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40 Introduction

41 Lung cancer (LC) is the leading cause of cancer-related death worldwide, particularly in some 

42 Asian countries, such as China (Hu et al. 2018) and Japan (Shirai et al. 2017). In the past few 

43 decades, despite some progress in LC therapy having been made, the prognosis of patients with 

44 LC remains poor (Takayuki et al. 2018). The overall five-year survival rate for LC patients is 

45 less than 20%, this is mainly due to the fact that the initial symptoms are not apparent and most 

46 LC patients are already at an advanced stage when diagnosed (Takayuki et al. 2018). The 

47 initiation and development of LC are associated with multiple intracellular events, such as the 

48 activation of various oncogenes and the inactivation of some tumor-suppressing genes (Min et al. 

49 2018). Thus, tumor endogenous factors, which seem to result in the development of LC, have 

50 gained overwhelming attention. Identification of these endogenous factors can not only better 

51 understand the initiation and progression of LC, but also provide novel targets for the treatment 

52 of LC.

53 Semaphorins are a big family with over 30 members, and all of them contain a highly conserved 

54 N-terminal domain called as Sema domain (Rezaeepoor et al. 2018). Plexins have been 

55 determined as the best-characterized receptors for semaphorins, which are grouped into 4 sub-

56 families consisting of 9 members (Wylie et al. 2017). It has been unraveled that some 

57 semaphorins can bind directly with plexins and activate Plexin-regulated signal transduction 

58 (Singh et al. 2019). Although semaphorins as well as plexins were initially described as 

59 components of the regulatory system responsible for guiding axons during central nervous 

60 system development, accumulating evidence indicates that some semaphorins, by interacting 

61 with their receptors, exert a regulatory effect in the initiation and progression of tumor (Singh et 

62 al. 2019). Semaphorin4A (Sema4A) has been found to bind to different receptors (including 

63 PlexinB1, PlexinB2, PlexinD1), and PlexinB1, PlexinB2, PlexinD1 can affect various pathways 

64 that are related to cellular invasion, migration and growth in cancers (Carvalheiro et al. 2020). 

65 Peacock et al. have reported that Sema3C can facilitate the growth of cancer cells while 

66 inhibiting Sema3C can delay the development of castration-resistant prostate cancer (CRPC) by 
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234 Interestingly, treatment with Sema4A-Fc protein significantly increased the secretion of IL-6 in 

235 NCI-H460 cells (P<0.01, Fig.8). As expected, after stimulation with PlexinB1 blocking antibody 

236 or BAY 11-7082, there was an obvious reduction in IL-6 production in NCI-H460 cells (P<0.01).

237

238 Discussion

239 Semaphorin is a big family comprising more than 30 members, the member of the family is 

240 characterized by a structure called as Sema domain (Xu et al. 2021). In the past few years, 

241 growing evidence has indicated that some semaphorin family members are pivotal in the 

242 regulation of cell functions related to cancer (Suga et al. 2021). Additionally, it is reported that 

243 Sema4A not only plays a vital role in the activation and differentiation of T cells, but also is 

244 crucial in the regulation of the Th1/Th2 immune response (Kayama et al. 2019). More 

245 importantly, a published experiment has suggested that knockdown of Sema4A can improve the 

246 EMT process and increase sensitivity to doxorubicin (a chemotherapy agent for treating 

247 hepatoma) in hepatoma cells (Pan et al. 2016). Consistently, in the present study, we found that 

248 Sema4A was highly expressed in human LC cells, and regulating Sema4A expression could 

249 modulate the biological activity of human LC cells, which implied that Sema4A may be 

250 employed as a critical target for LC treatment.

251 Plexins are initially featured by their role as the receptors for semaphorins in the wiring of the 

252 neural network (Fazzari et al. 2007). Yet, mounting findings later have prompted researchers to 

253 re-evaluate and modify the biological functions of Plexins. Firstly, it has been discovered that 

254 numerous Plexins are widely expressed outside the nervous system, such as in tumor tissues 

255 (Kandemir et al. 2020). Additionally, with the revelation of signal transduction mechanisms, it is 

256 clear that Plexins can affect various pathways that are related to cellular invasion, migration and 

257 growth (Servage et al. 2020). Research conducted by Guan and co-workers has demonstrated 

258 that PlexinD1 is highly expressed in the liver tissues of patients with hepatocellular carcinoma, 

259 furthermore, PlexinD1 expression is correlated with many clinical characteristics, such as tumor 

260 hemorrhage and tumor grade (Li et al. 2020). In addition, PlexinB1 has been identified as a 
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�F�i�g�u�r�e� �5

�S�e�m�a�4�A� �f�a�c�i�l�i�t�a�t�e�d� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�v�e� �a�n�d� �m�i�g�r�a�t�o�r�y� �a�b�i�l�i�t�i�e�s� �o�f� �L�C� �c�e�l�l�s� �b�y� �u�p�r�e�g�u�l�a�t�i�n�g

�P�l�e�x�i�n�B�1�.

