hypothesize that Rab27B inhibition 
can activate PD-L1 function and thus promote immune 
evasion in glioma.

Based on our previous research, we explored the spe-
cific mechanism by which the LINC01018/miR-182-5p/
Rab27B axis promotes the delivery of PD-L1 via EVs from 
glioma cells to microglia, thereby mediating immune 
evasion. This investigation aims to provide new theoreti-
cal insights for the treatment of glioma.

Materials and methods
Ethics statement
The study protocol adhered to the ethical guidelines 
of ethics committee of Guangzhou Institute of Cancer 
Research, the Affiliated Cancer Hospital, Guangzhou 
Medical University and the Declaration of Helsinki. All 
animal experiments were approved by the ethics commit-
tee of Guangzhou Institute of Cancer Research, the Affili-
ated Cancer Hospital, Guangzhou Medical University 
and conducted in accordance with the Guide for the Care 
and Use of Laboratory Animals [16].

Clinical sample collection
This study included glioma tissues and adjacent normal 
tissues from 78 glioblastoma patients who underwent 
surgical resection at Guangzhou Institute of Cancer 
Research, the Affiliated Cancer Hospital, Guangzhou 
Medical University between 2015 and 2022. Informed 
consent forms were collected from all participants.

Cell culture
Normal human astrocytes (NHA), human glioma cell 
lines (U251, T98G, LN229, A172), and the mouse gli-
oma cell line (GL261) were garnered from the Shanghai 
Institute of Biological Sciences, Chinese Academy of Sci-
ences (Shanghai, China). The human microglial cell line 
(HMC3) was purchased from ATCC (Manassas, VA, 
USA). NHAs were cultured in RPMI-1640 medium (Invi-
trogen, Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS; GIBCO, Grand Island, NY, USA). 
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Microglial cells and glioma cell lines were cultured in 
Dulbecco’s modified Eagle medium (Invitrogen) at 37 °C 
and 5% CO2. Mycoplasma contamination was routinely 
monitored using a mycoplasma polymerase chain reac-
tion (PCR) detection kit (Biosmart).

Cell treatment
The full-length sequences of LINC01018 and Rab27B 
complementary DNA (cDNA) were synthesized and 
cloned into the pcDNA3.0 vector (Invitrogen) to gen-
erate pc-LINC01018 and pc-Rab27B constructs. 
Cre was cloned into the pc-Rab27B vector to obtain 
Rab27B-Cre fusion protein. The plasmid pLV-CMV-
LoxP-DsRed-LoxP-eGFP was obtained from Addgene 
(#65726, Watertown, MA, USA). Hsa-miR-182-5p mim-
ics (mimic-182-5p) and their controls (mimic-NC), sh-
Rab27B, and control sh-NC were synthesized by Sangon 
Biotech (Shanghai, China). Lipofectamine 3000 (Invitro-
gen) was used to transfect the LINC01018 plasmid (pc-
LINC01018), Rab27B plasmid (pc-Rab27B), miR-182-5p 
mimic, and sh-Rab27B into glioma cells.

To establish stable glioma and microglial cell lines via 
lentiviral infection, lentiviral plasmids were co-trans-
fected with psPAX2 and pMD2 into HEK293T cells to 
produce lentivirus. The G vector was transfected using 
Fugene (Promega, Madison, WI, USA) following the 
manufacturer’s instructions. After 48  h, viral superna-
tants were harvested, filtered through a 0.45  mm filter, 
and prepared to infect glioma cells or microglia. The 
stable cell lines were obtained by screening with 3  µg/
mL puromycin for one week. Ultimately, stable HMC3 
cells for Cre-LoxP experiments were obtained. U251 and 
T98G cells with stable overexpression of LINC01018 (Lv-
LINC01018) and control (Lv-NC) and GL261 cells with 
stable low expression of miR-182-5p (Lv-antagomiR) and 
control (Lv-NC) were obtained for in vivo tumorigenesis 
experiments.

Flow cytometry
Tumor-infiltrating cells were prepared using a gentle 
MACSTM Dissociator and a tumor dissociation kit 
(Miltenyi Biotec, Auburn, CA, USA) following the manu-
facturer’s instructions. The isolated cells were subjected 
to surface and intracellular flow cytometry staining and 
analyzed on a Cytoflex flow cytometer (Beckman Coul-
ter Life Sciences, Miami, FL, USA). In brief, the cells were 
incubated in Fc-block and then stained with antibodies. 
Cell Stimulation Cocktail (eBioscience™, San Diego, CA, 
USA) was used to stimulate the cells for 4 h, followed by 
intracellular cytokine staining.

