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Gastric cancer is one of the most common and deadliest malignancies worldwide. Better knowledge 21 

of the risk factors for gastric cancer is essential for risk classification and therapeutic strategy 22 

evolution in gastric cancer patients. Many kinds of miRNA clusters participate in tumorigenesis and 23 

tumor progression. Herein, we sought to screen and certify the crucial miRNA cluster for prognosis 24 

prediction and potential therapeutic targets in gastric cancer. The results showed that the 25 

mir-371a-373 cluster was the most highly expressed miRNA cluster in gastric cancer. The high 26 

expression of the mir-371a-373 cluster (mir-371a, mir-372, and mir-373) was positively associated 27 

with the poor overall survival of gastric cancer patients. The expression of mir-373 was correlated 28 

with early gastric cancer recurrence. mir-373 was an independent risk factor for gastric cancer 29 

recurrence and mortality. Then, gain- and loss-of- function experiments demonstrated that mir-373 30 

could promote the malignancy of gastric cancer cells  in vitro and in vivo. Through bioinformatics 31 

analysis and experimental validation, mir-373 was correlated with tumor regulation, and ZFP91 was 32 

the direct target of mir-373. Our findings suggest that the miR-371-373 cluster, especially mir-373, 33 

could be a robust marker for the prognosis prediction of gastric cancer and a potential therapeutic 34 

target for gastric cancer. 35 
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Gastric cancer remains the fifth most commonly diagnosed cancer and the third most common 40 

cause of cancer death globally [1]. In the past two decades, therapeutic approaches, including 41 

surgery, chemotherapy, targeted therapy, radiotherapy, and even a multidisciplinary diagnosis and 42 

treatment system, have advanced [2]. However, gastric cancer patients also have a grave prognosis 43 
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[3]. In China, 80% of gastric cancer patients are confirmed to be at an advanced stage at primary 44 

diagnosis [4, 5]. Therefore, it is urgent and crucial to better explore the molecular mechanisms of 45 

gastric cancer progression and discover effective therapeutic methods. 46 

miRNAs are characterized as a class of small noncoding RNAs with lengths of 18-25 nucleotides [6, 47 

7]. By pairing with the 3′ untranslated region of the target mRNA, miRNAs act as inhibitors by 48 

mediating repression of mRNA translation or mRNA degradation [8]. 49 

miRNAs play one of the critical roles in the regulation of tumorigenesis and tumor progression [9]. 50 

Interestingly, some miRNAs are encoded from nearby genomic regions, which are defined as 51 

miRNA clusters [10]. The transcription of miRNA clusters is characterized by a high degree of 52 

consistency [11]. The members of the miRNA cluster tend to inhibit the same target or pathways in 53 

tumors. Previous studies [12-14] confirms that some kinds of miRNA clusters present common 54 

effects on the regulation of cancer. Another study presents that CD44, KLF5, KRAS, and REAF 55 

were targeted by miR-143-145 cluster (miR-143, and miR-145) [15]. Recent research also shows 56 

that miR-29a, miR-29b, and miR-29c co-targeted GOL4A1 to inhibit the migration and invasion of 57 

gastric cancer cells [16]. Thus, the function of miRNA clusters in tumor progression is undoubtedly 58 

significant and attractive. 59 

The mir (precursor miRNA) -371a-373 cluster is a novel cluster that contains three different 60 

pre-miRNAs (mir-373, mir-372, and mir-371a) [17]. The three members of the mir-371a-373 cluster 61 

are located on chromosome 19 (19q13.42) and are adjacent within 400 bp. The gene of 62 

mir-371a-373 cluster transcripts into pri-miR-371-3, which generates the 3 pre-miRNAs [18]. 63 

Previous studies have proven that one member of the mir-371a-373 cluster (mir-373) plays an 64 

oncogenic role in some types of cancer [19, 20]. The summary of mir-371a-373 cluster (mir-373) 65 

suggests that the role of the miR-371a-373 cluster in tumors is complex, potentially exhibiting both 66 

oncogenic and tumor-suppressive properties [21, 22]. However, to the best of our knowledge, the 67 

regulatory effect of the mir-371a-373 cluster in gastric cancer has never been systematically 68 

discussed. This study aimed to uncover that the mir-371a-373 cluster was the upregulated miRNA 69 

cluster with the highest levels in gastric cancer. The members of the mir-371a-373 cluster could also 70 

predict poor prognosis of gastric cancer. mir-373 was the key risk factor for gastric cancer 71 

recurrence and mortality. In addition, the functions and potential mechanisms of mir-373 in gastric 72 

cancer were further revealed. 73 
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 74 

