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Abstract
Background: Radioresistance has a great impact on prognosis of glioma patients. However, the potential
mechanism underlying the radioresistance of glioma cells remains largely unknown.

Methods: LRIG1 overexpression model was �rstly established by using Flag-LRIG1 plasmid. The
expression of LRIG1, CTLA-4 proteins were detected by western blot and IHC in cells and human tissue.
Real-time PCR was used for deterring mRNA expression. Cell viability and apoptosis were detected using
CCK-8 and Annexin-V/propidium iodide (PI), respectively. Co-Immunoprecipitation was used for detecting
the combination of LRIG1 and CTLA-4 proteins.

Results: LRIG1 was signi�cantly down-regulated in radioresistant glioma cells. Overexpressed LRIG1
could promote the radiosensitivity of glioma cells, meanwhile, inhibit the expression of p-AKT and CTLA-4
protein in radioresistant glioma cells. Furthermore, LRIG1 combined with CTLA-4 and promoted CTLA-4
degradation. In human glioma tissue, LRIG1 was down-regulated, while CTLA-4 was highly expressed in
glioma tissue. Finally, correlation analysis showed that the expression of LRIG1 was negatively correlated
with expression of CTLA-4 and radioresistance of glioma patients.

Conclusion: Our �ndings demonstrated that LRIG1 facilitates radioresistance glioma cells by regulating
CTLA4 /AKT signaling pathway.

1 Introduction
Glioma is considered to be one of the most commonly-diagnosed intracranial tumor of the central
nervous system, representing 81% of malignant brain tumors in adult [1, 2]. Some subtypes of glioma, e.g.
glioblastoma, cause signi�cant mortality [3]. In recent years, the therapeutic interventions for treating
glioma are surgery combined with chemotherapy and/or radiotherapy, which provide bene�t to patients
due to their different merits [4]. However, even following proper surgical resection, many tumors show a
high resistance to irradiation therapy, further cause highly recurrence rate and poor prognosis for glioma
patients [5]. Thus, the potential mechanism underlying resistance to irradiation therapy is urgently needed.

Radioresistance of glioma cells has an important effect on prognosis of glioma patients. In numerous
clinical studies, improvement of radiosensitivity of tumor cells, e.g., combining PARP inhibitors, using
hyperbaric oxygenation, could signi�cantly improve survival outcomes of glioma patients [6, 7]. However,
due to the heterogeneity of tumor cells, i.e the different self-renewal capacities of each cell population, the
radioresistance remains a big challenge in clinical practice [8]. So far, multiple factors have been identi�ed
responsible for radioresistance of tumor cells, e.g. Wnt.[9], β-Catenin[10], AKT [11], STAT3 [12], however, a
detailed, integrative picture of the molecular network has not yet clari�ed.

Leucine-rich repeats and immunoglobulin-like domains protein 1 (LRIG1), a type 1 transmembrane protein
whose extracellular domain contains 15 leucine-rich repeats (LRRs) and three immunoglobulin (Ig)-like
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domains, was �rstly cloned by Hedman et al in 2002 [13]. The gene of the LRIG1 localized in chromosome
band 3p14.3, and the protein is well-known as a cell transmembrane protein that widely expressed in
human cells [14]. Over decades, accumulating evidence has suggested that LRIG1 might act as a tumour
suppressor, for its expression usually correlates with better patient survival in several human cancers
including prostate, bladder, breast, cervical, colon, cervical, non-small-cell lung cancers and gliomas [15–

19]. For molecular mechanism, two studies from independent groups [20, 21] demonstrated that LRIG1
negatively regulates all four members of the ERBB receptor family (ERBB1/EGFR, ERBB2/HER2/Neu,
ERBB3/HER3, and ERBB4/HER4) by heterologous expression. LRIG1 dramatically reduce receptor levels
by promoting receptor ubiquitylation and lysosomal degradation [22]. In addition to ERBBs, LRIG1 also
affected other oncogenic signaling molecules, e.g. mutant EGFR (EGFRvIII)[23], Stat3[24] and TNFα27[25].

Despite the large amount of knowledge on LRIG1 in many tumor tissues, little is known about its role in
glioma radioresistance. In fact, few papers have been reported that LRIG1 could improve the
radiosensitivity of glioma cells by attenuating EGFR/Akt signaling pathway[26], or its impression could
affect by certain microRNAs, e.g. microRNA-590-3p [27], miR-183[28]. In order to have a better
understanding of LRIG1 and its down-stream factors on glioma radioresistance, in the present study, we
tried to further investigate the potential role of LRIG1 in glioma radioresistance and its underlying
mechanisms, moreover, the interaction between LRIG1 and cytotoxic T lymphocyte antigen 4 (CTLA-4) /
AKT pathway in glioma radioresistance will also be clari�ed. Our study might set a novel sight into
pathologic mechanism of glioma and may provide therapeutic strategies in treating this disease.

