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Abstract. C������� RNA �����RNA������-��������� ������-C������� RNA �����RNA������-��������� ������-
��ed p���e�� 2 �UBAP2�, � �ew�y �e��g��zed ����RNA, 
�e�ve� � f��������� ���e �� �eve��� �ype� �f ��m��, �����d��g 
�v����� ����e�, �����e���� ����e� ��d ���e������m�. 
H�weve�, �he p�e���e ���e� ��d m��e����� me�h����m ��de�-
�y��g ����UBAP2 �� ���e������m� �OS� ��e ��� ��mp�e�e�y 
��de�����d. I� �he p�e�e�� ���dy, �he exp�e����� �eve�� �f 
����UBAP2, m����RNA �m�R�-204-3p ��d �HMGA2� we�e 
ev�����ed v�� �eve��e ��������p����-����������ve PCR �� OS 
�����e� ��d �e���. OS �e�� p����fe������, m�g������, ��v����� ��d 
�p�p����� we�e ���e��ed �y pe�f��m��g Ce�� C������g K��-8, 
Transwell and flow cytometry assays, respectively. HMGA2 
p���e�� exp�e����� �eve�� we�e de�e�m��ed v�� we��e�� ����-
���g. D���-����fe���e �ep���e� ����y� we�e pe�f��med �� 
ve��fy �he ���e������� �e�wee� ����UBAP2 ��d m�R-204-3p, 
��d �e�wee� m�R-204-3p ��d HMGA2. A� RNA �mm�-
��p�e��p������� �RIP� ����y w�� ���d���ed �� ���f��m �he 
���e������� �e�wee� ����UBAP2 ��d m�R-204-3p. The �e����� 
demonstrated that circUBAP2 expression was significantly 
�p�eg����ed �� OS �����e� ��d �e�� ���e� ��mp��ed w��h p���-
����e���� �����e� ��d hFOB1.19 �e���, �e�pe���ve�y. I� �dd�����, 
h�gh ����UBAP2 exp�e����� �eve�� �� p���e��� w��h OS we�e 
��������ed w��h � ��we� ���v�v�� ���e ��mp��ed w��h ��we� 
exp�e����� �eve�� �� p���e��� w��h OS. The f��������� ����y� 
revealed that circUBAP2 knockdown significantly inhibited 
OS �e�� p����fe������, m�g������ ��d ��v�����, ��� ����e��ed 
OS �e�� �p�p����� ��mp��ed w��h �he �m��� ���e�fe���g 
RNA-�eg���ve ������� ���-NC� g���p. The d���-����fe���e 
�ep���e� ��d RIP ����y �e����� ���f��med �h�� ����UBAP2 
����d �� m�R-204-3p. M��e�ve�, m�R-204-3p exp�e����� 
w�� ��g��f������y d�w��eg����ed �� OS �����e� ��mp��ed 
w��h p�������e���� �����e�, ��d m�R-204-3p exp�e����� w�� 

�eg���ve�y ����e���ed w��h ����UBAP2 exp�e����� �� OS 
�����e�. C���e���ve�y, �he �e����� dem�������ed �h�� m�R-204-3p 
w�� ��������ed w��h ����UBAP2 k���kd�w�-med���ed ��h���-
���� �f OS �e�� m���g���� �eh�v���. M��e�ve�, m�R-204-3p 
was also identified as one of the direct targets of HMGA2. 
C���e���ve�y, �he �e����� ��d����ed �h�� ��mp��ed w��h �he 
si‑NC group, circUBAP2 knockdown significantly inhibited 
OS �e�� m���g���� �eh�v��� �y ���d��g �� m�R-204-3p, wh��h 
����e��e���y �eg����ed HMGA2 exp�e�����. The�ef��e, �he 
p�e�e�� ���dy dem�������ed �h�� ����UBAP2 exp�e����� w�� 
�p�eg����ed �� OS, ��d ����UBAP2 �eg����ed OS �e�� m���g-
���� �eh�v��� v�� �he m�R-204-3p�HMGA2 �x��.

Introduction

O��e������m� �OS� �yp�����y ������ �� �d��e��e��� ��d �h��-
d�e�, ��d �� �h�����e��zed �y ��p�d p��g�e�����, � h�gh deg�ee 
�f m���g����y, p��� p��g�����, p��� �����me� �e������g f��m 
�hem��he��py �� ��d���he��py ��d � �e�de��y ��w��d� ���g 
me�������� �1�. W��h �dv���eme��� �� ���ge�y, �hem��he��py 
��d ��d���he��py, �he ���g-�e�m ���v�v�� ���e �f p���e��� w��h 
OS h�� g�e���y �mp��ved �2�; h�weve�, �he �ve���� p��g����� �f 
p���e��� w��h OS �em���� p���, e�pe�����y f�� �h��e w��h d������ 
me�������� �� �e����e�� ����e� �3�. The�ef��e, �de���fy��g �he 
me�h����m� ��de��y��g OS �� �mp������ f�� �he deve��pme�� 
�f ��ve� d��g������ ��d �he��pe���� �����eg�e�.

C������� RNA� �����RNA�������� ��e � ����� �f 
d����e-�����ded ����ed RNA� ���k��g � 3' ��p ��������e ��d � 
5' p��y ����, wh��h ��e �����e e�����e� �h�� ex��� w�de�y �� ��m��� 
��� e�k��y��e� �4�. The m�j����y �f ����RNA� �h�� h�ve �ee� 
discovered and identified are non‑coding RNAs (ncRNAs) that 
d� ��� e���de p���e���, ��� ��e ���e �� �eg����e ge�e exp�e�-
���� �5�. P�ev���� ���d�e� h�ve dem�������ed �h�� ����RNA� 
��e ��������ed w��h ��he�����e�����, p��m����y f�������, 
��m���, he��� f�����e, A�zhe�me�'� d��e��e ��d my����d��� 
��j��y �6-11�. A���m������g ev�de��e h�� ���� �eve��ed �he 
d�ffe�e����� exp�e����� �f ����RNA�, �����d��g ����-SFMBT2, 
����_0068033, ����_0043265, ����HIAT1 ��d ����-MYBL2, �� 
�eve��� �ype� �f ����e� �12-16�.

����-��������� ��������ed p���e�� 2 �UBAP2�, � �ew�y �de�-
tified circRNA, has been reported to serve as an oncogene in 
�eve��� �ype� �f ����e� �17-22�. F�� ex�mp�e, ����UBAP2 ��h����� 
e��ph�ge�� ����m��� �e�� �������m� �e�� m���g���� �eh�v��� 
�y m�d������g �he m����RNA �m�RNA�m�R�-422��RAB10, 
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mem�e� RAS ����ge�e f�m��y �x��, ��d �� ���p�e-�eg���ve 
��e��� ����e� �e��� v�� �he m�R-661�me�������� ��������ed 1 
�x�� �18,19�. I� �dd�����, �� �v����� ����e� �OC�, ����UBAP2 
p��m��e� OC p��g�e����� �y ���d��g �� m�R-144, �he�e�y �eg�-
�����g �h��m�d�m���-he�����e-DNA-���d��g p���e�� 2 �19�. 
I� OS, ����UBAP2 p��m��ed OS p��g�e����� �y �p��g��g 
m�R-143 ��d �eg������g �he m�R-641�Ye�1 ��������ed ����-�Ye�1 ��������ed ����-Ye�1 ��������ed ����-
����p������ �eg������ �x�� �21,22�. H�weve�, �he m��e����� 
me�h����m ��de��y��g ����UBAP2 �� OS �� ��� ��mp�e�e�y 
��de�����d.

m�RNA�, wh��h ��e ~20 ����e���de� �� �e�g�h, ��h���� �he 
exp�e����� �f �he�� ���ge� ge�e� �y ���d��g �� �he 3' ���-��d��g 
�eg��� �f ���ge� ge�e mRNA� �23�. P�ev���� ���d�e� h�ve 
dem�������ed �h�� m�RNA�, �����d��g m�R-192, m�R-183 
��d m�R-375, f��f��� ������� ���e� w��h �e�pe�� �� OS �e�� 
p����fe������, m�g������, ��v����� ��d d��g �e�������e �24-26�. 
m�R-204-3p ��h����� ���dde� ����e� �e�� p����fe������ ��d 
e�h���e� g���m� �e�� �p�p����� �27,28�. H�weve�, �he ���e� �f 
m�R-204-3p �� OS ��e ��� ��mp�e�e�y ��de�����d.