Patients and methods 75 

Data acquisition and analysis. The miRNA sequencing data, mRNA sequencing data, and matched 76 

clinical data of 411 gastric cancer samples and 42 nontumor samples were downloaded from The 77 

Cancer Genome Atlas (TCGA) database (https://cancergenome.nih.gov/) (Supplementary material 78 

A). By the “edgR” R software package, the differentially expressed miRNAs or mRNAs in gastric 79 

cancer samples were normalized and screened compared with nontumor samples. Log2-fold change > 80 

1 and FDR (false discovery rate) < 0.05 were set as satisfying criteria. Complete clinicopathological 81 

information of the gastric cancer patients was also obtained from the TCGA database. 82 

Cell culture. The gastric cell lines AGS and MGC-803 were purchased from the Cell Bank of the 83 

Chinese Academy of Sciences. RPMI 1640 medium (GIBCO, USA) with 10% fetal bovine serum 84 

(BioIND, China) was used for cell culture. The cells were cultured in a humidified incubator under 85 

5% CO2 at 37 °C. 86 

Plasmid construction and transfection. To evaluate the effects of mir-373 on gastric cancer, the 87 

sequence of mir-373 or its controls were cloned and inserted into the pcDNA3.1 vector for in vitro 88 

experiments (Repobio, China). The transfection reagent Lipofectamine 3000 (Thermo Fisher 89 

Scientific, USA) was used to transfect the plasmid into AGS or MGC-803 cells according to the 90 

manufacturer’s instructions. 91 

Dual-luciferase reporter assay. As described previously [14, 23], the 3’ untranslated region 92 

(3’UTR) sequences of wild-type or mutant ZFP91 were cloned and inserted into a pmirGLO vector 93 

(Repobio, China). Then, the constructed 3’UTR vectors were cotransfected with mir-373 or control 94 

plasmid into 293T cells by using Lipofectamine 3000 (Thermo Fisher Scientific, USA). After 48 h, 95 

the luciferase activity of the transfected cells was detected with a dual- luciferase reporter assay kit 96 

(Vazyme, China) according to the manufacturer’s instructions. 97 

Real-time Cell Analysis (RTCA) assay. The cell index (CI) detected by RTCA was used to reflect 98 

cell proliferation in a label- free, real-time manner. An xCELLigence RTCA SP instrument equipped 99 

with E-Plate 96 was used for cell proliferation. The pretreated cells were seeded in an E-Plate 96. 100 

According to the manufacturer’s instructions, the CI was detected for 72 h with an interval of 1 h. 101 

Cell counting kit-8 (CCK-8) assay. Cell proliferation was detected by the CCK-8 assay. The 102 

pretreated cells in 96-well plates were incubated with CCK-8 reagent (Dojindo Molecular 103 
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Technologies, Japan) for 0.5 h or 1 h. The absorbance at 450 nm was detected using a 104 

spectrophotometric reader (Multiskan FC, Thermo Scientific) to reflect the proliferation efficiency. 105 

Transwell assay. The Transwell system (Corning Inc.) was used for the cell migration and invasion 106 

assay. For the invasion assay, the upper chamber of the Corning Transwell membrane was precoated 107 

with Matrigel (BD Biosciences, USA). In the migration assay, the Matrigel was free. The pretreated 108 

cells were resuspended in the Transwell system and cultivated for 24 h. The chambers were fixed 109 

with 4% paraformaldehyde fix solution and stained with crystal violet. The number of stained cells 110 

was used to reflect invasion and migration ability. 111 

Quantitative Reverse Transcription PCR (qRT-PCR). As previously detailed, total RNA was 112 

extracted and purified from tissue samples using the RNA-Quick Purification Kit (RN001, esunbio, 113 

China) following the manufacturer’s instructions. For the reverse transcription of small RNAs, 114 

stem-loop reverse transcription primers were employed according to the protocol of the 115 

riboSCRIPT Reverse Transcription Kit (#C11027, Ribobio, China). PCR amplification utilized the 116 

2× Universal SYBR Green Fast qPCR Mix (#RK20433, Abclonal, China) with cycling conditions 117 

of 95 °C for 15 seconds and 60 °C for 30 s. U6 snRNA (Bulge-Loop U6 qPCR Primer 118 

