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[ Abstract | Background and purpose: It is still a great challenge to clarify the signal molecules that mediate the communication
between cancer-associated fibroblasts (CAFs) and tumor cells. These signal molecules are very important for cancer metastasis. The

purpose of this study was to explore the communication mechanism of pleckstrin-2/miR-196a signal axis mediated by lung cancer
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cells in tumor microenvironment. Methods: Human lung adenocarcinoma cell line H1299 and human embryonic lung cell MRC-5
were selected as the research objects. H1299 cells were transfected with lentivirus (PLEK2) expressing PLEK2 and Vector control,
and exosomes (Vector_exo, PLEK2 exo) were isolated after 24 h of transfection. MRC-5 cells were transfected with miR-196a
mimetic or inhibitor. The expressions of PLEK2 and epithelial-mesenchymal transition (EMT)-related proteins were analyzed by
Western blot. The expression of miR-196a was analyzed by polymerase chain reaction (PCR), and the metastasis and invasion ability
of cells were determined by transwell assay. Six female BALB/c-nu mice were randomly divided into Vector group and PLEK2
group, with 3 mice in each group. Mice in each group were injected with H1299 cells transfected with Vector or PLEK?2 through the
tail vein. After 4 weeks, lung tissue was taken out for H-E staining and immunohistochemical staining to analyze the expression of
a-smooth muscle actin (a-SMA). All animal experiments were approved by the ethics committee of First Hospital of Changsha City
(Changsha Hospital, Xiangya School of Medicine, Central South University) (ethics number: EI-2021-103). Results: Compared with
the Vector group, the number of pulmonary metastatic nodules and the expression of a-SMA in metastatic cancer in PLEK2 group
increased significantly (P<<0.001). Compared with Vector group, the expression level of miR-196a in H1229 cells in PLEK2 group
increased significantly (P<<0.05), and the expression level of miR-196a was significantly higher in PLEK2 exo than in Vector exo
(P<<0.05). Compared with Vector_exo group, the expression levels of miR-196a, a-SMA and fibroblast activation protein (FAP) in
MRC-5 cells in PLEK2 exo group increased significantly (P<<0.05). Compared with the negative control (NC), the expression levels
of a-SMA and FAP in MRC-5 cells transfected with miR-196a increased significantly (P<<0.05). On the contrary, by transfection
with miR-196a inhibitors (si-miR-196a#1 and si-miR-196a#), the expression levels of a-SMA and FAP were significantly inhibited
(P<<0.05). Compared with NC-CM group, the number of metastatic cells, invasive cells and the expression of vimentin in miR-
196a-CM group increased significantly (P<<0.001), and the expression of E-cadherin decreased significantly (P<<0.001). In addition,
compared with Vector_exo-CM group, PLEK2 ex0-CM group had significant increase in number of metastatic and invasive cells and
the expression of vimentin (P<<0.01), and significant decrease in the expression of E-cadherin (P<<0.001). Conclusion: Upregulation
of PLEK2 can enhance the level of exosomes miR-196a derived from lung cancer cells, thereby promoting the activation of CAFs.
The activated CAFs can further enhance the invasive ability of lung cancer cells.
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Fig.1 The expression of plek2 is related to CAFs based on GEPIA

A: PLEK2 expression is present in LUAD (including 483 tumor samples and 347 normal samples) and LUSC (including 486 tumor samples and
338 normal samples). The red box chart represents tumor tissue, while the gray box chart represents normal tissue. The vertical axis represents the
logarithmic value of PLEK2 per million transcripts [log2 (PLEK2 TPM)]. B: The relative expression of PLEK?2 in different pathological stages of lung
cancer (LUAD+LUSC) showed significant differences (/=4.73, P=0.002 8). The vertical axis represents the logarithmic value of the copy number
of the PLEK2 transcript [log2 (PLEK2 TPM)]. C: The expression of PLEK2 (log2 PLEK2 TPM) in lung cancer (LUAD+LUSC) was positively
correlated with the expression of 0-SMA (log2-SMA TPM) (R=0.24, P<<0.001). D: The expression of PLEK2 (log2 PLEK2 TPM) in lung cancer
(LUAD+LUSC) was positively correlated with the expression of FAP (log2 FAP TPM) (R=0.15, P<<0.001). TPM stands for every million transcripts.
E: Using the TCGA data set of lung cancer patients (LUAD+LUSC), the correlation between the expression of PLEK2 and the overall survival was
analyzed by GEPIA. Patients were divided into high (red, n=481) and low (blue, n=481) gene expression levels by using the median cut-off value,
and the log-rank P=0.035 was displayed, indicating that the difference was statistically significant.
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Fig. 2 PLEK?2 overexpression promotes EMT in lung cancer cells

A: The expression of PLEK2, E-cadherin and vimentin in H1299 cells transfected with Vector control and PLEK2 overexpression lentivirus was
analyzed by protein blot. B: H-E staining of lung tissue and quantitative analysis of metastatic nodules. C: Immunohistochemical analysis of a-SMA
in lung tissue metastases. IOD: Integral optical density. ***: P<<0.001, compared with Vector group.
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Tab.1 miRNA analysis of significantly different expression in PLEK?2 up-regulated lung cancer cells and their exosomes