H�gh-m������y g���p p���e�� A2 �HMGA2� �� � mem�e� 
�f �he h�gh-m������y g���p p���e�� f�m��y, wh��h �� h�gh�y 
exp�e��ed �� �e����� �ype� �f m���g���� ��m��, �����d��g 
��e���, ���-�m��� �e�� ���g ��d p����e���� ����e�, �� we�� �� 
�e����������m� �29-32�. I���e����g ev�de��e h�� dem�������ed 
�h�� HMGA2 �� ��v��ved �� m���g���� �����f��m����� ��d 
ep��he����-me�e��hym�� ���������� �EMT� �f �e��� �33-35�. F�� 
ex�mp�e, Zh� et al �33� �ep���ed �h�� HMGA2 p������p��ed �� 
EMT, ����v����g �he W���β-���e��� ��g�����g p��hw�y �� g������ 
����e�. I� �dd�����, Zh�� et al �34� �ep���ed �h�� �� ���g�e 
����m��� �e�� �������m�, HMGA2 ���������ed �� ����e� 
p��g�e����� ��d me�������� �y e�h�����g �he EMT ��g�����g 
p��hw�y. H�w��w� et al �35� dem�������ed �h�� HMGA2 
p��m��ed p������e ��m�� p��g�e����� �y ��d����g EMT v�� �he 
MAPK ��g�����g p��hw�y. M��e�ve�, HMGA2 w�� �ep���ed 
�� �e �eg���ve�y �eg����ed �y m�RNA�, �����d��g m�R-590, 
m�R-219-5p, m�R-497 ��d m�R-493 �36-39�. H�weve�, whe�he� 
HMGA2 �� �eg����ed �y m�R-204-3p �� OS �e����e� f���he� 
��ve���g�����.

Re�e���y, � ��m�e� �f ���d�e� ��ve���g����g ����RNA� 
h�ve f����ed �� e����d����g �he�� ��de��y��g me�h����m, 
f�� ex�mp�e, de�e�m����g wh��h ����RNA� �e�ve �� m�RNA 
�p��ge� �� ��mpe����ve�y ���d �� m�RNA�, �he�e�y ��h������g 
�he deg��d����� �f ����e�p��d��g mRNA� ��d �eg������g ge�e 
exp�e����� �40-42�. F�� ex�mp�e, S��g et al �40� dem�������ed 
�h�� ����RNA_0025202 �e�ved �� � �p��ge f�� m�R-182-5p 
��d f���he� �eg����ed �he exp�e����� ��d ����v��y �f f��k-
he�d ��x O3 �� ��e��� ����e�. S��g et al �41� �ep���ed �h�� 
����RNA_101996 �e�ved �� � �p��ge �f m�R-8075, wh��h 
���ge�ed TPX2 m���������e ����e����� f����� �� �e�v���� 
����e� �e��� �� p��m��e �e�v���� ����e� p��g�e����� �41�. I� 
�dd�����, X� et al �42� �ep���ed �h�� ����TADA2A-E6 �e�ved 
�� �� m�R-203�-3p �p��ge �� ���ge� ��pp�e���� �f �y��k��e 
��g�����g 3, ��pp�e����g ��e��� ����e� p��g�e����� ��d me���-
�����. The�ef��e, �he p�e�e�� ���dy ��med �� �de���fy whe�he� 
����UBAP2 �eg����ed m�R-204-3p �� m�d����e HMGA2 �� 
order to influence OS progression. In addition, the mechanism 
��de��y��g ����UBAP2�m�R-204-3p�HMGA2 �x��-med���ed 
�eg������� �f OS p��g�e����� w�� ��ve���g��ed. The �e����� �f 
�he p�e�e�� ���dy m�y p��v�de �he��e����� g��d���e f�� f���he� 
��de�����d��g �he m��e����� me�h����m ��de��y��g OS.

Materials and methods

Human tissue collection. A ����� �f 42 OS �����e� ��d p���ed 
�dj��e�� ���-����e���� �����e� �d������e f��m ��m�� m��g��, 
5 �m� we�e ����e��ed f��m p���e��� w��h OS ��ge ���ge, 
8-50 ye���; me�� �ge, 22.83±12.78 ye���; 20 m��e p���e��� 
��d 22 fem��e p���e���� �� �he Aff�����ed C���e� H��p���� 
�f Zhe�gzh�� U��ve����y �Zhe�gzh��, Ch���� �e�wee� 
M���h 2017 ��d De�em�e� 2019. I�������� ����e��� we�e �� 
f����w�: �� T����e� we�e ������ed d����g ���ge�y ��d d��g���ed 
w��h OS �y �w� p��h���g����; ��� p���e��� h�d ��� �e�e�ved 
�hem��he��py �� ��d���he��py; ��d ���� p���e��� we�e w�����g �� 
p������p��e. The ex������� ����e��� we�e �� f����w�: �� P���e��� 
w��h ��he� d��e��e�, �����d��g ��he� ��m���; ��� p���e��� wh� 
�e�e�ved ��e��me�� p���� �� p������p����� �� �he p�e�e�� ���dy; 
��d ���� p���e��� wh� �ef��ed �� p������p��e �� �he ���dy. A�� 
tissue samples were confirmed by a pathologist. Tissues were 
�mmed���e�y p���ed �� �����d �����ge�. The p�e�e�� ���dy w�� 
�pp��ved �y �he e�h��� ��mm���ee �f Zhe�gzh�� U��ve����y 
��pp��v�� ��. 201908�. A�� �he p���e��� p��v�ded w����e� 
��f��med ����e�� p���� �� �pe��me� �����������.

Reverse transcription‑quantitative PCR (RT‑qPCR). T���� 
RNA w�� ex�����ed f��m �e��� ��d �����e� ����g TRIz��® 
�e�ge�� �I�v����ge�; The�m� F��he� S��e���f��, I��.�. RNA 
����e�������� ��d p����y w�� de�e��ed ����g � N���D��p �pe�-
trophotometer (Thermo Fisher Scientific, Inc.). Total RNA 
�2 µg� w�� �eve��e-���������ed ���� �DNA ����g �he S�pe�S���p� 
VILO cDNA Kit (Invitrogen; Thermo Fisher Scientific, Inc.), 
�����d��g �� �he m���f�����e�'� p�������. S���e��e���y, �PCR 
w�� pe�f��med ����g �he SYBR-G�ee� PCR k�� �I�v����ge�; 
Thermo Fisher Scientific, Inc.). The sequences of the primers 
��ed f�� �PCR �� ����ed �� T���e I. The f����w��g �he�m��y-
����g ���d������ we�e ��ed f�� �PCR ����y��� �f ����UBAP2 
and HMGA2: 94˚C for 30 sec; 40 cycles of 94˚C for 15 sec, 
55˚C for 30 sec and 72˚C for 90 sec. The following thermocy-
����g ���d������ we�e ��ed f�� �PCR ����y��� �f m�R-204-3p: 
95˚C for 15 sec, annealing at 60˚C for 30 sec and extension 
at 72˚C for 30 sec. GAPDH was used as the internal standard 
f�� ����UBAP2 ��d HMGA2, ��d U6 w�� ��ed �� �he ���e���� 
����d��d f�� m�R-204-3p. Re����ve ge�e exp�e����� �eve�� we�e 
quantified using the 2-ΔΔC� me�h�d �43�.

