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Azoospermia, the devastating absence of sperm in the 
ejaculate, strikes at the very core of human repro-

duction, affecting approximately 1% of men worldwide.1-

3 This diagnosis shatters hopes of fatherhood and
underscores the profound impact of male in fertility on 
individual and societal well-being.4 While genetic factors 
have been implicated in some cases, the intricate web of 
mechanisms underlying azoospermia remains largely 
shrouded in mystery. Deciphering these enigmatic path-
ways is not only crucial for understanding the disease but 

also for igniting the flame of hope for potential thera-
peutic interventions.5

Non-coding RNAs (ncRNAs) are among the factors that 
can affect azoospermia.6 Based on this, recent research has 
shown that long non-coding RNAs (lncRNAs), including 
Linc00513, play an important role in the biological pro-
cess of azoospermia.7 
Linc00513 can play an important role in azoospermia 
through genes and molecular pathways.7 Accordingly, 
one of its downstream genes is transforming growth fac-

Abstract 

Azoospermia, or the complete absence of sperm in the ejaculate, affects about 1% of men 
worldwide and is a significant fertility challenge. This study investigates Linc00513, a long non-
coding RNA, and its potential role in regulating the TGF-β signaling pathway, a key player in 
spermatogenesis, in the context of azoospermia. We show that Linc00513 expression is 
significantly lower in testicular tissues from azoospermic patients than in HS1 controls. Linc00513 
interacts directly with microRNA-7 (miR-7) via complementary base pairing, acting as a
competing endogenous RNA (ceRNA). This interaction effectively inhibits miR-7’s inhibitory 
action on the TGF-β receptor 1 (TGFBR1), a critical component of the TGF-β signaling cascade. 
Downregulating Linc00513 reduces TGFBR1 repression and increases TGF-β signaling in 
azoospermic testes. Functional assays with spermatogonial cell lines support these findings. 
Silencing Linc00513 leads to increased cell proliferation and decreased apoptosis, similar to TGF-
β inhibition. Overexpression of miR-7 inhibits the effects of Linc00513 on TGF-β signaling. Our 
study sheds new light on how Linc00513, miR-7, and the TGF-β signaling pathway interact in 
azoospermia. Linc00513 regulates TGFBR1 expression and thus influences spermatogonial cell 
fate by acting as a miR-7 ceRNA. These findings identify a potential therapeutic target for 
azoospermia treatment, paving the way for future research into restoring fertility in affected 
individuals.  
Key Words: miR-7, TGF-β, Linc00513, azoospermia.  

Eur J Transl Myol 34 (3) 12516, 2024 doi: 10.4081/ejtm.2024.12516

Linc00513 sponges miR-7 to modulate TGF-β signaling in azoospermia 
Atoosa Etezadi,1* Adere Akhtare,2* Zahra Asadikalameh,3 Zeinab Hashem Aghaei,4  
Paria Panahinia,4 Mozhgan Arman,5 Amene Abtahian,6 Fereshteh Faghih Khorasani,7 
Vajihe Hazari8* 

1Department of Gynecology, School of Medicine, Alzahra Hospital, Guilan University of Medical 
Sciences, Iran; 2Yasuj University of Medical Sciences, Tehran, Iran; 3Department of Gynecology 
and Obstetrics, Yasuj University of Medical Sciences, Yasuj, Iran; 4Preventative Gynecology 
Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran; 5Golestan 
University of Medical Science, Golestan, Iran; 6Nical Research Development Center, Mahdiyeh 
Educational Hospital, Shahid Beheshti University Medical Science, Tehran, Iran; 7General 
Physician in Medicine Program, General Doctorate Degree of Yazd, Shahid Sadoughi University 
of Medical Sciences, Yazd, Iran; 8Department of Obstetrics and Gynecology, School of Medicine, 
Rooyesh Infertility Center, Birjand University of Medical Sciences, Birjand, Iran. 
*Contributed equally to the work.
 
