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Background: MicroRNA is involved in the development of lymphoma. It is reported that 
miR-361-3p has a tumor inhibitory effect, but its role in lymphoma is still unclear. The 
purpose of this study is to examine whether miR-361-3p can inhibit the development of 
lymphoma and further explore the related potential mechanism.
Methods: In this study, we first analyzed the biological function of miR-361-3p in transfected 
Raji that mimicked miRNA. We also analyzed the biological function of the whole population in 
stably expressed miR-361-3p transgenic cells. Next, we conducted a complete micro-gene 
network to test the genetic profile of differential expression of stable gene-modified cells.
Results: We found that miR-361-3p expression was often reduced in lymphoma cell lines. 
Cellular assays have shown a significant role in inhibiting the growth of miR-361-3p by 
inhibiting lymphoma proliferation and migration, and severely inhibiting the Wnt/β-catenin 
series protein signal. Bioinformatics analysis shows that Wnt10A is a new target of miR-361- 
3p, which is confirmed by our mechanism research. It is confirmed that restoring Wnt10A 
can reduce the tumor inhibition of Wnt/β-catenin during lymphoma progression and restore 
the normal signal of Wnt/β-catenin series proteins.
Discussion: Our data indicate that miR-361-3p inhibits the Wnt/β-catenin protein signal by 
locking Wnt10A, which is an important factor in inhibiting the tumor in the pathogenesis of 
lymphoma. The miR-361-3p/Wnt10A axis may be a promising target for the treatment of 
lymphoma.
Keywords: miRNA, lymphoma, Wnt, pathway, tumor suppressor

The number of lymphoma cases is increasing, which is insensitive to a large number of 
patients treated by standard therapy. Accurate diagnosis, prediction, and treatment still 
need other indicators for diagnosis, prediction, and clinical outcome evaluation. The 
imbalance or function of miRNA expression in various types of lymphoma is related to 
the pathogenesis of lymphoma. Basically, all lymphomas seem to have unique specific 
miRNA profiles, and some miRNAs are associated with treatment resistance or have 
unique kinetic properties during treatment.1 Therefore, they may be specific biomar-
kers for the diagnosis of lymphoma. It can also be used to evaluate pre-treatment or 
pathological reactions, especially to evaluate early detection of recurrence, and make a 
significant contribution to clinical decision-making.

Micronucleic acids (miRNAs) are nucleic acid molecules, which are regulated 
by short-term non-protein coding (about 22 nucleotides).2 Since the discovery of 
the first lin-4 microRNA in nematode in 1993,3,4 it is estimated that nearly 60% of 
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mammalian protein coding genes have been regulated by 
iRNAs, and this number will definitely increase with 
future research.5 All miRNAs are completely bound to 
mRNA targets to inhibit gene expression, usually asso-
ciated with discontinuous 3ʹUTR or rarely attached to 
discontinuous 5ʹUTR of mRNA. When mRNA is attached 
to the relevant regions of mRNA, the translation of mRNA 
is reduced and mRNA is destroyed.6 Some reports 
describe microRNA as oncogenes or tumor suppressors. 
However, many microRNA have also been shown to act as 
oncogenes or tumor suppressor genes in various types of 
cancers.7–9 MiR-361-3p can inhibit the proliferation and 
metastasis of tumor cells in some cancers, such as non- 
small cell lung cancer,10 prostate cancer,11 and cervical 
cancer.12 However, the role of miR-361-3p in lymphoma 
is unclear.

Therefore, our experiments were performed to inves-
tigate the biological function of miR-361-3p in lym-
phoma cells. Luciferase assays and other molecular 
experiments were conducted to elucidate the mechan-
isms underlying miR-361-3p mediated regulation of 
lymphoma progression. Our study identified miR-361- 
3p as a novel therapeutic and predictive target for lym-
phoma. This research was approved by the Affiliated 
Hospital of Hangzhou Normal University and was car-
ried out according to the principles outlined in the 
Helsinki Declaration.

Materials and Methods
Bioinformatic and Statistical Analyses
The expression profile data of GSE31377 gene array was 
downloaded from the open comprehensive database of 
gene expression, which included six pairs of normal tis-
sues and 50 lymphoma tissues. This data set was analyzed 
using GEO2R, and a scatter plot for the expression pattern 
analysis was obtained.

