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Background: To explore the expression level of retinoic acid induced 14 (RAI14) in gastric cancer (GC) patients and its po-
tentially clinical prognostic value.
Material/Methods: Initially, The Cancer Genome Atlas (TCGA) and Oncomine databases were mined to examine the differential
expression levels and clinical prognostic significance of RAI14 mRNA in GC patients. Subsequently, 68 cases of
GC and paired adjacent normal tissues were collected retrospectively, and the expression level of RAI14 pro-
tein was detected by immunohistochemical staining. In addition, Kaplan-Meier univariate and Cox multivari-
ate survival analyses were used to verify the correlation between RAI14 expression and clinicopathological pa-
rameters in GC patients and its clinical prognostic significance.
Results: TCGA and GEO (from Oncomine database) data mining results found that RAI14 mRNA level was remarkably
higher in GC than normal gastric tissues (All P<0.05). Besides, immunohistochemical results detected that
RAI14 protein level in GC was dramatically higher (P=0.004) compared to that in the matched normal tissues.
Moreover, TCGA database and Kaplan-Meier Plotter mining results showed that compared to those with RAI14
low mRNA expression levels, GC patients with RAI14 high mRNA expression levels had remarkably lower time
of both overall survival and disease-free survival (All P<0.05). Additionally, based on the immunohistochemi-
cal results, Kaplan-Meier univariate and Cox multivariate survival analyses indicated that high expression of
RAI14 was the only independent predictor of unfavorable prognosis in patients with gastric cancer (P=0.000).
Conclusions: RAI14 was highly expressed in GC, and the high expression of RAI14 could be an independent predictor of poor
prognosis in GC patients.

MeSH Keywords: Bioinformatics ¢ Gastric Cancer ¢ Prognosis ¢ RAI14

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/910133

%1915 %4 MEI4 %20

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




He X.-Y. et al.:
Prognostic value of RAI14 in GC
© Med Sci Monit, 2018; 24: 2244-2251

Background

Gastric cancer (GC) is one of the most common malignant gas-
trointestinal cancers in the world [1-5]. GC morbidity and mor-
tality rates both rank the second among malignant tumors [1].
Most of the GC patients have reached the advanced stage when
they are diagnosed, and thus have lost the best opportunities
for treatment, and the overall prognosis for these patients is
still poor [6-8]. In view of this, how to improve GC early diag-
nosis rate, explore highly sensitive biomarkers, identify new
molecular targets, and develop better targeting drugs have
become hot topics in the research field of GC.

Retinoic acid induced 14 (RAI14), also named NORPEG,
KIAA1334, or RAI13, is a novel protein coding gene first
found in human retinal pigment epithelial cells and is induced
by all-trans-retinoic acid [9]. Previous evidence revealed that
RAI14 was highly expressed in human placenta and testis tis-
sues [10,11] which was closely associated with the cytoskele-
ton. Recently, some studies have found that RAI14 was abnor-
mally expressed in malignancies, including ovarian cancer [12],
prostate cancer [13], gastric cancer [14], and lung adenocar-
cinoma [15]. The effects of RAI14 in those malignancies were
dramatically related to the drug response to chemotherapy and
the cancer cell proliferation and invasion. But until now, the
relationship between differential expression levels of RAI14
and clinicopathologic parameters of GC patients, and the po-
tentially clinical significance, has not been fully investigated.

Thus, in the present study, The Cancer Genome Atlas (TCGA)
and Oncomine databases were first used to compare differen-
tial expression levels of RAI14 mRNA between GC and normal
gastric tissues. In addition, 68 cases of GC and matched ad-
jacent normal tissues were collected, and immunohistochem-
istry was performed to validate the bioinformatics results.
Moreover, Kaplan-Meier univariate and Cox multivariate sur-
vival analyses were done to explore the potentially prognostic
significance of RAI14 expression in GC patients.

Material and Methods

Bioinformatics mining methods

TCGA and Oncomine databases were both selected to predict
the expression level of RAI14 in GC and normal gastric tissues.
In TCGA database (https://cancergenome.nih.gov/), a total of
408 cases of GC and 211 cases of normal gastric tissues con-
taining RAI14 mRNA expression information were downloaded.
RStudio-1.1.419 software was performed to analyze the differ-
ential expression levels of RAI14 mRNA between the 2 groups
and draw the overall survival (OS) and disease-free survival
(DFS) curves. In addition, Oncomine database (https://www.
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oncomine.org) [16] was also selected to search the differential
expression levels between GC and normal groups. Additionally,
Kaplan-Meier Plotter database (http://kmplot.com/analysis/in-
dex.php?p=service&cancer=gastric) [17] was used to draw the
OS and DFS curves.