For surface staining, cells were washed and incubated 
with antibodies for 30 min at 4 °C. For intracellular stain-
ing, samples were fixed and permeabilized using Cyto-
fix/Cytoperm kit (BD Biosciences, San Jose, CA, USA) 

or Transcription Factor Buffer Set (BD Biosciences) and 
incubated with intracellular antibodies for 30–45 min at 
4  °C. Dead cells were stained with Fixable Viability Dye 
780 (BD Biosciences). IgG served as a negative control. 
Flow cytometry data were analyzed using FlowJo. Anti-
bodies used for flow cytometry were as follows: PerCP/
Cy5.5®-mouse anti-human CD45 (ab157309, Abcam, 
Cambridge, MA, USA), PerCP/Cy5.5®-rabbit anti-
mouse CD45 (ab210342, Abcam), Alexa Fluor® 647-rab-
bit anti-human CD14 (ab302698, Abcam), Alexa Fluor® 
488-mouse anti-human CD68 (ab222914, Abcam), 
FITC-mouse anti-human CD3 (ab34275, Abcam), APC-
mouse anti-human CD8 (ab26004, Abcam), APC-rabbit 
anti-mouse CD8 (ab237368, Abcam), eFluor™ 450-rabbit 
anti-mouse T-cell immunoglobulin and mucin domain-3 
(TIM-3) (48-5871-82, Invitrogen), Super Bright™ 436-
mouse anti-human TIM-3 (62-3109-42, Invitrogen), 
eFluor™ 450-mouse anti-human interferon-γ (IFN-γ) 
(48-7319-42, Invitrogen), eFluor™ 450-rabbit anti-mouse 
IFN-γ (48-7311-82, Invitrogen), Alexa Fluor® 488-rabbit 
anti-mouse F4/80 (ab237331, Abcam), eFluor™ 450-Rat 
anti-mouse CD206 (48-2061-82, Invitrogen), and APC-
Rat anti-mouse CD11b (ab25482, Abcam).

Quantitative real-time polymerase chain reaction (qRT-
PCR)
Total RNA was isolated from tissue samples and cells 
using TRIzol reagent (Invitrogen) and reverse transcribed 
into cDNA using Primescript reverse transcriptase 
(Takara, Dalian, China) according to the manufacturer’s 
instructions. Target gene expression was quantified by 
RT-qPCR using PrimeScript RT-PCR kit (Takara) or Taq-
Man MicroRNA assays (Applied Biosystems, Carlsbad, 
CA, USA). Relative expression was normalized to the 
internal control glyceraldehyde-phosphate dehydroge-
nase (GAPDH) or U6 [17]. For calculation of the relative 
expression levels of the products, the 2−ΔΔCt method was 
employed [18]. Primer sequences used for qRT-PCR are 
shown in Table 1.

Western blot assay
Glioma cells or homogenized tissues were lysed in ice-
cold radioimmunoprecipitation assay buffer (Beyotime, 
Shanghai, China). Equal amounts of protein extracts were 
separated by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and then transferred 
onto polyvinylidene fluoride membranes. The mem-
branes were blocked with a 10% bovine serum albumin 
solution to prevent non-specific antibody binding, and 
then incubated with the primary antibodies as follows: 
Rab27B (1:1000, ab317264, Abcam), PD-L1 (1:1000, 
PA5-20343, Invitrogen), E-Cadherin (1:1000, ab231303, 
Abcam), N-Cadherin (1:5000, ab76011, Abcam), Vimen-
tin (1:3000, ab92547, Abcam), iNOS (1:1000, ab178945, 
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Abcam), CD206 (1:2000, ab64693, Abcam), and β-actin 
(1:2000, ab8227, Abcam). Protein bands were visualized 
using an enhanced chemiluminescence kit (Beyotime). 
The grayscale values were analyzed with β-actin serving 
as the internal control to determine the relative expres-
sion levels of the target proteins.

Cell counting kit-8 (CCK-8) assay
The CCK-8 (Dojindo, Kumamoto, Japan) assay was con-
ducted to evaluate cell viability at designated intervals 
(24, 48, 72, and 96  h). The optical density values were 
measured using a microplate spectrophotometer.

Transwell assay
Transwell chambers (Corning, NY, USA) with 8 μm pore 
size, either uncoated or precoated with Matrigel (BD, San 
Diego, CA, USA), were utilized for the assessment of cell 
migration and invasion. Glioma cells were collected and 
suspended in a serum-free medium. The cell suspensions 
were supplemented to the upper chamber, while a com-
plete medium supplemented with 20% FBS was applied 
to the lower chamber. Non-migrated or non-invaded 
cells were removed after incubation. The remaining cells 
were fixed and stained with crystal violet. The number 
of migrated or invaded cells was counted from five ran-
domly selected fields using a microscope.

For co-culture experiments, glioma cells were added 
to the upper chamber of the Transwell with or without 
GW4869 treatment, while HMC3 cells were placed in 
the lower chamber. After co-culturing for 48  h, PD-L1 
expression in HMC3 cells in the lower chamber was 
detected.

Dual-luciferase reporter assay
Cells were transfected with pmirGLO-Rab27B-WT or 
pmirGLO-Rab27B-MUT plasmids along with miR-
182-5p mimics (miR-mimic) or negative control mimics 
(mimic-NC) using Lipofectamine 2000. Relative lucif-
erase activity was measured using the dual-luciferase 
reporter assay system (Promega) according to the manu-
facturer’s instructions.