Cell Lines and Cell Culture
The human lymphoma cell lines Jurkat, Hut102, U937 and 
Raji were purchased from ATCC (https://www.atcc.org/). 
The cells were cultured according to the standard protocols. 
These cell lines and normal human lymphocytes were cul-
tured in RPMI-1640 (Thermo Fisher Scientific, Waltham, 
MA, USA) with 10% fetal bovine serum, incubated in a 5% 
CO2 incubator at 37°C. According to cell demands, the 
medium was refreshed every day or every other day.

Real-Time PCR with Reverse Transcription
Total cellular nucleic acid was separated by triazole reagent 
(Invitrogen, USA), dissolved in H2O, and stored at −80°C 
without nucleic acid. cDNA was then synthesized according 
to the manufacturer’s plan using SYBR Green qRT-PCR 
(Thermo Fisher Scientific) kit. Subsequently, reverse tran-
scription polymerase chain reaction based on cDNA was 
carried out on real-time detectors (ABI, ABI-7300, USA). 
Quantitative and real-time chain reaction of polymerase was 
carried out on an ABI 7900 high temperature testing instru-
ment (ABI city, New York, USA).

The real-time PCR was as follows: 1) 95°C for 10 min-
utes; 2) 95°C for 15 seconds; 3) 60°C for 45 seconds; 4) 
Repeat steps 2–3 40 times; 5) 95°C for 15 seconds; (6) Heat 
insulation at 60°C for 1 minute; 7) 95°C for 15 seconds; 8) 
60°C for 15 seconds, and 9) 4°C forever. The experiments 
were carried out in triplicate for each data point.

The sequences of the primer pairs were:
RT-Primer (5ʹ GTCGTATCCAGTGCAGGGTCCGAG 

GTATTCGCACTGGATACGACAAATCA 3ʹ),
PCR Primer:
forward (5ʹ CGTCCCCCAGGTGTGATTC 3ʹ),
reverse (5ʹAGTGCAGGGTCCGAGGTATT 3ʹ).
The results were analyzed by the reference loop 

method using the software included with the instrument 
(ABI Prism 7300 SDS Software).

Cell Transfection
As part of this study, cell transfer was carried out to 
change the expression level of miR-361-3p. The miR- 
361-3p mimic and miR-361-3p inhibitor were designed 
and synthesized by a gene pharmaceutical company in 
Shanghai, China.

The miRNA mimic sequence is as follows: miR-361-3p 
mimic: 5ʹ-UCCCCCAGGUGUGAUUCUGAUUU-3ʹ, miR- 
361-3p inhibitor: 5ʹ-AAAUCAGAAUCACACCUGGGG 
GA-3ʹ.

Cells were inoculated into 6-well plates 24 hours prior 
to transfection. When the cell fusion reached 60–70%, the 
cells were transfected with liposome 2000 (Invitrogen) 
quickly. After staining for 6 hours, the medium was chan-
ged, and after being cultured for 48 hours, the cells were 
collected for subsequent experiments.

Cell Counting Kit-8 Assay
According to the manufacturer’s procedure, cell viability 
was evaluated by analyzing cell counting kit-8 (CCK8, 
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SAB, CP002). Logarithmic growth phase lymphocytes of 
each transfection group were inoculated in a 96-well plate 
with a density of 2×105 cells per well (100 μL per well).

Then, cells were cultured in a CO2 incubator at 37°C for 
12, 24, 48, and 72 hours respectively. After transfection, the 
cells were treated with CCK-8 and cultured in 37°C medium 
for 1 hour. Next, the absorption value (optical density) of 
each hole was measured to be 450 nm.

Cell Apoptosis Analysis
The Annexin V-FITC/PI apoptosis detection kit (Beyotime, 
China) was used to detect apoptosis according to the manu-
facturer’s procedure, as described above. Cells were har-
vested with trypsin/EDTA washed with PBS, and then 
resuspended by adding binding buffer. Then, the cells were 
incubated with 5 μL of V-FITC membrane-binding protein 
and 5 μL of polyimide for 10 minutes in the dark at 25°C.

Finally, a CytoFLEX flow cytometer (Beckman, USA) 
was used to quantify apoptotic cells.