�A�f�t�e�r� �s�t�i�m�u�l�a�t�i�o�n� �b�y� �S�e�m�a�4�A�-�F�c� �p�r�o�t�e�i�n�,� �P�l�e�x�i�n�B�1�,� �P�l�e�x�i�n�B�2�,� �P�l�e�x�i�n�D�1� �b�l�o�c�k�i�n�g� �a�n�t�i�b�o�d�i�e�s�,

�a�n�d� �I�g�G� �a�n�t�i�b�o�d�y� �a�l�o�n�e� �o�r� �i�n� �c�o�m�b�i�n�a�t�i�o�n�,� �t�h�e� �p�r�o�l�i�f�e�r�a�t�i�v�e� �a�n�d� �m�i�g�r�a�t�o�r�y� �a�b�i�l�i�t�i�e�s� �o�f� �L�C� �c�e�l�l�s

�w�e�r�e� �a�s�s�e�s�s�e�d� �b�y� �c�o�l�o�n�y� �f�o�r�m�a�t�i�o�n� �(�A�)� �a�n�d� �s�c�r�a�t�c�h� �(�B�)� �a�s�s�a�y�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �M�a�g�n�iû��c�a�t�i�o�n� �f�o�r

�(�B�)�:� �×�4�0�.� �@�P�<�0�.�0�5�,� �a�n�d� �@�@�P�<�0�.�0�1� �v�s�.�C�o�n�t�r�o�l�;� �#�P�<�0�.�0�5�,� �a�n�d� �#�#�P�<�0�.�0�1� �v�s�.�I�g�G�;� �-�P�<�0�.�0�5�,� �a�n�d� �-�-

�P�<�0�.�0�1� �v�s�.�S�e�m�a�4�A�-�F�c�+�I�g�G�.� �R�e�s�u�l�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �m�e�a�n�±�S�D�.� �n�=�3�.� �N�o�t�e�:� �S�e�m�a�4�A�:

�s�e�m�a�p�h�o�r�i�n� �4�A�;� �L�C�,� �l�u�n�g� �c�a�n�c�e�r�.
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�F�i�g�u�r�e� �6

�S�e�m�a�4�A� �f�a�c�i�l�i�t�a�t�e�d� �t�h�e� �i�n�v�a�s�i�v�e� �a�b�i�l�i�t�y� �a�n�d� �t�h�e� �v�i�a�b�i�l�i�t�y� �o�f� �L�C� �c�e�l�l�s� �b�y� �u�p�r�e�g�u�l�a�t�i�n�g

�P�l�e�x�i�n�B�1�.

�A�f�t�e�r� �s�t�i�m�u�l�a�t�i�o�n� �b�y� �S�e�m�a�4�A�-�F�c� �p�r�o�t�e�i�n�,� �P�l�e�x�i�n�B�1�,� �P�l�e�x�i�n�B�2�,� �P�l�e�x�i�n�D�1� �b�l�o�c�k�i�n�g� �a�n�t�i�b�o�d�i�e�s�,

�a�n�d� �I�g�G� �a�n�t�i�b�o�d�y�,� �a�l�o�n�e� �o�r� �i�n� �c�o�m�b�i�n�a�t�i�o�n�,� �t�h�e� �i�n�v�a�s�i�v�e� �a�b�i�l�i�t�y� �a�n�d� �t�h�e� �v�i�a�b�i�l�i�t�y� �o�f� �L�C� �c�e�l�l�s

�w�e�r�e� �a�s�s�e�s�s�e�d� �b�y� �T�r�a�n�s�w�e�l�l� �(�A�)� �a�n�d� �M�T�T� �(�B�)� �a�s�s�a�y�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �M�a�g�n�iû��c�a�t�i�o�n� �f�o�r� �(�B�)�:� �×�2�0�0�.

�@�P�<�0�.�0�5�,� �a�n�d� �@�@�P�<�0�.�0�1� �v�s�.�C�o�n�t�r�o�l�;� �#�P�<�0�.�0�5�,� �a�n�d� �#�#�P�<�0�.�0�1� �v�s�.�I�g�G�;� �-�P�<�0�.�0�5�,� �a�n�d� �-�-�P�<�0�.�0�1

�v�s�.�S�e�m�a�4�A�-�F�c�+�I�g�G�.� �R�e�s�u�l�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �m�e�a�n�±�S�D�.� �n�=�3�.� �N�o�t�e�:� �S�e�m�a�4�A�:� �s�e�m�a�p�h�o�r�i�n

�4�A�;� �L�C�,� �l�u�n�g� �c�a�n�c�e�r�;� �M�T�T�:� �3�-�(�4�,�5�-�d�i�m�e�t�h�y�l�t�h�i�a�z�o�l�-�2�-�y�l�)�-�2�,�5�-�d�i�p�h�e�n�y�l�t�e�t�r�a�z�o�l�i�u�m� �b�r�o�m�i�d�e�.
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�F�i�g�u�r�e� �7

�S�e�m�a�4�A� �p�r�o�m�o�t�e�d� �N�F�-�º�B�,� �S�t�a�t�3� �a�n�d� �M�A�P�K� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �v�i�a� �u�p�r�e�g�u�l�a�t�i�n�g� �P�l�e�x�i�n�B�1� �i�n

�L�C� �c�e�l�l�s�.