Cell culture and cell transfection. H�m�� OS �e�� ���e� 
�MG63, U-2OS, HOS ��d S�OS-2� we�e p���h��ed f��m 
Ame����� Type C�����e C���e����� ��d ������ed �� DMEM 
�S��g�� B���e�h C�., L�d.� ��pp�eme��ed w��h 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO2. 
The ���m�� ���e������ �e�� ���e �hFOB1.19� w�� ���� p���h��ed 
f��m Ame����� Type C�����e C���e����� ��d ������ed �� 
RPMI-1640 �HyC���e; Cy��v�� ��pp�eme��ed w��h 10% FBS 
at 33.5˚C with 5% CO2.

Sm��� ���e�fe���g RNA� ���RNA����� ���ge���g ����UBAP2 
���-����UBAP21# ��d ��-����UBAP22#�, �eg���ve ������� 
�NC� ��RNA ���-NC�, m�R-204-3p m�m�� ��d m�m�� NC, 
HMGA2-�ve�exp�e����� p���m�d �p�DNA3.1-HMGA2� ��d 
p�DNA3.1 we�e �y��he��zed �y Sh��gh�� Ge�ePh��m� C�., 
L�d. HOS ��d S�OS-2 �e��� �5x106 �e����m�� we�e �eeded 
into 6‑well plates. At 70% confluence, cells were transfected 
w��h ��-����UBAP21#, ��-����UBAP22#, ��-NC, m�R-204-3p 
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m�m�� �� m�m�� NC ����g L�p�fe���m��e® 3000 �e�ge�� 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C. The 
f����w��g ��e��me�� g���p� we�e e�������hed: �� ����UBAP2 
��-NC g���p, 60 �M ��-NC; ��� ��-����UBAP21# g���p, 
60 �M ��-����UBAP21#; ���� ��-����UBAP22# g���p, 60 �M 
��-����UBAP22#; �v� ��-����UBAP2 + m�R-204-3p m�m�� 
g���p, 60 �M ��-����UBAP21# + 40 �M m�R-204-3p 
m�m��; v� m�m�� NC g���p, 40 �M m�R-204-3p m�m�� 
NC; v�� m�R-204-3p m�m�� g���p, 40 �M m�R-204-3p 
m�m��; v��� HMGA2 ��-NC g���p, 35 �M ��-HMGA2 NC; 
v���� ��-HMGA2 g���p, 35 �M ��-HMGA2; �x� m�R-204-3p 
m�m�� + ��-HMGA2 g���p, 40 �M m�R-204-3p m�m�� + 
35 �M ��-HMGA2; x� p�-DNA3.1 g���p, 1 µg�µ� p�-DNA3.1; 
x�� ��-����UBAP2 + p�-DNA3.1 g���p, 60 �M ��-����UBAP21# 
+ 1 µg�µ� p�DNA3.1; ��d x��� �� ����UBAP2 + p�-HMGA2 
g���p, 60 �M ��-����UBAP21# + 1 µg�µ� p�DNA3.1-HMGA2� 
At 48 h post‑transfection, transfection efficiencies were deter-
m��ed. The �e��e��e� �f �he ��RNA�, m�R-m�m��� ��d NC� 
��e p�e�e��ed �� T���e I.

Flow cytometric analysis of apoptosis. B��ef�y, �e��� we�e 
d�ge��ed w��h 0.25% ��yp��� ��d � �e�� ���pe����� w�� p�ep��ed. 
Following centrifugation at 4˚C at 1,200 x g for 10 min, the 
��pe������� w�� �em�ved, p�e����ed PBS w�� �dded �� �e��� 
and the cells were centrifuged again at 4˚C at 1,200 x g for 
10 m��. The ��pe������� w�� �em�ved ��d �e��� we�e w��hed 
�h�ee ��me� w��h PBS �5 m�� pe� w��h�. S���e��e���y, �e�� 
�p�p����� w�� ���e��ed ����g �he A��ex�� V-FITC k�� 

�BD B�����e��e�� �����d��g �� �he m���f�����e�'� p�������. 
Briefly, cells (1x105 �e����100 µ�� we�e �����fe��ed �� � 5 m� 
������e ���e ��d ��e��ed w��h B��d��g B�ffe� ���������g 5 µ� 
FITC Annexin V and 5 µl PI for 15 min at 25˚C in the dark. 
S���e��e���y, 400 µ� 1X ���d��g ��ffe� w�� �dded �� e��h ���e. 
Ce�� �p�p����� �e���y ��d ���e �p�p������ w�� de�e��ed ����g 
a FACSCalibur flow cytometer (BD Biosciences) within 1 h 
��d ����yzed ����g Ce��Q�e�� ��f�w��e �ve����� ��. 643274; 
BD B�����e��e��.

Cell Counting Kit (CCK)‑8 assay. Ce��� we�e �eeded 
�2x104 �e����well) into 96‑well plates and cultured at 37˚C with 
5% CO2. F����w��g ���������� f�� 1, 2, 3 �� 4 d�y�, 10 µ� CCK-8 
�e�ge�� �Bey���me I�������e �f B���e�h����gy� w�� �dded ���� 
e��h we�� ��d �������ed f�� 4 h. A��������e w�� me����ed �� � 
w�ve�e�g�h �f 450 �m ����g � m����p���e �e�de�. E��h �e�d��g 
w�� ���ed �� �� �ve��ge �f �� �e��� 5 �ep�����e we���.

Transwell assay. T����we�� ��v����� ����y� we�e pe�f��med 
����g � T����we�� �h�m�e� �8-µm; C�����g, I��.� ���������g 
� M����ge�-����ed mem����e �BD B�����e��e�. T���we�� 
m�g������ ����y� we�e pe�f��med ����g � T����we�� �h�m�e� 
without the Matrigel‑coated membrane. Briefly, cells were 
d�ge��ed w��h ��yp��� ��d �e���pe�ded �� �e��m-f�ee med��m. 
S���e��e���y, 200 µ� �e�� ���pe����� �2x104 �e������ w�� p���ed 
���� �he �ppe� �h�m�e� �f �he T����we�� �h�m�e� ��d 700 µ� 
��mp�e�e med��m w�� �dded �� �he ��we� �h�m�e�. F����w��g 
incubation for 48 h at 37˚C, the chamber was extracted and 
w��hed w��h PBS. N��-��v�d��g�m�g�����y �e��� we�e �em�ved 
����g � we� ������ �w��. I�v�d��g�migratory cells were fixed 
w��h 4% p���f��m��dehyde f�� 20 m�� �� ���m �empe�����e, 
w��hed �� �e��� �h�ee ��me� w��h PBS ��d �����ed w��h 1% 
��y���� v���e� �������� �� ���m �empe�����e f�� 5 m��. S����ed 
�e��� we�e �����ed ����g � ��gh� IX51 ��ve��ed m�������pe 
(Olympus Corporation; magnification, x200), and an average 
was calculated from five randomly selected fields.

