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ARTICLE INFO ABSTRACT

Keywords: Introduction: Hepatocellular carcinoma (HCC) as the malignant cancers with high morbidity. The
HCC EMT of HCC has closely linked to the metastasis and recurrence. Moreover, tumor-associated
hsa_circ 0000092 macrophages (TAMs) can interact with HCC cells in the immune microenvironment; the M2
fﬁgglA polarization of TAMs enhance the HCC cells EMT. The mechanism between HCC cells and TAMs is

still unclear and our study was aimed to uncover it.

Methods: We performed RT-qPCR and western to detach the RNA and protein expression. The
relationship among has_circ_ 0000092, U2AF2, SMC1A and IL24 were revealed through mecha-
nism experiments. Rescue assays were implemented to determine how circ_ 0000092 modulates
M2 polarization of TAMs.

Results: As detected by RT-qPCR, has_circ_ 0000092 was with high expression in HCC cells and
could recruit U2AF2 to promote transcription of SMC1A. Moreover, circ_.0000092 could control
macrophage M2 polarization via promoting IL24 expression in HCC cells.

Conclusion: To conclude, hsa_circ_0000092 can up-regulates IL24 by SMC1A to induce macro-
phages M2 polarization.

Macrophages M2 polarization

1. Introduction

Hepatocellular carcinoma (HCC) as the malignant cancers with high mortality. Its fatality rate ranked 6th and 2nd respectively [1].
Metastases and relapse of HCC often occur, which is the major obstacle for increasing the long-term survival of patients [2]. The EMT of
HCC cells is closely linked with metastasis and recurrence [3]. Tumor-associated macrophages (TAMs) interact with HCC cells in the
immune microenvironment; additionally, the M2 polarization of TAMs promotes the EMT of HCC [4,5]. The potential mechanism
underlying interaction between HCC cells and TAM was still unknown, thus, our project intended to unveil it.

Circular RNAs (circRNAs) has closed loop structure without 3'- or 5'-end, and its malignant regulatory role has been confirmed in
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many cancer types [6-8]. circRNA-SORE mediates sorafenib resistance by stabilizing YBX1 in HCC [9]; circRNA-5692 inhibits the HCC
progression via miR-328-5p/DAB2IP axis [10]; exosomal circRNA-100338 raises HCC metastasis via enhancing metastasis and
angiogenesis [11].

With the help of GEO dataset GSE94508, we found that hsa_circ_0000092 was up-regulated in HCC cells. As a novel circRNA, the
hsa_circ_0000092 functions in various cancers remain largely unclear. It was reported that hsa_circ_0000092 could promote the HCC
metastasis and EMT through miR-338-3p/HN1 axis [12], but whether it affects TAMs polarization remains to be unveiled. Therefore,
we constructed a co-culture system with macrophages and HCC cells for the investigation into the regulation mechanism of hsa_-
circ_0000092 in HCC.

Structural maintenance of chromosomes protein 1A (SMC1A) has been demonstrated to take critical roles in multiple cancers
development. Notably, SMC1A has shown to be implicated in metastasis and modulation of EMT in tumor cells including prostate,
colorectal, and breast cancer [13-15]. But the role of SMC1A is not well-understood. In addition, interleukin 24 (IL24) is a multi-
functional cytokine that belongs to the IL-20 family and produced by a variety of immune cells, such as B cells, T cells, monocytes, NK
cells, and macrophages [16]. Importantly, IL-24 was predicted to be a potential biomarker of macrophage M2 polarization [17].

The current research focused on the role and mechanism of hsa_circ_0000092 on HCC progression. Our study was aimed at finding
novel therapeutic strategies for HCC treatment and thus improving the prognosis.

2. Materials and methods

We followed some methods in the report of Wu et al. [18].