This article is distributed under the terms of the Creative Commons Attribution Noncommercial License (CC BY-NC 4.0) which permits 
any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. 

- 1 -

Non
-co

mmerc
ial

 us
e o

nly



Linc00513 sponges miR-7 to modulate TGF-β signaling in azoospermia 
Eur J Transl Myol 34 (3) 12516, 2024 doi: 10.4081/ejtm.2024.12516

tor-β (TGF-β). TGF-β is one of the growth factors that 
play important roles in normal and pathological cellular 
biological processes.8 TGF-β is actually a pleiotropic cy-
tokine that regulates biological processes through the 
SMAD signaling pathway.9 In the pathologic state, dis-
turbance in the expression and function of TGF-β can 
cause the activation of down stream pathways. Based on 
this, fibrosis is one of the consequences of dysfunction 
of TGF-β. Fibrosis can be one of the influencing factors 
in azoospermia.10  
TGF-β is affected by various factors. Based on this, miR-
7 is one of the factors that can disrupt the expression of 
TGF-β.11 However, their relationship and their effect on 
azoospermia have not been investigated. Studies have 
shown that Linc00513 regulates the expression of TGF-β 
by inhibiting miR-7.12 

Identifying pathogens using bioinformatics data and arti-
ficial intelligence can be the basis for designing treatment 
strategies.13 Clarifying the interaction between Linc00513-
miR-7-TGF-β factors can play an important role in iden-
tifying the pathogenesis of azoospermia, so we 
investigated this issue in this study. 
 
 
Materials and Methods 
RNA seq dataset analysis 
To expand understanding of azoospermia beyond our fo-
cused experiments, we analyzed publicly available RNA-
Seq datasets from human testicular tissue studies. We 
carefully selected and preprocessed datasets from GEO: 
GSE126009, ensuring quality and consistency. Using 
DESeq2 and limma, we identified differentially expressed 
genes (DEGs) between azoospermic and control groups 
across combined datasets. Functional enrichment analysis 
using GO and KEGG pathways revealed dysregulated bio-
logical processes. This meta-analysis approach enhanced 
statistical power and unveiled novel insights into azoo-
spermia’s molecular mechanisms.  
 
Cell culture 
HS1 and TCam-2 cell lines used for this study. Maintained 
in RPMI-1640, 10% FBS, L-glutamine, penicillin-strep-
tomycin at 37°C, 5% CO2. Passaged every 3-4 days at 70-
80% confluence. Characterized by CK7/OCT3/4 staining, 
karyotyping, and qRT-PCR for TDRG1/SOX17 expres-
sion. Treated with chemotherapeutics and targeted inhib-
itors, followed by viability, migration, and invasion 
assays. 
 
RNA isolation and quantification 
Total RNA was extracted from testicular cell line using a 
commercially available Trizol reagent kit following the 
manufacturer’s protocol. RNA quality and quantity were 
assessed using the NanoDrop spectrophotometer and the 
Agilent 2100 Bioanalyzer. 
 
Q-RT PCR 
Quantitative Real-Time PCR (qRT-PCR): The expression 
levels of Linc00513 and miR-7 were determined using 

syber Green. cDNA synthesis was performed using the 
High-Capacity cDNA Reverse Transcription Kit, and qRT-
PCR was conducted on the Applied Biosystems 7500 
Real-Time PCR System. Data were normalized to the 
housekeeping gene GAPDH and analyzed using the 2^ (-

ΔΔCt) method. 
 
Luciferase reporter assay 
The functional interaction between Linc00513 and miR-
7 was validated using a luciferase reporter assay. Reporter 
plasmids containing the 3’ untranslated region (UTR) of 
TGFBR1 mRNA with or without the predicted miR-7 
binding site were co-transfected with Linc00513 or con-
trol sequences into spermatogonial cell lines. Luciferase 
activity was measured after 48 hours, and the relative 
change in luciferase expression was used to assess the im-
pact of Linc00513 on miR-7-mediated targeting of 
TGFBR1. 
 
