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Super-enhancer-associated TMEM44-AS1 
aggravated glioma progression by forming 
a positive feedback loop with Myc
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Abstract 

Background:  Long non-coding RNAs (lncRNAs) have been considered as one type of gene expression regulator for 
cancer development, but it is not clear how these are regulated. This study aimed to identify a specific lncRNA that 
promotes glioma progression.

Methods:  RNA sequencing (RNA-seq) and quantitative real-time PCR were performed to screen differentially 
expressed genes. CCK-8, transwell migration, invasion assays, and a mouse xenograft model were performed to deter-
mine the functions of TMEM44-AS1. Co-IP, ChIP, Dual-luciferase reporter assays, RNA pulldown, and RNA immunopre-
cipitation assays were performed to study the molecular mechanism of TMEM44-AS1 and the downstream target.

Results:  We identified a novel lncRNA TMEM44-AS1, which was aberrantly expressed in glioma tissues, and that 
increased TMEM44-AS1 expression was correlated with malignant progression and poor survival for patients with gli-
oma. Expression of TMEM44-AS1 increased the proliferation, colony formation, migration, and invasion of glioma cells. 
Knockdown of TMEM44-AS1 in glioma cells reduced cell proliferation, colony formation, migration and invasion, and 
tumor growth in a nude mouse xenograft model. Mechanistically, TMEM44-AS1 is directly bound to the SerpinB3, and 
sequentially activated Myc and EGR1/IL-6 signaling; Myc transcriptionally induced TMEM44-AS1 and directly bound to 
the promoter and super-enhancer of TMEM44-AS1, thus forming a positive feedback loop with TMEM44-AS. Further 
studies demonstrated that Myc interacts with MED1 regulates the super-enhancer of TMEM44-AS1. More importantly, 
a novel small-molecule Myc inhibitor, Myci975, alleviated TMEM44-AS1-promoted the growth of glioma cells.

Conclusions:  Our study implicates a crucial role of the TMEM44-AS1-Myc axis in glioma progression and provides a 
possible anti-glioma therapeutic agent.
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Background
Gliomas are the most frequent primary tumor of the cen-
tral nervous system, accounting for approximately 45% 
of all intracranial tumors [1]. The World Health Organi-
zation distinguishes four grades of glioma (I, II, III, IV) 
according to their predicted clinical behavior and mor-
phological characters [2]. Although intense therapeutic 
efforts include surgery followed by combined radiation 
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and chemotherapy, glioblastoma (GBM) is a high-grade 
glioma (WHO grade IV), with a median survival rate of 
approximately 14 months [3]. This unfavorable prognosis 
reflects the biological properties considered as hallmarks 
of cancer, such as proliferative signaling and activating 
invasion of glioma cells [4]. Hence, a novel therapeutic 
strategy based on a deep understanding of the regulatory 
mechanisms underlying glioma progression is urgently 
needed.

Long non-coding RNA (lncRNA) is a type of RNA 
transcript that is larger than 200 nucleotides and has 
weak coding potential. LncRNAs have been reported to 
participate in a broad scope of crucial biological func-
tions, and their dysregulation results in disease states, 
including malignancy [5]. Mechanistically, lncRNAs 
exert their efficient and effective actions mainly by 
interaction with proteins/RNAs, transcriptional regu-
lation, epigenetic regulation, and mRNA stabilization 
and signaling pathway [6]. In addition, the clusters of 
active enhancers known as super-enhancers (SEs) are 
involved in the dysregulated expression of lncRNA in 
several types of tumors. Super-enhancers (also known 
as stretched or clustered enhancers) bind with a high 
density of transcription factors and coactivators, provid-
ing cooperative binding and synergistic gene activation 
[7]. Super-enhancers are enriched in cell-type-specific 
genes that define cell identity and differentiation [8]. 
Importantly, super-enhancers frequently drive high-level 
expression of lncRNAs with tumor-promoting functions 
[9]. Thus, there is currently great interest in character-
izing super-enhancers that drive candidate oncogenic 
lncRNA in glioma pathogenesis. Interestingly, lncRNAs 
have been reported to be transcript units between pro-
tein-coding genes, and they exhibit highly tissue- and 
cell-specific expression patterns in cancer cells [10]. 
However, the biological function of specific transcrip-
tion dysregulated lncRNAs in glioma and the underlying 
mechanisms of their transcriptional activation are still 
largely unknown.

Myc, a bHLHZip transcription factor, is implicated in 
regulating many cellular processes, including cell differ-
entiation, growth, proliferation, and programmed cell 
death [11]. A previous study showed that Myc expres-
sion was associated with glioma grade and found high 
Myc expression in approximately 60–80% of GBM [12]. 
In addition, the astrocyte lineage mice of genetically 
modified Myc can sufficiently induce the formation of 
gliomas resembling the human disease [13]. Others have 
proposed that Myc functional mutations promote gli-
oma progression, suggesting targeting mutant Myc may 
be a better strategy for the treatment of glioma [14]. A 
recent study found that Myc binds to enhancers and 
promoters to activate the expression of target genes in 

a cell-type-specific manner [15, 16]. However, there has 
been no report about SE-associated lncRNA targeted 
by Myc and how the transcriptional regulation of Myc 
on SE has not been studied. We demonstrated that the 
upregulation of TMEM44-AS1 activated by Myc and the 
effect of TMEM44-AS1 on downstream targets Myc and 
EGR1/IL-6 is dependent on SerpinB3, and the interaction 
of Myc with MED1 bound to the TMEM44-AS1 SE and 
promoted its glioma-specific transcription activation in 
glioma progression.

Materials and methods
Tissue samples
Tissues samples from glioma patients who underwent 
surgical resection at the Department of Neurosurgery 
of The Second Affiliated Hospital of Anhui Medical 
University (Hefei, China) after obtaining the patient’s 
informed consent. All cases included 46 glioma samples 
and 13 normal samples were directly preserved in stored 
at − 80 °C. Tumor samples were pathologically graded 
as 19 low-grade tumors (LGG) and 27 GBM based on 
the WHO criteria. The primary tumor characteristics 
and clinical information was shown in Supplementary 
Table 1. The present study was approved by the Research 
Ethics Committee of The Second Affiliated Hospital of 
Anhui Medical University.