GC tissues and relative patients’ clinical information

We retrospectively collected a total of 68 cases of GC and
matched adjacent normal tissues from patients who under-
went radical gastrectomy in our department from December
2008 to June 2010. All postoperative pathology was found to
be gastric adenocarcinoma. The last follow-up time was June
2016. Patients’ detailed clinical information, such as age, gen-
der, tumor location, histologic differentiation, TNM stage, are
listed in Table 1. The present study was reviewed and approved
by the Ethics Committee of our hospital and informed consent
was acquired from each patient.

Immunohistochemistry and determination of the results

According to the protocol instruction, immunohistochemical
staining was performed to examine the expression level of
RAI14 in GC and matched tissues. RAI14 rabbit monoclonal
antibody was purchased from Abcam Corporation (ab137118,
Abcam, UK) with a working concentration of 1: 100. The re-
sults of immunohistochemical staining were evaluated by 2
pathologists in a double-blind way. The immunoreaction score
(IRS) of each slice was calculated referring to the previous re-
ports of literature [18,19]. The range of IRS score was from
0 to 12, which was produced by staining intensity (SI) x per-
centage of positive cells (PP). High expression of RAI14 was
considered as IRS >4, while low expression of RAI14 was con-
sidered as IRS <4.

Statistical analysis

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was em-
ployed to analyze the experimental data. Mean and standard
deviation were used to describe quantitative data. TCGA and
Oncomine data were analyzed by the independent samples
t-test to compare the differential expression levels of RAI14
mRNA between the GC group and the normal gastric tissues
group. Chi-square test was performed to analyze the relation-
ship between RAI14 expression level and clinicopathological
factors. Kaplan-Meier univariate and Cox multivariate survival
analyses were done to investigate the prognostic significance
of RAI14 in GC patients. If the P value was less than 0.05, the
difference was considered statistically significant.
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Table 1. Relationship between RAI14 levels and clinicopathological parameters of GC patients.

Clinicopathological

parameters

RAI14 level

Age (years)

<60 23 13 10
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 5.835 0.016
>60 45 12 33
Gender
Male 53 18 35
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.812 0.368
Female 15 7 8
Tumor location
Antrum 29 15 14
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 4.867 0.027
Other sites 39 10 29
Tumor size (cm)
<5 35 19 16
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 9.523 0.002
>5 33 6 27
Histological differentiation
Well/moderate 35 16 19
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 2.485 0.115
Poor 33 9 24
T stage
T1-2 16 9 7
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 3.417 0.065
T3-4 52 16 36
N stage
NO 19 11 8
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 5.064 0.024
N1-3 49 14 35
TNM stage
=l 30 16 14
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 6339 0.012
=1V 38 9 29
Results in cytoplasm and cytomembrane of GC cell (Figure 2A). The

High expression of RAI14 in GC

TCGA and GEO (from Oncomine database) data were analyzed
by bioinformatics method to examine the differential expres-
sion levels of RAI14 mRNA between GC and normal tissues.
As shown in Figure 1, RAI14 mRNA expression level was re-
markably higher in GC than normal gastric tissues (All P values
<0.05). Afterward, to validate the predictive results, immuno-
histochemistry was performed to detect the RAI14 protein lev-
els in 68 cases of GC and matched normal tissues (Figure 2).
The findings indicated that RAI14 was stained mainly located

high positive rate of RAI14 staining in GC was 63.2% (43/68).
Compared to that in the matched normal tissues, the ex-
pression level of RAI14 protein in GC was dramatically high-
er (P=0.004, Table 2).

Relationship between RAI14 and clinicopathological
parameters of GC patients

Then, we used the chi-square test to detect whether there was
a statistically significant difference in the expression of RAI14
in different groups of GC patients based on each parameter.
Parameters included age, gender, tumor location, tumor size,
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Figure 1. High expression of RAI14 mRNA in gastric cancer (GC) predicted by TCGA and Oncomine databases. (A) RAI14 mRNA levels
of GC versus normal gastric tissue in TCGA database. (B) Meta-analysis of the 11 datasets from 5 studies (DErrico Gastric, 2
datasets, GEO: GSE13911; Chen Gastric, 3 datasets, Reporter ID: IMAGE823850; Wang Gastric, 1 dataset, GEO: GSE19826;
Cui Gastric, 1 dataset, GEO: GSE27342; Cho Gastric, 4 datasets, GEO: GSE13861) on RAI14 mRNA levels in GC versus normal

gastric tissue searched by Oncomine database.