Western Blot Analysis
In order to carry out Western blot analysis, cell lysate was 
prepared from cell lines by using the buffer solution prepara-
tion kit of RIPA (Jrdun Biotechnology Co., Ltd. Shanghai, 
China), and quantitative protein concentration by using Bio- 
Rad protein assay (Biological Wheel, Hercules, CA). Total 
protein sample (25 μg/μg/hydration channel) was separated, 
and its proportion was 10% or 12% polyethylene glycol 
sulfate (SDS-PAGE) and transferred to polyvinylidene 
difluoride membrane (PVDF; EMD Millipore, Billerica, 
MA, USA). Then, primary antibodies of target proteins, 
such as Wnt10A (Abcam, Ab106522), CyclinD1 (CST, 
#2922), Caspase3 (Abcam, Ab2302), Mcl1 (Abcam, 
Ab32087), or GAPDH (CST, #5174), and β-catenin (CST, 
#8480), were diluted to 1:2,000–3,000 in TBST. After incu-
bating the primary antibody at 4°C overnight, the membrane 
was washed 3-times in TBST to remove unbound primary 
antibody. After that, the membrane was then incubated with a 
goat anti-rabbit secondary antibody (Biyuntian, A0208, 
China) for 1 hour at RT.

Finally, the protein domain was visualized by ECL 
Technion Gaoxin (Shanghai Taineng Technology Co., 
Ltd., China) and analyzed by Bio-Rad ChemiDocXRS 
imaging system (Hercules, CA, USA).

Dual-Luciferase Reporter Gene Assay
The relationship between miR-361-3p and Wnt10A is 
estimated by https://www.ncbi.nlm.nih.gov/nuccore/ 

NM_025216. Untranslated region 3(UTR) sequence of 
Wnt10A was synthesized and inserted into a pGL3 
promoter. The Mutant fraction (Mut) with miR-361-3p 
mutation binding site was also cloned into Wnt10A 
3ʹUTR of pGL3-Promoter. The pGL3-Promoter- 
wtWnt10A and pGL3-Promoter-mutWnt10A were 
delivered to Raji cells with miR-361-3p, respectively. 
Forty-eight hours after transfection, cells were col-
lected and lysed. Then, the luciferase activity was 
evaluated by using the luciferase activity detection kit 
(Promega).

Statistical Analysis
Mean and SDs were used to represent all data and error 
bars. In the cell experiments, two data sets were compared 
by T test, two elements were compared by one-way com-
parative analysis, and multiple comparisons were com-
pared by Dunnett’s test. The difference P<0.05 was 
considered statistically significant.

Results
The Expression of miR-361-3p in 
Lymphoma Tissues Based on GEO 
Datasets
To evaluate how miR-361-3p expression in lymphoma 
tissues compares to its expression level in normal lym-
phocytes, we analyzed the microarray data of a 

Figure 1 miR-361-3p had decreased expression in lymphoma cells.
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geostationary orbit data set. It is worth noting that miR- 
361-3p in lymphoma tissue was much less than that 
expressed in normal tissues, respectively (Figure 1).

The Expression of miR-361-3p on 
Lymphoma Cell
To determine the effect of miR-361-3p on lymphoma cell, 
at first, we evaluated the expression level of miR-361-3p 
in four human lymphoma cells (Jurkat, Hut102, U937, and 
Raji) and normal lymphocytes. The miR-361-3p expres-
sion levels were the lowest in Raji and the highest in 
normal lymphocytes (Figure 2).

Then, to study the potential function of miR-361-3p 
in lymphoma, we transferred the MiR-361-3p mimic 
into Raji cells and the miR-361-3 inhibitor into Jurkat 
cells. The expression miR-361-3p increased sharply in 
the miR-361-3p mimic-transfected cells (Figure 3A), 
while the expression miR-361-3p decreased signifi-
cantly in the miR-361-3p inhibitor-transfected cells 
(Figure 3B).

miR-361-3p Promotes Lymphoma Cell 
Proliferation
The CCK-8 experiment was used to measure the impor-
tance of miR-361-3p in lymphoma growth and prolifera-
tion. We observed an increase in miR-361-3p expression in 
Raji cells to inhibit the growth rate of Raji cells, while 
inhibiting miR-361-3p promoted Jurkat cell proliferation. 
The difference between them was significant (P<0.05, 
Figure 4).