�A�f�t�e�r� �s�t�i�m�u�l�a�t�i�n�g� �w�i�t�h� �P�l�e�x�i�n�B�1� �b�l�o�c�k�i�n�g� �a�n�t�i�b�o�d�y�,� �S�e�m�a�4�A�-�F�c� �p�r�o�t�e�i�n�,� �a�l�o�n�e� �o�r� �i�n

�c�o�m�b�i�n�a�t�i�o�n�,� �t�h�e� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �N�F�-�º�B�,� �S�t�a�t�3� �a�n�d� �M�A�P�K� �i�n� �L�C� �c�e�l�l�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �b�y

�w�e�s�t�e�r�n� �b�l�o�t�.� �@�P�<�0�.�0�5�,� �a�n�d� �@�@�P�<�0�.�0�1� �v�s�.�C�o�n�t�o�l�;� �*�P�<�0�.�0�5�,� �a�n�d� �*�*�P�<�0�.�0�1� �v�s�.�S�e�m�a�4�A�-�F�c�.� �R�e�s�u�l�t�s

�w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �m�e�a�n�±�S�D�.� �n�=�3�.� �N�o�t�e�:� �S�e�m�a�4�A�:� �s�e�m�a�p�h�o�r�i�n� �4�A�;� �L�C�,� �l�u�n�g� �c�a�n�c�e�r�.
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�F�i�g�u�r�e� �8

�S�e�m�a�4�A� �i�n�c�r�e�a�s�e�d� �I�L�-�6� �p�r�o�d�u�c�t�i�o�n� �b�y� �u�p�r�e�g�u�l�a�t�i�n�g� �t�h�e� �N�F�-�º�B� �p�a�t�h�w�a�y� �i�n� �L�C� �c�e�l�l�s�.

�A�f�t�e�r� �s�t�i�m�u�l�a�t�i�o�n� �w�i�t�h� �S�e�m�a�4�A�-�F�c� �p�r�o�t�e�i�n�,� �t�h�e� �L�C� �c�e�l�l�s� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� �P�l�e�x�i�n�B�1� �b�l�o�c�k�i�n�g

�a�n�t�i�b�o�d�y�,� �1�0� �u�M� �B�A�Y� �1�1�-�7�0�8�2� �(�a� �N�F�-�º�B� �p�a�t�h�w�a�y� �i�n�h�i�b�i�t�o�r�)� �o�r� �I�g�G� �a�n�t�i�b�o�d�y�,� �t�h�e� �c�o�n�t�e�n�t� �o�f� �I�L�-�6

�i�n� �L�C� �c�e�l�l�s� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�y� �E�L�I�S�A�.� �@�P�<�0�.�0�5�,� �a�n�d� �@�@�P�<�0�.�0�1� �v�s�.�C�o�n�t�o�l�;� �*�P�<�0�.�0�5�,� �a�n�d� �*�*�P�<�0�.�0�1

�v�s�.�S�e�m�a�4�A�-�F�c�+�I�g�G�.� �R�e�s�u�l�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d� �a�s� �m�e�a�n�±�S�D�.� �n�=�3�.� �N�o�t�e�:� �S�e�m�a�4�A�:� �s�e�m�a�p�h�o�r�i�n

�4�A�;� �L�C�,� �l�u�n�g� �c�a�n�c�e�r�;� �E�L�I�S�A�,� �E�n�z�y�m�e�-�l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�e�n�t� �a�s�s�a�y�.
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�F�i�g�u�r�e� �9

�T�h�e� �m�e�c�h�a�n�i�s�m� �m�o�d�e�l� �d�i�a�g�r�a�m� �o�f� �S�e�m�a�4�A� �p�r�o�m�o�t�e�s� �L�C� �d�e�v�e�l�o�p�m�e�n�t�.

�N�o�t�e�:� �S�e�m�a�4�A�,� �s�e�m�a�p�h�o�r�i�n� �4�A�;� �L�C�,� �l�u�n�g� �c�a�n�c�e�r�;� �t�h�e� �r�e�d� �u�p�w�a�r�d� �a�r�r�o�w� �i�n�d�i�c�a�t�e�s� �a�n� �i�n�c�r�e�a�s�e�.
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�T�a�b�l�e� �1�(�o�n� �n�e�x�t� �p�a�g�e�)

�T�a�b�l�e� �1� �q�P�C�R� �p�r�i�m�e�r�s
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1 Table 1 qPCR primers

Gene Forward Primer Reverse Primer

Human 

Sema4A

TGGATGGGATGCTCTATTC

TGG
GCGGAGGAAGTTGTCGGTC

Human 

PlexinB1

TCCACCAACTGCATTCACT

C

GTGACCTTGTTTTCCACAGC

AG

Human 

GAPDH

TGTGGGCATCAATGGATTT

GG

ACACCATGTATTCCGGGTCA

AT

2
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