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Abstract
RNA-binding proteins (RBPs) play crucial roles in the post-transcriptional regulation of mRNA during numerous physiologi-
cal and pathological processes, including tumor genesis and development. However, the role of RNA-binding motif protein 
43 (RBM43) in esophageal squamous cell carcinoma (ESCC) has not been reported so far. The current study was the first to 
evaluate RBM43 protein expression by immunohistochemistry (IHC) in an independent cohort of 207 patients with ESCC, 
to explore its potential prognostic value and clinical relevance in ESCC. The results indicated that RBM43 protein levels 
were significantly elevated in ESCC tissues and increased RBM43 expression was associated with age and N categories. In 
addition, ESCC patients with high expression of RBM43 had shorter overall survival (OS) and disease‐free survival (DFS) 
than those with low RBM43 expression. Furthermore, when survival analyses were conducted at different clinical stages, 
overexpression of RBM43 was significantly correlated with shortened survival in patients with ESCC at early stages (TNM 
stage I–II and N0 stage). Cox regression analysis further proved that high RBM43 expression was an independent predictor 
of poor prognosis in ESCC patients. In conclusion, increased expression of RBM43 is correlated with malignant attributes 
to ESCC and predicts unfavorable prognosis, suggesting an effective prognostic biomarker and potential therapeutic target 
for ESCC.
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Introduction

According to the GLOBOCAN 2018 database, the esopha-
geal cancer (EC) is a common malignant tumor ranked 
the seventh and sixth for incidence and mortality rate, 
respectively, in the world [1]. Esophageal cancer is further 

subdivided into two principal subtypes: esophageal adeno-
carcinoma (EA) and esophageal squamous cell carcinoma 
(ESCC). Compared with EA, ESCC is more common in 
China, accounting for nearly half of the newly diagnosed 
cases and deaths worldwide, and > 90% of patients are diag-
nosed at a middle or late stage [2–4]. Great progress of the 
treatments, such as surgical resection, radiotherapy, chem-
otherapy, and immunotherapy, has been made for ESCC, 
whereas clinical outcome of locally advanced ESCC remains 
disappointed with a 5-year survival rate not exceeding 30% 
in China [5]. Therefore, it is critical to explore effective bio-
markers and develop more accurate prognostic models for 
ESCC patients.

RNA-binding proteins (RBPs) are crucial post-tran-
scriptional regulators of gene expression with key roles in 
numerous cellular pathways and biological processes[5,6]. 
Since they contain ≥ 1 RNA‑binding domains (RBDs) or 
motifs (RBMs), RBPs can recognize target RNAs and regu-
late all aspects of RNA metabolism and function, including 
RNA splicing, translation, localization and stability [7–9]. 
Given these functions, it is not surprising that the abnormal 
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changes in RBPs are associated with cancer development 
and progression [10–13]. For example, RBM38 and RBM24, 
as relatively extensively investigated RBPs, frequently func-
tion tumor-suppressive role in various human cancer types 
through forming negative feedback loop with tumor suppres-
sors (TS) such as p53 family (i.e., p53, p63, p73) [14–17]. 
In addition, RNA-binding protein CELF1 is overexpressed 
in colorectal cancer and promotes cell migration, invasion, 
and chemoresistance by targeting ETS2 [18].

RNA-binding motif protein 43 (RBM43), as a member of 
the RNA-binding motif protein (RBM) family, contains two 
RNA recognition motifs (RRMs), RNP1 and RNP2. Some 
previous studies have revealed that RBM43 acts as a genetic 
factor that contributes to type 2 diabetes (T2DM) [19], endo-
metriosis, esophageal adenocarcinoma (EA), and Barrett’s 
esophagus (BE) [20]. However, the expression of RBM43 
and its clinical significance in ESCC have not been reported 
to the best of our knowledge. In this manuscript, we explored 
the association between the expression levels of RBM43 
with clinicopathological characteristics and overall progno-
sis for the first time, using immunohistochemistry (IHC) in 
207 pairs of ESCC tissues and adjacent non-tumor tissues 
from Sun Yat-sen University Cancer Center (SYSUCC).

Materials and methods

Patients and tissue specimens

This study was approved by the medical ethics committee of 
Sun Yat-sen University Cancer Center. A total of 207 ESCC 
tissues and adjacent non-tumor tissues were sectioned and 
confirmed by pathologic review for IHC. Patient selection 
criteria were as follows: (a) confirmed primary ESCC by 
pathology; (b) underwent surgery without any prior treat-
ment; (c) with no other previous or synchronous malig-
nancy; (d) frozen tissues, complete clinical information and 
long-term follow-up data were available. The survival status 
of all 207 patients was reconfirmed in May 2012.