Figure 2 qPCR detects the expression of miR-361-3p in the lymphoma cell lines.

Figure 3 The miR-361-3p expression in the mimic-transfected and inhibitor-transfected cells. (A) qPCR analysis of miR-361-3p levels to detect the overexpression of miR- 
361-3p in Raji. (B) qPCR analysis of miR-361-3p levels to detect the efficiency of inhibition in Jurkat.
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Figure 4 miR-361-3p inhibits lymphoma cell proliferation. The effects of miIR-361-3p mimics and inhibitor on Raji (A) and Jurkat (B) cells proliferation as determined by the 
MTT assay.

Figure 5 miR-361-3p promoted the lymphoma cell apoptosis progression. (A) Raji and (B) Jurkat cells transfected with miR-361-3p mimic or inhibitor were stained and 
analysed by flow cytometry. The percentage of apoptotic cells is presented as mean ± standard deviation; N=3. P<0.01.
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miR-361-3p Promotes the Apoptosis of 
Lymphoma Cells
In order to further study whether miR-361-3p affects the 
apoptosis of lymphoma cells, we analyzed Raji and Jurkat 
cell lines by flow cytometry. We observed a much higher 
percentage of apoptotic cells in Raji than in normal lym-
phocytes, with miR-361-3p mimic (25.24%±1.25% vs 
4.25±0.06%, P<0.01, Figure 5A), meanwhile the apoptosis 
rate was significantly lower in Jurkat cells transfected with 
miR-361-3p inhibitor than in normal lymphocytes (1.08% 
±0.09% vs 3.89±0.07%, P<0.01, Figure 5B). Thus, these 
results indicate that miR-361-3p can significantly promote 
the apoptosis of lymphoma cell lines.

Wnt10A is a Target of miR-361-3p
The relationship between miR-361-3p and Wnt10A was deter-
mined by bioinformatics prediction and luciferase activity 
determination. As shown in Table 1, Wnt10A 3ʹ-UTR con-
tained the binding sequences for miR-361-3p. The co-expres-
sion of miR-361-3p strongly inhibited the reported activity of 
fluorescent fluorescence of the wild nature of Wnt10a 3ʹ-UTR, 
but there was no change in the activity of the Wnt10a 3ʹ-UTR 
construction block (Figure 6A). The results show that miR- 
361-3p suppresses the expression Wnt10A by directly com-
bining 3ʹ-UTR.

The real-time quantitative RT-PCR showed that exces-
sive expression of miR-361-3p reduced Wnt10A mRNA 
and protein levels in Raji cells and that inhibition of miR- 
361-3p increased Wnt0A expression in Jurkat cells 
(P<0.001; Figure 6B).

Otherwise, Western blot analysis showed that excessive 
expression of miR-361-3p lowered the expression of Wnt10A, 
Cyclin D1, β-catenin, and Mcl-1, and increased the expression 
of cleaved-caspase3 in Raji cells (Figure 6C); also, inhibition 
of miR-361-3p upregulated the expression of Wnt10A, Cyclin 
D1, β-catenin, and Mcl-1, and downregulated cleaved-cas-
pase3 expression in Jurkat cells (Figure 6D).

Taken together, these results demonstrate that miR- 
361-3p promote lymphoma cell apoptosis by Wnt/β-cate-
nin pathway.

Detection of Wnt10A Expression in Cell 
Lines
Low expression of miR-361-3p in lymphocyte cells and 
strong Wnt10A expression (Figure 7).

Discussion
Lymphoma is a group of heterogeneous tumors with dif-
ferent manifestations, prognosis, and mechanisms of 
morbidity.13 A better understanding of molecular pro-
cesses in the development and progression of lymphoma 
can improve early diagnosis and provide more effective 
therapeutic strategies.