Western blotting. F����w��g w��h��g w��h PBS, ����� p���e�� 
w�� ex�����ed f��m �e��� ����g RIPA �y���e �The�m� F��he� 
Scientific, Inc.). Protein concentration was determined using 
BCA �e�ge�� �I�v����ge�; The�m� F��he� S��e���f��, I��.�. 
P���e��� �30 µg� we�e �ep����ed v�� 10% SDS-PAGE ��d 
�����fe��ed �� � PVDF mem����e. F����w��g ����k��g w��h 
5% ���-f�� m��k f�� 2 h �� TBST �0.1% Twee�-20; S��g�� 
B���e�h C�., L�d.� �� ���m �empe�����e, �he mem����e� we�e 
incubated at 4˚C overnight with primary antibodies (diluted in 
0.1% Twee�-20� ���ge�ed �g�����: HMGA2 ����. ��. ��207301; 
1:1,000; A���m� ��d β-����� ����. ��. ��8227; 1:5,000; 
A���m�. S���e��e���y, �he mem����e� we�e �������ed w��h � 
HRP-���j�g��ed �e���d��y ������dy ����. ��. ��6721; 1:5,000; 
A���m� �� ���m �empe�����e f�� 2 h. F����w��g w��h��g 
�h�ee ��me� w��h TBST, p���e�� ���d� we�e v������zed ����g 
�� e�h���ed �hem���m��e��e��e k�� �P�e��e; The�m� F��he� 
S��e���f��, I��.�. P���e�� exp�e����� w�� ������f�ed ����g 
Im�geJ ��f�w��e �ve����� 4.0; B��-R�d L���������e�, I��.� w��h 
β-����� �� �he ���d��g �������.

Bioinformatics analysis. The �������� RNA ���e�����me d���-
���e-C���B��k �www.�������k.����e���hC���.h�m�� w�� ��ed 
�� p�ed��� �he ���d�d��e d�w����e�m ���ge�� �f ����UBAP2. 

T���e I. Se��e��e� �f ��RNA�, m�m��� ��d p��me�� ��ed f�� 
�eve��e ��������p����-����������ve PCR.

Ge�e Se��e��e �5'→3'�

��-����UBAP21# GCAGACUAUUCAGAUUCUACA
��-����UBAP22# GACUAUUCAGAUUCUACAUCU
����UBAP ��-NC AAACGGUACCAUAUGGUAAGC
��-HMGA2 GGGCAAUCUUAUAUAUCUA
HMGA2 ��-NC CCCAGUUACGAATCGCUUCCA
m�R-204-3p m�m�� GCTGGGAAGGCAAAGGGACGT
m�m�� NC UCACGCCACCUUACUGGCGCC
����UBAP2 p��me� F: CCAGTTCTTAGCCAGTTGA
 R: TGTCTCCAGGTGTTGATTC
m�R-204-3p p��me� F: GTTTGCTGGGAAGGCAAAG
 R: TGTTTTGCTGGGAAGGCAAA
HMGA2 p��me� F: GGACAAGCAAGTTGATGAAT
 R: TGAGTGAGTAGACGAGTGA
U6 p��me� F: CTCGCTTCGGCAGCACATATACT
 R: ACGCTTCACGAATTTGCGTGTC
β-����� p��me� F: CCTGTACGCCAACACAGTGC
 R: ATACTCCTGCTTGCTGATCC

��, �m��� ���e�fe���g RNA; NC, �eg���ve �������; ����, �������� RNA; 
UBAP2, ��������� ��������ed p���e�� 2; m�R, m����RNA; HMGA2, 
h�gh m������y g���p A2; F, f��w��d; R, �eve��e.
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T��ge�S��� �www.���ge�����.��g�ve��_71�� w�� ��ed �� p�ed��� 
�he p��e����� ���ge�� �f m�R-204-3p.

RNA immunoprecipitation (RIP) assay. RIP w�� pe�f��med 
����g � M�g�� RNA-���d��g p���e�� �mm���p�e��p������� k�� 
(EMD Millipore). At 90% confluence, HOS and SaOS‑2 cells 
were centrifuged at 4˚C for 5 min at 1,000 x g, washed with 
p�e-����ed PBS ��d �y�ed w��h RIP �y��� ��ffe�. S���e��e���y, 
the lysates were incubated for 10 min at 4˚C with human 
��g�����e RISC �����y��� ��mp��e�� 2 �Ag�2� ������dy ����. 
��. ��186733; 1:50; A���m; 5 µg� ���j�g��ed �� m�g�e��� �e�d�, 
w��h IgG ������dy ����. ��. ��172730; 1:100; A���m; 5 µg� �� 
�he ������� g���p. S�mp�e� we�e ��e��ed w��h P���e����e K 
for 30 min at 55˚C with gentle agitation. Immunoprecipitated 
RNA w�� ������ed ����g TRIz��. C�-p�e��p����ed RNA� we�e 
purified, identified and analyzed via RT‑qPCR according to 
�he �f��eme�����ed p�������.

RNase R treatment. The ��������y �f RNA w�� de�e�m��ed ����g 
RN��e R. T���� RNA �10 µg� ������ed f��m HOS ��d S�OS-2 
����g TRIz�� w�� m�xed w��h 40 ����� RN��e R �Ep��e���e 
Technologies Pvt. Ltd.) for 20 min at 37˚C to remove the linear 
RNA. S���e��e���y, RT-�PCR w�� pe�f��med �����d��g �� 
�he �f��eme�����ed p������� �� de�e�m��e �he exp�e����� �eve�� 
�f ����UBAP2 ��d UBAP2.

Luciferase reporter assay. HOS ��d S�OS-2 �e��� 
we�e �eeded �3x105 �e����we��� ���� 24-we�� p���e�. The 
w��d-�ype �WT� ��d m����� �M��� ���d��g ���e� �f �he 
3'-����������ed �eg���� �3'-UTR�� �f ����UBAP2 ��d HMGA2 
f�� m�R-204-3p we�e �mp��f�ed ����g PCR. B��ef�y, ����� 
DNA w�� ex�����ed f��m HOS ��d SAOS-2 �e��� ����g 
�he A��m�� T����e��Ce��� Ge��m�� DNA Ex�������� K�� 
�Be�j��g S������� S��e��e & Te�h����gy C�., L�d.�. DNA w�� 
amplified using 2X Taq PCR MasterMix (Beijing Solarbio 
S��e��e & Te�h����gy C�., L�d.� ��d �he f����w��g p��me��: 
����UBAP2 f��w��d, 5'-CTGCCGTCAACTCCTGTTCT-3' 
��d �eve��e, 5'-GCTGGCTCAACTGGCTAAGA-3'; ��d 
HMGA2 f��w��d, 5'-TGAGCCCAGGAGTTTGAGAC-3' 
��d �eve��e, 5'-GAAGGTCCCCAGAGGAAAGT-3'. The 
f����w��g �he�m��y����g ���d������ we�e ��ed f�� PCR: 3 m�� 
at 94˚C; followed by 35 cycles of 94˚C for 30 sec, 58˚C for 
30 sec and 72˚C for 45 sec. The WT and Mut 3'‑UTRs were 
�����d��ed ���� �he pm��GLO ����fe���e exp�e����� ve���� 
�P��meg� C��p�������� �� ��������� �he f����w��g p���m�d�, 
����UBAP2-WT, ����UBAP2-M��, HMGA2 3'-UTR-WT ��d 
HMGA2-M��. HOS ��d S�OS-2 �e��� we�e ��-�����fe��ed w��h 
2.5 µg pm��GLO-����UBAP2-WT, pm��GLO-HMGA2-WT, 
pm��GLO-����UBAP2-M�� �� pm��GLO-HMGA2-M�� 
��d 50 �M m�R-204-3p m�m�� �� m�m�� NC ����g 
Lipofectamine 3000 at 37˚C. At 48 h post‑transfection, 
����fe���e ����v���e� we�e me����ed ����g �he d���-����fe���e 
�ep���e� ����y �y��em �P��meg� C��p�������� �����d��g �� 
the manufacturer's protocol. Firefly luciferase activities were 
���m���zed �� Renilla ����fe���e ����v���e�.

