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ABSTRACT 
 
Background: We previously identified a novel lncRNA, CRART16, that could induce cetuximab resistance in 
colorectal cancer cells. This study explored the relationship of CRART16 expression to gastric cancer progression 
and the molecular mechanisms involved. 
Methods: We evaluated CRART16 expression in gastric cancer tissues and adjacent normal tissues from the 
TCGA database and our hospital. Besides, we assessed its relationship with the overall survival (OS) of patients 
with gastric cancer. The effects of CRART16 on gastric cancer angiogenesis were determined by endothelial 
tube formation assay, spheroid sprouting assay, HUVEC invasion assay, and chick embryo chorioallantoic 
membrane (CAM) assay. The involvement of the lncRNA CRART16/miR-122-5p/FOS axis was analyzed by 
western blotting and dual-luciferase reporter assay. The functions of CRART16 were confirmed in xenograft 
mouse models. 
Results: We found that CRART16 was substantially overexpressed in gastric cancer tissues compared with 
normal tissues, based on the TCGA database and our clinical samples. High expression of CRART16 correlated 
with more advanced tumor stages and poor prognosis. Overexpression of CRART16 in gastric cancer cells 
promoted proliferation, colony formation, angiogenesis, and bevacizumab resistance in vitro, and it promoted 
tumor growth and angiogenesis in vivo, and vice versa. CRART16 was found to downregulate miR-122-5p by 
acting as a sponge, upregulating the target oncogene FOS. Afterward, the increased FOS expression led to the 
upregulation of VEGFD. 
Conclusion: Our findings demonstrate that CRART16 promotes angiogenesis in vitro and in vivo, and CRART16 is 
a prognostic marker and therapeutic target in gastric cancer. 
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INTRODUCTION 
 
Gastric cancer is the fifth most prevalent malignancy and 
the fourth most common cause of cancer death 
worldwide. In 2020, there were over one million newly 
diagnosed patients with gastric cancer, with an estimated 
769,000 deaths globally [1]. Nearly two-thirds of the 
global incident cases occur in developing countries [2]. 
 
Chemotherapy combined with targeted therapy can 
prolong the survival of patients with multiple advanced 
cancers. Since tumor vascularization is closely related 
to tumor growth, drug resistance, and metastatic spread 
of cancers, targeted anti-angiogenic therapies are among 
the most promising treatment modalities. Therefore, 
many drug developers have begun to focus on signaling 
molecules that modulate angiogenesis. Despite these 
advances, the median overall survival (OS) remains 
shorter than 12 months for patients with metastatic or 
unresectable gastric cancer [3]. The main challenge of 
anti-angiogenic targeted therapy is drug resistance. 
 
One of the causes of such resistance may be long non-
coding RNAs (lncRNAs) [4], which do not encode any 
protein but play regulatory functions by serving as signals, 
guides, decoys, or scaffolds [5]. The dysregulation of 
specific lncRNAs is closely involved in the development 
of various cancers, and such alterations can be easily 
detected in body fluids. The characteristics of lncRNAs 
demonstrate that lncRNAs may serve as non-invasive 
diagnostic biomarkers and prognostic biomarkers [6, 7]. 
LncRNA CRART16 (ENST00000564193.1) is 744 bp, 
and it contains two introns and three exons and lies on 
chromosome 16. Our previous study showed that 
CRART16 was upregulated significantly in a cetuximab-
resistant colon cancer cell line [8]. Additionally, lncRNA 
CRART16 overexpression repressed cetuximab-induced 
apoptosis in colon cancer cells by enhancing the 
expression of HER3 [8]. Therefore, we wondered whether 
CRART16 contributes to gastric cancer or influences 
prognosis. 
 
The present study explored potential correlations between 
CRART16 expression and clinicopathologic characteristics 
of patients with gastric cancer. Furthermore, we used in 
vitro and in vivo models to examine whether CRART16 
influences tumor angiogenesis during the disease. 
 
RESULTS 
 
Upregulated CRART16 expression correlated with 
adverse clinicopathologic features and lower OS in 
gastric cancer patients 
 
In this study, TCGA (The Cancer Genome Atlas) data 
mining showed that gastric cancer tissues expressed a 

significantly higher level of CRART16 than normal 
tissues (P = 0.039; Figure 1A). Additionally, survival 
analysis indicated that patients with lower CRART16 
had better OS rates than patients with higher CRART16 
expression, but not significantly (P = 0.089; Figure 1B). 
Next, we aimed to confirm these observations using 
samples of gastric cancer patients from our institution. 
The result of quantitative real-time PCR (qRT-PCR) 
demonstrated that the relative level of CRART16 in 
gastric cancer tissues was remarkably higher than that in 
normal tissues (***P < 0.001; Figure 1C). Furthermore, 
malignant tissues from stage III/IV gastric cancer 
expressed significantly higher levels of CRART16 than 
those from stage I/II gastric cancer (*P = 0.018; Figure 
1D). Gastric cancer patients were categorized into low 
or high CRART16 expression groups based on whether 
the level in gastric cancer tissues was less than or at 
least as high as the mean level of normal tissues, 
respectively. High CRART16 expression in cancerous 
tissue was associated with significantly lower OS (*P = 
0.036; Figure 1E). 
 
Gastric cancer cell lines express higher levels of 
CRART16 
 
Compared with normal gastric epithelial cell line GES-
1, five gastric cancer cell lines expressed relatively 
higher levels of CRART16 (Figure 2A). Among the 
cancer lines, the highest CRART16 expression level 
was detected in KATO-III cells and the lowest in SGC-
7901 cells (*P < 0.05, ***P < 0.001; Figure 2A). 
Therefore, the SGC-7901 cell line and KATO-III cell 
line were selected for experiments in the next step. 
 
