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1 Introduction

A great deal of evidence has been reported on NAD(P)H quinone oxidoreductase 1 (NQO1) as an important regulator in some tumors. However, the role of NQO1 is still unclear, NQO1 might function as either a pro-oncogenic or a tumor suppressor gene. This study focuses on the expression and the clinical significance of NQO1 in gastric cancer, the comprehensive evaluation of NQO1 of which we believe is conducive to an in-depth exploration of clinical value and provides a reference for subsequent basic research and translational applications.

A retrospective study reported that NQO1 was overexpressed in gastric cancer and associated with poor prognosis, which demonstrates that NQO1 might be a promising biomarker in the prognostic evaluation for gastric cancer patients with adjuvant chemotherapy (1). However, some concerns should be discussed, and we also provided some supplementary results about NQO1 in gastric cancer. We believe that the comprehensive understanding of NQO1 expression and its association with patient outcomes and the potential exploration of NQO1 as a prognostic and therapeutic target have a translational value.



2 NQO1 is a specific gene expressed in gastric tissues

Previous publications showed that NQO1 has diametrically opposite functions in different tumors. NQO1 was reported to be overexpressed in breast cancer (2), lung cancer (3), colon cancer (4), and pancreatic cancer (5, 6), which were closely associated with tumor occurrence and development. The biological analysis also demonstrated that NQO1, as a tumor promoter, could enhance tumor proliferation and metastasis and induce drug resistance to chemotherapy (7). On the other hand, NQO1 also performs as a scavenger of superoxide. NQO1 may play as a tumor suppressor in this sense (8). Thapa et al. reported that NQO1 showed a decreased expression in prostate tumor tissues, and the knockdown of NQO1 could promote the tumorigenesis of prostate cancer (9). Notably, the overexpression of NQO1 in gastric cancer was also reported (10), and the alteration of NQO1 gene C609T polymorphism was associated with increased gastric cancer risk (11). However, the clinical significance of NQO1 was little known, and the full study of NQO1 in gastric cancer is an insightful work.

In Jiang’s report, NQO1 was expressed in AGS cells, a gastric cancer cell line (1). We believe that the comparison between normal gastric epithelial cells (such as GES-1) and tumor cell lines with different histological grade, well-differentiated N87 gastric carcinoma cell line, or poorly differentiated BGC-823 cells could be included in the evaluation of NQO1 expression in gastric cancer cells, and we believe that the comparison could fully demonstrate the expression status of NQO1 in gastric cancer. To fully understand the expression of NQO1 in gastric cancer, we analyzed the expression of NQO1 in different tissues by the Human Protein Atlas, Consensus, and Genotype Tissue Expression (GTEx) datasets in the Human Protein Atlas (12). As revealed by the results, NQO1 protein was highly expressed in stomach tissues (Figure 1A), and similar results were also confirmed in an RNA expression analysis by Consensus and GTEx datasets (Figures 1B, C). The consistent results demonstrated that the expression of NQO1 in stomach tissues was the highest than in other tissues, suggesting that NQO1 was specifically expressed in gastric tissues. Therefore, the remarkable expression in gastric tumor tissues could not support the conclusion of NQO1 overexpression in gastric cancer. In Jiang’s report, the overexpression of NQO1 in gastric cancer tissues was also not confirmed. The authors showed the NQO1 protein expression by immunohistochemical staining, and they explored the association between NQO1 and some pathological features. Unfortunately, the statistical analysis also showed no significant difference between gastric cancer patients with high NQO1 and those with low NQO1 expression. Then, we proposed a question on the expression status of NQO1 in gastric cancer.




Figure 1 | NQO1 is a specific gene expressed in gastric tissues. (A) The NQO1 protein expression level was assessed using Human Protein Atlas dataset in 44 tissues. (B, C) The NQO1 transcript level was conducted in Consensus dataset and GTEx dataset.





3 Decreased NQO1 is a favorable prognostic biomarker for gastric cancer

In order to overcome the remarkable individual difference of patients with gastric cancer, several datasets were included in the analysis as shown in Figure 2. GSE27342 (13) and GSE13911 (14) both showed a significantly decreased gene expression of NQO1 in gastric cancer tissues than in adjacent normal tissues (Figures 2A, B). Furthermore, the Oncomine database, including Chen Gastric and Cho Gastric datasets, was also used to test the NQO1 expression difference between gastric tumor tissues and gastric normal tissues (15). The consistent results also confirmed that NQO1 gene expression was downregulated in gastric cancer tissues (Figures 2C, D). In this sense, our analysis based on the gene level of NQO1 in gastric cancer was diametrically opposite to Jiang’s report. Considering other previous reports that NQO1 was overexpressed in gastric tumor tissues than in normal gastric mucosa tissues and the specific expression of NQO1 in stomach tissues (Figure 1), the comprehensive validation of the expression status of NQO1 in gastric cancer is an important work.