(#MQPS0000002, Ribobio, China) served as the normalization control for small RNAs. The 119 

sequences of all primers used in this study are provided in Supplementary Table S1. 120 

Western blot analysis. As described previously [23], all the quantified and boiled proteins were 121 

electrophoresed on a 10% SDS-PAGE gel (#FD341-100, Fudebio, China) and then transferred onto 122 

equilibrated polyvinylidene difluoride (PVDF) membranes. The membranes were blocked for 1 h at 123 

room temperature and incubated with anti-ZFP91 antibody (Absin, #abs101676, China) or 124 

anti-AKIP1 (#PA5-106533, Thermo Fisher, USA) overnight at 4 °C. After the membranes were 125 

incubated with secondary anti-rabbit immunoglobulin G horseradish peroxidase (HRP)-linked 126 

antibody (ABclonal, #AS014, China), the bands were detected by an enhanced chemiluminescence 127 

(ECL) system (Biotanon, China) with FDbio-FemtoECL (#FD8380, Fudebio, China). 128 

Potential target prediction and miRNA pathway analysis. The professional online miRNA 129 

targets analysis database TargetScan (https://www.targetscan.org/vert_80/) was used to screen the 130 

potential targets of miRNAs [24, 25]. To analyze the bioinformatic function of miRNAs, Kyoto 131 

Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology analyses were performed to 132 

investigate the functional pathways of the target genes by the online database “KOBAS 3.0” 133 
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(kobas.cbi.pku.edu.cn). 134 

Tumor model. The tumor model was performed as described previously [23]. Balb/c male nude 135 

mice (6 weeks old) were obtained from the Shanghai Experimental Animal Center, Chinese 136 

Academy of Science. All methods were conducted according to the criteria of the National Institute 137 

Guide for the Care and Use of Laboratory Animals and with the ARRIVE guidelines. The animal 138 

research protocol was approved by the Institutional Animal Care and Use Committee (IACUC), 139 

Zhejiang Center of Laboratory Animals (ZJCLA, Approval No. ZJCLA-IACUC-20010185). Before 140 

the mice were injected with the stably expressing mir-373 and mir-ctrl AGS cells, they were 141 

randomly assigned to each group. Then, the cells were subcutaneously injected into the right flank 142 

of the mice (n=5 in each group). Beginning on day 7, all the tumor sizes of the mice were measured 143 

every 3 days. On day 26, the mice were anesthetized and euthanized with CO2 inhalation before 144 

being sacrificed. 145 

Statistical analysis. The quantitative variables are described as the mean±standard deviation (SD) 146 

or median±interquartile range (IQR). Student’s t test, Mann-Whitney test, or one-way analysis of 147 

variance (ANOVA) followed by a post hoc Bonferroni's test were performed for the comparison of 148 

the quantitative variables. The chi-square test or Fisher’s exact test was performed for the 149 

comparison of categorical measures. The linear associations between two sets of data were assessed 150 

by using the Pearson correlation coefficient. Kaplan-Meier survival curves were analyzed with the 151 

log-rank test. Univariate and multivariate Cox proportional hazards regression models were used to 152 

evaluate the risk factors for gastric cancer. The optimal cutoff values of mir-371a, mir-372, and 153 

mir-373 for predicting the prognosis of gastric cancer were detected with the receiver operating 154 

characteristic (ROC) curve and calculated with the best Youden index. The results of the in vitro 155 

experiments were obtained from three independent experiments. Statistical analysis was performed 156 

with SPSS Software (Version 19.0), and a p-value < 0.05 was set as the significance level. P-values 157 

* < 0.05, ** <0.01, *** < 0.001, and ****< 0.0001 and, respectively. 158 

 159 

Results 160 

Robustly high expression level of the mir-371a-373 cluster in gastric cancer. We acquired the 161 

total miRNA profiles of 411 gastric cancer samples and 42 nontumor samples from the TCGA 162 

database. As previously described, with the analysis of the “edgeR” package, the differentially 163 
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expressed pre-miRNAs in gastric cancer are shown as the log2-fold-change values compared with 164 

those in the nontumor samples (Supplementary material B). We found that the mir-371a-373 cluster 165 