Cell culture and treatment
U251, T98G, LN-18, and A172 glioma cell lines were 
obtained from American Type Culture Collection 
(Manassas, VA). (H4, SF126, and U87) and normal 
human astrocytes (NHAs) were purchased from The Cell 
Bank of the Chinese Academy of Sciences and (Shang-
hai, China) and Sun Yat-Sen University, respectively. The 
patient-derived glioblastoma cells (PN12, PN16, MES23, 
and MES27) were isolated from surgical specimens as 
reported in our previous study [17]. The cell lines were 
regularly checked for Mycoplasma contamination to 
guarantee that experiments were performed only with 
Mycoplasma-free cells. Myci975 was purchase from 
MedChemExpress (Princeton, NJ). Human-specific small 
interfering RNA (siRNA) for TMEM44-AS1, EGR, Myc, 
MED1, and negative control were transfected into the 
glioma cells via the DharmaFECT transfection reagent 
(Thermo Scientific Dharmacon) according to the instruc-
tions in the manufacturer’s manual. All the siRNAs were 
purchased from Genepharma Technology (Shanghai, 
China). We cloned the cDNA of TMEM44-AS1 into the 
pcDNA3.1 vector (Invitrogen) and verified it by sequenc-
ing. The plasmids and empty plasmids were transfected 
with the FuGENE transfection reagent (Life Technolo-
gies, USA). SiRNA target sequences were listed in Sup-
plementary Table 2.
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In vitro functional assays
Cell proliferation assay Glioma Cells were seeded into 
a 96-well plate at a density of 3000 cells per well in tripli-
cate and incubated at 37 °C 4 days post-infection. The cell 
number was quantified using Z1 Particle Counter (Beck-
man Coulter). The cell proliferation curve was generated 
by the OD measured at 490 nm.

Colony formation assay 400 glioma cells were planted 
into the 6-well plate in triplicate, continually maintained 
in the complete medium for 14 days. Following incuba-
tion, cells were washed three times with PBS and fixed 
with 4% neutral paraformaldehyde solution at room tem-
perature for 30 min. Cell colonies formed were stained 
with Giemsa for 15 min.

Cell migration and invasion assay To measure glioma 
cell migration, 8-mm pore size culture inserts (Transwell; 
Costar) were placed into the wells of 24-well culture 
plates, the upper and the lower chambers were separated. 
The lower chamber was filled with 500 μl culture medium 
supplemented with 10% FBS. Cells at a concentration of 
5 × 104 cells in 500 ul of serum-free medium were inocu-
lated in the upper chamber, coated with (invasion assay) 
or without (migration assay) growth factor reduced 
Matrigel, while medium containing medium in the lower 
chamber. Fixed cells were dyed with 0.1% crystal violet 
for 20 min and counted by microscopy (Zeiss).

RNA‑FISH and subcellular fraction
The RNA FISH kit (Life Technologies) was applied to 
analyze TMEM44-AS1 subcellular localizations in gli-
oma cells, The RNA FISH probe mix for TMEM44-AS1 
was synthesized by RiboBio (Guangzhou, China), and the 
assay was performed with the kit according to the manu-
facture’s protocol. The levels of GAPDH (cytoplasm con-
trol) were measured, U6 (nucleus control), respectively.

Dual‑luciferase reporter assays
The indicated regions of TMEM44-AS1 promoter and 
super-enhancer were directly inserted into pGL3-pro-
moter and pGL3-enhancer plasmid, respectively. The 
pcDNA3.1-Myc or vector was co-transfected into glioma 
cells. The pGL3 vector was utilized as a negative control. 
The Dual-Luciferase Reporter Assay System (Promega, 
USA) was used to detect luciferase activity, and the fire-
fly luciferase activity was normalized to Renilla luciferase 
values.

Chromatin immunoprecipitation (ChIP)
ChIP analysis was carried out following the manufac-
turer’s instructions for SimpleChIP Plus Sonication 
Chromatin IP Kit (Cell Signaling Technology). Briefly, 
the chromatin of the glioma cells was treated with 2 μg 

anti-H3K27ac, anti-Myc, anti-EGR1 (Cell Signaling Tech-
nology), or MED1 (Sigma). Immunoprecipitated DNA 
was detected through RT-qPCR using specific primers 
(Supplementary Table 3).

RT‑qPCR, western blot, immunocytochemistry, 
and immunofluorescence
Immunocytochemistry, immunofluorescence, RT-qPCR, 
and western blot were done according to our stand-
ard protocol, as described previously [38]. Primers were 
listed in Supplementary Table  4. Antibodies used were 
anti-MED1, anti-EGR1, anti-PCNA (Abcam), anti-Ser-
pin3B (Proteintech), or anti-Myc, anti-Ki67 (Cell Signal-
ing Technology).

Co‑immunoprecipitation (co‑IP) assay
Co-immunoprecipitation (Co-IP) was used to detect 
the interaction between Myc (Abcam) and MED1(Santa 
Cruz Biotechnology), and antibody-protein complex cap-
ture with Protein A/G agarose (Bimake, B23201). Then, 
the obtained complexes were subjected to western blot 
analysis with the following anti-Myc or anti-MED1.

Tumor formation study in vivo
A xenograft model of BALB/c nude mice was established 
to elucidate the impacts of TMEM44-AS1 on tumor 
formation in  vivo. 4-week-old BALB/c-nude mice were 
obtained from Beijing HFK Bio-Technology Co., Ltd. 
(China). All mouse experiments were performed based 
on the approval of the Animal Research Committee of 
Anhui Medical University. Animals were maintained and 
handled following the recommendations of the guide-
lines for Institutional and Animal Care and Use Commit-
tees. A total of 20 mice were randomly divided into two 
groups (n = 10 per group). Infected glioma (5 × 106 cells/
mouse) suspended in 100 μl PBS were inoculated into 
the subcutaneous region of nude mice. Tumor size was 
monitored every seven days by measuring the length and 
width with calipers, and tumor volumes were calculated 
with the formula: V = 0.5 × L (length) × W2 (width). Mice 
were sacrificed on day 42 after glioma cell inoculation. 
Tumor volume and weight of glioma tissues were moni-
tored over time as indicated.

RNA‑seq analysis
Total RNAs from glioma cells transfected by shTMEM44-
AS1 were harvested and sent to a commercial company 
for transcriptome sequencing. Raw reads were trimmed 
to remove low-quality bases and adaptor sequences 
using fastp (default parameters). Reads were mapped to 
the hg38 genome using HISTAT2. After generating the 
BAM file, then featureCounts to quantify read counts of 
each gene. Reads per kilobase per million (RPKM) values 
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based on gene counts were calculated by using in house 
scripts in R.