CRART16 overexpression promotes the 
proliferation, clonogenicity, and bevacizumab 
resistance of gastric cancer cells 
 
Our results showed that, compared with negative 
control (NC) cells, SGC-CRART16 expressed a higher 
level of CRART16 (***P < 0.001; Figure 2B). 
Moreover, the overexpression of CRART16 increased 
the proliferation significantly (*P < 0.05; Figure 2C). 
Besides, the overexpression of CRART16 promoted the 
clonogenicity of gastric cancer cells significantly (*P < 
0.05; Figure 2D, 2E). 
 
Conversely, the relative expression of CRART16 was 
lower in KATO-shCRART16 cells than that in KATO-
NC cells (***P < 0.001; Figure 2B). Furthermore, 
downregulation of CRART16 decreased the cellular 
growth rate (*P < 0.05; Figure 2C) and clonogenicity 
significantly (*P < 0.05, **P < 0.01; Figure 2D, 2E). 
 
Next, we performed a cell cycle analysis using flow 
cytometry to determine whether CRART16 expression 
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promotes cell growth rate. Compared with negative 
control cells, the percentage of SGC-CRART16 cells in 
the S-phase was increased significantly (*P < 0.05; 
Figure 2F). Conversely, knocking down CRART16 in 
KATO-shCRART16 cells depressed the percentage of 
cells in the S-phase (*P < 0.05; Figure 2F). 
 
CRART16 overexpression suppresses bevacizumab-
induced apoptosis of gastric cancer cells 
 
Overexpression of CRART16 increased the viability of 
gastric cancer cells after 5-day treatment with 
bevacizumab (0.5 mg/mL), suggesting that CRART16 
promoted bevacizumab resistance (*P < 0.05; Figure 
3A). Additionally, the result of flow cytometry 
indicated that bevacizumab led to significantly lower 

apoptosis rates in SGC-CRART16 cells than in SGC-
NC cells. Conversely, downregulation of CRART16 in 
gastric cancer cells effectively improved apoptosis rates 
induced by bevacizumab (*P < 0.05; Figure 3B). 
Western blotting assays proved that CRART16-
overexpressing depressed the levels of cleaved caspase-
3 and cleaved PARP induced by bevacizumab. 
Conversely, CRART16-silencing yielded opposite 
results (*P < 0.05; Figure 3C). 
 
CRART16 overexpression promotes angiogenesis 
induced by gastric cancer 
 
The effects of CRART16 on the angiogenic ability of 
human umbilical vein endothelial cells (HUVECs) were 
evaluated using spheroid sprouting, tube formation, and 

 

 
 
Figure 1. Gastric cancer tissues express a higher level of CRART16, and the higher level of CRART16 correlates with lower 
overall survival of gastric cancer patients. (A) CRART16 expression levels in normal and cancerous tissues from the TCGA-STAD dataset 
(*P = 0.039). (B) Survival curves of patients with gastric cancer from TCGA-STAD dataset based on their CRART16 expression level (P = 
0.089). (C) Compared with normal gastric tissues, cancerous tissues from our institution expressed a higher level of CRART16 (***P < 0.001). 
(D) Cancerous tissues from stage III/IV gastric cancer expressed significantly higher levels of CRART16 than those from stage I/II gastric 
cancer (*P = 0.018). (E) The survival curves of gastric cancer patients from our institution were based on their CRART16 expression (log-rank 
test: χ2 = 4.394, *P = 0.036). 
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invasion assays. HUVECs were pretreated for 36 hours 
with a conditioned medium from CRART16-
overexpressing gastric cancer cells, CRART16-silenced 

gastric cancer cells, or their corresponding negative 
control cells. Treatment with CRART16-overexpressing 
conditioned medium induced a more significant 

 

 
 
Figure 2. CRART16 promotes the growth rate, clonogenicity, and the cell cycle progression of gastric cancer cells. (A) 
CRART16 expressions were examined in six kinds of gastric cancer cell lines and one normal gastric cell line using qRT-PCR (*P < 0.05, ***P < 
0.001). (B) The expression of CRART16 was examined by qRT-PCR in SGC-7901 cells transfected with CRART16 or negative control 
lentiviruses. CRART16 expression was also examined in KATO-III cells transfected with CRART16 shRNA or negative control plasmids using 
qRT-PCR. GAPDH served as a loading control (***P < 0.001). (C) The CCK-8 assay determined the growth rate of gastric cancer cells (*P < 
0.05). (D) Representative images of cell colonies formed by the indicated gastric cancer cells on the 14th day after seeding (*P < 0.05). (E) 
Representative images of cell colonies formed in Matrigel by the indicated gastric cancer cells on the 14th day after seeding (*P < 0.05). (F) 
Cell cycle distribution and analysis of S phase of indicated gastric cancer cells (*P < 0.05). All data are presented as mean ± SD from three 
separate experiments. 
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Figure 3. CRART16 overexpression reverses bevacizumab-induced apoptosis. (A) The CCK8 assay was carried out to evaluate the 
viability of different gastric cancer cells treated with bevacizumab for five days (*P < 0.05). (B) Flow cytometry showing the apoptosis rate of 
indicated gastric cancer cells treated with bevacizumab for 48 hours (*P < 0.05). (C) Based on western blotting, the relative expression levels 
of cleaved caspase-3 and cleaved PARP in indicated gastric cancer cells treated with bevacizumab for 48 hours. β-Actin was used as a 
loading control (*P < 0.05). All data are presented as mean ± SD from three separate experiments. 
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tube-like structures formation of HUVECs and more 
prominent spheroid sprouting (*P < 0.05, Figure 4A, 
4B). It also enhanced the invasive capacity of 
HUVECs in the transwell assay (*P < 0.05, Figure 
4C). Meanwhile, CRART16-silenced gastric cancer 
cells’ conditioned medium exerted the opposite 
effects on HUVECs (*P < 0.05, Figure 4C). Similarly, 

CRART16-overexpressing gastric cancer cells led to 
more significant microvessel formation in the chick 
chorioallantoic membranes (CAM) assay than 
negative control cells. Conversely, CRART16-
silenced gastric cancer cells had the opposite effects 
on microvessels formation in the CAM assay (*P < 
0.05; Figure 4D). 