Immunohistochemistry

The tumor and adjacent normal tissues from ESCC patients 
were fixed with 10% paraformaldehyde, then embedded in 
paraffin. The paraffin sections were incubated at 55 °C for 
4 h, then deparaffinized in xylene and rehydrated in a graded 
ethanol series. Treated sections were washed three times 
with phosphate-buffered saline (PBS) and then boiled in 
antigen retrieval buffer for 15 min using a microwave oven to 
perform the heating antigen retrieval. Sections were treated 

with 3% hydrogen peroxide to quench endogenous peroxi-
dase activity, followed by block nonspecific binding using 
1% bovine serum albumin. Then the sections were incubated 
with rabbit anti-human polyclonal antibody against RBM43 
(1:100 dilution; PA5-24,106; thermofisher) at 4 °C overnight 
in a moist chamber. Blocking solution alone was applied as 
a negative control. Finally, the slides were incubated with 
horseradish peroxidase (HRP) for 30 min at 37 °C, followed 
by addition of chromogen 3,3′-diaminobenzidine (DAB) for 
visualization.

Evaluation of IHC

Two independent pathologists (S.-M.Y, L.-L.L) blinded 
to clinicopathological data assessed the immunoreactivity 
scores (IRS) for all stained sections. A final IRS (range: 
0–300) for each case was obtained by multiplying the inten-
sity score (0 = none; 1 = weak; 2 = moderate; 3 = strong) and 
the percentage of positive tumor cells (range: 0–100%). All 
these ESCC patients were divided into low and high expres-
sion groups according to the median value of IRS system.

Statistical analysis

The receiver operating characteristic (ROC) method was 
applied to define the RBM43 IRS cutoff value. All statistical 
analyses were performed using SPSS software (SPSS, ver-
sion 18.0). The correlations between RBM43 expression and 
clinicopathologic features were analyzed using Pearson’s χ2 
test. Overall survival (OS) and disease-free survival (DFS) 
was assessed using the Kaplan–Meier method and compared 
by the log-rank test. Univariate and multivariate analyses 
to identify independent prognostic factors were performed 
using the Cox regression model.

Results

Patient characteristics

Table 1 shows the clinicopathological parameters of 207 
patients with ESCC, including 151 males and 56 females, 
aged 32 from 80 years (median 57 years).

Immunostaining for RBM43

The IRS cutoff value for RBM43 expression was determined 
by the ROC curve. For the present study, the IRS cutoff 
value was 85. Thus, expression greater than this value was 
considered high and, otherwise, low. The results of IHC 
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staining revealed that the expression of RBM43 protein 
was predominantly localized to cytoplasm of ESCC tis-
sues, whereas no or weak staining was observed in adjacent 
non-tumor tissues (Fig. 1). In addition, we have found that 
RBM43 protein can also be expressed in stromal cells within 
the tumor microenvironment (TME). However, in light of 
the abundance and complexity of RBM43 expression pat-
terns within ESCC cells and the corresponding stroma, we 
have chosen to focus the discussion on expression of RBM43 
in tumor cells. The analysis of IRS showed that RBM43 
was commonly upregulated in ESCC issues, compared with 
adjacent non-tumor tissues (p < 0.0001, Fig. 2).

RBM43 expression and clinicopathological features

To further characterize the roles of RBM43 in ESCC, the 
relationships between RBM43 expression and clinico-
pathologic parameters are summarized in Table 1. The 
RBM43 expression was significantly associated with age 
(p = 0.030) and N categories (p = 0.038). No statistically 
significant association existed between RBM43 expression 
and sex, tumor location, histological grade, pT status, TNM 
Stage (p = 0.703, 0.571, 0.812, 0.130, 0.249, respectively, 
Table 1).

Table 1   RBM43 expression and 
clinicopathologic variables of 
207 esophageal squamous cell 
carcinoma cases

a Probability value of < 0.05 indicates statistical significance. Probability values are calculated by Pearson’s 
c2 test
b Age is divided according to the median age of 57 years
c The grading and histopathology stage of ESCC specimens are based on the World Health Organization 
(WHO) classification published in 2009

Variable RBM43 expression Low High p Valuea

Cases (n = 207)  (n = 99, percent)  (n = 108, percent)

Ageb (years) 0.003
  ≤ 57 104 39 (18.8) 65 (31.4)
  > 57 103 60 (29.0) 43 (20.8)
Sex 0.703
 Female 56 28 (13.5) 28 (13.5)
 Male 151 71 (34.3) 80 (38.6)

Tumor location 0.571
 Upper 10 4 (1.9) 6 (2.9)
 Middle 139 70 (33.8) 69 (33.3)
 Lower 58 25 (12.1) 33 (15.9)