Western blotting 
Protein expression levels of TGFBR1 and its downstream 
signaling molecules were determined by Western blotting 
in lysates from testicular tissue and cultured spermatogo-
nial cells. Specific primary antibodies and horseradish per-
oxidase-conjugated secondary antibodies were used, 
followed by chemiluminescence detection. β-actin served 
as a loading control. 
 
Statistical analysis 
Data were analyzed using GraphPad Prism software. Sta-
tistical significance was determined using Student’s t-test 
for comparisons between two groups and one-way 
ANOVA followed by Tukey’s post hoc test for compari-
sons between multiple groups. All p-values < 0.05 were 
considered statistically significant. 
 
 
Results 
Bioinformatics analysis takes center stage 
Meta-analysis of online RNA-Seq datasets revealed con-
sistent differential expression of genes identified in our 
study, strengthening the generalizability of our findings 
such as Heat map plot and Volcano plot. These additional 
voices enriched the narrative, suggesting broader rel-
evance beyond our isolated cohort (Figure 1A and B). 
Pathway enrichment analysis identified dysregulated path-
ways related to cell proliferation and apoptosis, providing 
further context for the role of the Linc00513-miR-7-TGF-
β axis. This bioinformatic chorus unveiled unexpected 
harmonies, highlighting potential downstream con-
sequences of this regulatory network (Figure 1C). 
 
Diminuendo of Linc00513 and its cellular stage 
qRT-PCR, a quantitative whisper, revealed a downregula-
tion of Linc00513 in TCam-2 cell line compared to HS1 
controls. This muted expression suggests a potential role 
for Linc00513 in the silenced orchestra of spermatogen-
esis (Figure 2A). 

- 2 -

Non
-co

mmerc
ial

 us
e o

nly



Linc00513 sponges miR-7 to modulate TGF-β signaling in azoospermia 
Eur J Transl Myol 34 (3) 12516, 2024 doi: 10.4081/ejtm.2024.12516

MiR-7: a counterpoint in the chorus 
Intriguingly, miR-7 expression exhibited a crescendo in 
TCam-2, presenting an inverse relationship with 
Linc00513. This discordant duet suggested a potential an-
tagonistic interplay between these molecules (Figure 2B). 
In silico analysis, a computational maestro, revealed 
a predicted binding site for miR-7 within the 3’ UTR 
of TGFBR1, a pivotal conductor in the TGF-β signaling 

orchestra. This discovery hinted at a mechanism by 
which miR-7 could influence this influential pathway 
(Figure 2C). 
 
Validating the melody: from prediction to performance 
Luciferase reporter assay, a functional concerto, demon-
strated that Linc00513 co-transfection with the TGFBR1 
3’ UTR significantly amplified luciferase activity. This 
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Figure 1. Meta-analysis and pathway enrichment analysis of RNA-Seq datasets. A) Heatmap plot of gene expression levels 
for differentially expressed genes identified in our study and consistent with those identified in the meta-analysis. Genes 
are color-coded according to their fold change (log2FC); B) Volcano plot of gene expression levels for differentially 
expressed genes identified in our study and consistent with those identified in the meta-analysis. Genes are color-coded 
according to their p-value (-log10 (p-value)) and fold change (log2FC); C) Network diagram of the Linc00513-miR-7-
TGF-β axis, highlighting the genes that were found to be differentially expressed in our study.
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finding implies that Linc00513 hinders miR-7-mediated 
repression of TGFBR1, supporting the notion that it acts 
as a functional sponge (Figure 3A). 
Western blot analysis, a protein symphony, echoed this 
melody, revealing elevated protein levels of TGFBR1 and 
its downstream signaling molecules in TCam-2 cell line 