EV isolation and characterization
At 90% confluence, cells were washed with phosphate-
buffered saline (PBS), followed by a 48-hour incubation 
in a serum-free medium to allow EV release. Afterward, 
the supernatant was garnered and centrifuged at 300  g 
for 10  min, followed by centrifugation at 3000  g for 
20 min at 4 °C to remove cells and apoptotic bodies. The 
supernatant was then filtered through a 0.22 μm filter to 
eliminate cellular debris. Subsequently, the filtered super-
natant was transferred to Amicon Ultra-15 centrifugal 
filter units with a molecular weight cutoff of 100  kDa 
(Millipore, Billerica, MA, USA). The ultrafiltration liquid 
was centrifuged at 4000 g for 30 min, and the supernatant 
was mixed with EV precipitation solution (ExoFast-TX, 
System Biosciences, San Francisco Bay Area, CA, USA) 
and incubated overnight at 4 °C. Afterward, the samples 
were centrifuged at 1500 g for 30 min at 4  °C to obtain 
the final particles. The final pellets containing EVs were 
resuspended in PBS for subsequent analysis. The total EV 
protein concentration was determined using a bicincho-
ninic acid (BCA) kit (Thermo Fisher Scientific, Waltham, 
MA, USA).

The size, distribution, and concentration of EVs were 
measured using a ZetaView nanoparticle tracking ana-
lyzer (NTA) (Particle Metrix, North Carolina, USA). 
The morphology of EVs was observed using a JEM1400 
transmission electron microscope (TEM, Hitachi, Tokyo, 
Japan). Western blot analysis was performed to detect the 
expression of EV surface marker proteins CD9 (1:1000, 
ab307085, Abcam), CD63 (1:1000, ab315108, Abcam), 
and the negative control Calnexin (1:1000, ab22595, 
Abcam). Conditioned media were obtained after add-
ing the EV inhibitor GW4869 (10 µM; Sigma-Aldrich, 
St. Louis, MO, USA) to the cell culture medium accord-
ing to the manufacturer’s instructions. These media were 
labeled as the GW group.

Co-immunoprecipitation (Co-IP)
Cells were lysed in IP lysis buffer (Pierce Biotechnology, 
Waltham, MA, USA), and protein concentrations were 
quantified using a BCA kit (Invitrogen, Waltham, MA, 
USA). Equal amounts of protein were incubated over-
night with the primary antibody against Rab27B (1:1000, 
ab317264, Abcam) at 4  °C. The complexes were then 
incubated overnight with Protein A agarose beads (Pierce 

Table 1  PCR primer sequences
Gene Sequences (5’-3’)
LINC01018 (human) F: CTTCCAGGTGGCAGAGGAGAGG

R: TCGTCCAAAGCGGTTTCCAAAGG
hsa-miR-182-5p F: GCCGAGTTTGGCAATGGTAG

R: CTCAACTGGTGTCGTGGA
mmu-miR-182-5p F: GCCGAGTTTGGCAATGGTAGA

R: CTCAACTGGTGTCGTGGA
Rab27B (human) F: TAGACTTTCGGGAAAAACGTGTG

R: AGAAGCTCTGTTGACTGGTGA
Rab27B (mouse) F: CGTCAGGAAAAGCGTTTAAGGT

R: AGAAGCTCTGTTGACTGGTGA
GAPDH (human) F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG
GAPDH (mouse) F: AGGTCGGTGTGAACGGATTTG

R: TGTAGACCATGTAGTTGAGGTCA
U6 (human) F: TCGCTTCGGCAGCACATATACT

R: AGGTGGCTTTGGTGGAAGAG
U6 (mouse) F: ATGGCGGACGACGTAGATCAGCA

R: TCAGCCAACTCTCAATGGAGGGG
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Biotechnology, Waltham, MA, USA) at 4 °C. After wash-
ing with IP lysis buffer, the immunoprecipitated com-
plexes were resolved by SDS-PAGE and subsequently 
analyzed by Western blot assay for PD-L1 (1:1000, PA5-
20343, Invitrogen).

Experimental animals
Male BALB/c-nu nude mice (4–6 weeks old) and immu-
nocompetent C57BL/6 mice (male, 4–6 weeks old, Bei-
jing Vital River Laboratory Animal Technology, Beijing, 
China) were housed under specific pathogen-free condi-
tions with a 12-hour light/dark cycle. All animals had free 
access to food and water.

Establishment and handling of animal models
For the subcutaneous tumor model, stably expressed 
U251 cells (100 µL, 5 × 106 cells) were subcutaneously 
implanted into the dorsal region of nude mice. Tumors 
were allowed to grow until they reached a diameter of 
1 cm. Tumor growth was monitored every 7 days and the 
longest (a) and shortest (b) diameters of the tumors were 
measured using calipers. Tumor volume was calculated 
using the formula V = ab2 × 0.5. Tumor growth curves 
were plotted, and all tumors did not exceed 1.5  cm in 
diameter. All mice were included in the study. Four weeks 
post-implantation, all mice were euthanized by intraperi-
toneal injection of pentobarbital (200  mg/kg). Tumors 
were then excised and weighed, and randomly selected 
tumors from each group (n = 6) were fixed in formalde-
hyde and embedded in paraffin. The remaining tumors 
were homogenized for further analysis.