2.1. Cell culture

HCC cell lines are useful in vitro models for the study of HCC. THP-1, a human leukemia monocytic cell line, is extensively used to
study macrophage mechanism. Commercially available HCC cell lines (MHCC97H, Huh7 and HCCLM3) and normal human liver cell
line THLE2 were used in this research. MHCC97H, Huh7 and THLE2 cell lines were purchased from Shanghai Yaji Biotechnology
Company; HCCLM3 and THP-1 were purchased from China Center for Type Culture Collection Cell Bank. Dulbecco’s Modified Eagle
Medium (DMEM) with 10 % fetal bovine serum (FBS) was utilized for cell culture (MHCC97H, HCCLM3 and THLE2) in a humid
incubator with 5 % CO4 at 37 °C. Huh7 and THP-1 cell lines were cultured in RPMI-1640 medium plus 10 % FBS. All the cells have been
identified by Cellosaurus (https://web.expasy.org/cellosaurus/).

2.2. Plasmid transfection
For the overexpression of circ_0000092, SMC1A and IL24, full-length sequences were separately sub-cloned into pcDNA3.1 vectors,
along with pcDNA3.1 empty vector as the negative control (NC). For the knockdown of circ_0000092, U2AF2 and SMC1A, specific

siRNAs against them were respectively synthesized as well as non-targeting siRNA (si-NC). Plasmid transfections were carried out with
Lipofectamine 2000 following the supplier’s protocols.

2.3. gqRT-PCR

Total RNA was extracted with TRIzol reagent in HCC cells. RT-qPCR reaction was performed by SYBR Green PCR Kit, followed by
272AC method for calculation of relative gene expression.

2.4. Subcellular fractionation

PARIS™ Kit was utilized to conduct this assay in MHCC97H and HCCLM3 cells. After centrifugation, cells were subjected to cell
disruption buffer. Finally, circ_0000092 in cytoplasm/nucleus was examined by qRT-PCR.

2.5. Western blot

Cells were added to RIPA cleavage, detected protein concentration by BCA method, separated protein with SDS-PAGE gel, the first
antibody (anti-U2AF2 and anti-SMC1A) was blocked, the second antibody was incubated, and ECL luminescent solution was added.
The grayscale value was detected by gel imaging system and analyzed by ImageJ graphic analysis system.

2.6. FISH

MHCC97H and HCCLMS3 cells were subjected to 4 % formaldehyde fixation for 18 h before being rinsed by PBS. After dehydration,
cells were cultivated with circ_0000092-FISH probe. 3 h after hybridization, DAPI was utilized for nuclear stain. Finally, fluorescence
microscope was utilized to acquire images.
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2.7. RIP

With the Imprint® RNA Immunoprecipitation Kit and Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit, immunopre-
cipitation in MHCC97H and HCCLMS3 cell was achieved with the specific antibodies against TFs (U2AF2, SRSF1, HNRNPC, IGF2BP3
and TAF15) and normal control anti-IgG antibody. Lysates were obtained from HCC cell lines using RIP lysis buffer. The lysis was
incubated with the magnetic beads conjugated with IgG antibody (negative control). The enrichment of circ_ 0000092 and SMC1A 3’
UTR in the immunoprecipitates was measured by qRT-PCR.

2.8. Pull down assays

For RNA pull down, Pierce Magnetic RNA-Protein Pull-Down Kit was utilized according to the provider’s suggestions. Protein
extracts were mixed with biotin-labeled SMC1A 3’ UTR probes or control probes and magnetic beads. For DNA pull down, DNA pull-
down test kit was employed as per the user guide. Protein lysates were cultivated with Biotinylated IL24 promoter probe or control
probe Bio-NC. All pulled-down mixtures underwent Western blot analysis.
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Fig. 1. circ_0000092 promotes macrophages M2 polarization A. GES94508 showed that circ_0000092 was expressed obviously high in HCC. B. The
expression of circ. 0000092 in normal hepatocyte THLE2 and HCC cell lines (MHCC97H, HCCLM3, Huh7). C. MHCC97H and HCCLM3 were added to
the upper compartment, and THP-1 cells were added to the lower compartment in the co-culture system. D-E. Flow cytometry analysis was taken to
detect the expression level of macrophage M2 polarization marker CD206 and macrophage M1 polarization marker CD86 under circ_0000092
interference. F. The mRNA expression level of macrophage M2 polarization markers CCL17, CCL22 and ARG1 under circ_0000092 interference. G.
The mRNA expression level of macrophage M1 polarization markers iNOS, TNF-a and TLR4 under circ_ 0000092 interference. **p < 0.01.
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2.9. ChIP