.ﬁ" :

Figure 2. Representative immunohistochemical images of RAI14 in 68 cases of paired gastric cancer (GC) and adjacent normal tissues.
(A) High expression of RAI14 in GC tissue. (B) Low expression of RAI14 in paired adjacent normal tissue. Bar=50 um.
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Table 2. High expression of RAI14 in 68 cases of GC tissues.

RAI14 level (cases, %)

Tissues

Gastric cancer 25 (36.8) 43 (63.2)
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 8.502 0.004
Matched normal tissues 42 (61.8) 26 (38.2)
A B
1.0 = Low RAIN4TPM = Low RAIN4TPM
- — High RAIN4TPM — High RAIN4TPM
Logrank p=1e-04 Logrank p=0.012
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Figure 3. Kaplan-Meier analysis of overall survival (OS) and disease-free survival (DFS) curves of gastric cancer (GC) patients based
on RAI14 mRNA expression (low versus high). (A) Relationship between RAI14 mRNA expression level and OS of GC patients
based on TCGA data. (B) Relationship between RAI14 mRNA expression level and DFS of GC patients based on TCGA data.
(€) Relationship between RAI14 mRNA expression level and OS of GC patients based on GEO data (analyzed in Kaplan-
Meier Plotter website). (D) Relationship between RAI14 mRNA expression level and DFS of GC patients based on GEO data
(analyzed in Kaplan-Meier Plotter website).
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Figure 4. Kaplan-Meier analysis of overall survival curve
of gastric cancer patients based on RAI14
protein expression (low vs. high) using the
immunohistochemical data.

histological differentiation, T stage, N stage, and TNM stage.
The results are shown in Table 1. The differential expression
level of RAI14 protein (low versus high) was dramatically re-
lated to the age, tumor location, tumor size, N stage, and TNM
stage of GC patients (all P<0.05).

Prognostic significance of RAI14 expression in GC patients

Finally, the potentially prognostic significance of RAI14 expres-
sion levels in GC patients was investigated. First, through min-
ing the TCGA database and Kaplan-Meier Plotter, we found that
compared to those with RAI14 low mRNA expression levels,
GC patients with RAI14 high mRNA expression levels had re-
markably lower time for both OS and DFS (all P<0.05, Figure 3).
Subsequently, to verify the predictive results, we performed a
statistical analysis of the real results of immunohistochemical
staining and found that GC patients with high expression of
RAI14 protein had dramatically lower OS than those with low
expression of RAI14 protein (P=0.000, Figure 4). In addition,
Kaplan-Meier univariate and Cox multivariate survival analy-
ses were performed included the RAI14 expression levels and
patients’ clinicopathological parameters. Kaplan-Meier surviv-
al analysis found RAI14 differential expression levels, age, tu-
mor location, tumor size, histological differentiation, T stage,
N stage, and TNM stage were the important parameters affect-
ing the survival time of GC patients (Table 3). Furthermore, Cox
multivariate survival analysis were done, including those 8 sig-
nificantly statistic parameters, and indicated that high expres-
sion of RAI14 was the only independent predictor of unfavor-
able prognosis in patients with gastric cancer (P=0.000, Table 4).
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Discussion

RAI14 was initially found in human retinal pigment epithelial
cells induced by all-trans-retinoic acid [9]. Subsequent research-
es showed that RAI14 was closely associated with the cytoskel-
eton and highly expressed in human placenta and testis tis-
sues [10,11]. Recent studies have suggested that RAI14 might
play a key role in the process of the drug response to chemo-
therapy and cancer cell proliferation and invasion in some kind
of malignancies [12-15,20]. For instance, Hsu et al. [20] have
performed genome-wide analysis to identify a set of 8 genes
(EGFR, ITGA3, MYLK, RAI14, AHNAK, GLS, IL32 and NNMT) sig-
nificantly associated with the chemotherapeutic drugs includ-
ing paclitaxel, docetaxel, erlotinib, everolimus, and dasatinib.
Hawkins et al. [12] have found that NR2F2 could regulate the
expression of NEK2, RAI14, and multiple other genes involved
in the cell cycle of ovarian cancer. Paez et al. [13] have demon-
strated that RAI14 was involved in the regulation of cell cyto-
skeletal of prostate cancer. Additionally, Zhou et al. [14] used
an integrative approach to identify genes related to drug re-
sponse in GC and the results also showed that knockdown of
RAI14 could decrease the cell proliferation of GC. However, the
phenomenon of inconsistency was found in lung adenocarcino-
ma. Yuan et al. [15] have found that RAI14 was overexpressed
in A549 and 31 out of 71 patients and high expression of RAI14
could inhibit cell proliferation of lung adenocarcinoma. Until
now, the expression levels of RAI14 and its potentially clini-
cal significance in GC patients have not been fully explored.