Histological gradec 0.812
 Grade 1 49 24 (11.6) 25 (12.1)
 Grade 2 134 65 (31.4) 69 (33.3)
 Grade 3 24 10 (4.8) 14 (6.8)

P T statusc 0.13
 p T 1 6 5 (2.4) 1 (0.5)
 p T 2 48 18 (8.7) 30 (14.5)
 p T 3 150 74 (35.7) 76 (36.7)
 p T 4 3 2 (1.0) 1 (0.5)

N categories 0.038
 Negative 112 61 (29.5) 51 (24.6)
 Positive 95 38 (18.4) 57 (27.5)

TNM stagec 0.247
 Stage I 8 5 (2.4) 3 (1.4)
 Stage II 119 61 (29.5) 58 (28.0)
 Stage III 80 33 (15.9) 47 (22.7)
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RBM43 expression and survival

Among the 207 ESCC patients, the median follow-up time 
was 41 months (range, 4–115 months), and none were lost 
to follow-up. By the end of follow‐up, 114 (55.1%) patients 
died of ESCC, while 93 (44.9%) patients survived. The 
5-year OS and DFS for the entire cohort were 49.9% and 
46.4%, with median times of 58 and 48 months, respectively.

The present data revealed that patients with high RBM43 
expression had significantly shorter survival than those with 
low RBM43 expression (p = 0.001 for OS and DFS, Fig. 3, 
Table 2). Furthermore, the prognostic value of RBM43 
expression in different subgroups of ESCC patients was 

examined according to the 8th edition of the TNM (tumor, 
node, metastasis) classification. We found a significant 
correlation between high RBM43 expression levels and 
decreased survival in TNM stage I–II (p = 0.013 for OS and 
DFS, Fig. 4a, b, Table 2) and lymph node metastasis-nega-
tive subgroup (p = 0.01 for OS and DFS, Fig. 4c, d, Table 2).

Univariate and multivariate Cox regression analyses

The predictive roles of RBM43 in ESCC prognosis were 
further assessed by Cox regression analysis. The univariate 
analysis showed that the following parameters were signifi-
cantly associated with OS: RBM43 expression, tumor status, 
nodal status (p = 0.001, p = 0.016 and p < 0.001, respectively, 
Table 3). Furthermore, a multivariate Cox regression analy-
sis was performed for these factors. The results demonstrated 
that RBM43 expression, tumor status and nodal status 
were independent prognostic factors for ESCC (p = 0.012, 
p = 0.029 and p < 0.001, respectively, Table 3). Similarly, 
the analysis in DFS data also confirmed the role of RBM43 
expression as an independent prognostic predictor for ESCC 
(p = 0.006; Table 4). Thus, high expression of RBM43 may 
predict poor prognosis in patients with ESCC.

Discussion

Recently, an increasing number of studies have reported 
that RNA-binding proteins (RBPs) are widely dysregulated 
in numerous human cancers and play an important part in 
tumor development and progression [21, 22]. A number 

Fig. 1   RBM43 protein expression in ESCC tissues and adjacent 
normal tissues, as detected by immunohistochemistry staining. (a, 
b) Representative image of negative RBM43 protein expression in 
adjacent normal tissues (magnification: a, × 100; b, × 400). (c, d) 
Representative image of low RBM43 expression in adjacent normal 
tissues (magnification: c, × 100; d, × 400). (e, f) Representative image 
of low RBM43 expression in ESCC tissues (magnification: e, × 100; 
f, × 400). (g, h) Representative image of high RBM43 expression in 
ESCC tissues (magnification: g, × 100; h, × 400)

Fig. 2   Levels of RBM43 expression were analysed in ESCC tissues 
(n = 207) and adjacent normal tissues (n = 35) using IHC
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of current RBPs studies in cancer were conducted using 
IHC staining, trying to explore the associations between 
the changes of RBPs expression and patient prognosis. For 
instance, it revealed that the expression of RBM47 was sig-
nificantly elevated in non-small-cell lung cancer (NSCLC) 
tissues and the overexpression of RBM47 promoted NSCLC 
progression and metastasis, indicating that RBM47 may be a 
potential biomarker and therapeutic target for NSCLC [23]. 
In addition, in invasive breast cancer, high RBM3 expres-
sion was found to act as a favorable prognostic indicator 
with prolonged survival and showed a significant corre-
lation with less aggressive phenotypes [24]. Apart from 
aberrant protein expression levels, attention has also been 
directed toward the wide range of biological functions of 
RBPs ranging from RNA processing and splicing, transla-
tion, to mRNA degradation [6]. For example, as regulators 
of alternative splicing of apoptotic genes, RBM5, RBM6 
and RBM10 are frequently deleted or mutated in lung can-
cer. Changes in expression of RBM5, RBM6, RBM10 dif-
ferentially regulate NUMB alternative splicing to promote 
cell growth [25–27]. In addition, Human antigen R (HuR) 
competes for binding to the 3’untranslated regions (3′UTRs) 
of eIF4E mRNAs and regulates eIF4E at the level of mRNA 
stability, providing the changes in the proteome that pro-
mote the growth and survival of the malignant cells [28]. 
Moreover, The Musashi-2 (Msi2) RNA-binding protein is 
a recently identified oncogenic protein which motif binds 
to specific cancer-related target mRNAs, such as the tumor 
suppressors Pten and NUMB [29, 30], and suppresses their 
translation, subsequently facilitating the development and 