Statistical analysis. S���������� ����y�e� we�e pe�f��med 
����g SPSS �ve����� 24.0; IBM C��p.� ��d G��phP�d P���m 
�ve����� 5; G��phP�d S�f�w��e, I��.� ��f�w��e. D��� ��e 
p�e�e��ed �� �he me�� ± SD. A�� expe��me��� we�e �epe��ed 

�� �e��� �h�ee ��me�. C�mp������� �e�wee� �w� g���p�, ��he� 
�h�� ��mp������� �e�wee� ��m�� ��d �dj��e�� ���-��m�� 
��mp�e�, we�e ����yzed ����g �he ��p���ed S��de��'� �-�e��. 
C�mp������� �m��g m����p�e g���p� we�e ����yzed ����g 
��e-w�y ANOVA f����wed �y T�key'� p��� h�� �e��. A 
p���ed S��de��'� �-�e�� w�� ��ed �� ��mp��e ����UBAP2, 
m�R-204-3p ��d HMGA2 exp�e����� �eve�� �e�wee� ��m�� 
��d �dj��e�� ���-��m�� ��mp�e�. The χ2 �e�� w�� ��ed �� 
����yze �he �e�������h�p �e�wee� ����UBAP2 exp�e����� 
��d �������� p���me�e��. S��v�v�� ���ve� we�e ���e��ed �y 
pe�f��m��g K�p���-Me�e� ����y��� f����wed �y ��g-���k 
�e���. The ����e������ �e�wee� ����UBAP2 exp�e����� 
��d m�R-204-3p�HMGA2 exp�e����� w�� de�e�m��ed �y 
pe�f��m��g Spe��m��'� ����e������ ����y���. Re�e�ve� �pe�-
����g �h�����e������ �ROC� ����y��� w�� pe�f��med �� ���e�� 
�he �e�����v��y ��d �pe��f����y �f �he me����ed m��ke��. 
The ����e������ �e�wee� ����UBAP2 ��d m�R-204-3p, �� 
m�R-204-3p ��d HMGA2 �� �����e ��mp�e� w�� ev�����ed 
using Pearson's correlation coefficient. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

circUBAP2 is upregulated in OS and is associated with 
poor prognosis. F����, RT-�PCR w�� pe�f��med �� de�e�� 
circUBAP2 expression levels, which were significantly higher 
�� OS �����e� ��mp��ed w��h p�������e���� �����e� �F�g. 1A�. 
K�p���-Me�e� ���v�v�� ���ve ����y��� dem�������ed �h�� 
p���e��� w��h OS w��h h�gh exp�e����� �eve�� �f ����UBAP2 
d��p��yed ��we� ���v�v�� ���e� ��mp��ed w��h p���e��� w��h OS 
w��h ��w exp�e����� �eve�� �f ����UBAP2 �F�g. 1B�. I� �dd�����, 
circUBAP2 expression was significantly associated with TNM 
���ge �44� ��d d������ me�������� �T���e II�. T� f���he� ����yze 
whe�he� ����UBAP2 �e�ved �� � ��m�� m��ke� �� OS, ROC 
���ve ����y�e� we�e pe�f��med. The �e����� dem�������ed �h�� 
����UBAP2 effe���ve�y d�����g���hed OS �����e� f��m p���ed 
���-����e���� �����e� ���e� ��de� �he ���ve =0.7664 ��d ����ff 
v���e =0.524; F�g. 1C�. S���e��e���y, RT-�PCR w�� pe�f��med 
�� ev�����e ����UBAP2 exp�e����� �� OS �e���. The �e����� 
indicated that circUBAP2 expression levels were significantly 
����e��ed �� OS �e�� ���e� ��mp��ed w��h h�m�� hFOB1.19 
���e�������, p����������y �� HOS ��d S�OS-2 �e���, wh��h we�e 
�e�e��ed f�� ����e��e�� expe��me��� �F�g. 1D�. F����w��g 
treatment with RNase, circUBAP2 expression was not signifi-
cantly altered, whereas UBAP2 expression was significantly 
decreased compared with the Mock group, which confirmed 
�he ����RNA �h�����e������� �f ����UBAP2 �F�g. 1E ��d F�. 
C���e���ve�y, �he �e����� dem�������ed �h�� ����UBAP2 w�� 
h�gh�y exp�e��ed �� OS.

circUBAP2 knockdown inhibits OS cell proliferation, migra‑
tion and invasion, and promotes OS cell apoptosis. ��RNA� 
���-����UBAP21# ��d ��-����UBAP22#� we�e �����fe��ed ���� 
OS �e��� �� ���e�� �he f������� �f ����UBAP2 �� OS. A� 48 
h p���-�����fe�����, �he RT-�PCR �e����� dem�������ed �h�� 
��mp��ed w��h �he ��-NC g���p, ����UBAP2 exp�e����� 
w�� ��g��f������y de��e��ed �� OS �e��� �����fe��ed w��h 
��-����UBAP2, ��d������g ����e��f�� �����fe����� �F�g. 2A�. 
��-����UBAP21# d��p��yed h�ghe� �����fe����� eff���e��y 
��mp��ed w��h ��-����UBAP22#, �h�� ��-����UBAP21# 
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���-����UBAP2� w�� ��ed f�� ����e��e�� expe��me���. The 
f��������� ����y� �eve��ed �h�� ����UBAP2 k���kd�w� 
significantly inhibited OS cell proliferation, migration and 
��v�����, ��d ����e��ed OS �e�� �p�p����� ��mp��ed w��h �he 
��-NC g���p �F�g. 2B-F�, wh��h dem�������ed �h�� ����UBAP2 
m�gh� �e�ve �� � ��m�� p��m��e� �� OS.

circUBAP2 sponges miR‑204‑3p, and miR‑204‑3p is 
downregulated in OS. By ����yz��g �he �������� RNA 
���e�����me d������e, m�R-204-3p w�� �de���f�ed �� � 
p��e����� ���ge� �f ����UBAP2 �F�g. 3A�. S���e��e���y, 
�he d���-����fe���e �ep���e� ����y� �e����� ��gge��ed �h�� 
����UBAP2 ����d ���d d��e���y �� m�R-204-3p �� OS 
�e��� �F�g. 3B ��d C�. I� �dd�����, ����-Ag�2 ������dy w�� 
emp��yed �� �� RIP ����y �� ��p���e Ag�2 p���e�� ��d �he 
���d��g RNA�. The �e����� dem�������ed �h�� ����UBAP2 
����d ���d �� m�R-204-3p �F�g. 3D ��d E�. The exp�e����� 
�eve�� �f ����UBAP2 ��d m�R-204-3p we�e ����e��e���y 
de�e��ed v�� RT-�PCR. C�mp��ed w��h �he ��-NC g���p, 
miR‑204‑3p expression was significantly increased following 
����UBAP2 k���kd�w� �F�g. 3F�. I� OS �����e�, m�R-204-3p 
expression was significantly downregulated compared with 
p�������e���� �����e� �F�g. 3G�. M��e�ve�, m�R-204-3p 
exp�e����� w�� �eg���ve�y ����e���ed w��h ����UBAP2 exp�e�-
���� �F�g. 3H�. F���he� ����y��� �eve��ed �h�� p���e��� w��h OS 
w��h ��w exp�e����� �eve�� �f m�R-204-3p d��p��yed � ��we� 
�ve���� ���v�v�� ���e ��mp��ed w��h p���e��� w��h OS w��h 
h�gh exp�e����� �eve�� �f m�R-204-3p �F�g. 3I�. M��e�ve�, 
miR‑204‑3p was expressed at significantly lower levels in OS 

�e��� ��mp��ed w��h hFOB1.19 �e��� �F�g. 3J�. C���e���ve�y, �he 
�e����� dem�������ed �h�� ����UBAP2 �p��ged m�R-204-3p, 
��d m�R-204-3p exp�e����� w�� d�w��eg����ed �� OS.

circUBAP2 promotes OS cell proliferation, migration 
and invasion, and inhibits OS cell apoptosis by sponging 
miR‑204‑3p. The �����fe����� eff���e��y �f m�R-204-3p �� 
p�e�e��ed �� F�g. 4A. S���e��e���y, HOS ��d S�OS-2 �e��� we�e 
��-�����fe��ed w��h m�R-204-3p m�m�� ��d ��-����UBAP21# 
(si‑circUBAP2). circUBAP2 knockdown significantly reduced 
OS �e�� p����fe������, m�g������ ��d ��v�����, ��d p��m��ed 
OS �e�� �p�p����� ��mp��ed w��h �he ��-NC g���p. F����w��g 
��-�����fe����� w��h m�R-204-3p m�m��, ����UBAP2 
k���kd�w�-med���ed effe��� �� p����fe������, m�g������ 
��d ��v����� we�e ��g��f������y ����e��ed �F�g. 4B-E�, 
whe�e�� ����UBAP2-k���kd�w�-��d��ed �e�� �p�p����� w�� 
significantly inhibited, which suggested that miR‑204‑3p was 
��������ed w��h ����UBAP2-med���ed p��m����� �f OS �e�� 
m���g���� �eh�v���.