ChIP‑seq analysis
The raw fastq file (GSE36354) from the European Nucle-
otide Archive was download by using Aspera, and reads 
are then mapped to the reference using Bowtie2, and 
Samtools was used for sorting and indexing. BigWig 
files were created from bam files for each sample using 
genomeCoverageBed and bedGraphToBigWig and the 
peak calling by using macs14. The Super-Enhancers 
(Stitching distance: 12.5 kb) were identified by the ROSE, 
and the downstream analysis using deepTools and visu-
ally inspected with IGV.

RNA pulldown + MS/WB
RNA pull-down assay was performed using the BersinBi-
oTM RNA pulldown Kit (BersinBio, Guangzhou, China) 
according to the manufacturer’s instruction. Sense and 
antisense strands of TMEM44-AS1 cDNA were syn-
thesized by Sangon Biotech (Shanghai, China). Biotin-
labeled TMEM44-AS1 were obtained using in  vitro 
transcription with T7 RNA polymerase and Biotin RNA 
Labeling Mix (Roche) and followed by incubation with 
extracts separated from glioma cells. The pulldown frac-
tion was separated using SDS-PAGE and visualized by 
silver-stained. Finally, the channel subtype composi-
tion was verified by mass spectrometry (MS) or western 
blotting.

RNA immunoprecipitation (RIP) assay
The RIP experiment was processed following the proto-
col of the Magna RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore). Cells (1 × 107) were harvested 
and resuspended with RIP lysis buffer, followed by a step 
of centrifugation to remove the cell debris. The beads-
antibody complex was then mixed with RIP immuno-
precipitation buffer and cell lysis at 4 °C overnight. The 
RNA-protein complexes were isolated, followed by pro-
teinase K digestion, and the coprecipitated RNAs were 
used for cDNA synthesis and evaluated by RT-qPCR.

Copy number data analysis
The gene expressions of glioma samples and Copy-num-
ber data were retrieved from the Xena dataset (https://​
xenab​rowser.​net/). Gene expression data were plotted 
against the copy number, and the Pearson correlation was 
performed to determine the correlation coefficient and 
the p-value.

Statistical analysis
Data were expressed as the mean ± SD of the results of 
three independent experiments in which each assay 

was performed in triplicate. Statistical analysis was per-
formed with Student’s t-test or one-way ANOVA fol-
lowed by Student’s t-test. The relationship was analyzed 
with Pearson’s correlation. P<0.05 is considered a signifi-
cant difference.

Results
TMEM44‑AS1 expression was significantly up‑regulated 
in glioma and associated with prognosis
To investigate the role of TMEM44-AS1 in glioma, we 
observed TMEM44-AS1 expression in glioma tissue ver-
sus normal brain tissue from our cohort. As shown in 
Fig.1A, compared with the normal brain tissue group, 
expression of TMEM44-AS1 was significantly increased 
in glioma tissue. To explore whether the upregulation of 
TMEM44-AS1 is correlated to the pathogenesis of gli-
oma, TMEM44-AS1 expression was observed in different 
histopathologic grades of malignant glioma. A signifi-
cant increase in TMEM44-AS1 expression was observed 
in GBM tissues, whereas a slight increase in LGG tis-
sues (Fig.1B). Similarly, high expression of TMEM44-
AS1 in glioma tissue versus normal brain tissues was 
confirmed from integrated analyses of the TCGA and 
GTEx databases (Fig.1C). Additionally, high expression 
of TMEM44-AS1 in glioma was correlated with patho-
genesis grade, is closely associated with poor prognosis in 
glioma (Fig.1D-E).

Next, we sought to delineate the molecular mecha-
nism underlying the up-regulation of TMEM44-AS1 in 
glioma. Genomic gain or amplifications associated with 
the activation of proto-oncogenes is an essential mecha-
nism in human glioma [18]. To evaluate whether differ-
ences in the expression of TMEM44-AS1 were due to 
amplification of this locus, we analyzed the copy number 
of TMEM44-AS1 in glioma samples. Interestingly, the 
copy number of TMEM44-AS1 was frequently increased 
and positively correlated with TMEM44-AS1 expres-
sion in human glioma samples (Fig.1F-G). Addition-
ally, TMEM44-AS1 expression was measured in normal 
human astrocytes (NHA) and a panel of glioma cell lines. 
The expression of TMEM44-AS1 was upregulated in gli-
oma cell lines compared to the NHA (Fig.1H).

TMEM44‑AS1 promotes glioma cell proliferation, 
migration, and invasion
To evaluate the biofunctional role of TMEM44-
AS1 in glioma cells, we interfered with endogenous 
TMEM44-AS1 expression by specific siRNA or lenti-
virus-expressing shRNA specific to TMEM44-AS1, or 
TMEM44-AS1-overexpressing plasmid, and then we 
confirmed the transfection efficiency by RT-qPCR analy-
sis (FigS.1A-C). Consequently, cell viability was distinctly 
inhibited in LN-18 and U251 glioma cells transfected 

https://xenabrowser.net/
https://xenabrowser.net/
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with sh-TMEM44-AS1 compared to the sh-con group 
(Fig.2A). In contrast, TMEM44-AS1 overexpression 
enhanced SF126 cell viability (Fig.2B). Additionally, 
TMEM44-AS1 knockdown resulted in a significant 
reduction in clone number and size compared with the 
sh-con group in LN-18 glioma cells (Fig.2C-D), whereas 
overexpression of TMEM44-AS1 increased clone 
numbers in SF126 glioma cells (Fig.2E-F). Meanwhile, 
TMEM44-AS1 knockdown significantly suppressed 
the cell transmigration compared with the control cells 
(Fig.2G-H). Knockdown of TMEM44-AS1 also mark-
edly inhibited the invasive capabilities of glioma cells 
(Fig.2I-J). However, overexpression of TMEM44-AS1 
could significantly enhance the migration and invasion 
of SF126 glioma cells (Fig.2K-N). These results suggested 
that TMEM44-AS1 functions as an oncogenic lncRNA in 
glioma.

TMEM44‑AS1 knockdown suppresses tumorigenicity 
in vivo
To confirm that the role of TMEM44-AS1 in glioma cell 
growth in  vivo, sh-TMEM44-AS1/sh-con transfected 
glioma cells were inoculated into nude mice. Com-
pared with the sh-con group, the mice injected with 
sh-TMEM44-AS1 transfected glioma cells exhibited 

significantly smaller relative tumor volumes (Fig.3A-B). 
And knockdown of TMEM44-AS1 tumor weight is lower 
than those in the sh-con group (Fig.3C). These findings 
indicate that TMEM44-AS1 knockdown suppresses gli-
oma cell growth in  vivo. We confirmed that TMEM44-
AS1 knockdown inhibited the TMEM44-AS1 expression 
in xenografted tumor tissues (Fig.3D). Glioma cell prolif-
eration indexes were assessed by stained for proliferating 
cell nuclear antigen (PCNA) and Ki-67, two indicators for 
cell proliferative ability, in xenograft tissues. As shown in 
Fig.3E-F, TMEM44-AS1 knockdown had fewer PCNA 
and Ki-67 proliferative cells. These findings indicated that 
TMEM44-AS1 knockdown in vivo functions similarly to 
that in vitro.

