Cancer Medicine

WILEY

Cancer Medicine

| RESEARCH ARTICLE @EETEEED

The hsa_circ_0070354/miR-4322/RAB3B Axis Facilitates the
Carcinogenesis and Development of Non-Small Cell Lung
Cancer (NSCLC)

Yuejiao Huang! 2 | Shiyi Qin? | Yu Zhang? | Xinliang Gu? | Ming Zheng? | Guojie Ling® | Lei Yang? | Shaogqing Ju?

!Department of Hematology and Oncology, Affiliated Hospital of Nantong University, Medical School of Nantong University, Nantong, Jiangsu,
China | 2Department of Laboratory Medicine, Affiliated Hospital of Nantong University, Medical School of Nantong University, Nantong, Jiangsu,
China | *Department of Medical Oncology, Affiliated Tumor Hospital of Nantong University, Nantong, Jiangsu, China

Correspondence: Lei Yang (yanglei@ntu.edu.cn) | Shaoqing Ju (jsq814@hotmail.com)
Received: 18 February 2025 | Revised: 24 April 2026 | Accepted: 15 May 2026

Keywords: circular RNA | hsa_circ_0070354 | miR-4322 | NSCLC | RAB3B

ABSTRACT

Background: Circular RNA (hsa_circ_0070354), also known as circPTPN13, was demonstrated in our previous study that it can
be used as a biomarker for diagnosing non-small cell lung cancer (NSCLC). However, the mechanism of its role in the occurrence
and development of NSCLC has not been investigated.

Methods and Results: The cell functions of NSCLC cells are evaluated by transfecting with relevant mimics, inhibitors, or plas-
mids in cell lines. After knocking down hsa_circ_0070354, the expression of miR-4322 increased, and RAB3B decreased, and the
expression changed inversely after overexpression of hsa_circ_0070354. Mechanically, hsa_circ_0070354 acts as a ceRNA to ad-
sorb miR-4322 and modulate Ras-Related Protein Rab-3B (RAB3B) to facilitate the proliferation, migration, invasion, and EMT
of NSCLC cells. MiR-4322 or RAB3B inhibition restored proliferation, migration, and invasion of NSCLC cells after silencing of
hsa_circ_0070354. In addition, hsa_circ_0070354 knockdown suppressed tumor growth in vivo.

Conclusions: Collectively, our study reveals a promotive role of hsa_circ_0070354 in tumor proliferation, invasion, and migra-
tion by regulating the miR-4322/RAB3B axis and highlights that targeting the axis is a promising strategy for the intervention
of NSCLC progression.

1 | Introduction with a five-year survival rate below 15% [1, 2]. This is due to

the lack of typical and specific clinical manifestations of lung

With the advancement of imaging technology and the increas-
ing attention to physical examination, the diagnosis rate of
early lung cancer has increased significantly. Although the in-
cidence of breast cancer exceeds that of lung cancer, lung can-
cer remains the leading cause of cancer-related deaths globally,

cancer. If diagnosed at an advanced stage, it will lose the op-
portunity for surgery; targeted therapy is not sensitive, which
will lead to a poor prognosis for patients [3]. Non-small cell lung
cancer (NSCLC) is the most common subtype of lung cancer,
accounting for about 80%-85% of all lung cancer, and is the most

Abbreviations: (ceRNA), competitive endogenous RNA; (circRNA), circular RNA; (ECL), enhanced chemiluminescence; (EdU), 5-Ethynyl-2'-deoxyuridine; (EMT),
epithelial-mesenchymal transition; (GAPDH), glyceraldehyde-3-phosphate dehydrogenase; (IHC), Hematoxylin-eosin (HE) staining and immunohistochemistry;
(IRE1), Inositol-requiring enzyme 1; (miRNA), microRNA; (MRE), microRNA response elements; (MUT), wild-type (WT) or mutant; (NSCLC), non-small cell lung
cancer; (OD), absorbance; (PI), phenylmethyl sulfonyl fluoride (PMSF) and phosphatase inhibitors; (PVDF), polyvinylidene difluoride; (QRT-PCR), quantitative
real-time polymerase chain reaction; (RAB3B), Ras-Related Protein Rab-3B; (RIPA), radio-immunoprecipitation assay; (SDS-PAGE), sodium dodecyl sulfate—

polyacrylamide gel electrophoresis; (ShRNA), short hairpin RNA; (WB), western blot.
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difficult to treat [4]. With the progress of traditional radiother-
apy, chemotherapy, and surgery, the rapid progress of targeted
and immunotherapy is also the key to improving the survival
time and prognosis of NSCLC [5]. However, in addition to the
common mutations such as EGFR, ALK, and MET, the targets
of molecular targeted therapy are still limited, which suggests
that significant work remains in the search for new therapeutic
targets.