ChIP assay was implemented in MHCC97H and HCCLMS3 cells. Cells were cross-linked in 4 % paraformaldehyde, and then sonicated
into chromatin fragments of 200-1000-bp (incubated with the antibodies-SMC1A and anti-IgG), added magnetic beads into it. Sub-
sequently, cell lysates were mixed with bead-antibody complex. At last, the immunoprecipitated DNA was extracted and purified for
gRT-PCR quantification.

2.10. Flow cytometry

Annexin V-FITC/PI Apoptosis kit was used in flow cytometry analysis to monitor the apoptotic cells as per the supplier’s directions.
MHCC97H and HCCLMS3 cells were collected from pre-cooled PBS for dual-staining, and subjected to subsequent analysis by flow
cytometer after 15 min.
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Fig. 2. circ_.0000092 binds to U2AF2 A. FISH and subcellular fractionation assays were taken to detect the distribution of circ_.0000092 in
MHCC97H and HCCLM3 cells. Scale bar = 10 pm. B. StarBase was used to show the RBPs which might bind to circ_0000092. C. RIP assay was used
to detect the enrichment of circ_ 0000092 in the immunoprecipitates bound with different RBPs in MHCC97H cells. D. RIP assay was taken to detect
the enrichment of circ_ 0000092 in the anti-U2AF2 bound immunoprecipitates in HCCLM3 cells. E. FISH-IF assay was utilized to analyze the co-
location of circ_0000092 and U2AF2 in MHCC97H and HCCLMS3 cells. Scale bar = 10 pm. F. RNA pull down and Western blot were used to
detect the enrichment of U2AF2 protein in MHCC97H and HCCLMS3 cells after biotinylated circ_0000092. **p < 0.01.
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Fig. 3. circ_.0000092 stabilizes SMC1A through U2AF2 A. The possible transcription factors binding to U2AF2 was listed in starBase. B. The
enrichment of different mRNAs abundantly enriched in the anti-U2AF2 complex was detected by RIP assay. C. After the RNA pull down assay,
Western blot assay was taken to detect the U2AF2 enrichment in MHCC97H and HCCLM3 cells with biotinylated SMC1A 3'UTR. D. The expression of
SMCIA in HCC cells was detected by qRT-PCR after silencing U2AF2. E. The SMC1A mRNA stability in HCC cells was detected by mRNA stability
assay after interfering U2AF2. F. RIP assay in MHCC97H and HCCLM3 cells was taken to detect the effect of interfering circ_ 0000092 on the binding
ability between U2AF2 and SMCI1A. G. The regulation of circ_ 0000092 to SMC1A was evaluated by qRT-PCR. H. The regulation of circ_. 0000092 to
SMC1A after U2AF2 interference was measured by qRT-PCR. **p < 0.01.
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2.11. Statistical analyses

Analysis of results from independent experiments (n = 3) was processed by using SPSS version 17.0, and the data were exhibited as
mean =+ standard deviation (SD). The differences between two groups were determined by Student’s t-test, while multiple comparisons
were evaluated by ANOVA. Data with a p value below 0.05 exhibited statistical significance.