progression of numerous types of human cancer [31–33]. 
Therefore, the research in RBPs enriched our understand-
ing of the molecular mechanism underlying tumorigenesis, 
tumor development, tumor prevention and treatment.

In this study, we discovered that RBM43 protein levels 
were significantly increased in ESCC compared with the 
matched adjacent non-tumor tissues. Furthermore, high 
expression levels of RBM43 were closely correlated with 
age and N categories, however, not with sex, tumor loca-
tion, histological grade, pT status or TNM stage of patients 
with ESCC. Importantly, ESCC patients with high RBM43 
expression exhibited significantly shorter survival times than 
those with low RBM43 expression. These results implied 
that RBM43 may play an important role in tumorigenesis 
and progression of ESCC. In particular, RBM43 expression 
can stratify patients in N0 stage and TNM stage I–II, sug-
gesting that RBM43 may play a more pronounced role in 
the development and progression of ESCC during the early 
stage. Hence, adjuvant therapy may be beneficial to these 
early stage ESCC patients with high RBM43 expression. 
These results demonstrated that high expression of RBM43 
can serve as an independent predictor of poor prognosis 
for ESCC patients, especially at an early stage. However, 
the main limitation of the study was the absence of further 
research to determine how RBM43 plays cancer-promoting 
roles in ESCC and the exact underlying mechanisms. Moreo-
ver, further study would be necessary to determine the sig-
nificance of various RBM43 staining patterns among tumor 
and stromal cells.

Fig. 3   OS and DFS curves of patients with ESCC based on their RBM43 expression. (a) OS curves: all patients with low and high RBM43 
expression levels. (b) DFS curves: all patients with low and high RBM43 expression levels
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The number of studies reporting the role of RBM43 in 
cancer is very limited and, interestingly, the existing study 
that is available shows contradictory results. The study 
found that RBM43 was significantly downregulated and 
its low expression was correlated with poor prognosis in 
hepatocellular carcinoma (HCC). Mechanistically, further 
experiments revealed that RBM43 was associated with the 
3′UTR of Cyclin B1 mRNA and negatively regulated its 
stability, ultimately inhibiting the occurrence and develop-
ment of HCC [34]. Compared with our study, the opposite 
conclusion may be due to tumor heterogeneity and the 
complexity of RBM43 functions. In addition, different 

experimental systems, including cell type and experimen-
tal methods, might also contribute to this inconsistency. 
Therefore, the regulatory mechanism of RBM43 in ESCC 
is worth further investigation.

In conclusion, the present study revealed that RBM43 
is highly expressed in ESCC tissues and the increased 
expression of RBM43 is significantly correlated with 
age, N categories, and shortened survival (especially for 
patients with early‐stage ESCC) in ESCC. Thus, RBM43 
may be a useful indicator for prognosis and adjuvant treat-
ment for ESCC. Further studies are warranted.

Table 2   RBM43 expression 
in ESCC patients by Kaplan–
Meier survival analysis (log-
rank test)

ESCC esophageal squamous cell carcinoma; DFS disease free survival; OS overall survival; NR not 
reached

Variable Case DFS (months) OS (months)

Mean Median p value Mean Median p value

Total 0.001 0.001
Low expression 99 73.1 NR 75.2 NR
High expression 108 46.2 26 50.7 34
pT categories
 pT1-2 0.008 0.006
  Low expression 23 86.1 NR 88.8 NR
  High expression 31 51 51 55.8 55

 pT3-4 0.013 0.016
  Low expression 76 67.9 NR 69.8 NR
  High expression 77 44.3 22 48.5 28

pN categories
 pN = 0 0.013 0.013
  Low expression 61 87 NR 89 NR
  High expression 51 62 66 65.3 66

 pN = 1/2/3 0.145 0.193
  Low expression 38 41.6 25 44.5 30
  High expression 57 28.5 16 34.4 24

Histologic grade
 G1 0.01 0.009
  Low expression 24 81.8 NR 83.3 NR
  High expression 25 47.6 39 52.1 54