For the in situ tumorigenesis model, GL261 cells 
(1 × 105 cells per mouse) were intracranially injected 
into the brain of C57BL/6 mice. Next, using a stereo-
tactic frame, a burr hole was created on the skull using 
a 0.7  mm drill bit, positioned 1.5  mm to the right and 
1.5  mm rostrally from the bregma. Cells were injected 
into the brain at a depth of 3  mm using a non-coring 
needle (Hamilton 7804-04, 26s gauge, Small Hub RN 
needle, point style: 4, needle length: 2 inches, angle: 12). 
The burr hole was covered with bone wax, and the skin 
incision was sutured. Mice received buprenex (0.05 mg/
kg) once directly after surgery and again 4–6  h post-
surgery. Before surgery and 12–24  h post-surgery, mice 
received an intraperitoneal injection of meloxicam and 
were monitored for signs of pain. EVs were administered 
via the tail vein (100 µg) every three days, and anti-PD-L1 
antibody (200 mg/kg) was administered every three days. 
Mice exhibiting signs of feeding difficulties, allodynia, or 
significant weight loss were euthanized by intraperitoneal 
injection of pentobarbital (200 mg/kg), and their survival 
status was recorded. Brain tissues were then extracted, 
and tumors were resected. A total of 60 mice were 
used for the in situ tumorigenesis model, with 12 mice 

randomly assigned to each group: Lv-NC group: GL261 
cells infected with Lv-NC lentivirus; Lv-antagomiR 
group: GL261 cells infected with Lv-antagomiR lenti-
virus; Lv-NC + PD-L1 group: GL261 cells infected with 
Lv-NC lentivirus and treated with anti-PD-L1 antibody; 
Lv-antagomiR + PD-L1 group: GL261 cells infected with 
Lv-antagomiR lentivirus and treated with anti-PD-L1 
antibody; Lv-antagomiR + PD-L1 + EVs group: GL261 
cells infected with Lv-antagomiR lentivirus and treated 
with both anti-PD-L1 antibody and EVs. After tumor 
extraction, six tumors from each group were randomly 
selected for flow cytometry analysis, and the remain-
ing six tumors were homogenized for RNA or protein 
expression analysis.

Immunohistochemistry (IHC)
Tumor sections were deparaffinized, hydrated, and incu-
bated overnight at 4  °C with anti-Ki67 antibody (1:200, 
ab16667, Abcam). Then the sections were used for incu-
bation with IgG (1:2000, ab205718, Abcam) for 2  h at 
37  °C. After washing with PBS, the sections were devel-
oped using 3,3’-diaminobenzidine as the substrate and 
H2O2 as the catalyst. The sections were then mounted 
and examined under a microscope for analysis.

Statistical analysis
SPSS 21.0 statistical software (IBM SPSS Statistics, 
Armonk, NY, USA) and GraphPad Prism 8.0 software 
(GraphPad Software Inc., San Diego, CA, USA) were 
applied for statistical analysis and graphing. Initially, 
normality and homogeneity of variance tests were per-
formed. Data met the criteria of normal distribution and 
homogeneity of variance. Comparisons between two 
groups were conducted using the t-test. Comparisons 
among multiple groups were analyzed using one-way 
or two-way analysis of variance (ANOVA), followed by 
Tukey’s multiple comparisons test for post hoc analysis. 
p < 0.05 was considered statistically significant.

Results
Rab27B expression is reduced in glioma tissues
Our previous study showed downregulated LINC01018 
and upregulated miR-182-5p in glioma [8]. Database 
prediction analysis of downstream targets of miR-
182-5p indicated that Rab27B was downregulated in 
glioblastoma (Fig.  1A). Building upon these findings, 
we expanded our clinical sample size and further evalu-
ated the expression of LINC01018, miR-182-5p, and 
Rab27B. Both LINC01018 and Rab27B were signifi-
cantly downregulated in tumor tissues of glioblastoma 
patients (p < 0.01, Fig.  1B-C), whereas miR-182-5p was 
upregulated in tumor tissues (p < 0.01, Fig. 1B). Addition-
ally, negative correlations were observed between the 
expression of LINC01018 and miR-182-5p and between 
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miR-182-5p and Rab27B, while a positive correlation 
was found between LINC01018 and Rab27B expres-
sion (p < 0.01, Fig.  1D). Further examination within gli-
oma cell lines revealed consistent expression patterns of 
LINC01018, miR-182-5p, and Rab27B as observed in the 
tissue samples (p < 0.01, Fig. 1E-F).

LINC01018/miR-182-5p targets Rab27B expression
Dual-luciferase reporter assay showed that co-transfec-
tion with miR-182-5p mimic and Rab27B-WT suppressed 
luciferase activity within the system (p < 0.01, Fig. 2A). In 
previous studies, we overexpressed LINC01018 in U251 
and T98G cells and conducted combined experiments by 
further overexpressing miR-182-5p [8]. Overexpression 
of LINC01018 significantly increased Rab27B expres-
sion (p < 0.01, Fig.  2B-C). However, after miR-182-5p 
was additionally overexpressed, Rab27B expression was 

decreased again (p < 0.01, Fig.  2B-C). These results sug-
gest that LINC01018/miR-182-5p targets and regulates 
Rab27B expression.

