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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.
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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:// Seneq uest. net) [4, 5].

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 

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 

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 
level using DMPss; B The correlation between tumor stemness and LUZP2 level using DNAss; C the correlation between tumor stemness and LUZP2 
level using ENHss; D The correlation between tumor stemness and LUZP2 level using EREG-METHss; E The correlation of LUZP2 expression and RNA 
modification genes; F The correlation of LUZP2 expression with immune cells; G The correlation of LUZP2 expression with immune infiltrating cells 
in the TISIDB database; H The correlation of LUZP2 methylation with immune infiltrating cells in the TISIDB database. TME tumor microenvironment
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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.
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