 G2-3 0.013 0.016
  Low expression 75 69.2 NR 71.4 NR
  High expression 83 45.8 24 50.3 30

pTNM categories
 I + II 0.001 0.001
  Low expression 66 89.6 NR 91.7 NR
  High expression 60 58.5 57 62.3 64

 III 0.521 0.832
  Low expression 33 32.2 13 34.8 19
  High expression 47 25 15 31.4 23
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Fig. 4   Subgroup analysis of patients with ESCC based on their 
RBM43 expression. (a) OS curves: patients in TNM stage I–II with 
high and low levels of RBM43 expression. (b) DFS curves: patients 
in TNM stage I–II with high and low levels of RBM43 expression. (c) 

OS curves: patients in N0 stage with high and low levels of RBM43 
expression. (d) DFS curves: patients in N0 stage with high and low 
levels of RBM43 expression

Table 3   Univariate and 
multivariate analyses of overall 
survival of ESCC patients

ESCC: esophageal squamous cell carcinoma; *p < 0.05, statistically significant

Univariate analyses Multivariate analyses

HR  (95%CI) p value HR  (95%CI) p value

Age (years), (> 57 vs. ≤ 57) 1.052 0.729–1.520 0.785
Gender (male vs. female) 1.262 0.828–1.925 0.280
Tumor location (upper/middle/lower) 0.931 0.650–1.334 0.697
Histological grade, (G3/G2/G1) 1.356 0.986–1.865 0.061
Tumor status (T4/T3/T2/T1) 1.640 1.096–2.453 0.016* 1.575 1.047–2.370 0.029*
Nodal status (N > 0/N0) 2.980 2.030–4.376  < 0.001* 2.717 1.839–4.012  < 0.001*
RBM43 expression, (High/Low) 1.896 1.291–2.784 0.001* 1.641 1.113–2.420 0.012*



1854	 International Journal of Clinical Oncology (2021) 26:1847–1855

1 3

Acknowledgements  This work is supported by the National Natu-
ral Science Foundation of China (Nos.81202135), Medical Science 
and Technology Research Foundation of Guang Dong Province (No. 
A2019448).

Declarations 

Conflict of interest  The authors have declared that no competing inter-
est exists.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, 
Pineros M, Znaor A, Bray F (2019) Estimating the global cancer 
incidence and mortality in 2018: GLOBOCAN sources and meth-
ods. Int J Cancer 144(8):1941–1953. https://​doi.​org/​10.​1002/​ijc.​
31937

	 2.	 He J, Zhou M, Chen X, Yue D, Yang L, Qin G, Zhang Z, Gao 
Q, Wang D, Zhang C, Huang L, Wang L, Zhang B, Yu J, Zhang 
Y (2016) Inhibition of SALL4 reduces tumorigenicity involving 
epithelial-mesenchymal transition via Wnt/beta-catenin pathway 
in esophageal squamous cell carcinoma. J Exp Clin Cancer Res 
35(1):98. https://​doi.​org/​10.​1186/​s13046-​016-​0378-z

	 3.	 Yang P, Zhao J, Hou L, Yang L, Wu K, Zhang L (2016) Vitamin E 
succinate induces apoptosis via the PI3K/AKT signaling pathways 
in EC109 esophageal cancer cells. Mol Med Rep 14(2):1531–
1537. https://​doi.​org/​10.​3892/​mmr.​2016.​5445

	 4.	 Guo JH, Xing GL, Fang XH, Wu HF, Zhang B, Yu JZ, Fan 
ZM, Wang LD (2017) Proteomic profiling of fetal esophageal 
epithelium, esophageal cancer, and tumor-adjacent esophageal 
epithelium and immunohistochemical characterization of a rep-
resentative differential protein, PRX6. World J Gastroenterol 
23(8):1434–1442. https://​doi.​org/​10.​3748/​wjg.​v23.​i8.​1434

	 5.	 Bokar JA, Shambaugh ME, Polayes D, Matera AG, Rottman FM 
(1997) Purification and cDNA cloning of the AdoMet-binding 
subunit of the human mRNA (N6-adenosine)-methyltransferase. 
RNA 3(11):1233–1247

	 6.	 Hentze MW, Castello A, Schwarzl T, Preiss T (2018) A brave 
new world of RNA-binding proteins. Nat Rev Mol Cell Biol 
19(5):327–341. https://​doi.​org/​10.​1038/​nrm.​2017.​130

	 7.	 Pereira B, Billaud M, Almeida R (2017) RNA-binding proteins in 
cancer: old players and new actors. Trends Cancer 3(7):506–528. 
https://​doi.​org/​10.​1016/j.​trecan.​2017.​05.​003