Rab27B inhibition reverses the inhibitory effects of 
overexpressed LINC01018 on proliferation and metastasis 
of glioma cells
We inhibited Rab27B expression within the cells 
(p < 0.01, Fig.  3A, D) and then conducted combined 
experiments with LINC01018 overexpression. Com-
pared to LINC01018 overexpression alone, the com-
bined group exhibited increased cell viability (p < 0.01, 
Fig.  3B), enhanced cell invasion and migration (p < 0.01, 
Fig. 3C), decreased E-cadherin expression, and increased 
N-cadherin and Vimentin expression (p < 0.01, Fig.  3D). 
These findings indicate that inhibition of Rab27B par-
tially reverses the inhibitory effects of LINC01018 

Fig. 1  Rab27B expression is reduced in glioma tissues. A: Rab27B expression in GBM (Glioblastoma multiforme) and LGG (Brain Lower Grade Glioma) was 
predicted online using the GEPIA2 database (​h​t​t​p​:​​​/​​/​g​e​p​i​a​​​2​.​c​​a​n​c​e​​​r​-​p​​​k​​u​.​​​c​n​/​#​i​n​d​e​x) [34]. B: qRT-PCR was performed to detect the ​e​x​p​r​e​s​s​i​o​n of LINC01018, 
miR-182-5p, and Rab27B in tumor tissues and adjacent normal tissues from 78 glioblastoma patients. C: Western blot analysis was conducted to assess 
the expression of Rab27B in tumor tissues and adjacent normal tissues from 78 glioblastoma patients, with representative band images shown. D: Pearson 
correlation analysis was performed to evaluate the correlation between the expressions of LINC01018, miR-182-5p, and Rab27B. E: qRT-PCR was used 
to measure the expression of LINC01018, miR-182-5p, and Rab27B in NHA and human glioma cell lines (U251, T98G, LN229, A172). with cell experiment 
repeated three times. F: Western blot analysis was employed to determine the expression of Rab27B in NHA and human glioma cell lines (U251, T98G, 
LN229, A172), with the experiment repeated three times. In panels B and C, ** p < 0.01; In panels E and F, * versus NHA, p < 0.05, ** versus NHA, p < 0.01. 
Data comparison between two groups in panels B and C was analyzed using t-test, and multiple group comparison in panels E and F was analyzed using 
one-way ANOVA, followed by Tukey’s multiple comparisons test
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overexpression on the proliferation and migration of gli-
oma cells.

Overexpression of LINC01018 suppresses glioma growth 
via the miR-182-5p/Rab27B axis
We established a xenograft model in nude mice by sub-
cutaneous injection. Compared to the control group, 
glioma cells overexpressing LINC01018 exhibited sig-
nificantly reduced tumor volume (p < 0.01, Fig.  4A), 
decreased tumor weight (p < 0.01, Fig.  4B), and reduced 
ki67 positivity within the tumors (p < 0.01, Fig.  4C). 
miR-182-5p was decreased and LINC01018 and Rab27B 
were increased in the Lv-LINC01018 group (p < 0.01, 
Fig.  4D-E). These findings suggest that overexpression 
of LINC01018 inhibits glioma growth through the miR-
182-5p/Rab27B axis.

Rab27B is involved in immune evasion of glioma cells
Furthermore, flow cytometry was conducted for the 
proportions of infiltrating macrophages and monocytes 
in patient tissues (Supplementary Fig.  1). Glioblastoma 
patients were allocated to high-Rab27B (n = 39) and low-
Rab27B (n = 39) groups based on the median of the rela-
tive expression of Rab27B mRNA. The results showed 
that the low-Rab27B expression group had a higher 
percentage of macrophages and monocytes within the 
tumor tissues (p < 0.01, Fig.  5A-B). Although there was 
no significant difference in the proportion of CD8+ T 
cells between the two groups (p > 0.05, Fig.  5C), the 
function of CD8+ T cells within the tumors of the low-
Rab27B expression group was suppressed, as indicated by 
elevated TIM-3 levels and significantly decreased IFN-γ 
expression (p < 0.01, Fig. 5D-E). The low-Rab27B expres-
sion group exhibited higher PD-L1 expression (p < 0.01, 
Fig.  5F). These results suggest a potential association of 
Rab27B with immune evasion in glioma.