Oligonucleotides are unencrypted short nucleotides of 
18–24 nucleotides, which are combined with complementary 
areas generally located in the target gene 3ʹ UTR (unrecycled 
zone). They are mainly used as inhibitory molecules, causing 
post-transcription inhibition or degradation. However, they 
can also be used as gene activators in some cases.14 

According to analysis, microRNA can directly regulate 

Table 1 Wnt10A 3ʹ-UTR Contained the Binding Sequences for miR-361-3p

wtWnt10A 3ʹ-UTR:

GCGGCCCGGGGTCCCCTGGGCCCTGATCGAGGTCCCCTCCTGGAGCCTGGCCCTCTGAGGCTTACGGTCTTGGCAAGGCAGCATCGCCTTGGCTCTTG 

GGAAGAGGAGATTGGACCACATGATCTTATAGGAACCCCTCAGCTCTGAGGTCTGTGATCGCCGGACAGTCCAGGCCTGTCTGAACCCCACCACTCACTT 

CTGTGGGCTCTAGGACTGACTGGGTTCTTCCTCCCTCCCCGAAGCCCAGACAGTTCAGTTGGGCTGGGGGTTGCTCCACACCCTAAAACAAGCCTCAGC 

CAGGCAACCCGTCAGTCTGTCTCCATCCTTTCACCCCTTCCCTGGAGATGGGAGGTGGGGAATGAATGGAAGCTGACGGGCAGAGAGAGGAGGATTAAA 

AAAAAGAAATAGACATAACTGAGCTGAAGTAATTCCATAAAGGGCCCAGACAGCCTCCTCCACCATTCCCTTCATCATTCATTTAACAAATATTTATTTTGCA 

CTCTCTTTGCGGCACTCTGGGGGCGGTGGGGTGCGTGGGGGTGGCAATGCAAGGCACTGAGGCCACAGATGTGAGTAAGCGAGACACAACACTTGTCC 

TCTTGGAGGTTACATTCTTGCTGGGGGGAGGCATGGGCAATAAACAAGTAAATATACAAAC

mutWnt10A 3ʹ-UTR:

GCGGCCCGGGGTCCCCTGGGCCCTGATCGAGGTCCCCTCCTGGAGCCTGGCCCTCTGAGGCTTACGGTCTTGGCAAGGCAGCATCGCCTTGGCTCTTG 

GGAAGAGGAGATTGGACCACATGATCTTATAGGAACCCCTCAGCTCTGAGGTCTGTGATCGCCGGACAGTCCAGGCCTGTCTGAACCCCACCACTCACTT 

CTGTGGGCTCTAGGACTGACTGGGTTCTTCCTCCCTCCCCGAAGCCCAGACAGTTCAGTTGGGACTAATATTGCTCCACACCCTAAAACAAGCCTCAGCC 

AGGCAACCCGTCAGTCTGTCTCCATCCTTTCACCCCTTCCCTGGAGATGGGAGGTGGGGAATGAATGGAAGCTGACGGGCAGAGAGAGGAGGATTAAAA 

AAAAGAAATAGACATAACTGAGCTGAAGTAATTCCATAAAGGGCCCAGACAGCCTCCTCCACCATTCCCTTCATCATTCATTTAACAAATATTTATTTTGCACT 

CTCTTTGCGGCACTACTAATACGGTGGGGTGCGTGGGGGTGGCAATGCAAGGCACTGAGGCCACAGATGTGAGTAAGCGAGACACAACACTTGTCCTCTT 

GGAGGTTACATTCTTGACTAATAGAGGCATGGGCAATAAACAAGTAAATATACAAAC
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most human genes, accounting for more than 60%.15 Thus, 
microscopic nucleic acid participates in most, if not all, 
cellular processes under physiological conditions and can 
be activated by combining complementary sequences in the 
target gene. Role of carcinogenic genes or tumor inhibitors.6 

In addition, the dysfunctional expression of microscopic 
nucleic acid appears to be the symbol of all cancers.16,17 As 
a result, miRNA expression levels can serve as new indica-
tors of diagnosis and may provide new strategies for ther-
apeutic interventions.18 Abnormal miRNA expression in 
lymphomas (and other cancers) can be caused by many 
genomic events, such as chromosomal aberrations, visual 
genetic modifications, sequential mutations of miRNA or 
its heuristic sub-regions, or adjusting the factors of 

composition or miRNA function. Abnormal expression of 
microscopic nucleic acids facilitates diagnosis, prognosis, 
and prediction of therapeutic responses to lymphomas.19