	 8.	 Jansen RP, Niessing D (2012) Assembly of mRNA-protein com-
plexes for directional mRNA transport in eukaryotes–an overview. 
Curr Protein Pept Sci 13(4):284–293. https://​doi.​org/​10.​2174/​
13892​03128​01619​493

	 9.	 Gerstberger S, Hafner M, Tuschl T (2014) A census of human 
RNA-binding proteins. Nat Rev Genet 15(12):829–845. https://​
doi.​org/​10.​1038/​nrg38​13

	10.	 Gerstberger S, Hafner M, Ascano M, Tuschl T (2014) Evolution-
ary conservation and expression of human RNA-binding proteins 
and their role in human genetic disease. Adv Exp Med Biol 825:1–
55. https://​doi.​org/​10.​1007/​978-1-​4939-​1221-6_1

	11.	 Kim MY, Hur J, Jeong S (2009) Emerging roles of RNA and RNA-
binding protein network in cancer cells. BMB Rep 42(3):125–130. 
https://​doi.​org/​10.​5483/​bmbrep.​2009.​42.3.​125

	12.	 Lukong KE, Chang KW, Khandjian EW, Richard S (2008) 
RNA-binding proteins in human genetic disease. Trends Genet 
24(8):416–425. https://​doi.​org/​10.​1016/j.​tig.​2008.​05.​004

	13.	 Musunuru K (2003) Cell-specific RNA-binding proteins in human 
disease. Trends Cardiovasc Med 13(5):188–195. https://​doi.​org/​
10.​1016/​s1050-​1738(03)​00075-6

	14.	 Zhang J, Cho SJ, Shu L, Yan W, Guerrero T, Kent M, Skorupski 
K, Chen H, Chen X (2011) Translational repression of p53 by 
RNPC1, a p53 target overexpressed in lymphomas. Genes Dev 
25(14):1528–1543. https://​doi.​org/​10.​1101/​gad.​20693​11

	15.	 Zhang J, Jun Cho S, Chen X (2010) RNPC1, an RNA-binding 
protein and a target of the p53 family, regulates p63 expression 
through mRNA stability. Proc Natl Acad Sci USA 107(21):9614–
9619. https://​doi.​org/​10.​1073/​pnas.​09125​94107

	16.	 Jiang Y, Xu E, Zhang J, Chen M, Flores E, Chen X (2018) The 
Rbm38-p63 feedback loop is critical for tumor suppression and 
longevity. Oncogene 37(21):2863–2872. https://​doi.​org/​10.​1038/​
s41388-​018-​0176-5

	17.	 Zhang M, Zhang Y, Xu E, Mohibi S, de Anda DM, Jiang Y, Zhang 
J, Chen X (2018) Rbm24, a target of p53, is necessary for proper 
expression of p53 and heart development. Cell Death Differ 
25(6):1118–1130. https://​doi.​org/​10.​1038/​s41418-​017-​0029-8

	18.	 Sommer G, Heise T (2020) Role of the RNA-binding protein La 
in cancer pathobiology. RNA Biol. https://​doi.​org/​10.​1080/​15476​
286.​2020.​17926​77

Table 4   Univariate and 
multivariate analyses of disease-
free survival of ESCC patients

ESCC esophageal squamous cell carcinoma; *p < 0.05, statistically significant

Variables

HR  (95%CI) p value HR  (95%CI) p value

Age (years), (> 57 vs. ≤ 57) 1.050 0.727–1.517 0.793
Gender (male vs. female) 1.203 0.789–1.835 0.390
Tumor location (upper/middle/lower) 0.900 0.630–1.285 0.561
Histological grade, (G3/G2/G1) 1.389 1.009–1.912 0.044* 1.340 0.972–1.847 0.074
Tumor status (T4/T3/T2/T1) 1.545 1.033–2.309 0.034* 1.508 0.999–2.274 0.05*
Nodal status (N > 0/N0) 2.859 1.947–4.198  < 0.001* 2.569 1.742–3.789  < 0.001*
RBM43 expression, (High/Low) 1.901 1.295–2.791 0.001* 1.713 1.163–2.522 0.006*

http://creativecommons.org/licenses/by/4.0/.
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1186/s13046-016-0378-z
https://doi.org/10.3892/mmr.2016.5445
https://doi.org/10.3748/wjg.v23.i8.1434
https://doi.org/10.1038/nrm.2017.130
https://doi.org/10.1016/j.trecan.2017.05.003
https://doi.org/10.2174/138920312801619493
https://doi.org/10.2174/138920312801619493
https://doi.org/10.1038/nrg3813
https://doi.org/10.1038/nrg3813
https://doi.org/10.1007/978-1-4939-1221-6_1
https://doi.org/10.5483/bmbrep.2009.42.3.125
https://doi.org/10.1016/j.tig.2008.05.004
https://doi.org/10.1016/s1050-1738(03)00075-6
https://doi.org/10.1016/s1050-1738(03)00075-6
https://doi.org/10.1101/gad.2069311
https://doi.org/10.1073/pnas.0912594107
https://doi.org/10.1038/s41388-018-0176-5
https://doi.org/10.1038/s41388-018-0176-5
https://doi.org/10.1038/s41418-017-0029-8
https://doi.org/10.1080/15476286.2020.1792677
https://doi.org/10.1080/15476286.2020.1792677