TMEM44‑AS1 regulates Myc and EGR1/IL‑6 in glioma
Analysis of the subcellular distribution of TMEM44-AS1 
by RT-qPCR analysis indicates that TMEM44-AS1 pres-
ence in the cytoplasm and nucleus of LN-18 and U251 
glioma cells (Fig.4A-B). FISH confirmed that TMEM44-
AS1 co-localized in the cytoplasm and nucleus of LN-18 
and U251 glioma cells (Fig.4C). Since TMEM44-AS1 is 
slightly more prominent in the nucleus, we next focused 
on its potential nuclear functions in glioma cells. In a fur-
ther attempt to dissect potential downstream pathways 

Fig. 1  Expression of TMEM44-AS1 in various tissues and cells. (A) Relative TMEM44-AS1 expression in glioma and normal brain tissues from our 
cohort. (***P < 0.001). (B) The TMEM44-AS1 expression is shown according to the histopathologic grades. (*P < 0.05, ***P < 0.001). (C) Relative 
TMEM44-AS1 expression in glioma and normal brain tissues from GTEX(n = 1136) and the TCGA database(n = 689). (***P < 0.001). (D) The 
TMEM44-AS1 expression is shown according to the histopathologic grades of TCGA gliomas. LGG (n = 523); GBM (n = 166). (***P < 0.001). (E) 
Kaplan-Meier curves of overall survival time of patients based on TMEM44-AS1 expression in glioma samples obtained from the TCGA database. 
(F) TMEM44-AS1 copy number segments in LGG and GBM were tested using the TCGA database. (***P < 0.001). (G) The correlation between 
TMEM44-AS1 copy number and TMEM44-AS1 expression in glioma from the TCGA database (n = 528). (H) Relative TMEM44-AS1 in NHA, U87, U251, 
LN-18, H4, SF126, T98G, A172 cell lines (*P < 0.05, **P < 0.01)
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of TMEM44-AS1, we applied RNA-seq to identify genes 
whose expression changed after TMEM44-AS1 knock-
down in LN-18 cells; 379 genes (251 downregulated and 
128 upregulated) changed expression by > 2-fold in sh-
TMEM44-AS1 versus sh-con-transfected cells (Fig.4D). 
IPA and KEGG pathway analysis revealed that the major 
pathways altered were the p38MAPK signaling pathway, 
IL-6 signaling pathway, and interferon signaling path-
way (Fig.4E, Fig.2A). Among these signaling pathways, 
p38MAPK and IL-6 signaling, widely involved in various 
functions of cancer cells [19, 20], was selected further. 
We confirmed that p38MAPK and IL-6 signaling path-
way-associated genes were inhibited in TMEM44-AS1 
knockdown LN-18 and U251 glioma cells (Fig.4F-G).

In addition, overexpression of TMEM44-AS1 
increased the IL-6 expression in SF126 glioma cells 
(FigS.2B). The previous study has shown that the 
direct binding of EGR1 to the promoter regions of 
genes encoding various inflammatory mediators such 

as IL-6 [21]. Similar to IL-6, knockdown of TMEM44-
AS1 reduced the expression of EGR1 in LN-18 and 
U251 cells, whereas TMEM44-AS1 overexpression 
increased EGR1 expression in SF126 glioma cells 
(Fig.5A-F). Therefore, we set to investigate whether 
TMEM44-AS1 causes the downregulation of IL-6 
by EGR1. As expected, we found that knockdown of 
TMEM44-AS1 reduced the recruitment of EGR1 to 
the promoter of IL-6 in LN-18 and U251 glioma cells 
(Fig.5G-H). Moreover, EGR1 knockdown partially 
relieved the increased expression of IL-6 induced by 
overexpression of TMEM44-AS1 (Fig.5I). Addition-
ally, Myc protein expression was generally reduced in 
the TMEM44-AS1 knockdown LN-18 and U251 glioma 
cells (Fig.5J-K), whereas increased in TMEM44-AS1-
overexpression SF126 glioma cells (Fig.5L-N). Taken 
together, the above results suggest that both Myc and 
EGR1/IL-6 may be important mediators of the func-
tions of TMEM44-AS1 in glioma.

Fig. 2  TMEM44-AS1 promotes glioma cell proliferation, colony formation, migration and invasion. (A) Cell viability of LN-18 and U251 cells 
transfected with sh-TMEM44-AS1 or sh-con was evaluated with CCK8 assay, respectively. *P < 0.05, **P < 0.01. (B) CCK-8 assay of SF126 cells 
transfected with TMEM44-AS1 plasmid or vector. **P < 0.01. (C-D) Colony formation assay of LN-18 cells transfected with sh-TMEM44-AS1 or sh-con. 
**P < 0.01. (E-F) Colony formation assay of SF126 cells transfected with TMEM44-AS1 or empty vector. **P < 0.01. (G-J) Representative images of 
transwell migration and invasion assays performed in LN-18 and U251 transfected sh-TMEM44-AS1 or sh-con cells. **P < 0.01. (K-N) Representative 
images of transwell migration and invasion assays in SF126 cells after transfection of sh-TMEM44-AS1 or sh-con. **P < 0.01. Data are presented as 
mean ± SD. The independent biological experiments were repeated at least three times
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Myc transcription activates TMEM44‑AS1 in glioma
Interestingly, we found that TMEM44-AS1 expression 
was decreased by Myc knockdown in LN-18 and U251 
glioma cells (Fig.6A, FigS.2C), and overexpression of 
Myc increased TMEM44-AS1 expression in SF126 gli-
oma cells (Fig.6B, FigS.2D). Based on the above results, 
TMEM44-AS1/Myc may form the positive feedback loop 
in glioma. Myc gene functions as a transcriptional factor 
[21]. To explore how Myc affected TMEM44-AS1 expres-
sion at the transcriptional level, H3K27ac ChIP-seq data 
generated in glioma cells identified a super-enhancer 
(SE) 12 kb upstream of TMEM44-AS1 (Fig.6C). Nota-
bly, Myc is bound to both the identified promoter and 
super-enhancer of TMEM44-AS1 and co-localized with 
H3K27ac and Pol2 II in the binding region (Fig.6C). Fur-
thermore, ChIP assay results revealed that Myc could 
directly bind to the TMEM44-AS1 promoter and super-
enhancer in LN-18 and U251 glioma cells (Fig.6D-E). 
Individual constituent enhancers (E1, E4, and E5) of the 
TMEM44-AS1-SE and the TMEM44-AS1-pro were 
cloned into enhancer-reporter vectors and promoter-
reporter vectors, respectively, and we then measured 
their luciferase activity. Promoter, E4, and E5 were active 
in LN-18 and U251 cells but not E1 (Fig.6F-G). As indi-
cated in Fig.6H, luciferase reporter assays showed an 
increasing luciferase activity of TMEM44-AS1 promoter 