Functional circular RNA (circRNA) has been found to effectively
absorb microRNA (miRNA), thereby regulating downstream
target genes after transcription, and can also serve as a reposi-
tory or carrier of miRNA [6]. CircRNA can act as a competitive
endogenous RNA (ceRNA) with multiple miRNA binding sites
and can achieve mutual regulation by competitively binding to
the common microRNA response elements (MRE) to play the
role of miRNA sponge. This is the classic regulation model of
circRNA, namely the triad regulation axis of circRNA/miRNA/
mRNA [7]. In this new regulatory model, circRNA can com-
petitively regulate the expression of multiple miRNAs with the
same MER, while miRNA, in turn, can also regulate the post-
transcriptional expression of multiple target genes. Moreover,
multiple miRNAs can regulate the same target gene simultane-
ously [8, 9]. These multilayered interactions create a large and
interconnected regulatory network. This regulatory model plays
an important role in a variety of benign and malignant diseases,
especially in the occurrence and development of tumors, includ-
ing NSCLC [10, 11].

Existing studies have indicated that circRNA exhibits abnormal
expression in NSCLC, which can be detected sensitively in the
early stage. It can also predict and guide the disease progression
according to its expression changes. CircRNA is an important
tumor biomarker that is easy to detect [12, 13]. Furthermore, the
expression of circRNA participates in the process of prolifera-
tion, invasion, and metastasis of NSCLC, which affects the ad-
verse progression of the disease [14, 15]. Additionally, circRNA
is also involved in regulating the sensitivity of NSCLC to chemo-
therapy and targeted drugs, thereby guiding the success or fail-
ure of treatment [16, 17]. Our previous research has confirmed
that hsa_circ_0070354 has diagnostic efficacy as an NSCLC
biomarker, but its role in the occurrence and development of
NSCLC remains to be elucidated [18]. The research attempted
to deeply investigate the function and regulatory mechanism of
hsa_circ_0070354 in NSCLC, provide new strategies and targets
for the diagnosis and treatment of NSCLC, and bring hope for
the prognosis and survival of patients.

2 | Results

2.1 | Hsa_circ_0070354 Affects Cell Aggressive
Progression in NSCLC Cells

To explore the functional role of hsa_circ_0070354 in NSCLC,
we first knock down hsa_circ_0070354 expression in PC-9 and
A549 cells, which have the highest hsa_circ_0070354 expres-
sion. Then, the expression of hsa_circ_0070354 was ectopically
expressed in H1299 and H226 cells due to its lowest expres-
sion of hsa_circ_0070354. As expected, results showed that
hsa_circ_0070354 successfully decreased about 50% changes

by shRNA-2 than controls, while OE-hsa_circ_0070354 could
successfully up-regulate the expression by over 3-fold changes
(Figure 1). Subsequently, cell growth, migration, and invasion
in vitro assays were determined to evaluate the functions of
hsa_circ_0070354 in NSCLC cells. Firstly, CCK-8, colony for-
mation, and EdU experiments were conducted, and we found
that silencing of hsa_circ_0070354 significantly inhibited PC-9
cell proliferation compared with the sh-NC group. On the con-
trary, ectopically expressed hsa_circ_0070354 increased cell vi-
ability in H1299 cells (Figure 1A-D). Moreover, relative to the
control group, the migrated and invaded cells in transwell as-
says were remarkably reduced after the downregulation of hsa_
circ_0070354 (Figure 1E-G Left). In contrast, the migratory and
invasive capacities of H1299 and H226 cells were elevated after
the overexpression of hsa_circ_0070354 (Figure 1E-G Right).
Thus, these results revealed that hsa_circ_0070354 possessed
an oncogenic function in NSCLC cells.

2.2 | Hsa_circ_0070354 Facilitates the Growth
of NSCLC Cells in Vivo

Next, PC-9 cells with hsa_circ_0070354 stable knockdown or
control cells were injected into the nude mice xenograft model
to identify whether hsa_circ_0070354 could affect NSCLC cell
tumorigenesis in vivo. Our findings revealed that silencing
hsa_circ_0070354 obviously blocked tumor growth, and the tu-
mors were smaller than those in the control group (Figure 2A).
In the meantime, the tumor weight and volume in the sh-hsa_
circ_0070354 group were also dramatically lower than those in
the control group (Figure 2A,C). Similarly, in vivo experiments
were performed using cells overexpressing circ_0070354, and
the results revealed that upregulated circ_0070354 levels were
sufficient to promote tumor growth, which was consistent with
the findings from our knockdown studies (Figure 2B,C). Our
findings indicate that hsa_circ_0070354 may play oncogenic
roles in NSCLC progression in vivo. In addition, the THC assays
revealed that depression of hsa_circ_0070354 suppressed the
expression of Ki-67 and Vimentin but promoted the expression
of E-cadherin (Figure 2D). Taken together, our results suggest
that the knockdown of hsa_circ_0070354 has anti-tumor activ-
ity in NSCLC in vivo.