 

 
 
Figure 4. Overexpression of CRART16 in gastric cancer cells promotes angiogenesis. (A) 3D spheroid sprouting assay showed that 
conditioned medium from CRART16-overexpressing gastric cancer cells induced more prominent spheroid sprouting of HUVECs, and vice 
versa (*P < 0.05). (B) Endothelial cell tube formation assay showed that conditioned medium from CRART16-overexpressing gastric cancer 
cells induced a more significant tube-like structures formation of HUVECs. Conversely, CRART16-silencing had the opposite effects on tube-
like formation (*P < 0.05). (C) The invasive capability of HUVECs was determined using the transwell invasion assay (*P < 0.05). (D) Chick 
chorioallantoic membrane (CAM) assays. Newly formed vessels per field were quantified (*P < 0.05). All data are presented as mean ± SD 
from three separate experiments. 



www.aging-us.com 4143 AGING 

CRART16 downregulates miR-122-5p and 
upregulates FOS, VEGFD 
 
Next-generation sequencing showed that, compared with 
negative control cells, 24 microRNAs (miRNAs) were 
downregulated, and 25 miRNAs were upregulated in 
CRART16-overexpressing gastric cancer cells (Figure 
5A, 5B). We combined the potential miRNA targets 
from miRwalk prediction and the differentially 
expressed miRNAs sets from CRART16-overexpressing 
gastric cancer cells and colon cancer cells using the 
Venn diagram. Venn analysis identified miR-122-5p as 
the most probable target of CRART16 (Figure 5C). 
Besides, the sequencing data showed that FOS and 
VEGFD expression were upregulated in CRART16-
overexpressing gastric cancer cells (Figure 5D). 
 
The sequencing results were confirmed by qRT-PCR 
and western blotting assays. Compared with the 

negative control cells, CRART16-overexpressing 
gastric cancer cells expressed a lower level of miR-
122-5p and higher FOS and VEGFD (*P < 0.05; 
Figure 6A, 6B). Compared with negative control cells, 
ELISA results demonstrated that VEGFD expression 
was upregulated in conditioned media from 
CRART16- overexpressing gastric cancer cells (**P < 
0.01; Figure 6C). Conversely, CRART16-silencing 
had the opposite effects on the expression levels of 
miR-122-5p, FOS, and VEGFD (*P < 0.05, **P < 0.01; 
Figure 6A–6C). 
 
CRART16 promotes angiogenesis and bevacizumab 
resistance through the miR-122-5p/c-FOS axis 
 
To characterize the effects of miR-122-5p and FOS on 
CRART16-mediated angiogenesis and bevacizumab 
resistance, the miR-122-5p mimics or siRNAs targeting 
FOS were separately transfected into SGC-CRART16 

 

 
 
Figure 5. RNA profiling of CRART16-overexpressing gastric cancer. (A) Heatmaps of microRNAs (miRNAs) showing the top differentially 
expressed genes between SGC-CRART16 and SGC-NC cells (n = 3). (B) A volcano plot showing the differentially expressed individual miRNAs in 
SGC-CRART16 cells. The miRNAs significantly upregulated in the SGC-CRART16 group are shown in red; the miRNAs significantly downregulated 
are shown in green. (C) Venn diagram showing the intersection of differentially expressed miRNAs from gastric cancer and colon cancer cell 
lines with the potential miRNA targets from miRwalk prediction. The most probable target of CRART16 was identified to be miR-122-5p. (D) 
Heatmaps of mRNAs showing the top differentially expressed genes between SGC-CRART16 and SGC-NC cells (n = 3). 
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Figure 6. CRART16 overexpression increases c-Fos and VEGFD expression by targeting miR-122-5p. (A) The relative levels of 
miR-122-5p and mRNAs encoding FOS and VEGFD in different gastric cancer cell lines were analyzed by qRT-PCR (*P < 0.05). (B) The relative 
levels of c-Fos and VEGFD in different gastric cancer cell lines were determined by western blotting. GAPDH was used as a loading control 
(*P < 0.05). (C) The expression levels of VEGFD in conditioned media from different types of gastric cancer cells were determined by ELISA 
(**P < 0.01). All data are presented as mean ± SD from three separate experiments. 
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cells (Figure 7). HUVECs cultured in a conditioned 
medium from SGC-CRART16 cells showed more 

significant tube-like structures and spheroid sprouts 
than HUVECs cultured in a conditioned medium from 

 

 
 
Figure 7. CRART16 promotes angiogenesis and bevacizumab resistance by regulating the miR-122-5p/c-Fos axis. (A) Effects 
of conditioned medium on spheroid sprouting of HUVECs (*P < 0.05). (B) Effects of indicated conditioned medium on capillary formation by 
HUVECs (*P < 0.05). (C) The apoptosis rate of indicated cells treated with bevacizumab for 48 hours (*P < 0.01). (D) Levels of c-Fos and 
VEGFD were determined by western blotting. GAPDH served as a loading control (*P < 0.05). The expression levels of VEGFD in conditioned 
media from different kinds of gastric cancer cells were determined by ELISA (*P < 0.05). (E) Based on western blotting, the relative 
expression levels of cleaved caspase-3 and cleaved PARP in indicated gastric cancer cells treated with bevacizumab for 48 hours. β-Actin 
served as a loading control (*P < 0.05). All data are presented as mean ± SD from three separate experiments. 
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the SGC-CRART16 cells transfected with the miR-122-
5p mimics or FOS siRNAs (*P < 0.05; Figure 7A, 7B). 
In addition, the miR-122-5p mimics or FOS siRNAs 
reversed bevacizumab resistance induced by CRART16 
overexpression in gastric cancer cells (*P < 0.05; Figure 
7C). Based on western blotting and ELISA assays, they 
also reduced c-Fos and VEGFD protein levels (*P < 
0.05; Figure 7D). Western blotting assays subsequently 
confirmed the apoptosis results from flow cytometry 
assays above. Western blotting results demonstrated 
that CRART16 overexpression depressed the expression 
of cleaved PARP and cleaved caspase-3 induced by 
bevacizumab. Meanwhile, miR-122-5p mimics 
transfection or FOS siRNAs transfection reversed these 
results (*P < 0.05; Figure 7E). 
 