Figure 2 | The NQO1 transcript level was downregulated in gastric cancer tissues compared with adjacent normal tissues. (A) GSE27342 and (B) GSE13911 datasets were included to evaluate the NQO1 transcript level. (C) Chen Gastric and (D) Cho Gastric datasets from Oncomine database were applied to analyze the expression level of NQO1 in gastric tumor tissues and adjacent tissues.



Given the discovery of reduced NQO1 expression in gastric cancer, it is necessary to re-examine the correlation between NQO1 expression and patients’ survival. In Jiang’s work, the gastric cancer patients with high NQO1 expression showed poor overall survival probability, suggesting that NQO1 was a tumor promoter. Considering the opposite results about the expression of NQO1 in gastric tumor tissues, we further analyzed the clinical significance of NQO1 in gastric cancer. The results from the Kaplan–Meier survival analysis tool (16) showed that three transcript isoforms of NQO1 (including 201467_s_at, 201468_s_at, and 210519_s_at) all demonstrated that the gastric cancer patients with a higher expression of NQO1 had a favorable overall survival (OS) probability (Supplementary Figures S1A-C). Furthermore, similar results were also validated in a post-progression survival (PPS) analysis (Supplementary Figures S1D–F). The total number of included gastric cancer patients was significantly larger than those of some previous reports (1, 10), and we believe that it could more objectively reflect the clinical significance of NQO1 in gastric cancer. Another point worth noting is that Jiang’s report on gastric cancer patients with surgery only showed that the higher-NQO1 patient groups displayed a higher OS rate, which was similar to our findings (Supplementary Figure S1). Therefore, Jiang’s results from all patients were inconsistent with the results from patients with surgery only.

To explore the impact of NQO1 on the survival of patients who underwent surgery only, gastric cancer patients who received surgery-only treatment were included in the OS and PPS analysis. The findings indicated similar results to those obtained from studies including patients who received various treatments (Supplementary Figure S2). Furthermore, we also confirmed the conclusion in SurvExpress portal (17). As shown in Supplementary Figure S3, the gastric cancer patients of The Cancer Genome Atlas program were divided into high-risk or low-risk groups according to the survival status, and the patients with a high risk showed a significantly lower NQO1 expression in gastric tumor tissues.



4 Discussion

Based on the evidence presented, it can be concluded that our results are consistent with and support the notion that the decreased level of NQO1 in tumor tissues predicts the poor prognosis for gastric cancer patients. Moreover, the evidence suggests that NQO1 may function as a tumor suppressor in the context of gastric cancer. Then, regarding the inconsistency in Jiang’s results, we speculate that the number of samples might be the most significant factor. More importantly, we also need to consider what other factors may have contributed to the opposite findings between Jiang’s report and our study. We propose two hypotheses. Firstly, potential post-transcriptional regulation might contribute to the inconsistent results between the gene and protein levels. Secondly, the heterogeneity of gastric cancer might lead to the significant difference in the results of these studies.

Another important issue is that Jiang’s work showed that gastric cancer patients with a high NQO1 expression were more sensitive to 5-fluorouracil-based adjuvant chemotherapy, indicating that NQO1 may play a role in chemotherapy sensitization. It is a very interesting phenomenon that deserves further investigation.

In conclusion, assessing the prognostic value of NQO1 in patients with gastric cancer who have undergone adjuvant chemotherapy is a crucial aspect of clinical practice. However, a further analysis of NQO1 expression in gastric cancer and its correlation with patient prognosis is necessary to fully understand the clinical implications of NQO1. It is also essential for researchers to conduct more comprehensive studies on the molecular mechanism of NQO1 in gastric cancer and explore its potential as a prognostic and therapeutic target for translation into clinical practice.



Author contributions

LC and YC conducted the results collection. LC and HC wrote the manuscript. HC and SX revised the manuscript. All authors contributed to the article and approved the submitted version.