and enhancer in Myc-overexpression cells compared 
with the vector group. These findings further prove that 
TMEM44-AS1 promotes Myc transcription by forming a 
positive feedback loop with Myc in glioma.

TMEM44‑AS1 regulates Myc and EGR1 dependent 
on SerpinB3
To further explore how TMEM44-AS1 enhances Myc and 
EGR1 expression, RNA-Pull down assay combined with 
mass spectrometry analysis was performed. These results 
showed that Serpin Family B Member 3 (SerpinB3) was 
co-precipitated with in vitro synthesized TMEM44-AS1 
but not with antisense TMEM44-AS1 (Fig.7A-B). Addi-
tionally, an immunofluorescence double-labeling experi-
ments assay was performed to identify the subcellular 
location of TMEM44-AS1 and SerpinB3 in glioma cells. 
To a large extent, TMEM44-AS1 and SerpinB3 were 
mainly colocalized in the cytoplasm of LN-18 and U251 
glioma cells (Fig.7C). Finally, we performed RNA immu-
noprecipitation (RIP) assays using specific SerpinB3 
antibodies in glioma cells; SerpinB3 was confirmed to 
interact with TMEM44-AS1 (Fig.7D-E). TMEM44-AS1 
knockdown exhibited no significant effect on SerpinB3 
expression (FigS.3A), indicating SerpinB3 may func-
tion as a molecular chaperon for the binding between 
TMEM44-AS1 and downstream targets. To further verify 

Fig. 3  TMEM44-AS1 promotes glioma cell growth in vivo. (A-C) Glioma cells stably transfected with either sh-TMEM44-AS1 or sh-con were 
inoculated into the flanks of nude mice to construct a transplanted tumor model. Representative images of tumor volume growth curve and tumor 
weight were shown. (D) RT-qPCR was conducted to detect the expression levels of TMEM44-AS1 in tumor samples. **P < 0.01. (E) Ki67 and PCNA 
immunohistochemical (IHC) staining of tumor tissues of mice injected with sh-con or sh-TMEM44-AS1 cells. (F) The Ki67 and PCNA positive cells 
were qualified. **p < 0.01 vs. sh-con
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that TMEM44-AS1 could contribute to downstream tar-
gets Myc and EGR1 expression through SerpinB3, we co-
transfect TMEM44-AS1 and si-SerpinB3, and Myc and 
EGR1 expression was evaluated. In accordance, ectopic 
TMEM44-AS1 increased Myc and EGR1 in both mRNA 
and protein levels, but not in SerpinB3-knockdown SF26 
glioma cells (Fig.7F-H). Furthermore, knockdown of Ser-
pinB3 in LN-18 and U251 glioma cells reduced Myc and 
EGR1 expression (FigS.3B-D). Collectively, these find-
ings indicated that the effect of TMEM44-AS1 on down-
stream targets Myc and EGR1 may be dependent on 
SerpinB3.

Myc interacts with MED1 to regulate the super‑enhancer 
of TMEM44‑AS1
The mediator complex subunit 1 (MED1) integrates a 
multiprotein complex that is required for gene transcrip-
tion by the RNA polymerase II transcriptional.

machinery [22]. MED1 has been described as a tran-
scriptional coactivator specifically enriched in a class of 
regulatory regions called super-enhancers [23]. Because 

MED1 and Myc are both enriched in super-enhancers 
of TMEM44-AS1 (Fig.  5C), we sought to determine 
whether the interaction of Myc and MED1 in regulating 
the TMEM44-AS1. Firstly, we examined the subcellular 
location of Myc and MED1 using immunofluorescence 
staining. Immunofluorescence imaging revealed that 
Myc mainly colocalized with MED1 in the nucleus of 
LN-18 and U251 glioma cells (Fig.  8A). Furthermore, 
endogenous Myc coimmunoprecipitated with endog-
enous MED1 in LN-18 and U251 cells (Fig.8B). The 
interaction between MED1 and Myc was further dem-
onstrated by reverse endogenous coimmunoprecipita-
tion of MED1 with Myc (Fig.8B), verifying the interaction 
between MED1 and Myc in  vitro. Additionally, both 
MED1 and Myc were markedly upregulated in human 
glioma, associated with advanced histological grade in 
glioma patients (FigS.4A-D). Most importantly, Myc was 
also significantly correlated with MED1 expression in 
glioma (Fig.8C). These results prompted us to explore 
whether MED1 is associated with super-enhancer of 
TMEM44-AS1 mediated by Myc; we conducted ChIP 

Fig. 4  TMEM44-AS1 represses Myc translocation. (A-B) Subcellular fractionation analysis was performed in LN-18 and U251 cells. Cytoplasmic 
fraction (blue), and nuclear fraction (red) and probed for TMEM44-AS1. GAPDH was used as a cytoplasmic marker, U6 as a nuclear marker, and 
MALAT1 as the positive control. (C) RNA FISH assays for TMEM44-AS1. Nuclei were stained with DAPI. Scale bar = 20 μm. (D) Volcan representation 
of genes differentially expressed in LN-18 knockdown TMEM44-AS1 vs. LN-18 sh-con cells (green, downregulation; red, upregulation). (E) Ingenuity 
pathway analysis revealed that genes differentially expressed upon TMEM44-AS1 knockdown are markedly related to several cancer-associated 
signaling pathways. (F-G) Expression of p38MAPK and IL-6 signaling pathway associated with genes in LN-18 and U251 cells transfected with 
sh-TMEM44-AS1 or sh-con. *P < 0.05, **P < 0.01
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analysis. MED1 could directly bind to the TMEM44-
AS1 super-enhancer in LN-18 and U251 glioma cells, but 
not promoter (Fig.8D-E). Moreover, we found that Myc 
increased the binding of MED1 across the TMEM44-
AS1 super-enhancer in SF126 glioma cells (Fig.8F). As 
shown in Fig.8G-H, FigS.5, decreasing luciferase activity 
of TMEM44-AS1 super-enhancer, but not the promoter, 
in MED1 knockdown LN-18 and U251 cells compared 
with NC cells. These findings indicate that Myc is asso-
ciated with MED1 occupancy at the super-enhancer of 
TMEM44-AS1. To further verify whether MED1 medi-
ated epigenetic activation of TMEM44-AS1 induced 
Myc, we observed TMEM44-AS1 expression after co-
transfection of si-MED1 and Myc to SF126 glioma cells. 
As shown in Fig.8I, MED1 knockdown partially reduced 
TMEM44-AS1 expression induced by Myc. Together, 
these data indicated that MED1 might be involved in the 
function of Myc as an epigenetic activator of TMEM44-
AS1 in glioma cells.