HMGA2 is a target of miR‑204‑3p. m�RNA� ��e ���e �� 
med���e d�w��eg������� �f �he exp�e����� �f �he�� ���ge� ge�e� 
�y ���ge���g �he mRNA 3'-UTR d�w����e�m �f �he ���ge� 
ge�e �45�. T��ge�S��� w�� ��ed �� �de���fy HMGA2 �� � p��e�-
tial target gene of miR‑204‑3p (Fig. 5A). To further confirm 
�eg������� �f �he HMGA2 ge�e �y m�R-204-3p, d���-����fe���e 
reporter assays were performed. The results obtained verified 
�he ���e������� �e�wee� m�R-204-3p ��d HMGA2 �� HOS ��d 
S�OS-2 �e��� �F�g. 5B ��d C�. I� �dd�����, �he we��e�� �������g 

F�g��e 1. ����UBAP2 exp�e����� �� �p�eg����ed �� OS ��d ��������ed w��h p��� p��g�����. �A� ����UBAP2 exp�e����� �� OS �����e� �� de�e�m��ed v�� 
RT-�PCR. �B� K�p���-Me�e� ����y��� dem�������ed �� ����������� �e�wee� ����UBAP2 exp�e����� ��d �ve���� ���v�v�� �� p���e��� w��h OS. �C� Re�e�ve� 
�pe�����g �h�����e������ ���ve� ��d����ed �h�� ����UBAP2 effe���ve�y d�����g���hed OS �����e� f��m p���ed ���-����e���� �����e� �AUC =0.7664; ���-�ff 
value =0.524). (D) circUBAP2 expression in OS cells as determined via RT‑qPCR. RNase treatment in (E) HOS and (F) SaOS‑2 cells significantly decreased 
UBAP2 expression, but did not significantly alter circUBAP2 expression. *P<0.05 and **P<0.01. circ, circular RNA; UBAP2, ubiquitin associated protein 2; 
OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative PCR; AUC, area under the curve; CI, confidence interval.
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results demonstrated that miR‑204‑3p overexpression signifi-
�����y de��e��ed �he exp�e����� �eve�� �f HMGA2 �� HOS 
��d S�OS-2 �e��� ��mp��ed w��h m�m�� NC �F�g. 5D�. I� OS 
tissues, HMGA2 expression levels were significantly higher 

��mp��ed w��h p�������e���� �����e� �F�g. 5E�. M��e�ve�, 
Pe�����'� ����e������ ����y��� dem�������ed �h�� HMGA2 
exp�e����� �eve�� we�e �eg���ve�y ����e���ed w��h m�R-204-3p 
exp�e����� �eve�� �F�g. 5F�.

Figure 2. circUBAP2 knockdown inhibits OS cell proliferation, migration and invasion, and promotes OS cell apoptosis. (A) Transfection efficiency of 
��-����UBAP21# ��d ��-����UBAP22#. Effe�� �f ����UBAP2 k���kd�w� �� �B� HOS ��d �C� S�OS-2 �e�� p����fe������ �� de�e�m��ed �y pe�f��m��g Ce�� 
C������g K��-8 ����y�. Effe�� �f ����UBAP2 k���kd�w� �� HOS ��d S�OS-2 �e�� �D� m�g������ ��d �E� ��v����� �� de�e�m��ed �y pe�f��m��g T����we�� 
assays (scale bar, 500 µm). (F) Effect of circUBAP2 knockdown on HOS and SaOS‑2 cell apoptosis as determined via flow cytometry. **P<0.01. circ, circular 
RNA; UBAP2, ��������� ��������ed p���e�� 2; OS, ���e������m�; ��, �m��� ���e�fe���g RNA; NC, �eg���ve �������; OD, �p����� de����y; d, d�y�.
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miR‑204‑3p inhibits OS cell proliferation, migration and 
invasion, and promotes OS cell apoptosis by regulating 
HMGA2. T� ��ve���g��e whe�he� HMGA2 w�� ��v��ved �� 
m�R-204-3p-��d��ed OS �e�� m���g���� �eh�v���, HOS ��d 
S�OS-2 �e��� we�e �����fe��ed w��h ��-HMGA2 �� ��-NC. The 
transfection efficiency of si‑HMGA2 is presented in Fig. 6A. 
S���e��e���y, HOS ��d S�OS-2 �e��� we�e ��-�����fe��ed w��h 
m�R-204-3p m�m�� ��d ��-HMGA2. m�R-204-3p �ve�exp�e�-
sion significantly decreased OS cell proliferation, migration 
��d ��v�����, ��d p��m��ed OS �e�� �p�p����� ��mp��ed w��h 
m�m�� NC �F�g. 6B-E�. m�R-204-3p �ve�exp�e�����-med���ed 
effects were significantly enhanced by HMGA2 knockdown. 
C���e���ve�y, �he �e����� dem�������ed �h�� HMGA2 w�� 
��������ed w��h m�R-204-3p-med���ed ��h������� �f OS �e�� 
m���g���� �eh�v���.

circUBAP2 promotes OS cell proliferation, migration and 
invasion, and inhibits OS cell apoptosis by regulating 
HMGA2. The �f��eme�����ed �e����� dem�������ed 
�h�� ����UBAP2 p��m��ed OS �e�� m���g���� �eh�v���, 
��d HMGA2 w�� � ���ge� �f m�R-204-3p, The�ef��e, 
whe�he� �� ��UBAP2 �f fe��ed OS �e� �  m�� �g���� 
�eh�v��� �y �eg������g HMGA2 w�� ex�m��ed. F�����y, 
p�DNA3.1-HMGA2 ��d p�DNA3.1 we�e �����fe��ed ���� 
�e��� �F�g. 7A�. S���e��e���y, �e��� we�e ��-�����fe��ed w��h 
p�DNA3.1-HMGA2 ��d ��-����UBAP2. The �e����� �eve��ed 
that circUBAP2 knockdown significantly decreased OS cell 

F�g��e 3. ����UBAP2 �p��ge m�R-204-3p ��d m�R-204-3p �� d�w��eg����ed �� OS. �A� B����f��m����� ����y��� p�ed���ed ���d��g ���e� �e�wee� m�R-204-3p 
��d ����UBAP2. L���fe���e �ep���e� ����y� we�e pe�f��med �� ve��fy �he ���e������� �e�wee� m�R-204-3p ��d ����UBAP2 �� �B� HOS ��d �C� S�OS-2 �e���. 
RNA �mm���p�e��p������� ����y� we�e pe�f��med �� f���he� ve��fy �h�� ����UBAP2 ����d �� m�R-204-3p �� �D� HOS ��d �E� S�OS-2 �e���. �F� Effe�� 
�f ����UBAP2 k���kd�w� �� m�R-204-3p exp�e����� �� HOS ��d S�OS-2 �e��� �� de�e�m��ed v�� RT-�PCR. �G� m�R-204-3p exp�e����� �� OS �����e� 
�� de�e�m��ed v�� RT-�PCR. �H� m�R-204-3p exp�e����� w�� �eg���ve�y ����e���ed w��h ����UBAP2 exp�e����� �� OS �����e�. �I� K�p���-Me�e� ����y��� 
dem�������ed �� ����������� �e�wee� m�R-204-3p exp�e����� ��d �ve���� ���v�v�� �� p���e��� w��h OS. �J� m�R-204-3p exp�e����� �� OS �e��� �� de�e�m��ed 
v�� RT-�PCR. *P<0.05 and **P<0.01. circ, circular RNA; UBAP2, ubiquitin associated protein 2; miR, microRNA; OS, osteosarcoma; RT‑qPCR, reverse 
��������p����-����������ve PCR; NC, �eg���ve �������; WT, w��d-�ype; M��, m�����; Ag�2, ��g�����e RISC �����y��� ��mp��e�� 2; ��, �m��� ���e�fe���g RNA.