(mir-373, mir-372, and mir-371a) was dramatically upregulated in gastric cancer. Among all 166 

overexpressed pre-miRNAs, mir-373 and mir-372 ranked 3rd and 4th respectively, and another 167 

member of the mir-371a-373 cluster (mir-371a) ranked 16th (Figure 1A). mir-373, mir-372 and 168 

mir-371a rose by 6.87, 7.07 and 6.19 (log2-change) in gastric cancer, respectively. Then, we 169 

extracted and visualized all the data in scatter plots and unsupervised hierarchical clustering. All 170 

three members of the mir-371a-373 cluster were significantly upregulated in gastric cancer samples 171 

compared with nontumor tissues (Figures 1B, 1C). Furthermore, we evaluated the expression levels 172 

of the mir-371a-373 cluster in 25 paired gastric cancer tissues and their adjacent non-tumorous 173 

counterparts from our cohort. The analysis revealed that mir-373, mir-372, and mir-371a were all 174 

upregulated in gastric cancer samples. Notably, mir-373 exhibited the most significant differential 175 

expression, with high expression observed in 22 out of the 25 pairs. 176 

High expression of the mir-371a-373 cluster predicted the unfavorable prognosis of gastric 177 

cancer. Upregulation of the mir-371a-373 cluster indicated that they might have significant effects 178 

on the tumor progression of gastric cancer. By collecting the clinical information of gastric cancer  179 

patients, we evaluated the correlation between the expression levels of the mir-371a-373 cluster and 180 

gastric cancer recurrence and mortality. Kaplan-Meier analysis with the log-rank test confirmed that 181 

the high expression of all three members of the mir-371a-373 cluster (mir-373, mir-372, and 182 

mir-371a) was positively associated with poor survival in gastric cancer (Figure 2A). The gastric 183 

cancer patients who expressed higher levels of mir-373, mir-372, and mir-371a had a worse 3-year 184 

cumulative survival rate (Figure 2B) and median survival time (Figure 2C). Among them, the 185 

patients with high expression of mir-373 had a 3-year cumulative survival rate of only 13.1% and a 186 

median survival time of only 300 days. Among the three members of the miR-371a-373 cluster, 187 

only miR-373 could predict the early tumor recurrence of gastric cancer (Figure 2D). The patients 188 

with high expression of mir-373 presented a poor 3-year disease-free survival rate of only 27.9% 189 

(Figure 2E) and a median disease-free survival time of only 487 days (Figure 2F). The 190 

mir-371a-373 cluster, especially mir-373, demonstrated significant predictive value for gastric 191 

cancer early recurrence and mortality. 192 

mir-373 was a significant and independent risk factor for gastric cancer recurrence and 193 
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mortality. Considering that the mir-371a-373 cluster could predict the poor prognosis of gastric 194 

cancer, we further evaluated the role of the mir-371a-373 cluster in the risk factor evaluation of 195 

gastric cancer. By univariate Cox analysis, we showed that all the members of the mir-371a-371 196 

cluster, tumor location, tumor stage, age, T stage, N stage and M stage were risk factors for overall 197 

survival in gastric cancer (Figure 3A). Then, we enrolled all the elements in the multivariate Cox 198 

model. The results showed that mir-373, mir-371a, M-stage, and T-stage were independent risk 199 

factors for gastric cancer mortality (Figure 3B). mir-373 was the most critical risk factor with the 200 

highest HR value (HR: 2.278, 95% CI: 1.236-4.198, p=0.008). When we evaluated the risk factors 201 

for gastric cancer early recurrence by univariate Cox analysis, we found that mir-373, tumor 202 

location, and N-stage, but not mir-371a and mir-372, were risk factors for gastric cancer early 203 

recurrence (Figure 3C). Then, by multivariate Cox analysis, mir-373 was confirmed as an essential 204 

independent risk factor for gastric cancer early recurrence (HR: 2.399, 95% CI: 1.139-5.051, 205 

p=0.021, Figure 3D). The results proved that mir-373 must be a crucial factor in gastric cancer early 206 

recurrence and mortality. Then, we assessed the correlation between mir-373 and the 207 

histopathologic characteristics. We found that mir-373 was associated with tumor recurrence 208 