Small‑molecule Myc inhibitors alleviated 
TMEM44‑AS1‑promoted the growth of glioma cells
To address the translational potential of TMEM44-
AS1, we prioritized Small-Molecule Myc inhibitors, 

Myci975, for further investigation based upon the posi-
tive feedback loop of TMEM44-AS1/ Myc in glioma. 
CCK-8 assays showed that treatment with Myci975 for 
72 h markedly inhibited the viability of LN-18 and U251 
glioma cells, but not NHA cells, compared with the 
control group in a dose-dependent manner (Fig.9A). 
In addition, glioma cell proliferation was related to the 
expression of TMEM44-AS1, with Myci975 showing an 
inhibitory effect (FigS.6A-B). We then confirmed the 
results in patient-derived glioblastoma cells (Fig.9B). 
Results of colony-forming assays revealed that colony 
numbers of LN-18 glioma cells and patient-derived 
glioblastoma cells (MES23) decreased remarkably fol-
lowing Myci975 treatment (Fig.9C-D). We next exam-
ined whether TMEM44-AS1 was required for the 
anti-proliferative effect of this Myci975 therapy by 
treating SF126 and PN16 glioma cells stably expressing 
TMEM44-AS1 or/ empty vector with Myci975. CCK-8 
assays showed that Myci975 partially reversed the 
increase in the number of viable glioma cells caused by 
overexpression of TMEM44-AS1 (Fig.9E). As shown in 
Fig.9F-G, Myci975 reversed the increase in the colony 
numbers of glioma cells induced TMEM44-AS1 over-
expression. These results are consistent with Myci975 

Fig. 5  TMEM44-AS1 regulated EGR1/IL-6 and Myc signaling in glioma cells. (A-C) The expression of EGR1 upon knockdown of TMEM44-AS1 in 
LN-18 and U251 cells. **P < 0.01. (D-F) Expression of EGR1 in SF126 cells was examined transfected with vector or TMEM44-AS1 plasmid. **P < 0.01.
(G-H) ChIP analyses of TMEM44-AS1 knockdown LN-18 and U251 cells were conducted on indicated IL-6 primer using the EGR1 antibodies. 
Enrichment is determined relative to input controls. *P < 0.05, **P < 0.01 vs. sh-con. (I) IL-6 expression in SF126 cells co-transfected with TMEM44-AS1 
plasmid and si-EGR1. **p < 0.01 vs. vector; **P < 0.01 vs. TMEM44-AS1. (J-K) Expression of Myc protein in LN-18 and U251 cells transfected with 
sh-TMEM44-AS1 or sh-con. **P < 0.01. (L-N) Expression of Myc in SF126 cells transfected with vector or TMEM44-AS1 expression plasmid. **P < 0.01. 
Data are from three biological replicates represented as mean ± SD
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acting partly by inhibiting the Myc/TMEM44-AS1 
feedback loop in glioma cells.

Discussion
Gliomas, the most common and aggressive form of the 
central nervous system’s primary brain tumor, are char-
acterized by a high postoperative recurrence rate and 
poor prognosis [24]. Therefore, there is an urgent need 
to characterize the regulatory mechanisms underlying 
glioma progression and identify novel therapeutic targets 
to improve the outcomes for glioma. In the present study, 
we identified an uncharacterized lncRNA, TMEM44-
AS1, as a novel oncogenic factor in glioma cells through 
promoting cell growth in  vitro and in  vivo, migration, 
and invasion. Mechanistically, TMEM44-AS1 could 

transcriptionally regulate Myc and EGR1/IL-6 signal-
ing in glioma cells. In addition, Myc directly bound the 
super-enhancer and promoter region of TMEM44-AS1 
and enhanced its activation; the interaction of Myc with 
MED1 then reciprocally triggers the epigenetic activation 
of TMEM44-AS1 transcription, thus forming a positive 
feedback loop between TMEM44-AS1 and Myc/MED1 
in glioma.

SEs consist of large clusters of active transcription 
enhancers which drive the transcriptional activation of 
critical genes that define cell identity through their regu-
lation of differentiation [25, 26]. A growing body of evi-
dence indicates that SEs regulate tumor development 
and maintain the malignant characteristics of tumor 
cells [27]. Several protein-coding genes associated with 

Fig. 6  Myc bind to TMEM44-AS1 super-enhancer and promoter region, and promoted its transcription. (A) RT-qPCR assays measuring the 
expression of TMEM44-AS1 upon knockdown of Myc in LN-18 and U251 cells. *P < 0.05, **P < 0.01. (B) Expression of TMEM44-AS1 in SF126 cells was 
examined transfected with vector or Myc plasmid. **P < 0.01. (C) ChIP-seq profiles of H3K27ac, Myc, MED1, and RNA pol II in GBM cells and H3K27ac 
in normal brain tissues. (D-E) Myc ChIP followed by RT-qPCR analyzed the occupation of Myc on the super-enhancer and promoter of TMEM44-AS1. 
The co-immunoprecipitated DNA was amplified by PCR using indicated primer. (F-G) Enhancer and promoter activity measured by luciferase 
reporter assays in LN-18 and U251 cells. Three constituent enhancers (E1, E4 and E5) within the SE were separately cloned into luciferase reporter 
vector pGL3-enhancer and the promoter was cloned into luciferase reporter vector pGL3-promoter. (H) Luciferase assay analysis of SF126 cells 
transfected with TMEM44-AS1 promoter, or constituent enhancers (E1, E4 and E5) constructs together with Myc or vector



Page 11 of 16Bian et al. J Exp Clin Cancer Res          (2021) 40:337 	

super-enhancers have been identified in several types of 
cancer, including glioma. However, non-coding RNA, 
especially lncRNAs, associated with super-enhancers 
have not been identified in glioma. The combination of 
ROSE with high signals of H3K27ac as analyzed by ChIP-
Seq is widely used to identify SEs [28]. Therefore, we 
identified a super-enhancer associated with TMEM44-
AS1 by integrative analysis of ChIP-seq in GBM cells. 
TMEM44-AS1 exhibited strong oncogenic potential in 
glioma cells. Additionally, the upregulation of TMEM44-
AS1 was related to the poor prognosis of glioma patients.