2.3 | Hsa_circ_0070354 Sponged miR-4322 in
NSCLC and Negatively Regulated Its Expression

According to the bioinformatics analysis conducted in the
early stages by combining multiple online databases, potential
targets of the ceRNA mechanism were selected [18]. Firstly,
the expression changes of the pre-selected miRNAs were de-
tected after upregulating or downregulating the expression of
hsa_circ_0070354. It was demonstrated that only miR-1305 and
miR-4322 were remarkably restrained by the overexpression
of hsa_circ_0070354, while exerting the opposite effect by the
down-regulation of hsa_circ_0070354 (Figure 3A). Next, we
measured the expression of two miRNAs in NSCLC and normal
bronchial epithelial cell lines by qRT-PCR. Results showed that
miR-1305 and miR-4322 were lowly expressed in the majority
of NSCLC cell lines compared to human normal bronchial ep-
ithelium cells (HBE) (Figure 3B). Similarly, miR-4322 was also
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FIGURE1 | Hsa_circ_0070354 promotes NSCLC cell proliferation, migration, and invasion. (A) CCK-8 assays were employed to detect the cell
viability of PC-9 and H1299 cells after overexpression or silencing transfection. (B) Colony formation assays were performed to detect the clonogenic
ability of PC-9 and H1299 cells after transfection. (C) EAU analysis was adopted to detect cell proliferation of PC-9 and H1299 cells after transfection.
Scale bar =100 um. (D) Statistical graph of colony formation and EdU experiments. (E) Transwell assays were used to detect cell migration of NSCLC

cells after transfection. (F) Transwell assays were used to detect cell invasion of NSCLC cells after transfection. Original magnification x 100. (G)

Statistical graph of migration and invasion experiments.

generally lower in NSCLC tissues than in adjacent normal tis-
sues, and its expression was opposite to that of hsa_circ_0070354
(Figure 3C,D). Afterward, the alignment of the potential bind-
ing site between hsa_circ_0070354 and miR-4322, as well as its
mutant type, was constructed based on RNAhybrid prediction
(Figure 3E). Further, the luciferase reporter vector containing
wild-type or mutant putative binding sites of hsa_circ_0070354
was constructed. The results demonstrated that miR-4322
mimics could inhibit the luciferase activities of the wild-type
hsa_circ_0070354 reporter vector, which could not be observed
in the empty vector or mutant reporter vector (Figure 3F). It
was also found that the luciferase signal of the wild-type hsa_
circ_0070354 plasmid was decreased after the overexpression of
miR-1305, but the statistical significance of the difference was
poor. Therefore, accumulating evidence suggests that miR-4322
is a potential target of hsa_circ_0070354.

2.4 | Hsa_circ_0070354 Promoted NSCLC
Progression by Sponging miR-4322

Since the function of miR-4322 in NSCLC and other tumors
has not been reported, our study found that overexpression of
miR-4322 presents a similar tumor inhibition effect as hsa_
circ_0070354 silencing (Figure 4A-E). Conversely, inhibiting
the expression of miR-4322 can promote the malignant process
of NSCLC cells (Figure 4A-E). Previously, qRT-PCR analysis
showed that the miR-4322 level was strikingly boosted after
being transfected with miR-4322 mimics, while after being
transfected with miR-4322 inhibitor, its expression was silenced
(Figure 5A). To functionally confirm that hsa_circ_0070354
promotes NSCLC progression by sponging miR-4322, we trans-
fected hsa_circ_0070354 OE and miR-4322 mimics into PC-9
and H1299 cells to examine whether the tumor-promoting ef-
fects of hsa_circ_0070354 overexpression could be reversed by
miR-4322 upregulation. Indeed, we found that miR-4322 upreg-
ulation significantly suppressed the effects of hsa_circ_0070354
overexpression on proliferation (Figure 5B,C), migration
(Figure 5D), and invasion (Figure 5E) of PC-9 cells. In addition,
for the H1299 cell line, the knockdown of miR-4322 could partly
rescue the tumor-repressing role of silenced hsa_circ_0070354
in proliferation, migration, and invasion (Figure 5B-E). The
above results collectively demonstrated that hsa_circ_0070354
promoted NSCLC progression by sponging miR-4322.