CRART16 functions as a miR-122-5p sponge 
 
RNA22 v2 microRNA target detection and miRanda 
were used to spot potential base-pairing regions 

between CRART16 and potential target microRNAs. 
CRART16 was predicted to harbor one binding site for 
miR-122-5p (Figure 8A). The interaction between miR-
122-5p and CRART16 was tested by dual-luciferase 
reporter assays (Figure 8A). The HEK293T cells were 
co-transfected with luciferase reporter plasmids and 
miR-122-5p mimics or negative control. The luciferase 
activities of reporter plasmids with wild-type CRART16 
were remarkably depressed by the miR-122-5p mimics. 
However, the miR-122-5p mimics did not affect the 
luciferase activities of mutant reporters (**P < 0.01; 
Figure 8A). The results prove that CRART16 functions 
as a miR-122-5p sponge, which inhibits the activity of 
the miR-122-5p. 
 
MiR-122-5p targets FOS 
 
Target-Scan predicted the 3′ untranslated region (UTR) 
of FOS mRNA to contain a binding site for miR-122-5p 
(Figure 8B). To validate whether miR-122-5p directly 

 

 
 
Figure 8. CRART16 functions as a miR-122-5p sponge, and miR-122-5p targets FOS mRNA. (A) The predicted binding site 
between CRART16 and miR-122-5p is illustrated. The luciferase activities were determined after co-transfection with either miR-122-5p 
mimics or negative control mimics and pGL3 encoding wild-type or mutated (Mut) CRART16 (**P < 0.01). (B) The putative binding site 
between miR-122-5p and the 3’-UTR of FOS mRNA is illustrated. The luciferase activities were determined after co-transfection with miR-
122-5p mimics or negative control mimics and pGL3-FOS carrying the wild-type or mutated (Mut) 3’UTR (**P < 0.01). All data are presented 
as mean ± SD from three separate experiments. 
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targets FOS, FOS 3′-UTRs with mutant or wild-type 
miR-122-5p binding sequences were cloned into the 
downstream of the luciferase reporter gene in pGL3 
vectors (Figure 8B). The HEK293T cells were co-
transfected with the reporter plasmids, and miR-122-5p 
mimics or negative control, the luciferase activities of 
reporters whose transcripts carried the wild type FOS 
3′-UTR were significantly depressed by miR-122-5p 
mimics, but the luciferase activities of reporters whose 
transcripts carried the mutant 3′-UTR were unaffected 
(**P < 0.01; Figure 8B). The results above show that 
miR-122-5p depresses the expression of FOS by 
binding to the 3′-UTR of its mRNA. 
 
CRART16 promotes tumor growth and 
neovascularization in nude mouse models  
 
To confirm the function of CRART16 in nude mouse 
models, different types of gastric cancer cells were 
injected into the flanks of mouse models 
subcutaneously. As illustrated in Figure 9A, tumor 
growth, and tumor weights were significantly higher in 
the CRART16-overexpressing group than those in the 
negative control group (*P < 0.05; Figure 9A). In 
addition, the immunohistochemistry staining showed 
that, compared with negative control cells, the 
CRART16 overexpression group expressed higher 
levels of c-Fos, VEGFD, and CD31 significantly (**P < 
0.01; Figure 9B). Conversely, CRART16-shRNA had 
the opposite effects on tumor growth, tumor weights, 
angiogenesis, and expressions of c-Fos, VEGFD, and 
CD31. These findings indicate that CRART16 
overexpression promotes gastric tumor growth and 
tumoral angiogenic activity by upregulating c-Fos and 
VEGFD expression. 
 
DISCUSSION 
 
With the advancement of high-throughput sequencing 
technologies, lncRNAs have been identified as essential 
factors regulating carcinogenesis. This study compared 
the gene expressions of cancerous tissues and adjacent 
normal tissues using sequencing data from TCGA and 
gastric cancer patients at our medical institution. The 
results showed that, compared with normal tissues, 
CRART16 was upregulated in cancerous tissues 
significantly. Additionally, increased expression of 
CRART16 was significantly associated with a poorer 
prognosis in patients with gastric cancer. Meanwhile, 
compared with normal gastric mucosa cells, five types 
of gastric cancer cells expressed a higher level of 
CRART16. Therefore, we hypothesized that CRART16 
was a critical oncogene in gastric cancer. 
 
Our further research found that overexpression of 
CRART16 promoted proliferation, clonogenicity, and 

cell cycle progression in gastric cancer cells. 
Additionally, CRART16 upregulation promoted 
bevacizumab resistance and decreased the apoptosis rate 
induced by bevacizumab. Furthermore, CRART16 
promoted angiogenesis both in vitro and in vivo, and a 
conditioned medium from CRART16-overexpressing 
gastric cancer cells stimulated invasion of HUVECs. 
 
Through bioinformatics prediction and validation in a 
dual-luciferase reporter assay, we found that CRART16 
overexpression sponged miR-122-5p. Our results were 
consistent with several studies suggesting that miR-122-
5p can protect against gastric cancer. For example, a 
study showed that gastric cancer tissues expressed a 
lower level of miR-122-5p than adjacent normal tissues 
[9]. At the same time, the gastric cancer cell lines 
expressed a lower level of miR-122-5p than that in the 
normal gastric epithelial cell line significantly [9]. 
Moreover, levels of miR-122 in gastric cancer patients 
were lower when distant metastases were present [10]. 
Additionally, higher levels of miR-122 in plasma 
correlated with a more favorable prognosis for gastric 
cancer [10]. Besides, miR-122-5p in exosome blocked 
gastric cancer cell proliferation, adhesion, invasion, and 
tumor growth [11]. 
 