Funding

This work was funded by the Science and Technology Project of Quanzhou (2021N092S), the Quanzhou City Science and Technology Program of China (2018C045R), the Science and Technology Planning Project of Fujian Provincial Health Commission [project type: medical innovation topic (2020CX01010155)], the Special Foundation for Key Subject of The Second Clinical Medical College of Fujian Medical University (PWZDZK202201), and the Key Clinical Specialty Discipline Construction Program of Fujian, China [Fujian Health Medicine and Politics (2022)884].



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1143108/full#supplementary-material



References

1. Jiang, ZN, Ahmed, SMU, Wang, QC, Shi, HF, and Tang, XW. Quinone oxidoreductase 1 is overexpressed in gastric cancer and associated with outcome of adjuvant chemotherapy and survival. World J Gastroenterol (2021) 27:3085–96. doi: 10.3748/wjg.v27.i22.3085

2. Yang, Y, Zhu, G, Dong, B, Piao, J, Chen, L, and Lin, Z. The NQO1/PKLR axis promotes lymph node metastasis and breast cancer progression by modulating glycolytic reprogramming. Cancer Lett (2019) 453:170–83. doi: 10.1016/j.canlet.2019.03.054

3. Cui, X, Jin, T, Wang, X, Jin, G, Li, Z, and Lin, L. NAD(P)H:quinone oxidoreductase-1 overexpression predicts poor prognosis in small cell lung cancer. Oncol Rep (2014) 32:2589–95. doi: 10.3892/or.2014.3494

4. Begleiter, A, Hewitt, D, Maksymiuk, AW, Ross, DA, and Bird, RP. A NAD(P)H:quinone oxidoreductase 1 polymorphism is a risk factor for human colon cancer. Cancer Epidemiol Biomarkers Prev (2006) 15:2422–6. doi: 10.1158/1055-9965.EPI-06-0661

5. Nolan, KA, Zhao, H, Faulder, PF, Frenkel, AD, Timson, DJ, Siegel, D, et al. Coumarin-based inhibitors of human NAD(P)H:quinone oxidoreductase-1. identification, structure-activity, off-target effects and in vitro human pancreatic cancer toxicity. J Med Chem (2007) 50:6316–25. doi: 10.1021/jm070472p

6. Reigan, P, Colucci, MA, Siegel, D, Chilloux, A, Moody, CJ, and Ross, D. Development of indolequinone mechanism-based inhibitors of NAD(P)H:quinone oxidoreductase 1 (NQO1): NQO1 inhibition and growth inhibitory activity in human pancreatic MIA PaCa-2 cancer cells. Biochemistry (2007) 46:5941–50. doi: 10.1021/bi700008y

7. Siegel, D, Yan, C, and Ross, D. NAD(P)H:quinone oxidoreductase 1 (NQO1) in the sensitivity and resistance to antitumor quinones. Biochem Pharmacol (2012) 83:1033–40. doi: 10.1016/j.bcp.2011.12.017

8. Siegel, D, Gustafson, DL, Dehn, DL, Han, JY, Boonchoong, P, Berliner, LJ, et al. NAD(P)H:quinone oxidoreductase 1: role as a superoxide scavenger. Mol Pharmacol (2004) 65:1238–47. doi: 10.1124/mol.65.5.1238

9. Thapa, D, Huang, SB, Muñoz, AR, Yang, X, Bedolla, RG, Hung, CN, et al. Attenuation of NAD[P]H:quinone oxidoreductase 1 aggravates prostate cancer and tumor cell plasticity through enhanced TGFβ signaling. Commun Biol (2020) 3:12. doi: 10.1038/s42003-019-0720-z

10. Lin, L, Qin, Y, Jin, T, Liu, S, Zhang, S, Shen, X, et al. Significance of NQO1 overexpression for prognostic evaluation of gastric adenocarcinoma. Exp Mol Pathol (2014) 96:200–5. doi: 10.1016/j.yexmp.2013.12.008

11. Malik, MA, Zargar, SA, and Mittal, B. Role of NQO1 609C>T and NQO2-3423G>A polymorphisms in susceptibility to gastric cancer in Kashmir valley. DNA Cell Biol (2011) 30:297–303. doi: 10.1089/dna.2010.1115

12. Uhlén, M, Fagerberg, L, Hallström, BM, Lindskog, C, Oksvold, P, Mardinoglu, A, et al. Proteomics. tissue-based map of the human proteome. Science (2015) 347:1260419. doi: 10.1126/science.1260419

13. Cui, J, Chen, Y, Chou, WC, Sun, L, Chen, L, Suo, J, et al. An integrated transcriptomic and computational analysis for biomarker identification in gastric cancer. Nucleic Acids Res (2011) 39:1197–207. doi: 10.1093/nar/gkq960