2.5 | MiR-4322 Attenuates NSCLC Cell Growth,
Metastasis, Invasion, and EMT by Targeting RAB3B

To further investigate the regulatory axis of hsa_circ_0070354/
miR-4322, we utilized five online biological information data-
bases (miRDB, miDIP, miPathDB, miRwalk, and TargetScan)

to predict a total of 85 potential target genes (Figure 6A). The
screening criteria and parameters for each database, along with
the 85-gene list, are now provided in Table S1. Combined with
the Cytoscape analysis in our previous research [18], we obtained
10 potential functional genes (Figure 6B, Table S2). Among the
differentially expressed genes in the TCGA database, RAB3B
showed a consistent and statistically significant upregulation
in both lung adenocarcinoma (Figure 6C) and lung squamous
cell carcinoma (Figure 6D) tumor tissues compared to normal
controls. Other genes, such as RSPO4 and PCDH17, also exhib-
ited differential expression, but their expression patterns did not
align with the predicted direction of regulation by miR-4322 or
with the oncogenic phenotype observed in our functional as-
says. Therefore, RAB3B was prioritized for further validation.

Next, we asked whether hsa_circ_0070354's biological functions
are dependent on its regulation of miR-4322 and RAB3B. Results
from WB assays indicated that miR-4322 silencing augmented
the expression level of RAB3B, while miR-4322 mimics reduced
the mRNA and protein level of RAB3B (Figure 7A). Then, the
transfection efficiency of RAB3B shRNA was checked, and two
cell lines after transfection demonstrated a reduction in RAB3B
expression (Figure 7B). WB results found that miR-4322 inhibi-
tion could enhance the expression of RAB3B, PCNA, N-cadherin,
and vimentin, retard the expression of E-cadherin, insinuating
that miR-4322 inhibition promoted the proliferation and metas-
tasis of NSCLC cells. Moreover, transfection of RAB3B based on
miR-4322 inhibition turned around the influence of miR-4322
inhibition on the protein expression above (Figure 7C). Based
on RNAhybrid predictions, the wild-type and mutant sequences
of the putative miR-4322 binding site within the RAB3B 3'UTR
were designed and cloned into luciferase reporter vectors. The
results demonstrated that miR-4322 mimics significantly sup-
pressed the luciferase activity of the wild-type RAB3B reporter,
whereas no such inhibitory effect was observed for the empty
vector or the mutant reporter (Figure 7D). Additionally, for the
part of rescue assays, CCK-8, clone forming, and transwell as-
says illustrated that transfected RAB3B shRNA could partly
reverse the oncogenic functions caused by miR-4322 inhibition
in A549 and H1299 cells (Figure 7E-H). In addition, the THC
assays revealed that depression of hsa_circ_0070354 suppressed
the expression of RAB3B in vivo (Figure 7I). These observations
indicated that miR-4322 attenuates NSCLC cell growth, metas-
tasis, invasion, and EMT by targeting RAB3B.

3 | Discussion

CircRNAs are a class of endogenous non-coding RNAs with
covalently closed loops, playing pivotal roles in carcinogene-
sis and cancer progression by sponging miRNAs, interacting
with proteins, or encoding peptides [19, 20]. Growing research
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FIGURE 2 | Hsa_circ_0070354 promotes tumor growth in vivo. (A) Hsa_circ_0070354 shRNA or the negative control stably transfected PC-9
cells were subcutaneously injected for in vivo tumorigenesis. (B) Hsa_circ_0070354 OE or the negative control stably transfected PC-9 cells were
subcutaneously injected for in vivo tumorigenesis. (C) The volume and weight of subcutaneous xenograft tumors of PC-9 cells isolated from nude
mice (n=4 mice per group). (D) I[HC staining for cell proliferation (Ki-67) and EMT markers (E-Cadherin and Vimentin) in subcutaneous xenograft

tumors.

highlights their functions as transcriptional regulators, miRNA
sponges, protein/peptide translation templates, as well as pro-
tein decoys, scaffolds, and recruiters [19]. Recent studies further
clarify how circRNA can interact with DNA, RNA, and proteins
to regulate biological processes, making circRNAs a focal point
of cancer research [21]. The majority of circRNAs are primarily
localized in the cytoplasm and act as miRNA sponges to reg-
ulate the expression of target miRNAs. Previous studies have
examined differential expression of circRNAs between NSCLC
and matched normal lung tissues through RNA sequencing or
chip microarray [22]. Nonetheless, only a handful of circRNAs
have been functionally identified. This study is based on previ-
ous analysis that hsa_circ_0070354 has a diagnostic marker for
NSCLC to further investigate its functional role in the progres-
sion of NSCLC [18]. Building upon this clinical observation, the
present study elucidates its functional oncogenic role and under-
lying molecular mechanism, thereby bridging the gap between
its biomarker potential and biological significance in NSCLC
pathogenesis.