1855International Journal of Clinical Oncology (2021) 26:1847–1855	

1 3

	19.	 Guan M, Keaton JM, Dimitrov L, Hicks PJ, Xu J, Palmer ND, 
Ma L, Das SK, Chen YI, Coresh J, Fornage M, Franceschini N, 
Kramer H, Langefeld CD, Mychaleckyj JC, Parekh RS, Post WS, 
Rasmussen-Torvik LJ, Rich SS, Rotter JI, Sedor JR, Thornley-
Brown D, Tin A, Wilson JG, Freedman BI, Bowden DW, Ng 
MCY, Consortium F (2019) Genome-wide association study iden-
tifies novel loci for type 2 diabetes-attributed end-stage kidney 
disease in African Americans. Hum Genomics 13(1):21. https://​
doi.​org/​10.​1186/​s40246-​019-​0205-7

	20.	 Dong J, Levine DM, Buas MF, Zhang R, Onstad L, Fitzgerald RC, 
Stomach, Oesophageal Cancer Study C, Corley DA, Shaheen NJ, 
Lagergren J, Hardie LJ, Reid BJ, Iyer PG, Risch HA, Caldas C, 
Caldas I, Pharoah PD, Liu G, Gammon MD, Chow WH, Bernstein 
L, Bird NC, Ye W, Wu AH, Anderson LA, MacGregor S, White-
man DC, Vaughan TL, Thrift AP (2018) Interactions between 
genetic variants and environmental factors affect risk of esopha-
geal adenocarcinoma and barrett’s esophagus. Clin Gastroenterol 
Hepatol 16(10):1598-1606 e1594. https://​doi.​org/​10.​1016/j.​cgh.​
2018.​03.​007

	21.	 Liu G, Zhang Q, Xia L, Shi M, Cai J, Zhang H, Li J, Lin G, Xie 
W, Zhang Y, Xu N (2019) RNA-binding protein CELF6 is cell 
cycle regulated and controls cancer cell proliferation by stabi-
lizing p21. Cell Death Dis 10(10):688. https://​doi.​org/​10.​1038/​
s41419-​019-​1927-0

	22.	 Dang H, Takai A, Forgues M, Pomyen Y, Mou H, Xue W, Ray D, 
Ha KCH, Morris QD, Hughes TR, Wang XW (2017) Oncogenic 
activation of the RNA binding protein NELFE and MYC signal-
ing in hepatocellular carcinoma. Cancer Cell 32(1):101–114108. 
https://​doi.​org/​10.​1016/j.​ccell.​2017.​06.​002

	23.	 Li R, Li H, Ge C, Fu Q, Li Z, Jin Y, Tan Q, Zhu Z, Zhang Z, Dong 
S, Li G, Song X (2020) Increased expression of the RNA-binding 
motif protein 47 predicts poor prognosis in non-small-cell lung 
cancer. Oncol Lett 19(4):3111–3122. https://​doi.​org/​10.​3892/​ol.​
2020.​11417

	24.	 Kang SH, Cho J, Jeong H, Kwon SY (2018) High RNA-binding 
Motif Protein 3 expression is associated with improved clinical 
outcomes in invasive breast cancer. J Breast Cancer 21(3):288–
296. https://​doi.​org/​10.​4048/​jbc.​2018.​21.​e34

	25.	 Bechara EG, Sebestyen E, Bernardis I, Eyras E, Valcarcel J (2013) 
RBM5, 6, and 10 differentially regulate NUMB alternative splic-
ing to control cancer cell proliferation. Mol Cell 52(5):720–733. 
https://​doi.​org/​10.​1016/j.​molcel.​2013.​11.​010

	26.	 Hernandez J, Bechara E, Schlesinger D, Delgado J, Serrano L, 
Valcarcel J (2016) Tumor suppressor properties of the splicing 

regulatory factor RBM10. RNA Biol 13(4):466–472. https://​doi.​
org/​10.​1080/​15476​286.​2016.​11440​04

	27.	 Shao C, Yang B, Zhao L, Wang S, Zhang J, Wang K (2013) 
Tumor suppressor gene RBM5 delivered by attenuated Salmonella 
inhibits lung adenocarcinoma through diverse apoptotic signaling 
pathways. World J Surg Oncol 11:123. https://​doi.​org/​10.​1186/​
1477-​7819-​11-​123