3. Results
3.1. Circ_.0000092 promotes macrophages M2 polarization

According to the former literatures, we found a circRNA which is expressed highly in HCC and related to migration, circ. 0000092
[12]. Moreover, GSE94508 datasets showed the up-regulation of circ_0000092 expression in HCC cells (Fig. 1A). Then qRT-PCR was
taken to detect the circ_0000092 expression in normal hepatocyte THLE2 and HCC cell lines (MHCC97H, HCCLM3, and Huh7). The
result indicated that circ_0000092 was highly expressed in HCC cells (Fig. 1B). MHCC97H and HCCLM3 were chosen for further study
as circ_0000092 expressed the most highly in these two cell lines. Next, in the co-culture system, MHCC97H and HCCLM3 were
cultured to the upper compartment while THP-1 cells to the lower compartment (Fig. 1C). THP-1 was treated with 100 nM PMA for one
day to induce the macrophage cells before adding to the compartment [19]. After testing the interference efficiency of circ_0000092 in
HCC cells (Fig. S1A), Flow cytometry analysis was taken to detect the level of macrophage CD206 and macrophage CD86 before and
after the circ_0000092 interference. After the silencing of circ_0000092, the expression of CD206 was decreased while that of CD86
was increased (Fig. 1D-E). Moreover, the mRNA expression level of macrophage M2 polarization markers (CCL17, CCL22 and ARG1)
and that of macrophage M1 polarization markers (iNOS, TNF-a, and TLR4) was analyzed via qRT-PCR under the circ_0000092
interference. Similarly, the mRNA expression level of macrophage M2 polarization decreased while that of macrophage M1 polari-
zation increased (Fig. 1F-G). To conclude, circ_0000092 promoted macrophage M2 polarization in HCC and macrophage co-culture
system.

3.2. Circ_.0000092 binds to U2AF2

The next move was to study on the specific molecular mechanism of hsa_circ_ 0000092 inducing macrophage M2 polarization. At
first, FISH and subcellular fractionation assays were taken to detect the circ_0000092 distribution in MHCC97H and HCCLM3 cells. The
results showed that circ_ 0000092 located in both cytoplasm and nucleus while mainly found in the cytoplasm (Fig. 2A). We have
known that the regulation and function of circRNAs largely depend on the specificity of RBPs. The interaction between circRNA and
RBP is considered to be an important factor in the study of circRNA [20,21]. Therefore, starBase was used to analyze the possible RBP
that could bind to circ_0000092. The basic information of circ_0000092 in circBANK was demonstrated in Fig. S2A. The RBP results
under the condition of CLIP-Data>10 showed that U2AF2, SRSF1, HNRNPC, IGF2BP3 and TAF15 were the possible RBPs (Fig. 2B). RIP
assay shown that U2AF2 had the highest enrichment efficiency, thus U2AF2 was chosen for further study (Fig. 2C). Then RIP assay was
taken to detect the enrichment of circ_0000092 on U2AF2 in HCCLM3 cells. The result indicated that U2AF2 could enrich circ_ 0000092
as well (Fig. 2D). FISH-IF assay was utilized to analyze the co-location of circ_ 0000092 and U2AF2 in MHCC97H and HCCLM3 cells. We
found from the results that circ_0000092 was co-located in the cytoplasm with U2AF2 (Fig. 2E). U2AF2 was reported to be located in
cytoplasm before [22]. RNA pull down and Western blot were used to detect the enrichment of U2AF2 protein in the pull-downs of
biotinylated circ_0000092. The biotinylated circ_0000092 could enrich U2AF2, which indicated that circ_.0000092 could bind to
U2AF2 (Fig. 2F). In addition, qRT-PCR results showed that interfering with circ_0000092 had no effect on U2AF2, and interfering with
U2AF2 also had no effect on circ_0000092 (Fig. S1B, S2B-C). To sum up, circ_0000092 binds to U2AF2 while does not affect the
expression of each other.