By sponging miR-122-5p, we found that CRART16 
upregulated FOS, which increased the expression of 
VEGFD, given that FOS increased the activity of the 
promoters of the VEGFD [12–14]. FOS is a proto-
oncogene with an essential role in many kinds of 
cellular functions and is overexpressed in various 
cancers [15]. C-Fos is encoded by the FOS gene, and it 
is a crucial member of the activator protein 1 (AP-1) 
transcription factor. C-Fos has a variety of functions in 
regulating cell growth, differentiation, and metastasis 
[16]. In colon cancer cells, silencing the expression of 
c-Fos reduced the invasive capability of cancer cells 
and the number of lung metastases in mouse models 
[17]. A recent study proved that c-Fos played a critical 
role in metastasis in gastric cancer, and c-Fos binding 
sites of the MMP-9 promoter were activated by p38 
[18]. A previous study had proved that c-Fos 
upregulated VEGFD directly [13]. VEGFD, also 
known as c-fos-induced growth factor (FIGF), is the 
newest member of the VEGF family [19]. VEGFD can 
bind to the receptor VEGFR-2 on vascular endothelial 
cells, and the activation of VEGFR-2 promotes 
angiogenesis, tumor growth, and metastasis [20]. 
Several studies have proved that VEGFD contributes to 
the angiogenesis of gastric cancer [20], and VEGFD is 
a biomarker of disseminated disease in gastric cancer 
patients [21]. 
 
Bevacizumab is a humanized monoclonal antibody that 
neutralizes all the human VEGF isoforms, and 
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Figure 9. CRART16 overexpression in gastric cancer cells accelerates tumor growth and upregulates angiogenesis in nude 
mouse models. (A) Tumor volumes and tumor weights are illustrated as mean ± SD for six mice from different groups (*P < 0.05). (B) 
Representative micrographs and quantitation of immunostaining against c-Fos, VEGFD, and CD31 in different tumor sections. All data are 
presented as mean ± SD of quintuplicate determinations of six mice from different groups (**P < 0.01). 
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bevacizumab depresses VEGF-induced growth of 
endothelial cells [22]. Animal models showed that 
bevacizumab decreased the growth of xenograft tumors 
by depressing tumor neovascularization [23, 24]. 
Furthermore, a clinical trial has shown that 
bevacizumab has anti-malignancy activity in gastric 
cancer [25]. However, the overall survival time of 
patients with advanced gastric cancer is much shorter 
than expected due to the development of acquired drug 
resistance. VEGFD may be one of the mechanisms of 
drug resistance [26]. The present research demonstrates 
that the CRART16/miR-122-5p/FOS axis increases 
angiogenesis and promotes bevacizumab resistance by 
elevating VEGFD expression. 
 
We used nude mouse xenograft models to confirm a 
role for the CRART16/miR-122-5p/FOS axis in 
regulating cancer cell growth and angiogenesis. 
CRART16 overexpression increased the size of 
xenograft tumors and the density of microvessels. It 
also increased the expression of c-Fos, VEGFD, and 
CD31. These findings support the idea that 
CRART16 promotes gastric cancer by increasing 
angiogenesis. 

Our study presents several limitations. First, our clinical 
data showed that higher CRART16 expression levels in 
gastric cancer tissues were associated with poorer 
overall survival in gastric cancer patients. However, the 
data from the TCGA dataset showed that patients with 
lower CRART16 expression had better overall survival 
than patients with higher CRART16 expression, but not 
significantly. We suppose that the depth deficiency in 
transcriptional sequencing is one of the fundamental 
reasons for this inconsistency. Second, we did not get 
gastric cancer tissues from patients with bevacizumab 
resistance to further test the expression levels of 
CRART16 in drug-resistant tissues. 
 
CONCLUSIONS 
 
Our study demonstrates that CRART16 promotes 
angiogenesis and tumor proliferation in gastric cancer 
by acting as a miR-122-5p sponge and thereby 
upregulating c-Fos and VEGFD expression (Figure 10). 
Therefore, we suppose that CRART16 may be a 
valuable biomarker for predicting the prognosis of 
patients with gastric cancer and for developing anti-
angiogenic drugs against the disease. 

 

 
 
Figure 10. Proposed mechanism for how the axis involving lncRNA CRART16, miR-122-5p, and c-Fos drives angiogenesis 
and bevacizumab resistance in gastric cancer. 
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MATERIALS AND METHODS 
 
Collection and processing of publicly available data 
 
CRART16 expression data in gastric cancer tissues and 
clinical data of patients were analyzed from The Cancer 
Genome Atlas (TCGA) database. The data from 375 
gastric cancer tissues and 32 normal tissues were used. 
The expression of CRART16 was analyzed with R 
version 4.0 [27]. In addition, OS was assessed using 
Kaplan-Meier curves and visualized using the 
“survival” package in R [28]. 
 
Collection of tissues and data from patients at our 
hospital 
 
This study analyzed samples that had been 
prospectively collected from 118 patients who had been 
diagnosed with pathologically diagnosed gastric cancer 
at Peking University First Hospital (PUFH) between 
2012 and 2017. Samples of cancerous tissues and 
adjacent normal tissues were collected from each gastric 
cancer patient, then the samples were frozen in liquid 
nitrogen immediately and kept at −80°C. Before 
surgical procedures, patients had submitted their written 
informed consent for the analysis and publication of 
anonymized medical data and pathological tissues for 
research purposes. 
 
Tumors were retrospectively staged for the present study 
according to the TNM system (eighth edition) of the 
American Joint Committee on Cancer [29]. In addition, 
retrospectively collected data about each patient were 
obtained from the hospital database. The present study 
was performed according to the Declaration of Helsinki 
guidelines. It was authorized by the Ethics Committee 
on Human Research of Peking University First Hospital, 
and the authorization number was 2018–15. 
 