	28.	 Topisirovic I, Siddiqui N, Orolicki S, Skrabanek LA, Tremblay 
M, Hoang T, Borden KL (2009) Stability of eukaryotic translation 
initiation factor 4E mRNA is regulated by HuR, and this activity 
is dysregulated in cancer. Mol Cell Biol 29(5):1152–1162. https://​
doi.​org/​10.​1128/​MCB.​01532-​08

	29.	 Wang S, Li N, Yousefi M, Nakauka-Ddamba A, Li F, Parada K, 
Rao S, Minuesa G, Katz Y, Gregory BD, Kharas MG, Yu Z, Leng-
ner CJ (2015) Transformation of the intestinal epithelium by the 
MSI2 RNA-binding protein. Nat Commun 6:6517. https://​doi.​org/​
10.​1038/​ncomm​s7517

	30.	 Sheng W, Dong M, Chen C, Wang Z, Li Y, Wang K, Li Y, Zhou 
J (2017) Cooperation of Musashi-2, Numb, MDM2, and P53 
in drug resistance and malignant biology of pancreatic cancer. 
FASEB J 31(6):2429–2438. https://​doi.​org/​10.​1096/​fj.​20160​
1240R

	31.	 He L, Zhou X, Qu C, Hu L, Tang Y, Zhang Q, Liang M, Hong J 
(2014) Musashi2 predicts poor prognosis and invasion in hepato-
cellular carcinoma by driving epithelial-mesenchymal transition. 
J Cell Mol Med 18(1):49–58. https://​doi.​org/​10.​1111/​jcmm.​12158

	32.	 Zong Z, Zhou T, Rao L, Jiang Z, Li Y, Hou Z, Yang B, Han F, 
Chen S (2016) Musashi2 as a novel predictive biomarker for liver 
metastasis and poor prognosis in colorectal cancer. Cancer Med 
5(4):623–630. https://​doi.​org/​10.​1002/​cam4.​624

	33.	 Yang C, Zhang W, Wang L, Kazobinka G, Han X, Li B, Hou T 
(2016) Musashi-2 promotes migration and invasion in bladder 
cancer via activation of the JAK2/STAT3 pathway. Lab Invest 
96(9):950–958. https://​doi.​org/​10.​1038/​labin​vest.​2016.​71

	34.	 Feng H, Liu J, Qiu Y, Liu Y, Saiyin H, Liang X, Zheng F, Wang Y, 
Jiang D, Wang Y, Yu L, Su W, Shen S, Wu J (2020) RNA-binding 
motif protein 43 (RBM43) suppresses hepatocellular carcinoma 
progression through modulation of cyclin B1 expression. Onco-
gene. https://​doi.​org/​10.​1038/​s41388-​020-​1380-7

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s40246-019-0205-7
https://doi.org/10.1186/s40246-019-0205-7
https://doi.org/10.1016/j.cgh.2018.03.007
https://doi.org/10.1016/j.cgh.2018.03.007
https://doi.org/10.1038/s41419-019-1927-0
https://doi.org/10.1038/s41419-019-1927-0
https://doi.org/10.1016/j.ccell.2017.06.002
https://doi.org/10.3892/ol.2020.11417
https://doi.org/10.3892/ol.2020.11417
https://doi.org/10.4048/jbc.2018.21.e34
https://doi.org/10.1016/j.molcel.2013.11.010
https://doi.org/10.1080/15476286.2016.1144004
https://doi.org/10.1080/15476286.2016.1144004
https://doi.org/10.1186/1477-7819-11-123
https://doi.org/10.1186/1477-7819-11-123
https://doi.org/10.1128/MCB.01532-08
https://doi.org/10.1128/MCB.01532-08
https://doi.org/10.1038/ncomms7517
https://doi.org/10.1038/ncomms7517
https://doi.org/10.1096/fj.201601240R
https://doi.org/10.1096/fj.201601240R
https://doi.org/10.1111/jcmm.12158
https://doi.org/10.1002/cam4.624
https://doi.org/10.1038/labinvest.2016.71
https://doi.org/10.1038/s41388-020-1380-7

	Elevated expression of the RNA‐binding motif protein 43 predicts poor prognosis in esophageal squamous cell carcinoma
	Abstract
	Introduction
	Materials and methods
	Patients and tissue specimens
	Immunohistochemistry
	Evaluation of IHC
	Statistical analysis

	Results
	Patient characteristics
	Immunostaining for RBM43
	RBM43 expression and clinicopathological features
	RBM43 expression and survival
	Univariate and multivariate Cox regression analyses

	Discussion
	Acknowledgements 
	References