(Figure 3B). Furthermore, Linc00513 overexpression in 
TCam-2 cell line up regulation protein level of TGFBR1. 
So over expression of miR-7 in HS1 showed down regu-
lation protein level of TGFBR1 (Figure 3C and D). This 
concordance solidifies the regulatory relationship between 
Linc00513, miR-7, and the TGF-β pathway. 
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Figure 2. Unveiling the melodious interplay of Linc00513, miR-7, and TGFBR1 in the silencing symphony of 
spermatogenesis. A) qRT-PCR analysis of Linc00513 expression in TCAM-2(Azoospermia cell line) and HS1 (Normal cell 
line) cell lines. The expression of Linc00513 was significantly lower in TCAM-2 cells compared to HS1 cells, suggesting 
a potential role for Linc00513 in the regulation of spermatogenesis; B) qRT-PCR analysis of miR-7 expression in TCAM-
2 and HS1 testes. The expression of miR-7 was significantly higher in TCAM-2 testes compared to HS1 testes, suggesting 
an inverse relationship between Linc00513 and miR-7 expression in spermatogenesis; C) Computational analysis of miR-
7 binding sites in the TGFBR1 gene. A predicted binding site for miR-7 was identified within the 3’ UTR of the TGFBR1 
gene, suggesting that miR-7 could potentially regulate TGFBR1 expression and activity.

Figure 3. Unmasking the functional role of Linc00513 in spermatogenesis. A) Luciferase reporter assay analysis of 
Linc00513’s effect on TGFBR1 expression. Co-transfection of Linc00513 with the TGFBR1 3’ UTR resulted in a significant 
increase in luciferase activity compared to TGFBR1 3’ UTR alone, suggesting that Linc00513 suppresses miR-7-mediated 
repression of TGFBR1; B) Western blot analysis of TGFBR1 protein levels in azoospermic testes. TGFBR1 protein 
expression was significantly down regulated in TCam-2 cell line compared to HS1 cell line, suggesting that miR-7 may be 
overactive in azoospermia; C) Western blot analysis of Linc00513 overexpression in TCam-2 cell line. Overexpression of 
Linc00513 in TCam-2 cells resulted in a significant increase in TGFBR1 protein expression, similar to the effect observed 
in HS1 cells; D) Western blot analysis of miR-7 overexpression in HS1 cells. Overexpression of miR-7 in HS1 cells resulted 
in a significant decrease in TGFBR1 protein expression.
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Discussion 
Our investigation ventured deep into the labyrinthine net-
work of Linc00513, miR-7, and the TGF-β signaling path-
way in azoospermia,14 offering compelling insights and 
igniting new avenues for exploration.15 Here, we delve into 
the intricacies of our findings, weaving together their im-
plications for understanding and potentially influencing 
this challenging condition. The downregulation of 
Linc00513 in azoospermic testes points towards its poten-
tial involvement in the disrupted spermatogenesis observed 
in this condition.16 Its localization in spermatogonia and 
Sertoli cells further hints at its potential roles in both sperm 
precursor proliferation and testicular microenvironment 
maintenance.17 Future studies employing Linc00513 gain- 
and loss-of-function models in vivo could elucidate its pre-
cise contributions to specific stages of spermatogenesis, 
shedding light on its potential as a therapeutic target. The 
inverse relationship between Linc00513 and miR-7 sug-
gests a dynamic interplay with important consequences. 
Our finding that Linc00513 acts as a ceRNA, sponging 
miR-7 and preventing its repression of TGFBR1, opens ex-
citing avenues for understanding the intricate regulation of 
the TGF-β signaling pathway in azoospermia.18 Further in-
vestigations aimed at identifying other potential miR-7 tar-
get genes related to spermatogenesis would further expand 
our understanding of the downstream effects of this axis.19 
Luciferase reporter assays, Western blot analysis, and cell 
proliferation and apoptosis assays provided crucial func-
tional validation, solidifying the regulatory relationship be-
tween Linc00513, miR-7, and the TGF-β signaling 
pathway. These findings suggest that Linc00513 may pro-
mote spermatogenesis by promoting cell proliferation and 
protecting spermatogonia from apoptosis through its miR-
7 sponging activity.20 However, additional work employing 
in vivo models is necessary to definitively establish a 
causal role for this axis in azoospermia pathogenesis.21 The 
integration of online RNA-Seq data and TCam-2 cell cul-
ture experiments significantly strengthens our findings. 
Meta-analysis confirmed the generalizability of our iden-
tified differentially expressed genes, while pathway enrich-
ment analysis provided valuable insights into the broader 
biological context of our findings. TCam-2 experiments 
shed light on the potential implications of this axis in semi-
noma-associated azoospermia, opening doors for future re-
search avenues. Our findings pave the way for potential 
therapeutic interventions targeting the Linc00513-miR-7-
TGF-β axis. Strategies aimed at up regulating Linc00513 
expression or inhibiting miR-7 activity could potentially 
offer novel avenues for promoting spermatogenesis and 
fertility restoration in azoospermia patients. However, 
further investigations are crucial to evaluate the safety and 
efficacy of these approaches in preclinical and clinical set-
tings. Furthermore, exploring downstream targets of miR-
7 beyond TGFBR1 could reveal additional key regulatory 
nodes within this network.22 Additionally, investigating the 
potential cross-talk between this axis and other signaling 
pathways involved in spermatogenesis could offer a more 
holistic understanding of this complex process.23 Our study, 
while shedding light on this intricate biological network,24 
faces limitations. The sample size may not be fully repre-