It is noteworthy that circRNAs are generated through back-
splicing of pre-mRNA and often exhibit expression patterns and
functions that are distinct from their linear host genes [23, 24].
Thisfunctional decoupling is arecognized characteristic of many
bona fide circRNAs [25]. Our proposed ceRNA mechanism for
hsa_circ_0070354 operates in the cytoplasm via miRNA seques-
tration, a process that is mechanistically independent of nuclear
transcription or the canonical mRNA function of its host gene,
PTPN13. Therefore, while the impact on the host gene was not a
focus of this study, the established paradigm of circRNA biology
supports the conclusion that the observed oncogenic effects are
likely attributable to the circular RNA transcript itself.

We first confirmed that hsa_circ_0070354 significantly pro-
motes NSCLC cell proliferation, invasion, and metastasis both
invitro and in vivo. Consistent with its predominant cytoplasmic
localization, we hypothesized it might function as a competitive
endogenous RNA (ceRNA). Through integrated bioinformatics
analysis and experimental validation, we identified miR-4322
as a direct target of hsa_circ_0070354. While miR-1305 was
also predicted to bind hsa_circ_0070354, our dual-luciferase
reporter assays demonstrated a significantly stronger and more
specific interaction with miR-4322, leading us to focus on this
less-characterized miRNA. While expression changes of miR-
4322 have been observed in mesial temporal lobe epilepsy with
hippocampal sclerosis, no statistically significant differences
were found in diagnosis; furthermore, there is limited research
on this microRNA's involvement in tumors and other diseases
[26]. We found miR-4322 to be downregulated in NSCLC tissues
and cells, and its restoration effectively counteracted the tumor-
promoting effects of hsa_circ_0070354 overexpression. miR-
NAs can modulate various signaling pathways in tumor cells
by controlling gene expression at the post-transcriptional level,

mainly through complementary pairing with the 3’-UTR of their
target mRNAs, leading to mRNA degradation or translational
inhibition [21, 27], _ENREF_27_ENREF_21. In this study, it
was also screened and verified that miR-4322 regulates the gene
expression of its target gene, RAB3B, and participates in the oc-
currence and development of NSCLC.

RAB3B, a small G protein, is a member of the Ras-related
GTPase Rab family, which has the ability to regulate vesicle
transport and participate in the formation and maintenance
of the endoplasmic reticulum as well as intercellular signal
transduction [28, 29]. A previous study demonstrated that
knocking down RAB3B inhibits calcium-dependent exocyto-
sis in rat anterior pituitary cells [30]. In addition to its presence
in neuronal/secretory cells, RAB3B has also been identified
in cancer cells [31, 32]. Tsunedomi et al. reported an upreg-
ulation of Rab3B in hepatocellular carcinoma, where it was
deemed essential for acquiring tumor stem cell characteristics
[31]. It played a pivotal role in extracellular vesicle secretion
(such as exosomes) and potentially regulated the expression of
related genes, making it a key gene for liver cancer treatment.
In glioma, the expression of RAB3B was up-regulated, which
inhibited cell apoptosis through cell cycle arrest and has prog-
nostic significance [33]. Furthermore, RAB3B upregulation
promoted the survival of prostate cancer cells [34]. It could
also induce autophagy of tumor cells and promote cisplatin re-
sistance of hypopharyngeal squamous cell carcinoma [35]. In
acute myeloid leukemia, expression of RAB3B showed a posi-
tive correlation with the infiltration of M1 macrophages, and
significant differences in sensitivity to 36 drugs were observed
among high-risk groups, supporting RAB3B's inclusion as a
biomarker in prognosis modeling [36]. In an article published
concurrently with our study, it was found that RAB3B inter-
acted with DDX6 and enhanced its stability, thereby endowing
cancer cells with greater invasiveness [37]. It was consistent
with our data on RAB3B in NSCLC. Despite these findings,
the mechanism of RAB3B regulating the behavior of NSCLC
cells is still unclear. RAB3B has been shown to exert its biolog-
ical function by interacting with other proteins (e.g., binding
to polyclonal immunoglobulin receptors to regulate epithelial
cell transcytosis) [38-40]. Inositol-requiring enzyme 1 (IRE1)
degrades pre-miR-3607 to regulate RAB3B expression at the
mRNA and protein levels, thereby increasing the aggressive-
ness of luminal breast cancer cells [41]. RAB3B is also regu-
lated by various miRNAs or circRNAs, such as circ_0000337,
which upregulates RAB3B by secreting miR-155-5p to pro-
mote the proliferation of cervical cancer cells [42]. As a regu-
latory gene of miR-200b, inhibiting its expression could lead to
a decrease in proliferation and invasion in breast cancer cells
[32]. In gastric cancer, RAB3B was suggested to function as
an oncogene that can potentially be regulated by the ceRNA
mechanism, wherein IncRNA NEAT]1 acts as a sponge to reg-
ulate RAB3B expression by sequestering miR-3158-5p [43]. In
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FIGURE 5 | The effect of hsa_circ_0070354 on NSCLC could be reversed by miR-4322. (A) Relative expression of miR-43,322 was measured by
qRT-PCR after transfection of miR-4322 mimics or inhibitors. (B) CCK-8 assays were employed to detect the cell viability after co-transfection. (C)
Colony formation assays were performed to detect the cloning ability after co-transfection. (D) Transwell assays were used to detect cell migration
of NSCLC cells after co-transfection. (E) Transwell assays were used to detect cell invasion of NSCLC cells after co-transfection. Original magnifi-