Fig. 2  LINC01018/miR-182-5p targets Rab27B expression. A: Dual-luciferase reporter assays were conducted to investigate the binding relationship 
between miR-182-5p and Rab27B. B-C: The expression of Rab27B in U251 and T98G cells under different treatments was assessed using qRT-PCR and 
Western blot. The cell experiments were repeated three times. ** p < 0.01. Comparison of data was analyzed using two-way ANOVA, followed by Tukey’s 
multiple comparisons test
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Fig. 3  Rab27B inhibition reverses the inhibitory effects of overexpressed LINC01018 on proliferation and metastasis of glioma cells. sh-Rab27B was trans-
fected into U251 and T98G cells, with sh-NC as a control, followed by combined experiments with LINC01018 overexpression. A: qRT-PCR was performed 
to detect the expression of Rab27B in the cells. B: Cell viability was assessed using CCK-8 assay. C: Transwell assay was used to evaluate cell invasion and 
migration. D: Western blot analysis was conducted to measure the expression of Rab27B, E-cadherin, N-cadherin, and Vimentin in the cells. The cell experi-
ments were repeated three times. ** p < 0.01. Comparison of data was analyzed using two-way ANOVA, followed by Tukey’s multiple comparisons test
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The LINC01018/miR-182-5p/Rab27B axis is involved in the 
transport of PD-L1 in glioma cell-derived EVs
Initially, we purified EVs from the supernatant of U251 
cells and validated them through TEM and NTA. The 
majority of EVs were within the typical size range of 
30–150  nm (Supplementary Fig.  2A-B). Furthermore, 
Western blot analysis of the EV markers CD9 and CD63, 

as well as the negative marker Calnexin, confirmed the 
successful isolation of EVs (Supplementary Fig.  2C). 
Immunoprecipitation demonstrated the binding of 
Rab27B to PD-L1 in both cells and EVs (Fig. 6A). Rab27B 
inhibition significantly increased PD-L1 expression in 
EVs (p < 0.01, Fig.  6B). Overexpression of LINC01018 
significantly reduced PD-L1 expression in EVs, which 

Fig. 4  Overexpression of LINC01018 suppresses glioma growth via the miR-182-5p/Rab27B axis. Glioma cells (U251, T98G) with stable overexpressed 
LINC01018 (Lv-LINC01018) was generated by lentiviral infection, with Lv-NC as the control. These stably expressing cells were subcutaneously injected 
into nude mice. A: Tumor volume was measured every 7 days, and the tumors were harvested after 28 days when the mice were euthanized. N = 12. 
B: Tumor weight was recorded. N = 12. C: IHC was performed to assess the expression of ki67 in the tumors. N = 6. D: qRT-PCR was used to detect the 
expression of LINC01018, miR-182-5p, and Rab27B in the tumors. N = 6. E: Western blot analysis was conducted to measure the expression of Rab27B in 
the tumors. N = 6. ** p < 0.01. Comparison of data in panels A, B, C, and E was analyzed using two-way ANOVA, followed by Tukey’s multiple comparisons 
test; data in panel D were analyzed using t-test
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was reversed upon miR-182-5p overexpression (p < 0.01, 
Fig.  6B). In contrast, there was no significant difference 
in PD-L1 expression within cells. However, Rab27B inhi-
bition did not affect EV release (no significant difference 
in EV concentration and marker protein expression from 
an equal amount of glioma cell-derived EVs) (p < 0.01, 
Fig. 6C). These results indicate that the LINC01018/miR-
182-5p/Rab27B axis is involved in regulating the trans-
port of PD-L1 in glioma cell-derived EVs.

Glioma cell-derived EVs deliver PD-L1 and increase PD-L1 
expression in microglia
Subsequently, we co-cultured glioma cells (U251, T98G) 
with HMC3 cells and observed an increase in PD-L1 
expression in microglia. However, the addition of an EV 
inhibitor did not significantly alter PD-L1 expression 

(p < 0.01, Fig.  7A). Furthermore, we assessed the trans-
fer of EV cargo from glioma cells to microglia using the 
CreLoxP system. EVs were isolated from cells trans-
fected with Rab27B-Cre and then microglial cells were 
transfected with a pLV-CMVLoxP-DsRed-Stop-LoxP-
eGFP virus. Following transfection, the fluorescence of 
microglia was red, with no detectable green fluorescence 
(Fig.  7B). Subsequently, upon the addition of the previ-
ously extracted EVs to microglia, the red fluorescence 
turned green, indicating that Rab27B-Cre derived-EVs 
were absorbed by microglia, and their cargo functioned 
within the microglia (Fig.  7B). Furthermore, PD-L1 was 
upregulated in microglia following EV treatment, while 
EVs overexpressing LINC01018 reduced PD-L1 expres-
sion (p < 0.01, Fig.  7C). Additionally, EV treatment sig-
nificantly increased the level of the M2 marker CD206 

Fig. 5  Rab27B is involved in immune evasion of glioma cells. Glioblastoma patients were divided into high expression group (n = 39) and low expression 
group (n = 39) based on the expression of Rab27B. A-C: The proportions of monocytes (CD45+CD14+), macrophages (CD45+CD14+CD68+), and CD8+ T 
cells (CD45+CD3+CD8+) in each glioma tissue were analyzed by flow cytometry. D-E: The functional status of CD8+ T cells was analyzed by flow cytometry. 
F: Western blot was performed to detect the expression of PD-L1 in the tissues. ns p > 0.05, * p < 0.05, ** p < 0.01. Data were analyzed using t-test, with 
representative band images shown
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Fig. 6  The LINC01018/miR-182-5p/Rab27B axis is involved in the transport of PD-L1 in glioma cell-derived EVs. A: Immunoprecipitation was performed 
to detect the binding of Rab27B to PD-L1 in cells and EVs. B: Western blot was conducted to measure the expression of PD-L1 in cells and EVs. C: Western 
blot was used to detect the expression of Rab27B, CD9, and CD63 in EVs. The cell experiments were repeated three times. **p < 0.01. Data in panels B and 
C were analyzed using two-way ANOVA, followed by Tukey’s multiple comparisons test
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in microglia (p < 0.01, Fig.  7C). These results suggest 
that EVs from glioma cells increase PD-L1 expression in 
microglia through cargo delivery and influence the M1/
M2 differentiation of microglia. 