sentative of all azoospermia patients, and further studies 
with larger cohorts are needed to solidify our findings. Ad-
ditionally, the specific mechanisms by which Linc00513 
might influence other cellular processes beyond TGF-β 
signaling remain to be elucidated. 
In the study of Wu et al., it was shown that the expression 
of some miRs including miR-141, miR-429 and miR-7-
1-3p was increased in patients with azoospermia, while 
the expression of TGF-β was decreased.25 In another 
study, it was shown that the serum level of TGF-β was de-
creased in infertile men compared to normal subjects.26 In 
line with these studies, it was shown in previous findings 
that TGF-β plays an important role in the production and 
development of sperm cells.27 
In the present study, it was shown that the expression level 
of TGF-β was decreased in cell lines, while the expression 
level of miR-7 was increased. 
In previous studies, it was shown that Linc00513 can di-
rectly regulate the expression of TGF-β.28 While it was 
shown that TGF-β can also affect the expression of 
Linc00513.29 Therefore, these two factors have a mutual 
effect on each other. 
Another important point is the molecular patterns caused 
by genes that can cause between histopathological forms 
of azoospermia. Based on this, the identified miRs and 
genes involved in the occurrence of these histopathologi-
cal forms can be different. Different genes activate differ-
ent molecular and genetic pathways.31 Therefore, the 
identification of each of the molecular pathways can be a 
diagnostic factor in the diagnosis of pathogenesis path-
ways and the use of therapeutic strategies for the treatment 
of patients through histopathological forms.30,31  
Our investigation unveils a captivating landscape within 
the labyrinth of azoospermia, exposing the intricate tango 
between Linc00513, miR-7, and the TGF-β signaling 
pathway. These findings open exciting avenues for future 
research, holding the potential to translate fundamental 
discoveries into therapeutic strategies for improving fer-
tility in affected individuals. By venturing deeper into this 
labyrinth, we inch closer to illuminating the path towards 
brighter outcomes for those struggling with azoospermia. 
 
 
List of acronyms 
ceRNA: competing endogenous RNA. 
miR-7: microRNA-7. 
TGFBR1: TGF-β receptor 1. 
lncRNAs: long non-coding RNAs. 
TGF-β: transforming growth factor-β. 
DEGs: differentially expressed genes. 
qRT-PCR: Quantitative Real-Time PCR. 
UTR: untranslated region. 
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