Log2 (PLEK2/Vector) P value (PLEK2/Vector) Log2 (PLEK2 exo/Vector exo) P value (PLEK2 exo/Vector_exo)

Gene ID
hsa-miR-196a 5.129 28 0
hsa-miR-146a-5p 271172 0
hsa-miR-425-3p 0.854 52 0
hsa-let-7a-3p 0.690 35 <<0.01
hsa-miR-451a -2.369 67 0
hsa-let-7g-5p 0.407 17 0
hsa-let-7f-5p 0.461 73 0
hsa-miR-3529-3p -7.313 86 0
hsa-miR-98-5p 0.552 27 0
hsa-miR-34a-5p 0.481 45 0
hsa-miR-24-3p 0.459 64 0
hsa-miR-26b-5p 0.539 63 0
hsa-miR-27a-3p -0.485 63 0
hsa-miR-374c-3p -16.431 76 0
hsa-miR-10a-5p 0.598 08 0
hsa-miR-221-3p 0.467 65 0
hsa-miR-4488 -1.643 86 <0.01
hsa-miR-21-3p -0.473 92 0
hsa-miR-19b-3p 0.520 33 0
hsa-miR-4516 -2.584 96 <0.01
hsa-miR-128-3p 0.474 44 0
hsa-miR-3184-3p -2.525 28 0
hsa-miR-363-3p 2.369 23 0

11.598 05 0
6.990 58 0
3.906 89 <0.01
3.087 46 <0.01
2.93587 0
2.68113 0
2.594 83 0
2.546 97 0
245170 0
1.257 98 0
1.224 56 0
1.222 39 <<0.01
1.015 60 0
0.584 96 <0.01

-0.654 86 <<0.01

-1.075 66 0

—-1.165 31 0

-1.514 57 <0.01

-1.777 61 <<0.01

—2.036 84 0

-2.32193 <<0.01

—-3.807 35 <0.01

-10.344 30 <0.01

Log2 (PLEK2/Vector) and log2 (PLEK2 exo/Vector_exo) represent the logarithmic conversion of the corresponding miRNA expression ratio in
H1299 lung cancer cells and their exosomes between the PLEK2 and Vector groups. P value (PLEK2/Vector) and P value (PLEK2 exo/Vector exo)
represent the differences in miRNA expression between the PLEK2 and Vector groups in H1299 lung cancer cells and their exosomes.
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Fig. 3 PLEK?2 overexpression upregulates miR-196a expression in
lung cancer cells and their exosomes

*#%: P<<0.001, compared with the Vector group or Vector exo group.
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Fig. 4 Exosomes miR-196a derived from tumor cells are taken up by fibroblasts and promote the activation of CAFs

H1299
D MRCS
< 4r W Vector_exo
z W PLEK2 exo
% 3 | kkk
e
(=]
[
<7
£3
g
(]
2
=
[}
8 0
miR-196a  a-SMA FAP
G A si-miR-196a H MRCS
si-NC my m
_ 15F W si-NC
0-SMA | ==— — — z I si-miR-196a#1
= | 0- [ si-miR-196a#2
= L
2 L
FAP g sk *x
g 0.5+ sk kol
=
GAPDH | s omms o &
0.0
0-SMA FAP

A: Transmission electron micrographs of Vector exo and PLEK2 exo (scale=100 nm). B: Western blot analysis of the expression of CD9, CD63,
CDS81 and calnexin in exosomes. C: After co-culture for 48 h, the internalization of Vector_exo and PLEK2_exo labeled with PKH26 by MRC-5 cells
was examined by confocal microscope. D: RT-qPCR analysis of miR-196a, a-SMA, FAP in MRC-5 cells treated with Vector_exo, PLEK2 exo. E,
F: Western blot and RT-qPCR were used to determine the protein and mRNA levels of a-SMA and FAP in MRC-5 cells transfected with miR-196a
mimetic (miR-196a) and NC. G, H: Western blot and RT-qPCR were used to determine the protein and mRNA levels of a-SMA and FAP in MRC-5
cells transfected with miR-196a inhibitors (si-miR-196a#1 and si-miR-196a#) and control (si-NC). *: P<<0.05, compared with the Vector_exo group;
**: P<<0.01, compared with the Vector_exo group or si-NC group; ***: P<<0.001, compared with the Vector exo group, NC group or si-NC group.
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Fig.5 CAFs activation promotes the invasion and metastasis of lung cancer

A: The metastatic and invasive ability of H1299 cells treated with miR-196a-CM was determined by transwell test. B: the expression level of EMT-
related proteins in H1299 cells treated with miR-196a-CM. C: The metastatic and invasive ability of H1299 cells co-cultured with Vector exo-CM
and PLEK2 exo-CM was determined by transwell test. D: The expression level of EMT-related proteins in H1299 cells co-cultured with Vector_exo-
CM and PLEK2 exo-CM. **: P<<0.01, compared with Vector_exo-CM group; ***: P<<0.001, compared with NC-CM group or Vector _exo-CM

group.
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