T���e II. A���������� �e�wee� ����UBAP2 exp�e����� ��d 
�������� p���me�e�� �f p���e��� w��h ���e������m�.

 ����UBAP2 exp�e�����
 --------------------------------------------------
C������� p���me�e� � L�w ��=21� H�gh ��=21� P-v���e

Sex    0.758
  M��e 22 10 12
  Fem��e 20 11   9
Age �ye����    1.00
  <18 25 13 12
  ≥18 17   8   9
L�������    0.085
  Fem��  30 12 18
  O�he�  12   9   3
T�m�� ��ze ��m�    0.111
  <8 26 16 10
  ≥8 16   5 11
TNM ���ge    0.012�

  I-II 23 16   7
  III 19   5 14
D������ me��������    0.029�

  N� 20 14   6
  Ye� 22   7 15
�P<0.05. circ, circular RNA; UBAP2, ubiquitin associated protein 2.



MA et al:  ����UBAP2 REGULATES OSTEOSARCOMA PROGRESSION BY REGULATING THE m�R-204-3p�HMGA2 AXIS 305

p����fe������, m�g������ ��d ��v�����, ��d p��m��ed OS 
�e�� �p�p����� ��mp��ed w��h �he ��-NC g���p. H�weve�, 
circUBAP2 knockdown‑mediated effects were significantly 

�eve��ed �y HMGA2 �ve�exp�e�����, wh��h f���he� ��d�-
���ed �h�� ����UBAP2 �ffe��ed OS �e�� �����g���� �eh�v��� 
�y �eg������g HMGA2 �F�g. 7B-E�.

F�g��e 4. ����UBAP2 p��m��e� OS �e�� p����fe������, m�g������ ��d ��v�����, ��d ��h����� OS �e�� �p�p����� �y �p��g��g m�R-204-3p. �A� T����fe����� 
efficiency of miR‑203‑3p mimic. (B) Cell Counting Kit‑8 assays were performed to examine the effect of circUBAP2 and miR‑204‑3p on HOS and SaOS‑2 cell 
p����fe������. �C� T����we�� ����y� we�e pe�f��med �� ���e�� �he effe�� �f ����UBAP2 ��d m�R-204-3p �� HOS ��d S�OS-2 �e�� �C� m�g������ ��d �D� ��v����� 
�����e ���, 500 µm�. �E� F��w �y��me��y w�� pe�f��med �� ���e�� �he effe�� �f ����UBAP2 ��d m�R-204-3p �� HOS ��d S�OS-2 �e�� �p�p�����. *P<0.05 and 
**P<0.01. circ, circular RNA; UBAP2, ubiquitin associated protein 2; OS, osteosarcoma; miR, microRNA; NC, negative control; si, small interfering RNA; 
OD, �p����� de����y.
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Discussion

I���e����g ev�de��e h�� dem�������ed �h�� ��RNA� ��e 
��v��ved �� �he deve��pme�� �f d�ffe�e�� �ype� �f ����e�, 
�����d��g ����ph��y�ge�� �������m�, ��e��� ����e�, ���e�-
�����m� ��d e��ph�ge�� ����m��� �e�� �������m� �46-50�. 
����RNA�, wh��h ��e � g���p �f ��RNA�, ��e ���� ��������ed 
w��h v������ d��e��e� �51-55�. H�� et al �56� �ep���ed �h�� 
����_0016760 p��m��ed ���g ����e� �e�� p����fe������ �y �eg�-
�����g �he m�R-577�zinc finger and BTB domain containing 
7A �x��. W��g et al �57� dem�������ed �h�� �he ����RNA 

m����h��d���� f������ ��d �p�p�����-�e���ed ����d �eg����e 
expression of mitochondrial fission process 1 via miR‑652‑3p, 
�he�e�y p������p����g �� �he p���e�� �f m����h��d���� d�v�����. 
����UBAP2 h�� �ee� �ep���ed �� �e�ve ���e� �� �eve��� �ype� 
�f ��m��, �����d��g ��e�� �e�� �e��� �e�� �������m�, e��ph�-
ge�� ����m��� �e�� �������m�, ���p�e-�eg���ve ��e��� ����e�, 
�v����� ����e� ��d ���e������m� �17-21�; h�weve�, �he ���e� �f 
����UBAP2 �� OS ��e ��� ��mp�e�e�y ��de�����d.

In the present study, circUBAP2 expression was signifi-
�����y �p�eg����ed �� OS �����e� ��d �e�� ���e� ��mp��ed 
w��h p�������e���� �����e� ��d hFOB1.19 �e���, �e�pe���ve�y. 

F�g��e 5. HMGA2 �� � ���ge� �f m�R-204-3p. �A� B����f��m����� ����y��� p�ed���ed ���d��g ���e� �e�wee� m�R-204-3p ��d HMGA2, ��d RT-�PCR w�� pe�f��med 
�� ���e�� �he effe�� �f m�R-204-3p �ve�exp�e����� �� HMGA2 exp�e�����. L���fe���e ����y� we�e pe�f��med �� ve��fy �he ���e������� �e�wee� m�R-204-3p ��d 
HMGA2 �� �B� HOS ��d �C� S�OS-2 �e���. �D� HMGA2 p���e�� exp�e����� �eve�� we�e de�e�m��ed v�� we��e�� �������g. �E� HMGA2 exp�e����� �� OS �����e� 
�� de�e�m��ed v�� RT-�PCR. �F� HMGA2 exp�e����� w�� �eg���ve�y ����e���ed w��h m�R-204-3p exp�e����� �� OS �����e�. **P<0.01. HMGA2, high mobility 
g���p A2; m�R, m����RNA; RT-�PCR, �eve��e ��������p����-����������ve PCR; OS, ���e������m�; WT, w��d-�ype; M��, m�����; NC, �eg���ve �������.
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F���he�m��e, h�gh exp�e����� �eve�� �f ����UBAP2 �� p���e��� 
w��h OS we�e ��������ed w��h ��we� ���v�v�� ���e� ��mp��ed 

w��h ��w exp�e����� �eve�� �f ����UBAP2 �� p���e��� w��h 
OS, ��gge����g �h�� ����UBAP2 m�gh� �e�ve �� � p��g����� 