A previous study showed that miR-361-5p plays a role in 
tumor inhibition in many cancers.20 It inhibits the develop-
ment of lung cancer by targeting FOXM1.21 Target 
CXCR623 to inhibit the growth of liver cancer cells;22 reduce 
FGFR1 and mmp1 in breast cancer by reducing targeted 
glycolysis metabolism;23 and by targeting STAT625 to pre-
vent prostate cancer.24 In contrast, there are few studies on 
the function of miR-361-3p in cancer. Some recent studies 
have found that miR-361-3p can inhibit the non-small cell 
lung cancer cell’s proliferation and metastasis by targeting 
SH2B1 directly.10 Reducing the expression miR-361-3p in 

Figure 6 (A) Luciferase experiment validates miR-361-3p targets Wnt10A, ****P<0.0001. (B) Wnt10A mRNA levels after overexpression in Raji cells and inhibition of miR- 
361-3p in Jurkat cells, ***P<0.001; (C and D) Wnt10A protein levels after Raji cells over-expressed and Jurkat cells inhibited miR-361-3p.
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prostate cancer could be an important indicator of prostate 
cancer diagnosis;11 in cervical cancer, the expression miR- 
361-3p is an independent predictor.12 However, there was no 
report on the value of miR-361-3p in lymphoma.

Through this study, we can see that the expression level of 
miR-361-3p in lymphoma cell lines were lower than that in 
normal tissues and normal lymphocytes. The increased 
expression of miR-361-3p can reduce the proliferation of 
lymphoma cells by blocking Wnt10A expression in vitro, 

and the inhibition of miR-361-3p was enough to cause the 
up-regulation of Wnt10A expression. These results were in 
accord with previous reports indicating miR-361-3p as a 
potential tumor suppressor in human lymphomas.

We also explained the mechanism of proliferation of 
miR-361-3p lymphoma cells. There was much evidence 
that the classic Wnt/β-catenin pathways are involved in the 
appearance and development of tumors, and it is abnormally 
activated in various malignant hematological diseases. The 

Figure 7 Wnt10A mRNA levels and protein levels in lymphoma cell lines. (A) qPCR analysis Wnt10A mRNA level in lymphoma cell lines and normal lymphocyte. (B) 
Western blot analysis of Wnti0A protein expression in Jurkat, Hut102, U937, and Raji lymphoma cell lines and normal human lymphocytes.

Figure 8 A schematic regulation mechanism of miR-361-3p on lymphoma cell behaviors. miR-361-3p inhibits tumor cell proliferation through the Wnt/B-catenin pathway.
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Wnt signaling pathway is mainly related to hematopoietic 
activity through its role in the hematopoietic stem cell (HSC) 
biology,25 which is essential for leukemia development of 
HSC-derived malignant tumors, and these connections have 
been extensively studied.26–29 Moreover, Wnt/β-catenin- 
dependent signaling pathway also plays a key role in malig-
nant hematological diseases derived from mature B cells.30

Data from this study show that Wnt10A was the target of 
miR-361-3p. First, using the Western blotting, transfection of 
miR-361-3p mimic has been proved to cause a significant 
decrease in Wnt10A protein and Wnt/β-catenin pathway 
genes (including β-catenin, Mcl-1, and CyclinD1) expression 
(Figure 8). In addition, it was indicated that miR-361-3p was 
able to directly regulate Wnt10A expression, as the seed 
region of miR-361-3p is able to bind with the 3ʹ-UTR of 
Wnt10A mRNA. Furthermore, the luciferase activity of 
Wnt10a 3ʹ-UTR has a specific reaction to the rise of miR- 
361-3p. In fact, the mutation in the miR-361-3p binding 
position eliminated the regulatory effect of the activity of 
the fluorescent enzyme of miR-361-3p.

To sum up, our results show that miR-361-3p mediates 
tumor inhibition in lymphoma, at least partially, ascribed 
to upregulation of Wnt10A.

In a word, miR-361-3p was down-regulated in lym-
phoma and regulates the proliferation of lymphoma cells 
by targeting the Wnt/β-catenin pathway. This microRNA 
might provide new insights and can be used in the mole-
cular mechanism of lymphoma proliferation and develop-
ment, and excessive expression of miR-361-3p may be a 
treatment strategy for lymphoma in the future.
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