Rab27B mediates glioma cell-derived EVs to regulate 
PD-L1 transfer and promote immune escape in vivo
We established an orthotopic glioma model in C57BL/6 
mice by injecting GL261 cells and treated them with anti-
PD-L1. The results showed that inhibition of miR-182-5p 
increased Rab27B expression in the tumor (p < 0.01, 
Fig.  8A-B) and enhanced the therapeutic effect of anti-
PD-L1, resulting in a significant increase in the survival 
rate of the mice (p < 0.01, Fig. 8C). However, the survival 
rate decreased after injection of EVs (p < 0.01, Fig.  8C). 
miR-182-5p inhibition markedly reduced macrophages 
and infiltrating TAMs (p < 0.01, Fig.  8D, Supplementary 
Fig.  3), while their levels increased after EVs injection 
(p < 0.01, Fig. 8D, Supplementary Fig. 3). Consistent with 
the findings in human tumors, miR-182-5p inhibition did 
not significantly affect CD8+ T cells in the tumor, while 
anti-PD-L1 therapy increased the number and function 
of CD8+ T cells in the tumor (p < 0.05, Fig. 8D-E, Supple-
mentary Fig.  3). EV injection significantly upregulated 
PD-L1 expression in the tumor (p < 0.01, Fig. 8F). These 
results indicate that Rab27B mediates glioma-derived 

EVs to regulate PD-L1 transfer and promotes immune 
escape of glioma cells in vivo.

Discussion
Glioma possesses a unique immune microenvironment 
characterized by the infiltration of two types of immune 
cells: microglia and TAMs, primarily of the M2 pheno-
type, which engage in antigen presentation and secrete 
various inflammatory factors [19]. Our main findings 
indicate that in glioma, the LINC01018/miR-182-5p/
Rab27B axis promoted the M2 polarization of microg-
lia by regulating the transport of PD-L1 via glioma cell-
derived EVs, thereby facilitating the immune escape of 
glioma cells (Fig. 9).

Based on our previous research, the LINC01018/miR-
182-5p/Rab27B axis may be a critical pathway involved in 
the proliferation and metastasis of glioma cells [8]. Our 
present study showed that overexpression of LINC01018 
significantly increased Rab27B expression, while subse-
quent overexpression of miR-182-5p led to a decrease in 
Rab27B expression. Here, Rab27B was lowly expressed 
in glioma cancer tissues and enhances cell invasion 
and migration. In addition, low expression of Rab27B 
enhances the proliferation and invasion of nasopharyn-
geal carcinoma cells, thereby increasing their radioresis-
tance [20]. Interestingly, Rab27B activation promotes the 

Fig. 7  Glioma cell-derived EVs delivery PD-L1 and increase PD-L1 expression in microglial cells. A: Glioma cells (U251, T98G) with or without GW4869 
were co-cultured with human microglial cells HMC3, and the expression of PD-L1 in HMC3 cells after co-culture was detected by Western blot. B: The 
CreLoxP system was used to evaluate the delivery of EV cargo from glioma cells to microglial cells. C: Western blot was used to detect the expression of 
PD-L1, iNOS and CD206 in HMC3 cells treated with different EVs. The cell experiments were repeated three times. ** p < 0.01. Data were analyzed by two-
way ANOVA, followed by Tukey's multiple comparisons test.       

 



Page 13 of 16Hu et al. Biology Direct           (2025) 20:61 

secretion of exosomes from colorectal cancer stem cells, 
contributing to an immunosuppressive microenviron-
ment by increasing the number of CD66+ neutrophils 
and decreasing the number of CD8+ T cells [21]. Cyto-
toxic CD8+ T cells can regulate immune signals, provide 
protective immunity, and eliminate malignant cells [22]. 

In the diffuse intrinsic pontine glioma, TIM-3 is highly 
expressed in microglia in tumor microenvironment, 
while blocking TIM-3 can enhance the levels of T cells, 
NK cells, and trigger pro-inflammatory chemokines, 
exerting anti-tumor effects [23]. Elevating IFN-γ levels in 
glioma cells may increase the proliferation and cytotoxic 

