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A B S T R A C T   

miRNA is a noncoding RNA found in recent years and more than one third of human genes are the target of 
miRNAs. miR-624, located on human chromosome 14, is associated with tumorigenesis. However, the role of 
miR-624 in human hepatocarcinogenesis is still unclear. Herein, our results indicate that miR-624 accelerates the 
growth of liver cancer cells in vivo and in vitro. Moreover, the modification distribution of H3K9me1 on chro-
mosomes is different between rLV group and rLV-miR-624 group. miR-624 affects epigenetic regulation of 
several genes in human liver cancer cells, such as RAB21, SMARCD3, MAPK6,PRRX1, ZFHX3, EMC3 
(TMEM111). Furthermore, miR-624 affects transcriptome of some genes in liver cancer, including RAB21， 
UBE2N， PPP1CC，KPNA3， RAB7A，CPEB2,KLF4， MARK2， JUN， ARF6， TMEM39A. On the other hand, 
miR-624 affects proteome of several genes in liver cancer, such as, RBM5,PTK2, KDM2A,POLR2H, POLR2G, 
CDK6,KIF15,CUL2,FKBP2,ErbB-3,JUN, PKM2, CyclinE,PLK1, mTOR, PPARγ, Rab7A,ARAF, UPF3B ，PTEN, 
SUZ12, GADD45, H3.3, CUL5, ARF6,EMC3,ATG4B,ATG14,CALR. Interestingly, miR-624 affects the RAB7A 
interaction network in liver cancer cells, involving in CLTC，ITGB1，HNRNPU， DARS1， RPS16， CTPS1， 
H3–3B，JUN,MYH10， CUL5， CPSF7. Strikingly, excessive MEC3 abrogates the carcinogenic functions of miR- 
624. Importantly, our findings indicate that miR-624 affects some signaling pathway in liver cancer, including 
Wnt signaling pathway，Hippo signaling pathway，mTOR signaling pathway, Ras signaling pathway，MAPK 
signaling pathway，PI3K-Akt signaling pathway, erbB signaling pathway. These results provide a basis for the 
treatment of human liver cancer.   

miR-624, located on human chromosome 14, is associated with 
prognosis in several diseases [1,2]. Recently, inhibiting the expression of 
miR-624 promotes the Warburg effect and malignancy of hepatocellular 
carcinoma cells through increasing the expression of H3F3B [3]. 
miR-624 promotes the generation and migration of human osteosar-
coma cells by inhibiting the Hippo signaling pathway [4]. However, the 
exact molecular mechanism of miR-624 in human hepatocarcinogenesis 
is still unclear. EMC4 (ER membrane protein complex subunit 4) is also 
called transmembrane protein 111 (TMEM111) as a member of the 
endoplasmic reticulum associated secret pathway [5–7]. Recently, a 
study suggests that EMC3 is one of the characteristic markers of several 
diseases [8,9]. EMC3 could be a potential therapeutic target in mela-
noma and basal cell carcinoma [10]. However, the role of EMC3 in 
human hepatocarcinogenesis is still unclear. In this study, we clearly 
demonstrate that miR-624 affects transcriptome and proteome, and 

accelerates the growth of liver cancer cells by reducing EMC3. These 
results are of great significance for the prevention and treatment of 
human liver cancer. 

To investigate the effect of miR-624 on liver cancer cells, we cloned the 
miR-624 (MI0003638) precursor sequence (AATGCTGTT TCAAGGTAG-
TACCAGTACCTTGTGTTCAGTGGAACCAAGGTAAACA-
CAAGGTATTGGTATTACCTTGAGATAGCATTACACCTAAGTG) into the 
lentiviral vector pLVX-ZsGreen-miRNA-Puro (pLVX-miR-624) and pre-
pared rLV-miR-624 lentivirus. Next, rLV and rLV-miR-624 were infected 
liver cancer cell Hep3B (Fig. S1A, Fig. 1A–B). The proliferation ability 
(Fig. 1C), the cell colony formation ability (Fig.1Da-b), the cell injury 
repair ability (Fig. S1Ba-b), the weight of transplanted tumors (xenograft) 
(Fig. 1E), the poorly differentiated cells and PCNA positive rate 
(Fig. S2A–B) were significantly increased in the rLV-miR-624 group 
compared to rLV group. Chromatin immunoprecipitation sequencing 
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(Chip-Seq) with anti-H3K9me1 high-throughput analysis shows that miR- 
624 affects epigenetic regulation in human liver cancer cells (Fig. 1F, 
Fig. S3A-H). In particular, the loading of H3K9me1 on EMC3 promoter 
region was significantly decreased compared to rLV group (Fig. 1G–H). 
RNA sequencing showed that miR-624 affects transcriptome in human 
liver cancer cells, including TEAD1，ARCN1，RAB21，VIM，ACTN1， 
PAPOLG，HNRNPU，ARID1A，UBE2N，YWHAQ，PURA，PPP1CC， 
KPNA3，PRCC，SMARCD3，UBE2M，MORF4L1，HMGB1，FAR1， 
RAB7A，CPEB2，KLF4，GNAQ，BZW1，MARK2，PCDH7，JUN， 
SUMO2，HNRNPA3, EXT1，PABPC1，MAP4K4，TWIST2，ARF6， 
AZIN1，MTDH，ZNF513，FAM78B，DCTN1，PRRX1，TMSB4X， 
ENY2，RAD23B，TMEM39A，BTG1，SRSF3，PDIK1L，EEF1A1， 
GNAS，SMARCA1，ZFHX3，PHF21A，EIF1，EIF4E2，SNX12， 
MAPK6，FL2，EIF3E，WAPL (Fig. 1I-K, Fig. S4A-G). The proteolytic 
peptides were analyzed by label free mass spectrometry and showed that 
miR-624 alters proteome in liver cancer（Fig. 2A, Fig. S5A-H）.In 
particular, as shown in Fig. 2B-G, the expression of ErbB-3,JUN,PKM2, 
CyclinE,PLK1,mTOR,PPARγ,Rab7A,ARAF, UPF3B were significantly 
enhanced in rLV-miR-624 group compared to rLV group and the expression 
of PTEN,SUZ12, GADD45, H3.3, CUL5, ARF6,EMC3, ATG4B, ATG14, 
CALR, Dicer were significantly reduced in rLV-miR-624 group compared to 
rLV group. The immunoprecipitation with anti-RAB7A-mass spectrometry 
of proteolytic peptides analysis shows that miR-624 affects the RAB7A 