Figure 6. miR‑204‑3p inhibits OS cell proliferation, migration and invasion, and promotes OS cell apoptosis by targeting HMGA2. (A) Transfection efficiency 
�f ��-HMGA2. �B� Ce�� C������g K��-8 ����y� we�e pe�f��med �� ���e�� �he effe�� �f m�R-204-3p ��d HMGA2 �� HOS ��d S�OS-2 �e�� p����fe������. 
T����we�� ����y� we�e pe�f��med �� de�e�m��e �he effe�� �f m�R-204-3p ��d HMGA2 �� HOS ��d S�OS-2 �e�� �C� m�g������ ��d �D� ��v����� �����e ���, 
500 µm�. �E� F��w �y��me��y w�� pe�f��med �� de�e�m��e �he effe�� �f m�R-204-3p ��d HMGA2 �� HOS ��d S�OS-2 �e�� �p�p�����. **P<0.01 vs. si‑NC. 
m�R, m����RNA; OS, ���e������m�; ��, �m��� ���e�fe���g RNA; HMGA2, h�gh m������y g���p A2; NC, �eg���ve �������; OD, �p����� de����y; d, d�y�.
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Figure 7. circUBAP2 promotes OS cell proliferation, migration and invasion, and inhibits OS cell apoptosis by regulating HMGA2. (A) Transfection efficiency 
�f p�DNA3.1-HMGA2. �B� Effe�� �f ����UBAP2 ��d HMGA2 �� HOS ��d S�OS-2 �e�� p����fe������ �� de�e�m��ed �y pe�f��m��g Ce�� C������g K��-8 
����y�. �C� Effe�� �f ����UBAP2 ��d HMGA2 �� HOS ��d S�OS-2 �e�� �C� m�g������ ��d �D� ��v����� �� de�e�m��ed �y pe�f��m��g T����we�� ����y� �����e 
bar, 500 µm). (E) Effect of circUBAP2 and HMGA2 on HOS and SaOS‑2 cell apoptosis as determined via flow cytometry. **P<0.01 vs. pcDNA3.1. circ, 
�������� RNA; UBAP2, ��������� ��������ed p���e�� 2; OS, ���e������m�; HMGA2, h�gh m������y g���p A2; ��, �m��� ���e�fe���g RNA; NC, �eg���ve �������; 
OD, �p����� de����y; d, d�y�.
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���ge� f�� p���e��� w��h OS. M��e�ve�, ����UBAP2 k���kd�w� 
significantly inhibited OS cell proliferation, migration and 
��v�����, ��d p��m��ed OS �e�� �p�p����� ��mp��ed w��h �he 
��-NC g���p.

I���e����g ev�de��e h�� ���� ��gge��ed �h�� ����RNA� 
pe�f��m �eg������y ���e� �� m�RNA ‘�p��ge�’ �40-42�. T� 
f���he� ��ve���g��e �he me�h����m ��de��y��g ����UBAP2 �� 
OS, �he p�e�e�� ���dy ��med �� �de���fy m�RNA� �h�� ����d ���d 
�� ����UBAP2. Th���gh �����f��m����� ����y���, m�R-204-3p 
was identified as a target of circUBAP2. Subsequently, the 
dual‑luciferase reporter and RIP assay results confirmed that 
����UBAP2 ����d m�R-204-3p, wh��h �� � k��w� ��m�� 
��pp�e���� �� ���dde� ����e� �27�. F���he�m��e, m�R-204-3p 
expression was significantly downregulated in OS tissues and 
�e�� ���e� ��mp��ed w��h p�������e���� �����e� ��d hFOB1.19 
�e���, �e�pe���ve�y. I� �dd�����, m�R-204-3p exp�e����� w�� 
�eg���ve�y ����e���ed w��h ����UBAP2 exp�e����� �� OS �����e�. 
miR‑204‑3p overexpression significantly enhanced the inhibi-
���y effe�� �f ����UBAP2 k���kd�w� �� OS �e�� p����fe������, 
m�g������ ��d ��v�����, whe�e�� m�R-204-3p �ve�exp�e����� 
significantly inhibited circUBAP2 knockdown‑induced apop-
�����.

A� � ��������p���� f�����, HMGA2 ��� �eg����e �he ����-
����p���� ��d ����v����� �f � ���ge ��m�e� �f ge�e�, e�pe�����y 
�h��e ��������ed w��h �e�� p����fe������ ��d �p�p����� �58-61�. 
The p�e�e�� ���dy dem�������ed �h�� HMGA2 w�� � ���ge� 
�f m�R-204-3p. HMGA2 exp�e����� w�� ��g��f������y 
�p�eg����ed �� OS �����e� ��mp��ed w��h p�������e���� 
�����e�. F���he�m��e, HMGA2 k���kd�w� ��g��f������y 
e�h���ed m�R-204-3p �ve�exp�e�����-med���ed effe��� �� 
OS �e�� p����fe������, m�g������, ��v����� ��d �p�p�����. 
Based on the finding that miR‑204‑3p was associated with 
����UBAP2-med���ed p��m����� �f OS �e�� m���g���� 
�eh�v���, �� w�� hyp��he��zed �h�� ����UBAP2 p��m��ed OS 
�e�� m���g���� �eh�v��� �y �eg������g HMGA2. C�mp��ed 
with the si‑NC group, circUBAP2 knockdown significantly 
de��e��ed �e�� p����fe������, m�g������ ��d ��v�����, ��d 
enhanced cell apoptosis, whereas these effects were signifi-
�����y �eve��ed �y HMGA2 �ve�exp�e�����, wh��h f���he� 
��pp���ed ��� hyp��he���. The�ef��e, �he p�e�e�� ���dy dem��-
�����ed �h�� �he ��ve� ����UBAP2�m�R-204-3p�HMGA2 �x�� 
w�� ��v��ved �� �he OS m���g���� phe���ype, ��gge����g �h�� 
� ����RNA-m�RNA-mRNA �eg������y �e�w��k �� ��v��ved �� 
�he ��m���ge�e��� ��d deve��pme�� �f OS.

H�weve�, �he p�e�e�� ���dy h�d � ��m�e� �f ��m��������. 
F�� ex�mp�e, ���h��gh HMGA2 h�� �ee� �ep���ed �� �e 
����e�y ��������ed w��h �he EMT p���e�� �� ��m��� �33-35�, 
�he exp�e����� �eve�� �f EMT-��������ed p���e��� we�e ��� 
de�e�m��ed �� �he p�e�e�� ���dy. A���, effe��� �f HMGA2 
����e �� OS �e�� p����fe������ ��d m�g������ �e����e f���he� 
��ve���g�����. A���he� p��e����� ��m������� �f p�e�e�� ���dy �� 
�h�� ���y m�R-204-3p m�m�� w�� ��ed �� ��ve���g��e �he effe��� 
�f �he ����UBAP2�m�R-204-3p�HMGA2 ��g�����g p��hw�y �� 
OS ��d �� m�RNA-204-3p ��h������ w�� ��� ��ed. The�ef��e, 
f����e ���d�e� �h���d m�ke ��e �f �� m�R-204-3p ��h������. I� 
�dd�����, �he effe�� �f ����UBAP2 �� ��m�� g��w�h �h���d �e 
verified in vivo. F�����y, ���y 42 OS �����e� we�e ��ed �� �he 
p�e�e�� ���dy, wh��h w�� � �m��� ��m�e� �f ��mp�e�, �h�� � 
���ge� ��m�e� �f �����e �pe��me�� �h���d �e �����zed �� f����e 
���d�e�.

I� ����������, �� �he �e�� �f ��� k��w�edge, �he p�e�e�� 
���dy dem�������ed �h�� ����UBAP2 w�� h�gh�y exp�e��ed 
��d �e�ved �� �� ����ge�e �� OS f�� �he f���� ��me. 
M��e�ve�, �he �e����� �f �he p�e�e�� ���dy ��d����ed �h�� �he 
����UBAP2�m�R-204-3p�HMGA2 ��g�����g p��hw�y m�gh� 
�e ��v��ved �� OS p��g�e�����. The�ef��e, � ��ve� �eg������y 
�e�w��k ��mp�����g ����UBAP2�m�R-204-3p�HMGA2 m�gh� 
�e�ve �� � p��e����� �he��pe���� ���ge� f�� OS.
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