RNA isolation, library construction, and sequencing 
 
Trizol reagent (Invitrogen, MA, USA) was used to 
extract total RNA from different kinds of cells. RNA 
integrity and RNA concentration were analyzed. Only 
RNA samples with an RNA integrity number ≥ 7.0 and 
a 28S:18S ratio ≥ 1.5 were used in subsequent 
experiments. CapitalBio Technology (Beijing, China) 
was applied for sequencing libraries generation. 
(Beijing, China). The ribosomal RNA in each sample 
was removed by Ribo-Zero™ Magnetic Kit (Epicentre, 
WI, USA). The NEBNext Ultra RNA Library Prep Kit 
for Illumina (NEB, MA, USA) was applied to establish 
the libraries for sequencing as previously described [8]. 
 
FastQC was used for determining the sequencing 
quality of raw data in fastq format, and NGSQC Toolkit 

(v2.3.3 NIPGR) was applied for low-quality data 
filtering. Then, clean reads of high quality were aligned 
to the reference genome hg38 from the University of 
California Santa Cruz genomics institute through 
Tophat2 and default parameters, and assembly of the 
transcripts was conducted by Cufflinks and Cuffmerge 
packages [30]. 
 
Based on information from the public databases, our 
transcripts were classified as mRNAs or lncRNAs, and 
mRNAs known to interact with a given lncRNA were 
annotated. The remaining transcripts were classified as 
novel lncRNAs if they were longer than 200 nt and 
were predicted to be non-coding. 
 
Differential expression of RNAs between different 
gastric cancer cells was performed using the limma 
package and edgeR. Functional annotation and 
enrichment analyses of differentially expressed RNAs 
were performed using KOBAS 3.0. Target genes of 
differentially expressed lncRNAs were predicted based 
on cis- and trans-patterns in the reference genome and 
on sequence similarity. 
 
Cell culture 
 
The human gastric cancer cell lines SGC-7901, BGC-
823, HGC-27, AGS, KATO-III, MGC-803, and the 
normal gastric epithelial cell line GES-1 were 
purchased from the Cancer Institute of the Chinese 
Academy of Medical Science (Beijing, China). All cell 
lines were cultured in RPMI 1640 medium added 10% 
FBS. Cell culture was at 37°C with a humidified 5% 
CO2 atmosphere. 
 
Cell transfection 
 
Lentiviruses encoding green fluorescent protein (GFP) 
cDNA and lentiviruses encoding full-length CRART16 
cDNA were constructed as described [8]. Gastric 
cancer cells (2 × 105 cells/well) were infected with 
different types of lentivirus in the culture medium 
containing 5 μg/mL polybrene (Sigma-Aldrich, MO, 
USA). After 24 hours, the medium was replaced with a 
fresh complete RPMI 1640 medium. Cultures were 
subjected to puromycin selection at 5.0 μg/mL for 14 
days. Stably transduced SGC-7901 cells 
overexpressing CRART16 were named SGC-
CRART16 cells, while negative control cells were 
denominated SGC-NC cells. 
 
In some rescue experiments, SGC-CRART16 cells were 
transfected with miR-122-5p mimics (Sigma-Aldrich, 
MO, USA) or with short interfering RNAs (siRNAs) 
targeting FOS (Santa Cruz Biotechnology, New York, 
USA). FuGene HD Transfection Reagent (Promega, 
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Madison, WI, USA) was used in the transient 
transfections. 
 
KATO-III cells were transfected with plasmid (LV3-
H1/GFP&Puro) encoding either shRNA targeting 
CRART16 or negative control shRNA (Shanghai 
GenePharma, Shanghai, China), and stable transfectants 
were selected using puromycin. The resulting 
transfectants were named KATO-shCRART16 and 
KATO-NC cells, respectively. The efficiency of all 
transfections was determined by qRT-PCR. 
 
Cell proliferation assay 
 
The cell counting kit-8 (CCK-8) assay was conducted to 
detect cell growth rate. In brief, gastric cancer cells 
were seeded in 96-well plates at an approximate density 
of 2 × 104 cells/mL. After culturing for 12, 24, 36, 48, 
or 60 hours, ten μL CCK-8 solution was added to each 
well. Subsequently, the cells were incubated at 37°C for 
another 2 hours. Next, the absorbance of each well was 
detected at 450 nm, and the cell viability was calculated 
as described previously [31]. 
 
Flow cytometric analysis of apoptosis and the cell 
cycle 
 
About 5.0 × 105 different types of gastric cancer cells 
were cultured in a complete RPMI 1640 medium for 24 
hours. Subsequently, cells were treated with 0.5 mg/mL 
bevacizumab (Avastin, Roche, Switzerland) for 48 
hours. Cell apoptosis was evaluated by flow cytometry 
using a PE Annexin V Apoptosis Detection Kit (BD 
Biosciences, NJ, USA). In brief, the cells were 
suspended in 490 μL of annexin V binding buffer. 
Subsequently, 5 μL of annexin V-PE and 5 μL of 
propidium iodide were added to the binding buffer. All 
cell samples were incubated at room temperature in the 
dark for 5 min. Afterward, cell apoptosis was detected 
by a flow cytometer [31]. For cell cycle analysis, the 
cells were harvested and fixed in test tubes with 75% 
ethanol at 4°C for 12 hours. Following the 
centrifugation of the cells, the cells were then 
resuspended and stained with propidium iodide/RNase 
Staining Buffer (BD Biosciences, NJ, USA) as 
previously described [8]. 
 
Colony formation assay 
 
Gastric cancer cells were trypsinized, harvested, and 
suspended as single cells, and then they were seeded 
into six-well plates (500 cells/well). After 14 days, the 
cells were fixed with 4% paraformaldehyde for 10 min 
and then stained with freshly prepared 0.1% crystal 
violet stain for 10 min at room temperature. Colonies in 
each well were counted under a Canon Power Shot 

A640 camera on an Olympus inverted microscope with 
a 100× magnification. Experiments were performed in 
triplicate and repeated three times. 
 