cation X 100.
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FIGURE 6 | Bioinformatics detection of target mRNAs of miR-4322. (A) The Bioinformatics online database was used to predict the potential
target mRNAs that bind to miR-4322. (B) A Venn diagram evaluated the overlapped genes between five online databases and Cytoscape analysis
predictions. (C) Prediction of 10 potential target mRNAs' expression in adenocarcinoma of the lung in the TCGA database by ENCORI analysis. (D)
Prediction of 10 mRNAs' expression in squamous cell carcinoma of the lung in the TCGA database.

this study, we identified RAB3B as a direct and functional tar- with hsa_circ_0070354 in clinical samples. Collectively,
get of miR-4322. Importantly, the expression of RAB3B was these findings establish a novel ceRNA network—the hsa_
negatively correlated with miR-4322 but positively correlated circ_0070354/miR-4322/RAB3B axis—that contributes to
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FIGURE 7 | RAB3B acted as a molecular target of miR-4322. (A) The expression of RAB3B was measured by WB after transfection of miR-4322
mimics or inhibitors. (B) The interference efficiency of RAB3B was measured by WB after transfection of RAB3B shRNA. (C) The proliferation and
metastasis-related proteins were determined using WB after co-transfection. (D) Diagrammatic sketch of the binding sites between miR-4322 and
RAB3B in bioinformatics analysis (left). Dual-luciferase reporter assays were performed to detect the correlation between miR-4322 and RAB3B
(right). (E) CCK-8 assays were employed to detect the cell viability after co-transfection. (F) Colony formation assays were performed to detect the
clonogenic ability after co-transfection in H1299 cells. (G) Transwell assays were used to detect cell migration of NSCLC cells after co-transfection.
(H) Transwell assays were used to detect cell invasion of NSCLC cells after co-transfection. Original magnification X 100. (I) IHC staining for RAB3B

in subcutaneous xenograft tumors.
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FIGURE 8 | Schematic diagram of the hsa_circ_0070354/miR-4322/RAB3B regulatory axis in NSCLC progression.

NSCLC progression (Figure 8). It was found for the first time
that hsa_circ-0070354/miR-4322/RAB3B regulates the prolif-
eration, invasion, and metastasis of NSCLC, which provides a
theoretical basis for treatment target screening and prognosis
analysis. Our subsequent experimental research will focus on
conducting multiple rescue assays centered on circRNA-354,
miR-4322, and RAB3B to validate our preliminary hypoth-
eses. However, the signal pathways involved and the deeper
mechanisms are still under further investigation.

The clinical relevance of this axis extends beyond mechanis-
tic insight. First, it provides a plausible biological explana-
tion for the elevated hsa_circ_0070354 levels we previously
observed in NSCLC patients, linking a diagnostic biomarker
to a pro-tumorigenic function. Evaluating the co-expression
pattern of hsa_circ_0070354, miR-4322, and RAB3B in pa-
tient cohorts may enhance diagnostic precision or prognos-
tic stratification compared to using hsa_circ_0070354 alone.
Second, from a therapeutic perspective, this axis reveals new
vulnerabilities. Targeting hsa_circ_0070354 with antisense

oligonucleotides (ASOs) or small interfering RNAs (siRNAs)
could simultaneously inhibit RAB3B and de-repress miR-
4322, achieving a dual antitumor effect. Although RAB3B's
role in cancer is documented, our study is the first to delin-
eate its upstream regulation by a circRNA-mediated sponge
mechanism in NSCLC, offering a novel angle for interven-
tion. The oncogenic function of the hsa_circ_0070354/miR-
4322/RAB3B axis was consistently validated across multiple
cell lines and in vivo models, underscoring its potential as a
robust therapeutic target. Although we did not conduct the
rescue experiments for hsa_circ_0070354 and RAB3B, it has
been demonstrated in in vivo experiments that the reduction
in hsa_circ_0070354 expression leads to a decrease in RAB3B
expression (Figure 7I), thereby inhibiting tumor growth.
Further verification through rescue experiments, both in vivo
and in vitro, is warranted in the future.