2 Materials And Methods
2.1 Cell culture and treatment

Human glioma cell line U251 was obtained from American Type Culture Collection (ATCC) (Manassas,
VA, USA). U251 cells were cultured in a standard humidi�ed incubator (5% CO2; 37 °C) with RPMI-1640
(Invitrogen, Carlsbad, CA, USA) culture medium which supplemented with 10% fetal bovine serum (FBS,
Carlsbad, CA, USA) and 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA).

For treatment, as previously described [28], brie�y, U251 cells were irradiated by a linear accelerator 6-MV
X-rays with the dose rate of 4 Gy/min. The procedure was performed daily for 5 months, starting with 1 
Gy/fraction and ending with 10 Gy/fraction. The X-ray treated U251 cells were labeled as U251R cells.

2.2 Quantitative real time-PCR (qRT-PCR)

Total RNA was isolated from glioma cells with an RNA extraction kit (Takara Biotechnology, Japan).
Then, Reverse Transcription Kit (Takara Biotechnology, Japan) was used to obtain cDNA and reverse
transcribe RNA. The primers used in this study were synthesized by Yingjun Technology (Shanghai,
China) which showed in Table 1. qRT-PCR was conducted using the SYBR Green Realtime PCR Master
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Mix (Toyobo, Japan) and performed on ABI 7900 fast Real‐time PCR Systems (Applied Biosystems, USA).
GAPDH were used as internal controls.

Table 1
Primers used in the present study

Gene Primer sequence

LRIG1 forward: 5′-GAAAAGGGACTCTGGTTGGGAT-3′

reverse: 5′-AGGAAGTCATCGCACACGAA-3′

CTLA-4 forward: 5′-AGGTGACTGAAGTCTGTGCG-3′

reverse: 5′-CATGAGCTCCACCTTGCAGA-3′

GAPDH forward: 5'-CCGGGAAACTGTGGCGTGATGG-3'

reverse: 5'-AGGTGGAGGAGTGGGTGTCGCTGTT-3'

 

2.3 Western blot

Total proteins from human tissue or glioma cells were extracted by using a radioimmunoprecipitation
assay (RIPA) lysis buffer (Beyotime Biotechnology Co., Ltd., Shanghai, China). The protein samples were
separated using 8% SDS-PAGE. After transferred onto PVDF membrane, the primary antibodies were
added: anti-LRIG1 (PA5-52860, 1:500, Invitrogen, Carlsbad, CA, USA), anti-Akt (ab235958, 1:1000, Abcam,
UK), anti-Akt (phospho S473) (ab81283, 1:1000, Abcam, UK), anti-CTLA-4(PA5-47547, 1:250, Invitrogen,
Carlsbad, CA, USA), anti-Tubulin (ab210797, 1:1000, Abcam, UK). Tubulin served as internal control. After
24 hours of incubation, membrane was incubated along with secondary antibody immunoglobulin G
(IgG) at room temperature for 2 hours.

2.4 Cell transfection

The LRIG1 was overexpressed or knockdown by using LRIG1 overexpression plasmid (Flag- LRIG1) or
Short hairpin RNAs (shRNA) targeting LRIG1 (sh-LRIG1), respectively. The plasmid or empty vectors were
purchased from GeneChem Corporation (Shanghai, China). Lipofectamine 3000 (Invitrogen, USA) was
used for cell transfection following manufacturer’s instructions.

2.5 CCK-8 assay

Transfected U251 cells or U251R cells (2 × 105 per well) were seeded into a 96-well plate. CCK-8 Kit
(Abcam, UK) and RPMI-1640 were added into each well. After incubation with CCK-8 solution for 2 hours,
optical density of cells was measured at 450 nm at different time points by using micro-plate reader
(Thermo Fisher, USA).

2.6 Flow cytometry assay
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Cell apoptosis was detected using Annexin-V-propidium iodide (PI) apoptosis assay. Annexin V-FITC
Apoptosis Detection Kit (Invitrogen, Carlsbad, CA, USA) was used according to the manufacture’s
instruction. Brie�y, different groups of transfected U251R cells were with propidium iodide (PI) at 37°C for
30min, followed by �ow cytometry (Beckman Coulter FC500, CA, USA).