3.3. Circ_.0000092 stabilizes SMC1A through U2AF2

We have confirmed the binding relation between circ_. 0000092 and U2AF2. Therefore, we would learn on the regulatory function of
circ_0000092 binding to U2AF2 on the downstream factors. Circ_.0000092 might regulate the downstream gene expression through
U2AF2. Thus we tried to find the possible mRNA binding to U2AF2 in starBase under the condition of CLIP-Data > 10, pan-cancer > 31.
There were a lot of target genes which needed further screened. According to the literatures, transcription factors play critual role in
regulating cancer progression and inducing macrophage polarization [23-25]. There were also a lot of articles reporting circRNA
regulating malignant process of cancer cells through transcription factors [6-8]. Therefore, we wanted to select available transcription
factors from the candidate genes. Combined with the mRNAs predicted by GEPIA and hTFtarget binding to U2AF2 (Fig. S3A), the
transcription factor was listed in starBase (Fig. 3A). The result indicated that SMC1A, EWSR1, HCFC1, FOXM1, UBTF and SP2 were
target transcription factors. According to the UALCAN retrieval results, all the 6 transcription factors were highly expressed in HCC
(Fig. S3B). Based on the screening conditions, U2AF2 had the highest possibility of binding to SMC1A, so this gene was selected as a
candidate research target. The enrichment of different mRNAs in MHCC97H was detected by RIP assay. Result indicated that SMC1A,
EWSR1, HCFC1, FOXM1, UBTF and SP2 all could be enriched by U2AF2. Among them, U2AF2 had the highest enrichment efficiency in
SMC1A. Combined with the above results of bioinformatics screening, SMC1A was determined as our object (Fig. 3B). Next, we were to
verify the binding ability between U2AF2 and SMC1A, as well as the regulatory function of U2AF2 on SMCI1A. It was reported that RBP
could affect the mRNA stability through binding to mRNA 3'UTR region, including U2AF2 [22]. After the RNA pull down, Western blot
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detected the enrichment of U2AF2 in with the pull-downs of biotinylated SMC1A 3'UTR, indicating that U2AF2 binds to SMC1A 3' UTR
region (Fig. 3C). Moreover, after silencing U2AF2, the expression of SMC1A in HCC cells was detected by qRT-PCR. The result
indicated that when U2AF2 was silenced, SMC1A expression was decreased (Fig. 3D). Then the SMC1A mRNA stability in HCC cells
was detected after interfering U2AF2. 50 mM a-amanitin was uesd to prevent RNA synthesis [26]. We found that after the interference
of U2AF2, the half-life of SMC1A mRNA was shortened, indicating that U2AF2 affected the stability of SMC1A mRNA (Fig. 3E). Results
above elucidated that U2AF2 promoted SMC1A stability via targeting SMC1A 3’ UTR region and thus promoted the up-regulation of
SMC1A. Following, we came to verify whether circ-0000092 regulated SMC1A through U2AF2. In MHCC97H and HCCLMS3 cells, RIP
assay was taken to detect the effect of interfering circ_0000092 on the binding ability between U2AF2 and SMC1A. When circ_0000092
was down-regulated, the binding efficiency between U2AF2 and SMC1A 3' UTR region decreased, indicating that circ_.0000092
promoted U2AF2 to regulate the SMC1A expression (Fig. 3F). The regulation of circ_0000092 to SMC1A expression was measured by
gqRT-PCR in HCC cells. SMC1A expression inhibited when circ_ 0000092 was interfered (Fig. 3G). Finally, after the interference of
U2AF2, SMC1A expression was decreased. There was no significant change in SMC1A expression when interfering with U2AF2 and
overexpressing circ_ 0000092 at the same time, indicating that the regulation of SMC1A expression by circ. 0000092 requires the
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Fig. 4. SMCI1A promotes IL24 secretion through transcriptional activation of IL24 expression A. List of abnormal expressed chemokine family and
interleukin family genes in the GEO dataset GSE65237. B. HTFtarget predicted the possibility of SMC1A to be the target transcription factor. C. The
expression correlation between SMC1A and candidate genes was predicted by GEPIA. D. In MHCC97H cells, the expression of IL3 and IL24 under
SMC1A deficiency. E. GSE65237 showed that IL24 was obviously highly expressed in HCC tissues. F. ChIP-qPCR was taken to detect the abundance
of IL24 promoter in anti-SMC1A complex. G. The enrichment of SMC1A protein in the pull-downs of biotin-labeled IL24 promoter. H. In 293T cells,
luciferase reporter assays were taken to detect the influence of SMC1A to IL24 promoter. I. After the co-transfection of si-SMC1A and pcDNA3.1-
IL24, Elisa was used to detect IL24. **p < 0.01.
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participation of U2AF2 (Figs. S1C and 3H). We learned from the experiments above that circ_0000092 stabilized SMC1A mRNA via
U2AF2 and thus promoted its expression.