In conclusion, our work advances the understanding of cir-
cRNA biology in NSCLC by functionally characterizing hsa_
circ_0070354 and deciphering its role within a specific ccRNA

12 of 16

Cancer Medicine, 2026



axis. The discovery of the hsa_circ_0070354/miR-4322/RAB3B
regulatory network not only provides a mechanistic basis for the
tumor-promoting effect of hsa_circ_0070354 but also highlights
its potential value as a component of a multi-factor diagnostic
panel and a candidate target for future RNA-based therapeutics.
Future studies will explore the downstream signaling pathways
governed by RAB3B in NSCLC and investigate the efficacy of
targeting this axis in more complex preclinical models.

4 | Materials and Methods
4.1 | Cell Culture and Transfection

NSCLC cell lines (PC-9, A549, H1299, H226) and normal
bronchial epithelial cells (HBE) were cultured as previ-
ously described [18]. Cell authentication and mycoplasma
testing were performed prior to experiments. Transfection
was conducted using Lipofectamine 3000 (Invitrogen, Cat.
L3000015, Carlsbad, California, USA) at 50%-60% conflu-
ency. Specific ShRNAs targeting hsa_circ_0070354 (sequence:
5-CTTTCTGGGTAAGCCTAGCTG-3’) and RAB3B (sequence:
5-GGTGAAGACAGTCTACCGTCA-3’), along with a scram-
bled shRNA control (5-GTTCTCCGAACGTGTCACGT-3’), as
well as the hsa_circ_0070354 overexpression plasmid, were all
synthesized and validated by GenePharma (Suzhou, China).
miR-4322 mimic and inhibitor were obtained from Ribobio
(Guangzhou, China).

4.2 | Tissue Samples

The human tissue samples were processed and analyzed accord-
ing to protocols established in our prior study [18].

4.3 | Quantitative Real-Time PCR (qRT-PCR)
Analysis

Total RNA extraction, cDNA synthesis, and ¢RT-
PCR protocols followed established methods [18].
miR-4322 primers (Ribobio) and RAB3B primers (for-
ward: 5-TTCAAGGTGAAGACAGTCTACC-3 reverse:
5-GTAGGTCTTGATCTGAGTAGCC-3') were used. GAPDH
and U6 served as normalization controls for mRNA/circRNA
and miRNA, respectively.

4.4 | Cell Proliferation Assays

CCK-8 assay: The transfected NSCLC cells seeded in 96-well
plates were incubated with CCK-8 reagent (Cat. CK04, Dojindo
Laboratories, Kumamoto, Japan) for 2h until the color turned
orange. Absorbance at 450nm was measured using a spec-
trophotometer (Bio-Tek, Vermont, USA). The cell viability
(%)=[OD (Experiment) - OD (Blank)]/[OD (Control) - OD
(Blank)] x 100%.

EdU assay: The transfected NSCLC cells treated with 50 uM
EdU (Cat. C0075S, Beyotime, Shanghai, China) for 2h were
fixed, permeabilized, and stained with Hoechst 33342.

Fluorescence microscopy (Olympus, Tokyo, Japan) captured
EdU-positive cells.

4.5 | Colony Formation Assay

Transfected cells (1x103/well) were cultured for 10-14days
with the medium replaced every 4 days, fixed with paraformal-
dehyde, and stained with crystal violet (Cat. C0121, Beyotime,
Shanghai, China). For counting the colony-forming units, the
cell colonies were dried in air and photographed.

4.6 | Migration and Invasion Assay

For transwell migration and invasion assays, cells were pre-
treated with 1 pug/mL Mitomycin C (Cat. M5353, Sigma-Aldrich,
Darmstadt, Germany) for 1h to inhibit proliferation prior to
being seeded into the inserts. Both invasion and migration as-
says were conducted using transwell chambers (Corning, New
York, USA), with the difference being that in the invasion assay,
100 uL of Matrigel (Cat. 354234, Corning, New York, USA) was
pre-spread at a 1:8 dilution in the upper chamber and cultured
overnight to allow it to gel. Then, the transfected cells (1x10%/
well) in serum-free medium were added to the upper chamber,
while 20% FBS medium filled the lower chamber. After incubat-
ing with 5% CO2 for 24-36h, the cells in the upper membrane
surfaces were carefully removed by cotton swabs, while the
transwell chambers were fixed in 4% paraformaldehyde solu-
tion and stained using 0.1% crystal violet for 20min. Finally,
the number of migrated or invaded cells was photographed and
counted in five representative fields under an inverted micro-
scope (Olympus, Tokyo, Japan). For each experimental condi-
tion, transwell assays were performed in three independent
replicates. Migrated or invaded cells were counted in five ran-
domly selected fields per insert using ImageJ software (National
Institutes of Health, USA), and the results from all replicates
were pooled for statistical analysis.