14. D’Errico, M, De Rinaldis, E, Blasi, MF, Viti, V, Falchetti, M, Calcagnile, A, et al. Genome-wide expression profile of sporadic gastric cancers with microsatellite instability. Eur J Cancer (2009) 45:461–9. doi: 10.1016/j.ejca.2008.10.032

15. Rhodes, DR, Yu, J, Shanker, K, Deshpande, N, Varambally, R, Ghosh, D, et al. ONCOMINE: a cancer microarray database and integrated data-mining platform. Neoplasia (2004) 6:1–6. doi: 10.1016/S1476-5586(04)80047-2

16. Lánczky, A, and Győrffy, B. Web-based survival analysis tool tailored for medical research (KMplot): development and implementation. J Med Internet Res (2021) 23:e27633. doi: 10.2196/27633

17. Aguirre-Gamboa, R, Gomez-Rueda, H, Martínez-Ledesma, E, Martínez-Torteya, A, Chacolla-Huaringa, R, Rodriguez-Barrientos, A, et al. SurvExpress: an online biomarker validation tool and database for cancer gene expression data using survival analysis. PloS One (2013) 8:e74250. doi: 10.1371/journal.pone.0074250



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Cao, Chen, Xu and Cheng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2023.1143108_cover.jpg
& frontiers | Frontiers in Oncology

Is NAD(P)H quinone oxidoreductase 1 a
tumor promoter or suppressor in gastric
cancer?





OEBPS/Images/fonc-13-1143108-g002.jpg
B
0 GSE27342 GSE13911
8

c
ie)
?
[0
S
X
|
o)
g
Z
Adjacent GC Adjacent GC
(n=80) (n=80) (n=31) (n=36)
D
Chen Gastric Cho Gastric

NQO1 Expression
NQO1 Expression
w BN a (o] ~ (0]

Adjacent GC
(n=19) (n=71)






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1143108-g001.jpg
——-pue|b [euaipy

fmollew suog
FmoLiew auog .m::;c.w ,_.w_«mm.r
tepou ydwA .w%\m.—_._ ydwAq tieAn
fuasidg [eadaL s
Fajosnuw ejojads LRons
[-ajosnw pesH [seaisueq ———
Lejusoeld S g
+Aien tejusge, Ful
,mc_mm> pueib Aleunig umis
Loyejsold ”w:ﬂﬂME ﬂ 3 B-puelb Aeynyg
FiaA] §-puelb piosAyieseq
Lpue|b piosAyieieq .m_uc_m dy Faqny uerdojje4
Fiisuo | u”o«mumo& Fwnuawopug
- 9]0SNW Yjoow's .mww_w 3 [
Faqgny ueidojie4 slopsniy pesy XIARD
9[OISAA [BUILIBS [Xinieo o
2 sealoueq m.m_o%m> |eulwes
7 tenbuo |
@ -.w_E%_v_aw_ o ~reunsy
= ragn) ueidoj| +
3 !o_nowzs R ueaids
@ +eulbe,
£ X809 [BIGaIaD) m “w_o.w:D oows mtsjosnw pesH
D ® wmm 5 - oj0sNW (21919 S
8 o aupsajul [leuis 2 Leugen
3 3 wnjoey £ I
° 2 Jeppe|q Areuun 3 - 6um
< ] pJoQ [euids =
o 17} ejebuo|do e|npapy i Fpuelp Aieaes
T s uoj0D n.m =
2> Suod
5 nw. oREn edweosoddiq 2 — e e
[ 01}eWo) |
.m Jappe|q Aeuun .m 19} Eu_c>> < - vuoj0)
» o wnjjagala) 2 biseaig
o 7] e[epbAwy [
g m m et jeppelq Aleuun)
c 5 3 s Aoupry
2 < =]
<] zZ p4
o o o

enssi asodipy
I pue|b plosAy |

rsnbeydosg
I |0 LO)S
—r— T T
o o o o S S S o
= 8 ¥ <& s & =
* Nd1 pazilewioN Nd1 pazijewioN





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Is NAD(P)H quinone oxidoreductase 1 a tumor promoter or suppressor in gastric cancer?

      

        		

          1 Introduction

        



        		

          2 NQO1 is a specific gene expressed in gastric tissues

        



        		

          3 Decreased NQO1 is a favorable prognostic biomarker for gastric cancer

        



        		

          4 Discussion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