(p=0.036), tumor events (p=0.007), and tumor status (p=0.021) (Supplementary Table S2). All the 209 

results suggested that among the three members of the mir-371a-373 cluster, mir-373 was a 210 

significant and independent risk factor for gastric cancer recurrence and mortality. 211 

mir-373 promoted the proliferation, invasion, and migration of gastric cancer in vitro and in 212 

vivo. Given that mir-373 showed the most pronounced differential expression within the 213 

mir-371a-373 cluster and was associated with gastric cancer prognosis, we further investigated the 214 

effects of mir-373 on the tumor progression of gastric cancer cells. The CCK-8 assay confirmed that 215 

mir-373 overexpression promoted the proliferation of AGS and MGC-803 cells compared with the 216 

controls (Fiure 4A, Supplementary Figure S2A). Then, the functions of mir-373 were competitively 217 

inhibited by the transfection of mir-373 inhibitor. The CCK-8 assay also proved that the mir-373 218 

inhibitor decreased the growth of AGS cells (Figure 4A). RTCA showed that 219 

mir-373-overexpressing AGS cells presented a faster real-time growth curve, while 220 

mir-373-inhibited AGS cells showed the opposite results (Figure 4B). The transwell assay was used 221 

to assess the invasion and migration of mir-373 in gastric cancer (Figures 4C, 4D; Supplementary 222 

Figures S2B, S2C). The results proved that mir-373 overexpression could significantly enhance the 223 
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invasion and migration of AGS and MGC-803 cells. The invasion capacity could also be inhibited 224 

by mir-373 inhibition (Figures 4C, 4D). The AGS cells stably expressing mir-373 and mir-ctrl were 225 

used to established the nude gastric cancer model. The results showed that mir-373 promoted the 226 

growth of gastric cancer in vivo, after the tumor volume was measured (Figure 4E). 227 

mir-373 promoted the malignancy of gastric cancer by directly targeting ZFP91. We confirmed 228 

that mir-373 was a significant risk factor for gastric cancer. Thus, we hypothesized that the potential 229 

mechanisms of mir-373 in gastric cancer might be related to cancer regulation pathways. The genes 230 

that were significantly correlated with the expression of mir-373 were enrolled in Gene Ontology 231 

and KEGG analyses. Several cancer-related pathways were enriched, including pathways in cancer 232 

and microRNAs in cancer (Figure 5A). Their biological function focused on transcription regulation 233 

(Figure 5B). 234 

In general, miRNAs work on biological processes by suppressing the transcription or transcript 235 

translation of target genes [26]. To investigate the potential targets of mir-373, 3 conditions were set 236 

in this study: i) downregulated genes of gastric cancer from the TCGA database, ii) significantly 237 

and negatively correlated with the expression of mir-373, and iii) potential target genes of mir-373 238 

from the TargetScan database that showed potential target sites. Thus, from the TCGA database, 22 239 

genes were downregulated and negatively correlated with mir-373 in gastric cancer. After 240 

overlapping with the TargetScan database, ZFP91 and AKIP1 were screened as potential targets of 241 

mir-373 in gastric cancer, which were enrolled in the experimental validation (Figure 5C). 242 

AGS and MGC-803 cells were transfected with mir-373 overexpression vector and its control 243 

(miR-ctrl). The results showed that ZFP91, but not AKIP1, was inhibited by mir-373 (Figure 5D). 244 

The 3’ UTR sites of ZFP91 (wild-type) and its mutant counterparts were cloned and inserted into 245 

luciferase reporter vectors. The luciferase reporter assay showed that mir-373 significantly inhibited 246 

the luciferase activity of the wild-type vector (Figures 5E, 5F). Thus, we confirmed that ZFP91 was 247 

the direct target of mir-373 in gastric cancer. 248 

We also showed that ZFP91 was a negative mediator of the malignancy of gastric cancer. The 249 

log-rank test showed that gastric cancer with lower expression of ZFP91 was associated with poorer 250 

survival (p=0.035) (Supplementary Figure S3A). The median survival (MS) of gastric cancer 251 

patients with low ZFP91 was 782 days (95% CI: 588-975). However, that with high ZFP91 was 252 

1686 days (95% CI: 603-2768). Multivariate Cox analysis showed that ZFP91 was a protective 253 
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factor against the mortality of HCC (Supplementary Figure S3B). When analyzing the correlation 254 

between ZFP91 and the clinicopathological characteristics, we found that ZFP91 was negatively 255 

associated with T4 status (invasion of plasma membranes or adjacent tissues or organs) 256 