As potent regulatory components implicated in regu-
lating genes from numerous aspects, lncRNAs can exert 
their effects by targeting signaling pathways [45]. In 
the present study, our genome-wide differential gene 

expression and IPA analysis show that TMEM44-AS1 
knockdown inhibits p38MAPK and IL-6 signaling acti-
vation, whereas overexpression of TMEM44-AS1 exerts 
the opposite effect. Our RNA fractionation experiments 
show that TMEM44-AS1 is located in the cytoplasm 
and nuclear, suggesting that TMEM44-AS1 indirectly 
or directly induces IL-6 gene transcription. Hoffmann 
et al. reported that EGR1 binds to the promoter regions 
of IL-6 and then induced IL-6 expression [21]. Similar 
to IL-6, EGR1 expression was reduced in glioma cells 
transfected with TMEM44-AS1, whereas overexpres-
sion of TMEM44-AS1 increases EGR1 expression. Thus, 
we hypothesized that TMEM44-AS1 regulated IL-6 
gene transcription in EGR1 dependent manner. ChIP 
assays show that EGR1 protein binding to the IL-6 gene 

Fig. 7  The interaction of TMEM44-AS1 and SerpinB3 activates Myc. (A) TMEM44-AS1 pulldown assay was performed and the associated proteins 
were separated with SDS-PAGE and silver staining. (B) SerpinB3 in TMEM44-AS1 RNA pulldown were analyzed by western blot. (C) Co-localization of 
TMEM44-AS1 and SerpinB3 in glioma cells. TMEM44-AS1 probes (red) and SerpinB3 antibody (green) were used for staining. Scale bars, 20 μm. (D-E) 
RNA immunoprecipitation (RIP) using the SerpinB3 antibody followed by RT-qPCR for TMEM44-AS1. (F-H) Expression of Myc and EGR1 in LN-18 and 
U251 cells co-transfected with TMEM44-AS1 plasmid and si-SerpinB3. **p < 0.01 vs. vector; **P < 0.01 vs. TMEM44-AS1
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promoter is reduced with TMEM44-AS1 knockdown. 
Moreover, EGR1 knockdown partially abrogates IL-6 
expression induced by TMEM44-AS1. Therefore, these 
data suggest that TMEM44-AS1 indirectly induces IL-6 
gene transcription through increasing protein expression 
of EGR1, which directly binds to the IL-6 gene promoter 
and enhances IL-6 gene transcription. And interestingly, 
we found that TMEM44-AS1 is coincidently a mediator 
for p38MAPK signaling in glioma cells. TMEM44-AS1 
knockdown significantly inhibits p38MAPK signal-
ing in glioma cells. Although some lncRNAs have been 
reported to promote MAPK signaling in the tumor, our 
results found that a novel lncRNA TMEM44-AS1 regu-
lates Myc, a critical molecular of MAPK signaling glioma 
cells. The crucial roles of Myc signaling in glioma cell 
proliferation and survival have been proved by MAPK-
protein-deficient mice [29, 30]. These results indicated 

that TMEM44-AS1 exerts its function mainly through 
p38MAPK and EGR1/IL-6 signaling in glioma.

Accumulating evidence has revealed that lncRNAs 
upregulation caused by transcriptional activation plays 
an essential role in tumorigenesis [31]. Transcription 
factors (TFs) are well-known to be critical regulators 
of lncRNAs expression at the transcription level [32]. 
Herein, we demonstrated that Myc was the major con-
tributor to the activation of TMEM44-AS1 transcription. 
Myc is regarded as an archetypical proto-oncogene, and 
its deregulated expression is frequently related to poor 
prognosis in various types of human cancers, especially 
in glioblastoma, suggesting a pivotal role for Myc in 
tumorigenesis. Myc functions as a pleiotropic transcrip-
tion factor that has been shown to control the expression 
of a large number of genes associated with cell prolif-
eration, growth, transformation, and metabolism [33]. 

Fig. 8  Myc affects MED1 occupancy at the TMEM44-AS1 super-enhancer in glioma cells. (A) Immunofluorescence staining to detect the 
co-localization Myc (red), and MED1 (green), and DAPI (blue) in LN-18 and U251 cells. (B) Co-IP assays were performed using LN-18 and U251 cells 
lysate with Myc or MED1 antibodies and detected by western blot with indicated antibodies. (C) Correlation between Myc and MED1 expression 
in the TCGA glioma dataset. (D-E) MED1 ChIP followed by qPCR analyzed the occupation of MED1 on the super-enhancer and promoter of 
TMEM44-AS1. The co-immunoprecipitated DNA was amplified by PCR using indicated primer. (F) The enrichment of MED1 on the enhancers of 
TMEM44-AS1 was analyzed with ChIP assays using the MED1 antibody after SF126 cells were transfected with vector or Myc plasmid. **P < 0.01 vs. 
vector. The independent biological experiments were repeated at least three times. (G-H) The luciferase reporter assays were used to detect the 
TMEM44-AS1 promoter, or constituent enhancers (E4 and E5) in LN-18 and U251 cells transfected with si-MED1 or NC. *P < 0.05, **P < 0.01 vs. NC. 
The independent biological experiments were repeated at least three times. (I) TMEM44-AS1 expression in LN-18 and U251 cells co-transfected with 
Myc plasmid and si-MED1. **p < 0.01 vs. vector; ##P < 0.01 vs. Myc
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Furthermore, mounting evidence supports a critical 
role in the effect of Myc activation on cancer-cell tran-
scriptomes [34]. In accordance, we confirmed that Myc 
is bound to the shared promoter and super-enhancer of 
TMEM44-AS1 to activate their transcription and expres-
sion. To our knowledge, it is the first report linking the 
Myc directly to super-enhancer activation of TMEM44-
AS1 via changes in epigenetic modifications. Our study 
helps explain why the Myc oncoprotein can result in 
transcriptional activation of the oncogene. Additional 
studies need to be performed to clarify the mechanisms 
involved and how these unique layers of the epigenome/
genome/transcriptome (lncRNAs, enhancers, and SEs) 
co-operate during Myc mediated gene expression [35].