interaction network in liver cancer cells (Fig. 6A-F). Immunoprecipitation 
analysis showed that the interaction between RAB7A and JUN was 
significantly increased in rLV-miR-624 group compared with rLV group 
(Fig. 2I)，and the interaction between RAB7A and CUL5 was significantly 
reduced in rLV-miR-624 group compared with rLV group (Fig. 2J). Strik-
ingly, although the cell proliferation ability, the colony forming ability, the 
weight of transplanted tumors was increased in the rLV-miR-624 group, it 
was not altered in rLV-miR-624+rLV-EMC3 group compared with rLV 
group (Fig. 2K-M, Figs. S7A–C). In particular, the expression of PKM2 and 
Rab7A were significantly increased and the expression of GADD45, PTEN, 
CUL5 were significantly reduced in the rLV-miR-624 group, however, it 
was not changed in rLV-miR-624+ rLV-EMC3 group compared with rLV 
group (Fig. 2N–O). 

In conclusions, miR-624 accelerates the growth of liver cancer cells 
in vivo and in vitro. Moreover, miR-624 affects epigenetic regulation of 
several genes, transcriptome, proteome in liver cancer. Evidently, our 
present observations clearly demonstrate that miR-624 affects the 
RAB7A interaction network in liver cancer cells. In particular, excessive 
MEC3 abrogates the carcinogenic functions of miR-624. Importantly, 
miR-624 affects several signaling pathway in human liver cancer cell 
Hep3B. These results provide a basis for the treatment of human liver 
cancer. 

Fig. 1. miR-624 promotes the growth of liver cancer cells in vitro and affects proteomics in liver cancer. A. The precursor of miR-624 was detected by reverse 
transcription polymerase chain reaction (RT-PCR). β-actin was used as internal reference gene.B. Quantitative RT-PCR was used to detect the mature miR-624. U6 
was used as internal reference gene. The values of each group were expressed as mean ± SD (n = 3), * *, P < 0.01, and *, P < 0.05. C. CCK8 method was used to 
determine the cell proliferation ability. The values of each group were expressed as mean ± SD (n = 3), * *, P < 0.01, and *, P < 0.05. D. The colony forming ability of 
cells was measured. a. photos of plate colonies. b. the analysis of cell colony formation ability. The values of each group were expressed as mean ± standard deviation 
(bar ± SD, n = 3), * *, P < 0.01, *, P < 0.05. E. the xenograft tumor was dissected. B. Comparison of tumor size (g). The values of each group were expressed as mean 
± SD (n = 6), * *, P < 0.01, and *, P < 0.05, respectively. F. IGV browser interface (Demo): visualization of the reads of the modification distribution of H3K9me1 on 
23 pairs of chromosomes in rLV group and rLV-miR-624 group. G. IGV browser interface (Demo): visualization of the reads of modification distribution of H3K9me1 
on gene region. H. Chromatin immunocoprecipitation (CHIP) analysis was performed by anti-H3K9me1. The PCR amplification was carried out by using primers 
designed according to the DNA of EMC3 promoter region. IgG CHIP was used as the negative control. I. Heat map analysis (cluster) of all gene expression in the two 
groups. D. Up-regulated genes and down-regulated genes. J. RT-PCR for several up-regulated genes. β-actin was used as internal reference gene. K. RT-PCR for several 
down-regulated genes. β-actin was used as internal reference gene. 
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Fig. 2. miR-624 affects proteomics, RAB7A-proteins interaction network in liver cancer and excessive MEC3 abrogates the carcinogenic functions of miR- 624 in liver 
cancer. A. Differential protein cluster Heatmap. The vertical is the clustering of samples and the horizontal is the clustering of proteins. B–H. Several proteins were 
detected by Western blotting. β-actin was used as internal reference gene. I. Co-immunoprecipitation analysis with anti-RAB7A and Western blot analysis with anti- 
JUN. Western blot analysis with anti-RAB7A as INPUT. J. Co-immunoprecipitation analysis with anti-RAB7A and Western blot analysis with anti-CUL5. Western blot 
analysis with anti-RAB7A as INPUT. K. The Western blot was used to detect the EMC3. GAPDH was used as the internal reference gene. L. cell proliferation ability 
assay. M. Photograph of xenograft tumor and comparison of the size (g) of transplanted tumors. The values of each group are expressed as mean ± standard deviation 
(mean ± SEM, n = 6), **, P < 0.01, *, P < 0.05).N. RT-PCR for several genes. β-actin was used as internal reference gene. O. Western blot for several proteins with 
related antibodies. β-actin was used as internal reference gene. 
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