Matrigel colony assay 
 
As described previously [28], 14 mm microwells were 
precoated with 200 µL Matrigel at 11.5 mg/mL, then 
gastric cancer cells were plated into the wells (1.0 × 103 

cells/well), and then they were cultured for 14 days. The 
numbers of colonies (>50 μm) were determined from 
digital images captured under a phase-contrast light 
microscope and analyzed. Experiments were performed 
in triplicate and repeated three times. 
 
Endothelial cell tube formation in the presence of 
conditioned media 
 
About 1.0 × 106 different types of gastric cancer cells 
were cultured in six-well slides for 24 hours. The media 
of different types of cells were collected and used as 
media in an endothelial cell tube formation assay [32]. 
Briefly, the 96-well plates were pre-chilled on the ice. 
Subsequently, 100 µL Matrigel was carefully added to 
each well and allowed to set at 37°C for 30 min. The 
HUVECs were suspended in different kinds of 
conditioned media and seeded into the wells (5.0 × 103 
cells/100 µL/well), and then the HUVECs were cultured 
in the incubator at 37°C. Thirty-six hours later, the 
capillary-like structures were photographed. 
Experiments were performed in quadruplicate and 
repeated three times. The capillary length was measured 
and calculated as described previously [28]. 
 
Spheroid sprouting assay 
 
As previously described, a three-dimensional (3D) 
spheroid sprouting assay was conducted [33, 34]. In 
brief, HUVECs (1.0 × 105 cells per well) were cultured 
in 96 U-well suspension plates (Corning, NY, USA). 
The spheroids of HUVECs were incubated in 150 µL 
of Endothelial Cell Growth Medium-2 (Lonza, Basel, 
Swiss) with 20% methylcellulose overnight, and then 
they were embedded into collagen gels. Subsequently, 
a solution of 3 mg/ml of type I collagen (BD, NJ, 
USA) was prepared in conditioned media harvested 
from different kinds of gastric cancer cells, and then 
the pH of the solution was neutralized by 1 M NaOH 
to PH 7.4. Next, the spheroids were suspended in the 
solution of type I collagen and incubated at 37°C for 
1.5 hours. One hundred microliters of conditioned 
medium were added to each well following the 
collagen was set, and the spheroids were then cultured 
for another 48 hours. The sprouts of spheroids were 
photographed with a Canon Power Shot A640 camera 
as described previously [28]. 
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Endothelial invasion assay 
 
The 24-well BioCoat™ Matrigel Invasion Chambers 
(Corning, NY, USA) were used to detect the invasive 
capability of endothelial cells. The lower chamber was 
injected with 500 μl of conditioned medium, and 1.0 × 
104 HUVECs suspended in 200 µL of serum-free RPMI 
were seeded into the upper chamber. The chamber was 
incubated at 37°C for 48 hours. The number of invading 
cells was counted in four random fields per filter. 
Experiments were performed in triplicate and repeated 
three times [28]. 
 
Angiogenesis assay in chick chorioallantoic 
membranes (CAMs) 
 
The fertilized eggs were sterilized with 75% alcohol and 
then cultured at 37.5°C. Seven days later, a window was 
opened on the shell of the eggs to expose the CAM, 
then was covered with a disc of filter paper (0.5 cm 
diameter) containing different kinds of gastric cancer 
cells (1.0 × 106/disc) on the surface. The window was 
sealed with tape. Next, the eggs were incubated for 
another 48 hours. Afterward, the CAM was fixed in 
3.7% formaldehyde, and the results were visualized 
under a stereoscope. 
 
RNA extraction and qRT-PCR 
 
TRIzol reagent (Invitrogen, MA, USA) was applied to 
extract total RNA from gastric cancer cell lines and 
tissues following the manufacturer’s instructions and 
stored at −80°C. RNA concentration and purity were 
measured using a Nanodrop spectrophotometer. The 
OD260/280 ratios for all samples were between 1.8 and 
2.0. Total RNA (4 μg) was reverse-transcribed into 
cDNA using a RevertAid RT Reverse Transcription Kit 
(Thermo Fisher Scientific, MA, USA). The qRT-PCR 
assays were conducted on an Applied Biosystems 7500 
Real-Time PCR System (Applied Biosystems, CA, 
USA) using TransScript® Green miRNA Two-Step 
qRT-PCR SuperMix (Transgen Biotech, Beijing, 
China). GAPDH and U6 small nuclear RNA were used 
as the internal controls. The comparative cycle 
threshold (2−ΔΔCT) method was applied to calculate 
relative gene expressions [28]. The primer sequences 
are shown in Supplementary Table 1. 
 
Western blotting analysis 
 
As described previously, the cellular lysates were 
prepared and detected by western blotting [32]. 
Antibodies against (Cleaved) PARP, Pre-caspase-3, 
(Cleaved) caspase-3, and c-Fos were purchased from 
Cell Signaling Technology (MA, USA), and they were 
used all at a dilution of 1:500. Antibodies against 

vascular endothelial growth factor D (VEGFD) were 
obtained from Abcam (MA, USA), and they were used 
at a dilution of 1:500. Antibodies against GAPDH or β-
Actin (CST, MA, USA) were used at a dilution of 
1:1000 as a loading control. 
 
ELISA determinations 
 
For the quantitative evaluation of VEGFD 
concentrations in conditioned media, the enzyme-linked 
immunosorbent assay (ELISA) was used as described 
previously [28]. Briefly, the VEGFD concentrations 
were measured using a human VEGFD ELISA kit 
(ab233625, Abcam, MA, USA) according to the 
manufacturer’s guidance. Experiments were performed 
in triplicate and repeated three times. 
 