(Supplementary Table S3). This result indicated that gastric cancer with low ZFP91 had much more 257 

invasive and aggressive phenomena. 258 

Rescue experiments were performed to prove that mir-373 promoted the malignancy of gastric 259 

cancer by directly targeting ZFP91. When cotransfected with mir-373 and ZFP91, the proliferation 260 

and invasion of gastric cancer, which were inhibited by mir-373, could be significantly recused by 261 

the overexpression of ZFP91 (Figures. 5G-5I, Supplementary Figure S4). 262 

 263 

Discussion 264 

It is crucial to better understand gastric cancer tumorigenesis and to discover effective therapeutic 265 

targets for gastric cancer. In recent decades, there has been a great advance in the research of 266 

cancer-related miRNA clusters. First, miRNA clusters were considered to be rare and notable 267 

members of the miRNA family. In contrast, after exploring the miRbase database, we found that 268 

nearly half of the miRNAs (more than 400) originated from miRNA clusters. This result suggested 269 

that the origin of the miRNA cluster was not accidental and was related to species evolution. A 270 

professional review proposed a diversity of modes of the evolutionary provenance of miRNA 271 

clusters, including local duplication, de novo hairpin birth, tandem duplication, cluster fission, and 272 

new miRNA acquisition [27]. Another review also proposed a "functional coadaptation" model to 273 

explain that the clustering of miRNA assisted in miRNAs survival and development of functions 274 

[28]. 275 

A large number of reports thus far have proven that disorders of miRNA clusters could lead to 276 

tumorigenesis and tumor progression. Our previous study showed that C19MC plays an essential 277 

role in the increase in the HCC tumor burden [13]. The members of C19MC, miR-516a-3p, 278 

miR-512-3p, and miR-519a-5p, can significantly promote the malignancy of HCC in vivo and in 279 

vitro [14, 23]. We also demonstrated that the miR-767-105 cluster is crucial for predicting the poor 280 

prognosis of hepatocellular carcinoma [12]. A prior study described the fundamental mechanisms of 281 

regulation and reviewed the biological functions of numerous miRNA clusters in detail [11]. 282 

However, as a whole, the effects of the mir-371a-373 cluster on tumors have rarely been reported. A 283 
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recent study proved that deletion of the mir-371a-373 cluster by the CRISPR-Cas9 system could 284 

decrease the oncogenic capacity of oral squamous cell carcinoma, while activation of the 285 

mir-371a-373 cluster had the opposite effects [29]. Our study discovered that the mir-371a-373 286 

cluster was the most significantly upregulated cluster in gastric cancer. All three members of the 287 

mir-371a-373 cluster predicted the poor overall survival of gastric cancer, and only mir-373 288 

predicted the poor disease-free survival of gastric cancer. By multivariate Cox analysis, mir-373 289 

was confirmed to be a significant and independent risk factor for gastric cancer recurrence and 290 

mortality. Meanwhile, mir-373 was the factor associated with high risk. Thus, the results showed 291 

that mir-373 could be an ideal biomarker for the prediction of gastric cancer prognosis. 292 

The functions of mir-373 in many kinds of cancers have been clarified. For example, mir-373 293 

promoted the metastasis of tongue squamous cell carcinoma by targeting WNT signaling pathway 294 

inhibitor 1 (DKK1) [30]. Existing evidence presented that mir-373 stimulated cell migration and 295 

invasion of breast cancer cells and was further associated with the cancer migration phenotype [31]. 296 

Furthermore, another research summarized that mir-373 promoted cancer cell proliferation, 297 

apoptosis, mesendoderm differentiation and migration. However, it also yields the opposite effects 298 

[22]. In this study, we confirmed that mir-373 significantly boosted the proliferation, migration, and 299 

invasion of gastric cancer. The results further validated that mir-373 was the key factor for the 300 

regulation of gastric cancer. 301 

We uncovered that ZFP91 was the direct target of mir-373 in gastric cancer. ZFP91 is a member of 302 

the zinc finger protein family and serves as an E3 ubiquitin ligase that ubiquitinates proteins such as 303 

NF-κB-inducing kinase (NIK), forkhead Box A1 (FOXA1), and heterogeneous nuclear 304 

ribonucleoprotein (hnRNP) [32-34]. It contains 5 zinc finger domains and some nuclear localization 305 

signals. However, its roles in tumorigenesis among many types of cancers are indeterminate. ZFP91 306 

promotes tumor progression in acute myelogenous leukemia, prostate cancer, and colon cancer  307 

[35-37]. ZFP91 can also act as a tumor suppressor gene. In hepatocellular carcinoma (HCC), ZFP91 308 

suppresses HCC glucose metabolism reprogramming, cell proliferation and metastasis by inhibiting 309 

hnRNP A1-dependent pyruvate kinase M (PKM) splicing [34]. Previous research reported that 310 