Previous studies have demonstrated that lncRNA 
PCGM1, GHET1, CCAT1-L, and PVT1 regulate Myc 
transcription or RNA and protein stability in the prostate, 
gastric, and colorectal cancers [36–39]. However, little is 
known about how lncRNAs regulate the transcriptional 
activity of Myc. Depending on their subcellular distribu-
tion, lncRNAs exert their functions by different mecha-
nisms [40]. Nuclear lncRNAs can interact with chromatin 
and regulate the expression of the gene at the transcrip-
tional level, while cytoplasmic lncRNAs can bind to large 
biomolecules, such as RNAs or proteins [41]. TMEM44-
AS1 was located in both the cytoplasm and nucleus, indi-
cating that TMEM44-AS1 could mediate the expression 
of target genes in different ways. In the present study, we 
showed that TMEM44-AS1 and SerpinB3 mainly inter-
act in the cytoplasm of glioma cells. Previous studies 

reported that SerpinB3 contributes to tumorigenesis 
by allowing Myc nuclear translocation and enhancing 
IL-6 signaling [42, 43]. Thus, we investigated whether 
TMEM44-AS1 affected Myc and EGR1/IL-6 signaling 
in a manner dependent on or independent of SerpinB3. 
Our results confirmed that TMEM44-AS1 promoted 
Myc and EGR1/IL-6 activation in a manner that might be 
dependent upon SerpinB3. Although we cannot exclude 
that other genetic or epigenetic factors regulate Myc, this 
is the only study to indicate that SerpinB3 is involved in 
Myc regulated by TMEM44-AS1. Briefly, TMEM44-AS1 
is a lncRNA capable of the interaction of SerpinB3 and 
further increasing the activation of c-Myc signaling in 
glioma cells. However, the following several questions 
may require further addressed: How does TMEM44-AS1 
affect SerpinB3? How does TMEM44-AS1 identify and 
interact with precise genomic target sites of SerpinB3? In 
future work, we will focus on addressing the aforemen-
tioned issues.

Myc functions as a TF by cooperation with its cofactors 
[44]. Activation or suppression of Myc-regulated genes 
is mediated through interaction with other protein part-
ners involved in chromatin structure regulation [45]. It is 
believed that these pioneer TFs orchestrate the accessi-
ble chromatin landscape by recruiting histone-modifying 
enzymes to reshape the epigenetic landscape and estab-
lish an oncogenic state [46]. These TFs may play a critical 
role in creating tissue-specific active enhancer sites [47]. 
To identify how Myc regulates TMEM44-AS1 transcrip-
tion, we queried H3K27ac and MED1 ChIP-seq in GBM 

Fig. 9  Myci975 reversed TMEM44-AS1-promoted the growth of glioma cells .(A) CCK-8 assay of LN-18, U251, and NHA cells treated with DMSO 
or Myci975 at an indicated concentration. *P < 0.05, **P < 0.01 vs. DMSO. (B) CCK-8 assay of PN16 and MES23 treated with DMSO or Myci975 at an 
indicated concentration. *P < 0.05, **P < 0.01 vs. DMSO. (C-D) Colony formation assay of LN-18 and MES23 cells treated with DMSO or Myci975 at 
an indicated concentration. **P < 0.01 vs. DMSO. (E) CCK-8 assay of PN16 and SF126 cells transfected with TMEM44-AS1 plasmid following Myci975 
treatment. **P < 0.01 vs. vector, ##P < 0.01 vs. TMEM44-AS1. (F-G) Colony formation assay of PN16 and SF126 cells transfected with TMEM44-AS1 
plasmid following Myci975 treatment. **P < 0.01 vs. vector, ##P < 0.01 vs. TMEM44-AS1
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cells from public datasets. Interestingly, we found that 
H3K27ac and MED1 occupy in SE of TMEM44-AS1. The 
occupancy of MED1 was used as corroborative evidence 
to identify enhancer elements because enhancer-bound 
TFs and the mediator directly bind to the enhancer 
region of the target gene [23]. MED1 is one cofactor that 
promotes transcription initiation as the bridge between 
enhancers and promoters, interacting preferentially with 
enhancer-bound TFs localized at the enhancers and 
interacting transiently with the Pol II initiation complex 
at the promoter [48]. In addition, it has been shown that 
MED1 is highly enriched in the super-enhancer region 
in embryonic stem cells, and reduced levels of media-
tor subunits cause preferential loss of expression of 
super-enhancer-associated genes [49]. This paper found 
that Myc co-localized with MED1 recruited MED1 to 
the super-enhancer of TMEM44-AS1 and then acti-
vated TMEM44-AS1. A recent study showed that MED1 
mainly binds to the enhancer and promoter regions of 
target genes to promote transcriptional activation of the 
gene [50]. However, we found that Myc activates gene 
transcription by interacting with MED1 at enhancers, 
not the promoter. Thus, our findings indicate that Myc 
mediates the activation of TMEM44-AS1 transcription 
partly by recruiting MED1 to the enhancer of the target 
gene, and the Myc-MED1 interaction may be critical for 
adequate transcription of gene (Fig.10). This study might 
have the following limitations. Despite the observed 
phenotypic effects, further research may need to inves-
tigate whether Myc’s regulatory impact on TMEM44-
AS1 expression is independent of the MED1. Additional 
factors need to be identified the underlying mechanism 
of TMEM44-AS1’s ability to regulate the Myc autoregu-
latory loop and evaluate itself could be a component of 
this regulatory network. To address the translational 
potential of TMEM44-AS1/Myc, we identified the Myc 
inhibitor, Myci975, as a selective inhibitor of glioma cell 
growth, which further validates our finding that Myc is 
a downstream effector of TMEM44-AS1. Myci975 has 

been reported to have significant in vivo anti-tumor effi-
cacy [51], although it has not yet been tested in glioma. 
Our results support further investigation into the clinical 
utility of Myci975 and other Myc inhibitors in glioma.

Conclusions
In summary, our findings provide solid evidence to sup-
port the idea that epigenetic activation of TMEM44-
AS1 mediated by MED1 promotes glioma progression 
through the Myc positive feedback loop. Understanding 
the precise role of TMEM44-AS1 in glioma and acti-
vation of the Myc signaling pathway will improve our 
knowledge about the progression of human gliomas and 
enable novel therapeutic strategies against glioma.
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