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Abstract

In this study, we aimed to perform a pan-cancer analysis of leucine zipper protein 2 (LUZP2). A standardized TCGA
pan-cancer dataset was downloaded. Differential expression, clinical prognosis, genetic mutations, immune infiltra-
tion, epigenetic modifications, tumor stemness and heterogeneity were analyzed. We conducted all analyses through
software R 3.6.3 and its suitable packages. Compared to normal samples, we observed that the LUZP2 mRNA expres-
sion was significantly upregulated in LGG, PRAD, LUSC and downregulated in KIRC and other eleven cancer species
patients. In terms of overall survival, low-expression of LUZP2 was significantly associated with poor prognosis in
lower grade glioma (LGG), lung squamous cell carcinoma (LUSC), kidney renal clear cell carcinoma (KIRC) and prostate
adenocarcinoma (PRAD). For progression-free survival, we observed that downregulation of LUZP2 was significantly
related to LGG, KIRC, LUSC, and PRAD. Our results observed negative correlations of the stemness of LGG and PRAD
with the mRNA expression of LUZP2, whose downregulation was closely associated with poor prognosis. The muta-
tion frequencies of LGG, PRAD, KIRC, and LUSC were 0.4%, 0.4%, 0.3%, and 2.1%, respectively. We detected that the
LUZP2 level was negatively associated with TILs in most cancers, including LGG, LUSC, PRAD, and KIRC, while the
LUZP2 methylation showed the opposite results. In conclusion, the results of our initial pan-cancer investigation pro-
vided a somewhat thorough understanding of the functions of LUZP2 on KIRC, LGG, PRAD, and LUSC.

Dear Editor,

Age is a significant risk factor for many cancers, which
can be exacerbated by global population ageing [1]. Cell
damage caused by the passage of time is at the root of
both cancer and aging [2]. Not only that, but aging is a
strong predictor of the outcome of tumor treatment
[3]. Leucine zipper protein 2 (LUZP2), a gene encod-
ing leucine zipper protein 2, is located at 11p14.3 and is
primarily expressed in brain tissue and prostate, which
was rarely studied in the field of oncology before and
its downregulation is associated with senescence (Sene-
Quest: http://Senequest.net) [4, 5].
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In this study, we used oncological data from the Can-
cer Genome Atlas (TCGA) to perform a pan-cancer
analysis of aging-associated gene LUZP2, mainly focus-
ing on four types of cancers where LUZP2 is both differ-
entially expressed between tumor and normal samples
and prognostic-associated, including lower grade glioma
(LGG), lung squamous cell carcinoma (LUSC), kidney
renal clear cell carcinoma (KIRC) and prostate adeno-
carcinoma (PRAD) [6, 7]. The impact of tumor stemness,
epigenetic regulation and tumor microenvironment
(TME) on tumor aggressiveness and prognosis, as well
as the underlying mechanism, were discussed. Our
research has been submitted to the ISRCTN registry (No.
ISRCTN11560295). We provided a full-text article in the
Additional file 1 for the detailed methods and materials
used in this study.

In comparison to normal samples, we found that
the LUZP2 mRNA expression was significantly higher
in LGG, PRAD, LUSC and lower in KIRC and other
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eleven cancer species patients (Fig. 1A). In terms of
overall survival, low-expression of LUZP2 was signifi-
cantly associated with poor prognosis in LGG, PRAD,
KIRC, and LUSC (Fig. 1B). Downregulation of LUZP2
was found to be significantly related to LGG, KIRC,
LUSC, and PRAD in terms of progression-free survival
(Fig. 1C). Recurrence, metastasis, drug resistance and
poor prognosis are frequently associated with stemness
[8]. Our findings revealed negative correlations
between LGG and PRAD stemness and LUZP2 mRNA
expression, which was associated with poor prognosis
(Fig. 2A-D).

The m6As of certain mRNA in blood cells were found
to be lower with age than in young human blood cells [9].
The methylation promoter region of mouse rRNA gradu-
ally and uniformly increases with age [10]. We hypoth-
esized that RNA methylation was a link between aging
and cancer. According to our findings, RNA methylation
occurs most frequently in KIRC and LUSC, followed by
PRAD, and LGG has almost no RNA methylation at the
LUZP2 site (Fig. 2E). Given the importance of LUZP2
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in aging, we hypothesized that epigenetic modification
could affect LUZP2 expression or protein levels.

For patients with LGG, LUSC, and PRAD in our
investigation, LUZP2 expression was significantly nega-
tively connected with immune infiltration and posi-
tively correlated with tumor purity, with the exception
of KIRC (Fig. 2F). In most malignancies, including LGG,
LUSC, PRAD, and KIRC, we found that LUZP2 mRNA
expression was inversely correlated with TILs (Fig. 2G),
but LUZP2 methylation revealed the opposite results
(Fig. 2H). We hypothesized that immunosenescence or
tumor cell senescence was the underlying mechanism
based on the observations mentioned above.