Fig. 8  Rab27B mediates glioma cell-derived EVs to regulate PD-L1 transfer and promotes immune escape in vivo. The GL261 cells with stable low expres-
sion of miR-182-5p (Lv-antagomiR) were injected into mice, with Lv-NC serving as the control. Anti-PD-L1 treatment was administered every 3 days along 
with intravenous injection of glioma cell-derived EVs. A: qRT-PCR was conducted to detect the expression of miR-182-5p and Rab27B in the tumor, n = 6; 
B: Western blot was performed to assess Rab27B expression in the tumor, n = 6; C: Survival status of mice in different treatment groups was recorded, 
n = 12; D: Flow cytometry was used to determine the proportions of CD8+ T cells (CD45+CD8+), macrophages (CD45+F4/80+CD11b+), and TAM (F4/80+ 
CD11b+ CD206+) in the tissues, n = 6; E: The functional status of CD8+ T cells was analyzed by flow cytometry, n = 6; F: Western blot was utilized to measure 
PD-L1 expression in the tumor, n = 6; ns p > 0.05, * p < 0.05, ** p < 0.01. Data in panels A and B were analyzed by t-test; data in panels D, E, and F were 
analyzed by one-way ANOVA analysis, followed by Tukey’s multiple comparisons test
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activity of CD8+ T cells, thereby blocking immune eva-
sion [24]. The degradation of PD-L1 in gliomas increases 
T lymphocytes and promotes T cell infiltration, reshaping 
the tumor immune microenvironment [25]. Our study 
suggested that in glioblastoma patients with low expres-
sion of Rab27B, CD8+ T cell function was suppressed, 
TIM-3 level was upregulated, IFN-γ was remarkedly 
downregulated, and PD-L1 was highly expressed. More-
over, in hepatocellular carcinoma, Rab27B knockdown 
promotes the transfer of PD-L1 to EVs, inducing the sup-
pression of CD8+ T cells and leading to immune escape 
of cancer cells [10]. Herein, we propose that downregula-
tion of Rab27B may promote immune escape of glioma 
cells by inhibiting the function of CD8+ T cells in clearing 
tumor cells.

Further research found that inhibiting Rab27B sig-
nificantly increased PD-L1 expression in glioma cell-
derived EVs without affecting the release of EVs. PD-L1 
levels in EVs are significantly higher in cancer patients 
compared to healthy individuals, and anti-PD-L1 ther-
apy can induce antitumor immunity [26]. In the early 
stages of glioma, PD-L1 accumulates on microglia and 
binds to PD-1, leading to M2 polarization of microglia 
within the glioma microenvironment, which promotes 
tumor growth and invasion [27]. PD-L1 in glioblastoma-
derived-EVs markedly suppress T cell activation [28]. 
Meanwhile, PD-L1 inhibition and the M2 polarization 
of macrophages can effectively alleviate the immuno-
suppressive tumor microenvironment in glioma [29]. 
In our research, we found that miR-182-5p inhibition 

significantly reduced macrophages and infiltrating TAMs 
in the tumor and enhanced the therapeutic effect of anti-
PD-L1, which was reversed by glioma cell-derived EVs 
delivering PD-L1. Another study consistently demon-
strated that miR-182-5p inhibitor reduced the expres-
sion of PD-L1 transcripts in triple-negative breast cancer 
[30]. miR-182-5p can directly induce T-cell dysfunction 
in cancer cells [31] and modulate the immune response 
in the tumor microenvironment by impacting immune 
cell involvement [32]. miR-182-5p directly targets and 
reduces factors associated with T cell activation and pro-
liferation, impairing the immune response [33]. We veri-
fied that PD-L1 expression in EVs was regulated by the 
miR-182-5p/Rab27B axis. Anti-PD-L1 treatment restored 
the function of CD8+ T cells.

Our study has several limitations. Firstly, the tumor 
immunosuppressive microenvironment involves numer-
ous immune cells, including CD8+ T, CD3+ T cells, 
natural killer cells, natural killer T cells, macrophages, 
monocytes, and myeloid-derived suppressor cells, whose 
complex functions have not been fully validated in our 
study. Secondly, LINC01018 is currently known to be 
expressed only in humans, and we cannot directly manip-
ulate LINC01018 expression in murine cells when per-
forming xenograft tumor formation experiments. Thirdly, 
we did not conduct H&E and IHC analysis of the ortho-
topic tumors to compare the histological characteristics 
and protein expression. Fourthly, the primary cell cul-
ture that is closer to the original state of human tumors 
has not been carried out yet. Lastly, other downstream 

Fig. 9  LINC01018 is downregulated in glioma cells. LINC01018 promotes the transport of PD-L1-carrying EVs into microglia and increases PD-L1 expres-
sion through the miR-182-5p/Rab27B axis, inhibiting CD8+ T cell function and promoting immune evasion in glioma cells
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targets of the LINC01018/miR-182-5p axis have not yet 
been validated. In the future, we will expand our clinical 
sample size to further investigate the role of other down-
stream targets of the LINC01018/miR-182-5p axis in 
glioma development and immune escape, aiming to pro-
vide new insights for improving treatment resistance and 
identifying new therapeutic targets.

In conclusion, upon our previous findings that the 
LINC01018/miR-182-5p axis can regulate Rab27B 
expression, this study further elucidates that Rab27B pro-
motes the carriage of PD-L1 by glioma cell-derived EVs 
into microglia, thereby increasing PD-L1 expression on 
TAMs, suppressing CD8+ T cell function, and facilitating 
the immune escape of glioma cells.
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