2.7 Co-Immunoprecipitation

Co-Immunoprecipitation was performed to detect the combination of LRIG1 and CTLA-4. Brie�y, cells
were lysed in 500 μl co-IP buffer containing a protease inhibitor cocktail (Sigma-Aldrich, St. Louis,
Missouri, USA). Then, 20 μl immobilized protein A/G beads was incubated with cell lysates for 1h at 4 °C.
Primary antibody or control Ig G were incubated with lysates for 24 hours. Finally, immobilized protein
A/G beads were added, then, the proteins were prepared for western blot.

2.8 Human glioma tissue collection

Tissue samples of paired glioma tissues and paracancerous tissues were collected from patients who
underwent glioma resection at the second a�liated hospital of Nanchang university. All patients enrolled
in this study have given their informed written consents prior to conduct the clinical research related
procedure and this study was approved by the second a�liated hospital of Nanchang university Ethical
Committee (No. 2019003). All patients have received 5 weeks’ radiation therapy. Tissue samples were
collected and immediately snap-frozen in liquid nitrogen after surgery (-80°C) for further use.

2.9 Immunohistochemistry (IHC)

The expression of LRIG1 and CTLA-4 proteins was determined in human glioma tissues by IHC. Brie�y,
para�n‐embedded sections were dewaxed and dehydrated by xylene and ethanol. Then, after incubation
with 50 μl of 10% goat serum for 60min, the sections were probed with primary antibodies: anti-LRIG1
(ab197985, 1:1000, Abcam, UK), anti-CTLA-4 (ab227709, 1:1000, Abcam, UK) for 24 hours. Then,
peroxidase‐labeled secondary antibody (Invitrogen, Carlsbad, CA, USA) were added and incubated for
30min. The sections were developed using diaminobenzidine (DAB).

2.10 Statistical analysis

All cell experiments were repeated triplicate. The data were exhibited as Mean ± SD. SPSS21.0 (IBM Corp.
Armonk, NY) software was used for data analysis. Two-tailed Student's t-test, one-way ANOVA, Pearson
correlation coefficient were used in this study. P < 0.05 was considered as statistically signi�cant
difference.

3 Results
3.1 LRIG1 was down-regulated in radioresistant glioma cells
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Firstly, the expression of LRIG1 mRNA was determined in U251 cell or radioresistance U251 cells (U251R)
by using qRT-PCR. As shown in Fig. 1A, the expression of LRIG1 mRNA in U251R cells was signi�cantly
decreased compared with that in U251 cells (P<0.05). Subsequently, LRIG1 protein expression in both
groups was detected by western blot. Result demonstrated that in U251R cells, the level of LRIG1 protein
was much lower compared with that in U251 cells (Fig. 1B). These data suggested that in both mRNA
and protein levels, LRIG1 was down-regulated in radioresistant glioma cells.

3.2 Overexpressed LRIG1 increased radiosensitivity of glioma cells

To explore the potential role of LRIG1 in radioresistant glioma cells, we �rstly used the plasmid to
overexpress LRIG1 in U251R cells. Results revealed that LRIG1 protein was highly expressed in Flag-
LRIG1 group compared with NC group (Fig. 2A), suggesting that the LRIG1 overexpressed system can be
used in further studies. Next, the effect of LRIG1 on cell phenotypes were detected by CCK-8 assay and
Flow cytometry assay. We found that the expression of LRIG1 signi�cantly inhibited the cell proliferation
(Fig. 2B; P<0.01), meanwhile, in U251R cells, the apoptosis of cells was promoted by overexpression of
LRIG1 proteins (Fig. 2C). To sum up, the above results provide the evidence that overexpressed LRIG1
increased radiosensitivity of glioma cells.

3.3 Overexpressed LRIG1 inhibited the expression of p-AKT in U251R cells

To further validate the mechanisms of LRIG1 in radioresistant glioma cells, the expression of many
proteins was determined in different groups by western blot. First, the expression of LRIG1, p-AKT, AKT
proteins was detected in U251 cells or U251R cells. As shown in Fig. 3A, in radioresistant glioma cells, the
expression of p-AKT was highly expressed, suggesting that p-AKT was activated. Then, the expression of
LRIG1, p-AKT, AKT proteins was also measured in either overexpressed LRIG1 group or NC group. Result
demonstrated that the activated p-AKT can be inhibited by overexpression of LRIG1 in U251R cells (Fig
3B).