ZFP91 causes E2F2 polyubiquitination and leads to the transcriptional suppression of oncogenes in 311 

an HCC cell line [38]. Moreover, another team suggested that lnc-CTSLP4 inhibits 312 

epithelial-mesenchymal transition (EMT) and metastasis of gastric cancer by recruiting ZFP91 to 313 
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induce the degradation of heterogeneous nuclear ribonucleoprotein AB (HNRNPAB)  [39]. Our 314 

results suggested that mir-373 could promote the tumorigenesis of gastric cancer by directly 315 

inhibiting the expression of ZFP91. We found that ZFP91 was a negative mediator in gastric cancer, 316 

which is in agreement with the results from Pan T et al [39]. 317 

In general, our study identified a particular miRNA cluster in gastric cancer. The miR-371-373 318 

cluster, especially mir-373, was proven to be useful for predicting the prognosis of gastric cancer. 319 

Meanwhile, the miR-371-373 cluster could be a potential therapeutic target for gastric cancer. 320 

mir-373 promoted the malignancy of gastric cancer by directly targeting ZFP91. As future 321 

perspectives, we attempted to explore the application of the miR-371-373 cluster as a biomarker in 322 

serum liquid biopsy by acquiring a minimum amount of serum for early gastric cancer diagnosis 323 

and prognosis prediction. 324 
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 451 

Figure Legends 452 

 453 

Figure 1. The miR-371-373 cluster was consistently upregulated in gastric cancer. A) The relative 454 

expression levels of the top 20 miRNAs in gastric cancer (calculated as log2-fold change). B) 455 

Comparison of the miR-371-373 cluster between gastric cancer and nontumor samples. C) Heatmap 456 

of the miR-371-373 cluster from 411 gastric cancer samples and 42 nontumor samples. **p <0.01, 457 

***p < 0.001, respectively 458 

 459 

Figure 2. The miR-371-373 cluster was negatively correlated with poor survival in gastric cancer. A) 460 

Kaplan-Meier analysis assessed the overall survival of gastric cancer patients with high or low 461 

expression of mir-373, mir-372, and mir-371a. B, C) The 3-year cumulative survival rate and 462 

median survival time of gastric cancer patients with high or low expression of the miR-371-373 463 

cluster. D) The disease-free survival of gastric cancer patients with high or low expression of the 464 

miR-371-373 cluster. E, F) The 3-year disease-free rate and median disease-free time of gastric 465 

cancer patients with high or low expression of the miR-371-373 cluster. 466 

 467 

Figure 3. mir-373 was an independent risk factor for the recurrence and mortality of gastric cancer. 468 

A, B) Univariate and multivariate Cox proportional hazards models for the risk factors for overall 469 
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survival in gastric cancer. C, D) Univariate and multivariate Cox proportional hazards models for 470 

the risk factors for gastric cancer recurrence. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 471 

0.0001, respectively 472 

 473 

Figure 4. mir-373 promoted the malignancy of gastric cancer in vitro and in vivo. A, B) CCK-8 474 

assay and RTCA detected the proliferation of AGS cells transfected with mir-373 mimics or 475 

inhibitor. C, D) Transwell assays showed the invasion and migration of AGS cells transfected with 476 

mir-373 mimics or inhibitor (40× magnification). E) The xenograft mice model was established by 477 

using AGS cells stably expressing mir-373 and mir-Ctrl. *p < 0.05, **p < 0.01, ***p <0.001, 478 

respectively 479 

 480 

Figure 5. ZFP91 was the direct target of mir-373 in gastric cancer. A-B: KEGG and GO analyses 481 

showed the function of genes that were correlated with mir-373. C: Schematic diagram for the 482 

screening of target genes. D: The expression of ZFP91 and AKIP1 was detected after AGS and 483 

MGC-803 cells were transfected with mir-373 and its controls by western blotting. E-F: Luciferase 484 

reporter assay showed the relative luciferase activities (firefly/Renilla) of wild-type or mutant-type 485 

ZFP91 3’ UTR after being affected by mir-373. G-I: Transwell assays and CCK-8 assays showed 486 

the invasion, migration and proliferation of AGS and MGC-803 cells cotransfected with mir-373 or 487 

its control and ZFP91 or its control. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, 488 

respectively 489 
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