Prediction of lncRNA targets 
 
The miRWalk Database (http://www.mirdb.org/) was 
used to predict potential miRNA targets of lncRNA 
CRART16. The differentially expressed miRNAs from 
SGC-CRART16 cancer cells obtained by sequencing 
and those from a colon cancer cell line Caco-2-
CRART16 described previously were analyzed together 
[8]. The overlap of differentially expressed miRNAs sets 
and the most probable target miRNA of CRART16 were 
created by the online Venn diagram plotting tool Venny 
2.1.0. Subsequently, RNA22 v2 microRNA target 
detection and miRanda were used to identify potential 
base-pairing regions with the target gene. 
 
Construction of luciferase reporter plasmids 
 
The 3′-UTR sequences of FOS (nt 1298-2104, Genbank 
accession no. NM_010234) containing one putative 
miR-122-5p-binding sequence (nt 1517-1536) were 
amplified by polymerase chain reaction (PCR). The 
primers used in the PCR reaction were 5′-
GGAGGACCTTATCTGTGCGT-3′ (forward) and 5′-
AAAGAGACACAGACCCAGGC-3′ (reverse). The 
PCR product was cloned into firefly luciferase reporter 
vector pGL3 (Promega, WI, USA) to yield pGL3-FOS-
3′UTR. The full-length sequence of CRART16 was also 
cloned into pGL3 to yield pGL3-CRART16. The 
MutanBEST Kit (Takara Bio, Shiga, Japan) was used to 
mutate bases in the 3′-UTR of FOS and in CRART16 
that bind miR-122-5p, giving rise to pGL3-Mut FOS-
3′UTR and pGL3-Mut CRART16. 
 
Dual-luciferase reporter assay 
 
Dual-luciferase reporter assays were conducted based 
on the manufacturer’s instructions for the Dual-
Luciferase Reporter Assay System (Promega, WI, 
USA). Briefly, HEK293T cells were transfected with 

http://www.mirdb.org/
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pGL3-FOS-3′UTR or pGL3-CRART16 plasmids, 
together with miR-122-5p mimics or negative control 
miRNA mimics (Sigma-Aldrich, MO, USA). The 
plasmids of pRL-TK (Promega, WI, USA) were co-
transfected into the cells as a normalization control. 
FuGene HD Transfection Reagent (Promega, Madison, 
WI, USA) was used in the transient transfections. 
Twenty-four hours later, transfected HEK293T cells 
were harvested, and the activities of Firefly and Renilla 
luciferase were determined using a BioTek Synergy H1 
Hybrid Multi-Mode Microplate Reader as described 
previously [8]. 
 
Xenograft models and immunohistochemistry 
 
Twenty-four male BALB/c nude mice (4 weeks old, 
18–20 g) were maintained in a specific pathogen-free 
barrier facility. The mice were divided into four groups 
(6 mice/group), and 2.0 × 106 gastric cancer cells were 
subcutaneously injected into the mouse’s flank. The 
tumors sizes were measured using a clipper every three 
days, and the tumor volume was calculated using the 
formula: Volume = 0.52× width2 × length [32]. 
 
As described previously, 4 μm thick serial sections were 
cut from the paraffin-embedded tissues of xenograft. All 
sections were deparaffinized and hydrated. 
Subsequently, the sections were incubated with primary 
antibodies against VEGFD, c-Fos, or CD31 at 4°C for 
12 hours. IPP version 6.0 (Media Cybernetics, Silver 
Spring, MD) was used to assess the intensity of the 
stains [32]. 
 
Statistical analysis 
 
All Statistical analyses were conducted using SPSS 23.0 
(IBM Corp., NY, USA) or Graph Pad Prism V software 
(GraphPad Software, CA, USA). The data in the 
research were displayed as mean ± standard deviation. 
The one-way ANOVA followed by Dunnett’s multiple 
comparisons was used to compare the quantitative data 
from three or more groups. The Student’s t-test was 
used to compare the quantitative data from two groups. 
Besides, the Paired Student’s t-test was applied to 
compare CRART16 expression levels in gastric cancer 
tissues and their corresponding normal tissues. Kaplan-
Meier method was employed for OS curves plotting and 
analysis. P < 0.05 was considered statistically 
significant. 
 
Ethics approval and consent to participate 
 
This study was conducted according to the Declaration of 
Helsinki guidelines and approved by the Clinical Ethics 
Committee of Peking University First Hospital (Approval 
No. 2018-15), and written informed consent was obtained 

from all patients. All animal experiments were approved 
by the Ethics Committee of Laboratory Animal Care and 
Use of Peking University First Hospital (Approval No. 
J2020-14). All animals were treated according to the 
standards prescribed by the “Guidelines for the welfare 
and use of animals in cancer research”. 
 
Data availability statement 
 
The datasets analyzed during the current study are 
available in The Cancer Genome Atlas 
(http://cancergenome.nih.gov) repositories. 
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SUPPLEMENTARY MATERIALS 
 
Supplementary Table 
 
Supplementary Table 1. Primers used for quantitative real time PCR. 

Primer Sequence 

CRART16 Forward 5′-TGATAGTGAGGCCTCCTGCAA-3′ 

CRART16 Reverse 5′-CTGGAGTTCTGCAGGTTCCTTT-3′ 

miR-122-5p Forward 5′-GCTGTGGAGTGTGACAATGGTGTTTG-3′ 

U6 Forward 5′-GCAAGGATGACACGCAAATTC-3′ 

FOS Forward 5′-CAAGCGGAGACAGACCAACT-3′ 

FOS Reverse 5′-TGAGCCGCTAGGATGAACTC-3′ 

VEGFD Forward 5′-ATCTGTATGAACACCAGCACCTC-3′ 

VEGFD Reverse 5′-TGGCAACTTTAACAGGCACTAAT-3′ 

GAPDH Forward 5′-ATGGGGAAGGTGAAGGTCGG-3′ 

GAPDH Reverse 5′-GACGGTGCCATGGAATTTGC-3′ 
 