3.4 Overexpressed LRIG1 inhibited the expression of CTLA-4 protein in U251R cells

Subsequently, the effect of overexpression of LRIG1 on CTLA-4 expression was analyzed in U251R cells.
We found that overexpression of LRIG1 dramatically suppressed the protein level of CTLA-4 in U251R
cells (Fig. 4A). However, in mRNA level, overexpression of LRIG1 was not able to affect the expression of
CTLA-4 mRNA (Fig. 4B). These data indicated that LRIG1 only have effect on CTLA-4 post-translational
modi�cation, while not change the mRNA level of CTLA-4.

3.5 LRIG1 combined with CTLA-4, and promoted CTLA-4 degradation

Furthermore, the relationship between LRIG1 and CTLA-4 was identi�ed by conducting Co-
immunoprecipitation and western blot. As shown in Fig 5A, coimmunoprecipitated proteins were
analyzed by western blot with indicated antibodies. Results showed that endogenous LRIG1 protein was
immunoprecipitated with anti-CTLA-4, meanwhile, CTLA-4 also combined with LRIG1. Moreover, MG132
was used to inhibit the proteasome in each group. In Fig. 5B, results demonstrated that by blocking
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proteasome, overexpression or knockdown of LRIG1 did not have any effect on expression of CTLA-4
protein in U251R cells. These data indicated that LRIG1 combined with CTLA-4, and the same time,
promoted CTLA-4 degradation.

3.6 LRIG1 was down-regulated, while CTLA-4 was highly expressed in glioma tissue

Additionally, we had performed experiments on human glioma tissue. The expression of LRIG1 and CTLA-
4 protein was detected in human glioma tissue by IHC and western blot. As shown in Fig. 6A, compared
with paracancerous tissue, the expression level of LRIG1 was much lower. On the contrary, CTLA-4 was
highly expressed in glioma tissue. To better quantify the protein expression, western blot was performed
in each group. In tumor tissue, LRIG1 was down-regulated, while CTLA-4 was highly expressed compared
with paracancerous tissue Fig. 6B .

3.7 The expression of LRIG1 was negatively correlated with expression of CTLA-4 and radioresistance of
glioma patients

Finally, the correlation analysis was performed to better clarify the relationship between LRIG1 and CTLA-
4. In Fig 7A, the correlation analysis between expression of LRIG1 and radioresistance of glioma was
performed. It was shown that the expression of LRIG1 was negatively correlated with radioresistance of
glioma. However, the expression of CTLA-4 was positively correlated with radioresistance of glioma (Fig.
7B). Furthermore, result in Fig 7C showed that the expression of LRIG1 was negatively correlated with
expression of CTLA-4 in glioma patients. These data indicated that LRIG1 may have positive effect on
glioma in clinic.

4 Discussion
Gliomas make up the largest proportion of malignant brain tumors with very limited treatment strategies.
Radiotherapy seems to be the most effective nonsurgical treatment for gliomas, however, its e�cacy is
severely suppressed due to the high intrinsic radioresistance of glioma cells [29]. Thus, to explore the
potential mechanisam underlying gliomas radioresistance is critical to design novel strategies and
improve the prognosis of glioma patients. In our study, we �rstly found that LRIG1 was down-regulated in
radioresistant glioma cells in both mRNA and proteins levels. Due to the fact that expression of LRIG1
can be affected by irradiation, we further established LRIG1 overexpression system in radioresistant
glioma cells (U251R) for further studies.

The biological effects of irradiation on cells mainly due to DNA lesions, e.g., disruption of the phosphate
DNA backbone [30]. The DNA lesions can be direct caused by interactions between particles or indirect
following interactions with reactive oxygen species (ROS) generated by cell water ionization [31]. These
breaks can be either repaired or can lead to cell cycle arrest. As such, we can observe the effect of
irradiation which is manifested as viability or apoptosis of tumor cells. Results from our study showed
that in radioresistant glioma cells, overexpressed LRIG1 dramatically inhibited the cell proliferation and
promote cell apoptosis, indicating that LRIG1 act as a tumor suppressor in radioresistant glioma cells. As
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an important cell transmembrane protein, LRIG1 was widely studied in gliomas. For instance, a study
includes 404 patients with gliomas showed that expression of LRIG1 positively correlated with the
prognosis of glioma patients and negatively correlated with WHO histological grade [32]. Moreover, in Ye
et al’s study, after clinical surgical resections of astrocytoma tumor tissue, the results showed that LRIG1
expression was signi�cantly decreased in tumor tissue compared to the corresponding surrounding non-
tumor tissues [18].