3.4. SMCIA promotes IL24 secretion through transcriptional activation of IL24 expression

Transcription factors influence phenotypes by regulating the transcription of downstream genes. We looked for the effector factors
regulated by SMC1A transcription, which were also required to play a role in inducing the polarization of macrophage M2. Abnormal
expression of transcription factors can lead to abnormal expression of downstream regulated genes. Therefore, we used the GEO
dataset GSE65237 to initially screen the genes that were abnormally expressed in HCC, and then narrowed the scope by reviewing the
literatures. Tumor cells usually overexpress cytokines (including chemokines and interleukins) to regulate tumor development [27],
and cytokines play an important role in TAMs polarization [28,29]. Therefore, we focused on the abnormal expression of chemokine
family and interleukin family genes in GSE65237. The genes were listed in Fig. 4A. Among them, CXCL1 and CXCL5 expression
decreased, which did not fit our expectation; IL7 and IL26 were reported to induce macrophage M1 polarization [30,31]; IL5, IL6, IL3
and IL24 were reported to correlate to macrophage M2 polarization and thus reserved as candidates. HTFtarget predicted the pos-
sibility of SMC1A to be the target transcription factor. The result showed that IL5 was not regulated by SMC1A transcription while IL6,
IL3 and IL24 might be transcriptionally regulated by SMC1A (Fig. 4B). Then the expression correlation between SMC1A and candidate
genes was predicted by GEPIA. It was found that SMC1A had obviously correlation with IL3 and IL.24 (Fig. 4C). In MHCC97H cells, IL3
and IL.24 level was examined by qRT-PCR after interfering SMC1A (Figs. S1D and 4D). After SMC1A was inhibited, IL3 and IL24
expression both decreased, while IL24 down-regulation was more evident. Combined with the results above, we decided to choose IL24
as the target. Moreover, GSE65237 showed that I1.24 was obviously highly expressed in HCC tissues (Fig. 4E). The following exper-
iments were designed to verify the specific mechanism of SMC1A transcriptionally regulate IL24. In MHCC97H cells, ChIP-qPCR was
taken to detect the IL24 promoter enriched on SMC1A. SMC1A was confirmed to bind to IL24 promoter (Fig. 4F). DNA pull down assay
demonstrated that SMC1A protein could be enriched in IL24 promoter, which further meant that SMC1A could bind to IL24 promoter
(Fig. 4G). After verifying the overexpression efficiency of SMC1A (Fig. S1E), we confirmed that SMC1A could bind to IL24 promoter
(Fig. 4H). IL24 is a cytokine that is usually secreted by cells into the extracellular environment to produce regulatory effects.
Thereafter, we had to verify that SMC1A affected IL24 secretion by regulating IL24 expression. After the co-transfection of si-SMC1A
and pcDNA3.1-IL24 into MHCC97H cells, Elisa was used to detect IL.24. The result showed that the down-regulation of IL24 caused by
SMC1A interference could be totally reversed by overexpressing IL24 (Fig. 41). It meant that SMC1A indeed influenced IL24 secretion
through regulating IL24 expression.

3.5. Circ_0000092 induces macrophage M2 polarization through IL24

In addition to verifying the interference efficiency of circ_ 0000092, we also verified the overexpression efficiency of IL24(Fig. S1F),
followed by rescue assays. Flow cytometry analysis was used detect the expression of CD206 after the co-transfection of si-
circ_0000092 and pcDNA3.1-IL24 into HCC cells. From the experimental results we found that the inhibited CD206 expression
level caused by circ_ 0000092 interference could be partially rescued by overexpressing IL24 (Fig. 5A). CD86 expression was detected
before and after circ_0000092 was interfered by flow cytometry. Also, the up-regulated CD86 expression level caused by circ_0000092
silencing could be partially countervailed by IL24 overexpression (Fig. 5B). Then qRT-PCR was taken to detect the mRNA expression
level of CCL17, CCL22 and ARG, as well as iNOS, TNF-a and TLR4 after the co-transfection of sil-circ_0000092 and pcDNA3.1-1L24.
The influence caused by circ_0000092 down-regulation was partially reversed by IL24 overexpression (Fig. 5C-D). In conclusion,
circ_0000092 promoted macrophage M2 polarization through IL24.