In the present study, we first examined the differential expres-
sion levels of RAI14 in GC compared to normal gastric tissues.
Bioinformatics prediction results based on the TCGA and GEO
data showed that RAI14 mRNA level was significantly over-
expressed in GC tissues than that in normal gastric tissues.
Subsequently, our immunohistochemical results validated
the predictive findings. The high positive rate of RAI14 stain-
ing in GC was 63.2% (43 out of 68). Compared to that in the
matched normal tissues, the expression level of RAI14 protein
in GC was dramatically higher. All these results suggested that
RAI14 gene might act as an oncogene in promoting GC occur-
rence and development.

Then, the potentially prognostic significance of RAI14 expres-
sion levels in GC patients was investigated. First, results of
chi-square test showed that differential expression level of
RAI14 protein was dramatically related to the age, tumor lo-
cation, tumor size, N stage, and TNM stage of GC patients.
Second, through mining the TCGA database and Kaplan-Meier
Plotter online website, we found that compared to those with
RAI14 low mRNA expression levels, GC patients with RAI14
high mRNA expression levels had remarkably lower time for
both OS and DFS. Moreover, based on the real results of im-
munohistochemical staining, Kaplan-Meier univariate and Cox
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Table 3. Kaplan-Meier univariate survival analysis of RAI14 and other clinicopathological parameters in GC patients.

Clinicopathological parameters Mean survival time (months) 95% CI

RAI14 expression

Low 72.200 65.785-78.615
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.000
High 24.535 18.136-30.933
Age (years)
<60 52.174 39.883-64.465
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.041
>60 36.889 28.403-45.375
Gender
Male 41.264 33.351-49.177
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.653
Female 44.867 28.144-61.590
Tumor location
Antrum 50.414 39.171-61.656
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.030
Other sites 35.846 26.981-44.711
Tumor size (cm)
<5 56.371 46.725-66.018
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.000
>5 26.879 18.939-34.818
Histological differentiation
Well/moderate 50.886 40.947-60.825
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.015
Poor 32.697 23.269-42.125
T stage
T1-2 63.235 52.112-76.356
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.004
T3-4 35.173 27.318-43.028
N stage
NO 60.684 49.052-72.316
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.002
N1-3 34.837 26.791-42.882
TNM stage
il 59.067 49.598-68.536
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.000
=1V 28.632 20.350-36.914
Table 4. Cox multivariate analysis of RAI14 and other clinicopathological parameters in GC patients.
Covariates HR 95% Cl for HR P value
RAI14 expression level (low vs. high) 30.840 6.488-146.601 0.000
Age (<60 vs. >60 years) 1.560 0.696-3.495 0.280
Tumor location (antrum vs. other sites) 1.193 0.572-2.487 0.637
Tumor size (<5 vs. >5 cm) 1.265 0.534-2.997 0.594
Histological differentiation (well/moderate vs. poor) 1.184 0.560-2.505 0.658
T stage (T1-2 vs. T3-4) 2.623 0.648-10.626 0.177
N stage (NO vs. N1-3) 1.708 0.542-5.386 0.361
TNM stage (-1 vs. 1lI-1V) 1.668 0.578-4.816 0.344
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multivariate survival analyses were performed including the
RAI14 expression levels and patients’ clinicopathological pa-
rameters. Kaplan-Meier survival analysis found RAI14 differ-
ential expression levels, age, tumor location, tumor size, his-
tological differentiation, T stage, N stage, and TNM stage were
the important parameters affecting the survival time of GC pa-
tients. Further, Cox multivariate survival analysis were done
and indicated that high expression of RAI14 was the only in-
dependent predictor of unfavorable prognosis in GC patients.
All these findings suggested that the high expression of RAI14
could be used as an independent predictor to indicate the
poor prognosis of GC patients and RAI14 might be one of the
key target genes involved in the growth and metastasis of GC.

Admittedly, there were some limitations in our present study.
First, there were only 68 cases of GC tissues collected in this
study, which was a small sample size. Therefore, a larger sam-
ple size is needed for future validation. Second, some clinical
information that was missing for the GC patients, such as DFS,
tumor biomarkers CEA and CA199 data, might influence the
depth and breadth of statistical analysis. Third, this study fo-
cused on the expression and prognostic significance of RAI14
in GC, but its detailed molecular mechanism was not further
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tigated in future studies.

Conclusions

Our study demonstrated that RAI14 gene was highly expressed
in GC and high expression of RAI14 could serve as an inde-
pendent parameter to indicate the unfavorable prognosis of
GC patients. RAI14 may be a potential new therapeutic target
for GC in the future.
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