It is undeniable that the occurrence of most malignan-
cies is increasing with age. However, it should be men-
tioned that the relationship between senescence and
tumors is extremely convoluted from the microscopic
level that causes aging and in terms of cell senescence.
One potential explanation was that, in the early stages
of tumor senescence, cell senescence hindered tumor
growth, whereas in the late stages, it supported tumor
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Fig. 1 Differential expression and prognosis analysis of LUZP2. A Pan-cancer analysis of LUZP2 for differential expression between tumor and
normal tissues; B Pan-cancer analysis of LUZP2 for OS; C Pan-cancer analysis of LUZP2 for PFS. OS overall survival, PFS progression-free survival
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Fig. 2 Results from the perspective of tumor stemness, epigenetic regulation and TME. A The correlation between tumor stemness and LUZP2
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level using ENHss; D The correlation between tumor stemness and LUZP2 level using EREG-METHss; E The correlation of LUZP2 expression and RNA
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progression [11]. Our initial examination of LUZP2
across all cancer types revealed statistical relationships
between LUZP2 and tumor stemness, heterogeneity,
immune infiltration, and clinical outcomes. We did, how-
ever, have to acknowledge that the majority of the study’s
conclusions called for more investigation.

Conclusion

The results of our initial pan-cancer investigation pro-
vided a somewhat thorough understanding of the func-
tions of LUZP2 on KIRC, LGG, PRAD, and LUSC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540164-022-00313-x.

Additional file 1: Figure S1. The pan-cancer analysis of clinical correlation
with LUZP2 expression. Differential expression and prognosis analysis of
LUZP2. Figure S2. The pan-cancer Spearman analysis of tumor stemness
and LUZP2 expression. Figure S3. The pan-cancer Spearman analysis

of tumor heterogeneity and LUZP2 expression. Figure S4. Mutation
landscapes analysis of LUZP2 and RNA modification. Figure S5. Tumor
immune environment and its correlation with LUZP2 methylation

Acknowledgements
The results showed here are in whole or part based upon data generated by
the TCGA Research Network: https://www.cancer.gov/tcga.

Author contributions

DCF, XS and WZZ proposed the project, conducted data analysis, interpreted
the data, and wrote the manuscript; FCZ, DXL, and PH conducted data analy-
sis, interpreted the data; QW and LY, supervised the project, and interpreted
the data. All authors read and approved the final manuscript.

Funding

This program was supported by the National Natural Science Foundation

of China (Grant Nos. 81974099, 82170785, 81974098, 82170784), programs
from Science and Technology Department of Sichuan Province (Grant Nos.
2021YFH0172), Young Investigator Award of Sichuan University 2017 (Grant
No. 2017SCU04A17), Technology Innovation Research and Development
Project of Chengdu Science and Technology Bureau (2019-YF05-00296-SN),
Sichuan University-Panzhihua science and technology cooperation special
fund (2020CDPZH-4). The funders had no role in the study design, data collec-
tion or analysis, preparation of the manuscript, or the decision to publish.

Availability of data and materials

The datasets presented in this study can be found in online repositories. The
names of the repository/repositories and accession number(s) can be found in
the article/Additional file 1.

Declarations

Ethical Approval and Consent to participate

The authors are accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work are appropri-
ately investigated and resolved.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to declare.

Page 4 of 4

Received: 4 July 2022 Accepted: 8 September 2022
Published online: 15 September 2022

References

1. Feng D, Shi X, Zhang F, Xiong Q, Wei Q, Yang L. Mitochondria dysfunction-
mediated molecular subtypes and gene prognostic index for prostate
cancer patients undergoing radical prostatectomy or radiotherapy. Front
Oncol. 2022;12: 858479.

2. Aunan JR, Cho WC, Soreide K. The biology of aging and cancer: a brief
overview of shared and divergent molecular hallmarks. Aging Dis.
2017,8(5):628-42.

3. Fane M, Weeraratna AT. How the ageing microenvironment influences
tumour progression. Nat Rev Cancer. 2020;20(2):89-106.

4. LiY,Deng G, QiY, Zhang H, Jiang H, Geng R, et al. Downregulation of
LUZP2 is correlated with poor prognosis of low-grade glioma. Biomed
Res Int. 2020,2020:9716720.

5. GorgoulisV, Adams PD, Alimonti A, et al. Cellular senescence: defining a
path forward. Cell. 2019;179(4):813-27.

6. Goldman MJ, Craft B, Hastie M, Repecka K, McDade F, Kamath A, et al.
Visualizing and interpreting cancer genomics data via the Xena platform.
Nat Biotechnol. 2020;38(6):675-8.

7. LiuJ, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ, Cherniack AD,
et al. An integrated TCGA pan-cancer clinical data resource to drive high-
quality survival outcome analytics. Cell. 2018;173(2):400-416.e11.

8. Shibue T, Weinberg RA. EMT, CSCs, and drug resistance: the mechanistic
link and clinical implications. Nat Rev Clin Oncol. 2017;14(10):611-29.

9. Min KW, Zealy RW, Davila S, Fomin M, Cummings JC, Makowsky D, et al.
Profiling of m6A RNA modifications identified an age-associated regula-
tion of AGO2 mRNA stability. Aging Cell. 2018;17(3): 12753.

10. D'Aquila P, Bellizzi D, Passarino G. rRNA-gene methylation and biological
aging. Aging (Albany NY). 2018;10(1):7-8.

11. Yuan L, Alexander PB, Wang XF. Cellular senescence: from anti-cancer
weapon to anti-aging target. Sci China Life Sci. 2020,63(3):332-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s40164-022-00313-x
https://doi.org/10.1186/s40164-022-00313-x
https://www.cancer.gov/tcga

	A pan-cancer analysis of the oncogenic role of leucine zipper protein 2 in human cancer
	Abstract 
	Dear Editor,
	Conclusion
	Acknowledgements
	References