4.7 | Dual-Luciferase Reporter Assay

The hsa_circ_0070354 and RAB3B sequences containing wild-
type (WT) or mutant (MUT) miR-4322 binding sites were
purchased from Genepharma (Suzhou, China). The WT and
MUT plasmids were cotransfected into NSCLC cells with miR-
4322/1305 mimics, or NC mimics using Lipofectamine 3000
(Cat. L3000015, Invitrogen, California, USA). Luciferase activ-
ity was measured 48 h post-transfection using a Dual-Luciferase
Kit (Cat. E2920, Promega, Wisconsin, USA), normalized to
Renilla activity.

4.8 | Xenograft Model

BALB/c nude mice (4-5weeks old) were bred and experimented
upon at the animal center of the Medical School in Nantong
University, and the procedures were conducted in accordance
with the Nantong University ethical guidelines. Briefly, 1x10°
transfected PC-9 cells were subcutaneously injected into the
left armpit after being diluted with PBS and Matrigel to 100 uL.
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After 30days, all the mice were euthanized, and then the tu-
mors were separated and weighed. Tumor volume (calculated as
[length x width?]/2) was recorded.

4.9 | Hematoxylin-Eosin (HE) Staining
and Immunohistochemistry (IHC)

The preparation and staining of tissue sections are assisted by the
automatic dehydrator, embedding machine, staining and mount-
ing machine of the pathology department in Third People's
Hospital of Nantong University, which are used to automate the
process. In brief, the tumor tissues were first obtained, fixed in
10% formalin, dehydrated in graded alcohol, embedded in par-
affin, sliced, and stained. In IHC, however, antigen retrieval,
blocking, and incubation with the primary antibody and second-
ary antibody are also required. The following primary antibodies
are used: RAB3B (1:100, Cat. sc-81,911, Santa Cruz, California,
USA), Ki-67 (1:100, Cat. sc-23,900, Santa Cruz, California,
USA), E-cadherin (1:200, Cat. 3195S, Cell Signaling Technology,
Massachusetts, USA), and Vimentin (1:200, Cat. 5741S, Cell
Signaling Technology, Massachusetts, USA). The staining inten-
sity was scored as follows: 0 (no staining), 1 (weak), 2 (moderate),
and 3 (strong). The staining extent was scored as follows: 0 (0%),
1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4 (76%-100%). The
final expression score was calculated by multiplying the intensity
score by the extent score, yielding a range from 0 to 12 [11].

4.10 | Western Blotting (WB)

First, cells or tissues were extracted using a radio-
immunoprecipitation assay (RIPA) lysis buffer (Cat. R0010,
Solarbio, Beijing, China) containing phenylmethyl sulfonyl flu-
oride (PMSF) and phosphatase inhibitors (PI), and the protein
concentration was determined. The protein loading amount was
adjusted based on the protein concentration and the expression
of the control GAPDH (1:1000, Cat. AC002, ABclonal, Wuhan,
China). Proteins were separated by 10% or 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under ini-
tial conditions of 80V followed by voltage conditions of 100-120V,
and transferred to a polyvinylidene difluoride (PVDF) membrane
(Cat. IPFL00010, Millipore, Massachusetts, USA) at 250mA.
Subsequently, the membrane is blocked with TBST containing 5%
fat-free dried milk at room temperature for 2h, incubated with
primary antibody (1:1000, same as above) at 4°C overnight, and
incubated with the horseradish peroxidase (HRP)-conjugated
secondary antibody (1:3000, Cat. FMS-MS01, Nanjing, China and
Cat. 7074S, Cell Signaling Technology, Massachusetts, USA) for
90min at room temperature. An enhanced chemiluminescence
(ECL) solution (New Cell & Molecular Biotech, Cat. P10060,
Suzhou, China) is prepared according to the instructions (1:1),
added onto the PVDF membrane, and incubated in darkness for
1-5min at room temperature before imaging using a multifunc-
tional imaging system (BIO-RAD, California, USA).

4.11 | Statistical Analysis

Data from triplicate experiments were presented as the means
+ standard deviation (SD). SPSS 19.0 (SPSS Inc., Chicago, USA)

and GraphPad Prism 8.0 (GraphPad Software Inc., California,
USA) were used for statistical analyses and figures. Differences
between the two groups were tested using unpaired Student's
t-tests, while one-way ANOVA was used to compare three or
more groups. Linear correlation analysis was calculated to as-
sess the correlations between hsa_circ_0070354, miR-4322, and
RAB3B mRNA expression. p <0.05 was considered statistically
significant (*p <0.05, **p <0.01, ***p <0.001 and ***p <0.001).
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