In molecular level, the underlying mechanism of LRIG1 on glioma radioresistance was further clari�ed in
our studies. We found that in radioresistant glioma cells, overexpression of LRIG1 could inhibit the
expression of phosphorylated AKT (p-AKT), but not AKT, suggesting that LRIG1 might play a role in AKT
activation. AKT is a serine/threonine kinase which can be activated by translocation to the plasma
membrane or phosphorylation [33]. Activation of AKT, i.e, high level of p-AKT has been reported to
correlate with a poor prognosis for patients with glioma [34]. AKT-related pathways have been also widely
studied in molecular level in the oncogenic and development of cancers cells [35–37]. Previously in our
group, we found that the glioblastoma radioresistance can be promoted by overexpressed miR-183,
further, expression of LRIG1 and activation of EFGR/Akt pathway can be regulated by miR-183 [28]. In the
present study, we further clari�ed that overexpression of LRIG1 inhibited the expression of CTLA-4 protein,
but not CTLA-4 mRNA. In addition, results also con�rmed that LRIG1 could combined with CTLA-4, and
promoted CTLA-4 degradation. CTLA-4, known as a member of a family of Immunoglobulin-related
receptors, has been con�rmed play a key role in tumorigenesis [38]. For its machoism, CTLA-4 can bind to
phosphatidylinositol 3-kinase (PI3K) as well as phosphatases PP2A and SHP-2, which considered to be
the key factors in AKT-related pathway [39, 40]. However, whether CTLA-4 involved in the resistant to
irradiation was still un-documented.

To the best of our knowledge, our study was the �rst one to clarify the relationship between LRIG1 and
CTLA4/PI3K/AKT pathway in glioma radioresistance. We found that in human glioma tissue, LRIG1 was
down-regulated, while CTLA-4 was highly expressed. By conducting correlation analysis, results shown
that the expression of LRIG1 was negatively correlated with radioresistance of glioma and expression of
CTLA-4. However, the expression of CTLA-4 was positively correlated with radioresistance of glioma.

To sum up, our data provided information that LRIG1 could increase the radiosensitivity of glioma cells,
overexpressed LRIG1 had a signi�cantly impact on activation of AKT and CTLA-4 expression. These
�ndings provided a novel insight into the mechanism of radiotherapy in glioma and could be the potential
targets for treating gliomas in the future.
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Figure 1

The expression of LRIG1 in radioresistant glioma cells. (A) The relative expression level of LRIG1 mRNA
in U251 and U251R cells were determined by qRT-PCR. (B) The expression of LRIG1 protein in U251 and
U251R cells were checked by western blot. Tublin served as internal control. Data were expressed as
mean ± SD. (*P < 0.05).
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Figure 2

Effects of LRIG1 on radioresistance of glioma cells. (A) The expression of LRIG1 protein in LRIG1
overexpressed or control group were determined by western blot. (B) The effect of overexpressed LRIG1
on cell viability were detected by CCK-8 assay. (C) The cell apoptosis of glioma cells was determined in
LRIG1 overexpressed or control group by �ow cytometry assay. Data were expressed as mean ± SD. (**P 
0.01, NC vs p-LRIG1; NC + X ray vs p-LRIG1 + X ray)
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Figure 3

Effects of LRIG1 on expression of p-AKT and AKT in glioma cells. (A) The expression of protein levels of
LRIG1, p-AKT, AKT in U251 and U251R cells were determined by western blot. (B) The expression of
protein levels of LRIG1, p-AKT, AKT in LRIG1 overexpressed or control group were determined by western
blot.
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Figure 4

Effects of LRIG1 on expression of CTLA-4 in U251R cells. The effect of overexpressed LRIG1 on
expression of CTLA-4 protein (A) and CTLA-4 mRNA (B) were determined by western blot and qRT-PCR,
respectively. Data were expressed as mean ± SD. (** P < 0.01 vs NC; NS, P > 0.05 vs NC)

Figure 5
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LRIG1 affects the degradation of CTLA-4 protein. (A) The binding of LRIG1 to CTLA-4 protein was
determined by immunoprecipitation assay. (B) The effect of LRIG1 on the expression of CTLA-4 protein
was determined by western blot after blocking the ubiquitin-proteasome.

Figure 6

The expression of LRIG1 and CTLA-4 in glioma tissue. The expression of LRIG1 and CTLA-4 were
detected in tumor tissue or paracancerous tissue by immunochemistry (A) and western blot (B),
respectively.
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Figure 7

Correlation analysis of LRIG1, CTLA-4 and radioresistance of glioma. Correlation analysis between LRIG1
and radioresistance of glioma (A), CTLA-4 and radioresistance of glioma (B), LRIG1 and CTLA-4 were
conducted by Pearson correlation analysis.