4. Discussion

HCC is the major cancer in the world [32], with the increasing deaths over the last several decades [32]. Therefore, it was urgent to
explore more reliable targets for HCC to improve its prognosis.

The regulatory role of circRNAs has been affirmed in diverse cancers. Hsa_circRNA_104348 enhances HCC growth through miR-
187-3p/RTKN2 axis and raises Wnt/beta-catenin pathway activate [33,34]; N(6)-methyladenosine-modified circRNA-SORE could
sustain sorafenib resistance in HCC [35]. Circ_0000092, as a newly found circRNA, its functions in cancer has not been uncovered.
Recently, it has been studied to promote HCC progression through up-regulating HN1 by binding to microRNA-338-3p [12]. Moreover,
it was reported that TAMs M2 polarization promoted HCC EMT process [4,5]. However, the specific regulatory mechanism of
circ_0000092 interacting with TAM was still unclear. In our study, circ_ 0000092 was known to promote M2 polarization of macro-
phages and the specific mechanism is also revealed.

Previous investigations have uncovered that circRNAs adjust and control tumor development by regulating miRNAs, and the
ceRNA mechanism has been testified to be one of the most common mechanisms in regulating the development of various tumors [36].
Circ_0072995 enhances HCC progression through upregulating EIF4A3 by sponging miR-1253 [37]. Circ_0001955 facilitates HCC
progression by sponging miR-516a-5p to upregulate TRAF6 and MAPK11 [38]. Circ_0091579 promotes HCC proliferation through
sponging miR-1270 to increase YAP1 [39]. However , through our investigation, circ_ 0000092 could stabilize SMC1A mRNA through
recruiting U2AF2 and thus promote the expression of SMC1A. Besides, SMC1A transcription could activate the expression of IL24. The
expression of IL24 increased and induced M2 polarization of macrophages by secretion into extracellular.

The role of SMC1A in other cancers has been widely discussed. For example, SMC1A exerts a promotive effect on the EMT process
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by augmenting SNAIL expression to aggravate gastric cancer [40]. Activation of the AKT/FOXM1/STMNT1 signaling pathway via
SMC1A contributes to the enhanced malignant progression of breast cancer cells [41]. However, there is still room to investigate its
role in HCC, and unlike previous studies we also investigated the upstream mechanism of SMC1A. We showed that SMC1A expression
is upregulated due to circ_ 0000092 binding to U2AF2. This is a noteworthy innovation of our study. In addition to the upstream
mechanism of SMC1A, this study also explored the downstream mechanism of SMC1A to further reveal the effect of circ_0000092 on
M2 polarization in macrophages. We found that SMC1A can transcriptionally activate IL24 to accelerate IL24 secretion, which pro-
motes M2 polarization of macrophages and ultimately promotes the malignant development of HCC.

5. Conclusion

In short, this study validated that hsa circ. 0000092 facilitated macrophage M2 polarization by SMC1A/IL24 axis. and
circ_0000092 up-regulates SMC1A through recruitment of transcription factor U2AF2. It is the first time to uncover that SMC1A
transcriptionally activates the IL24 expression. Moreover, we found that IL24 plays a role in inducing macrophage M2 polarization.
Thus, it was considered that this report might be regarded as a reference for relevant studies on HCC. Besides, further analysis of the
correlation between the expression of circ 0000092, U2AF2, SMCI1A and IL24 with clinicopathological data and prognosis in HCC
patients will be conducted as further planning experiments.
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