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Abstract. L��� ���������� RNA� ����RNA�� ��� ������L��� ���������� RNA� ����RNA�� ��� ������
RNA� ���R�� h�ve ���t���� ���e� �� the p����e����� �f v����u� 
���e��e�. The p�e�e�t �tu�y ���e� t� ��ve�t���te the �eve�� 
��� �������� �����f�����e �f ���RNA t�u���e up�e�u��te� 
�e�e 1 �TUG1� ��� ��R�145�5p �� p�t�e�t� w�th �h����� he��t 
f���u�e �CHF� ��� exp���e the�� ������t�ve v��ue �e������� 
���e��e �eve��ty. TUG1 ��� ��R�145�5p �eve�� we�e �ete�te� 
by �eve��e�t�������pt��� qu��t�t�t�ve PCR. C���e��t���� we�e 
ex����e� u���� Pe�����'� ����e��t��� ����y���. Re�e�ve� 
�pe��t��� �h����te���t�� ����y��� w�� u�e� t� ev��u�te the 
�������t�� v��ue �f TUG1, ��R�145�5p ��� b���� ��t��u�et�� 
pept��e �BNP�. Su�v�v�� ����y��� w�� pe�f���e� by the 
K�p����Me�e� �eth��. C�x �e��e����� ����y��� w�� u�e� t� 
ev��u�te the p������t�� v��ue �f TUG1 ��� ��R�145�5p. The 
�eve�� �f ��te��euk���6 ��� tu��� �e������ f��t���α �� �e�u� 
we�e �ete�te� by ELISA. The �e�u�t� ������te� th�t TUG1 w�� 
up�e�u��te� ��� ��R�145�5p w�� ��w��e�u��te� �� p�t�e�t� 
w�th CHF ��� they we�e �e��t�ve�y ����e��te�. TUG1 ��� 
��R�145�5p we�e �������te� w�th the �eft ve�t����e eje�t��� 
f���t��� ��� we�e �b�e t� ������te the �eve��ty �f CHF. Se�u� 
TUG1 ��� ��R�145�5p h�� � �e�t��� �������t�� v��ue ��� 
the ���b���t��� �f BNP, TUG1 ��� ��R�145�5p h�� h��h 
�������t�� ���u���y. TUG1 ��� ��R�145�5p we�e ����e�y �����
���te� w�th �ve���� �u�v�v�� ��� ��y fu��t��� �� ���epe��e�t 
p������t�� b�����ke�� f�� p�t�e�t� w�th CHF. I� ����t���, 
TUG1 ��� ��R�145�5p �eve�� we�e ���ke��y ����e��te� w�th 
inflammation in CHF. Upregulated TUG1 and downregulated 
��R�145�5p ��y ������te the �eve��ty �f CHF, ��y �e�ve �� 
�������t�� ��� p������t�� b�����ke�� ��� ��y be ��v��ve� �� 
CHF progression by regulating inflammatory responses.

Introduction

He��t f���u�e �HF� �� the e�� �t��e �f v����u� he��t ���e��e� �1� 
��� �� ��u�e� by �y�������� ��ju�y �ue t� �����e��e� �u�h 
�� �y�������� ��f���t���, �������y�p�thy, hype�te����� ��� 
inflammation (2). In addition, HF is one of the leading causes of 
hu��� ���b���ty ��� ���t���ty �� the w���� �3�. P�t�e�t� w�th 
HF u�u���y h�ve ��ve��e �y�pt��� �u�h �� �y�p�e�, pe��ph�
e��� e�e�� ��� ����te�, f�t��ue ��� ��u�e� �2�. HF �� u�u���y 
� �h����� �����t��� �efe��e� t� �� �h����� HF �CHF�, wh��h 
��y be �t�b���ze�, w���e�e� �� �e���pe���te� �4�. The b���� 
et�����y �f CHF �� �����y the �e�u�t��� ��� �����e �f �������
�y��yte�. Due t� the ���u��e��e �f �y�������� t���ue ��ju�y, 
the �eve� �f C��e��t�ve p��te�� �CRP, � �y�te��� b�����ke� �f 
inflammation) increases and the inflammatory response is also 
��t�v�te� �5,6�. B���� ��t��u�et�� pept��e �BNP� te�t��� h�� 
bee� p��p��e� �� � �������t�� ��� p������t�� t��� f�� ����e��
t�ve HF �7�. H�weve�, �t ��y ���� exh�b�t ���ke� �h���e� �� 
�the� ���e��e�, �u�h �� ����h���� �� �e��� f���u�e �3�. The �eft 
ventricle ejection fraction (LVEF) may be used to reflect the 
�eve� �f ������� fu��t��� �� p�t�e�t� w�th HF �8�, but ��t ��� 
p�t�e�t� w�th HF exh�b�t �b������ LVEF. Thu�, exp������ the 
key ���e�u�e� ��v��ve� �� the p�th�������� �e�h������ �f 
CHF w��� h�pefu��y p��v��e ���e effe�t�ve b�����ke�� f�� th�� 
���e��e p����e�����.

N��������� RNA�, ����u���� ���� ���������� RNA� 
����RNA�, ����e� th�� 200 �u��e�t��e�� ��� �����RNA� 
���R�, 19�25 �u��e�t��e� �����, ��e �b�e t� �e�u��te the ���t��t��� 
��� p����e����� �f v����u� ���e��e�, ����u���� ������v���u��� 
���e��e� �u�h �� CHF �9�. The �������� v��ue �f v����u� ���RNA� 
��� ��R� �� CHF h�� bee� e�t�b���he�. F�� ���t���e, ���RNA 
ZNFX1 ��t��e��e RNA1 ��� ��R�590�3p ��y be u�e� �� 
��ve� ���ke�� f�� the ��������� ��� p�������� �f p�t�e�t� w�th 
CHF �10�. Abe����t ���RNA �u��e���e����he� �bu����t t����
����pt 1 ��� ��R�129�5p h�ve bee� ������te� t� �e�ve �� ��ve� 
�������t�� ��� p������t�� ���ke�� f�� p�t�e�t� w�th CHF �11�. 
A p�ev��u� �tu�y �ep��te� th�t ���RNA t�u���e up�e�u��te� 
�e�e 1 �TUG1� �� �b�e t� �e�u��te hyp�x������u�e� �������y��
�yte ��ju�y by b������ t� ��R�145�5p �12�. I� ����t���, TUG1 
��y p����te ������� hype�t��phy, wh��h �� ��e �f the ��j�� 
���k f��t��� f�� the �eve��p�e�t �f CHF �13�. ��R�145�5p, 
wh��h �� ���e�t�y �e�u��te� by TUG1, �� ��������y ����e�y �����
���te� w�th �������y��yte ��ju�y ��� CHF �14�. Fu�the����e, 
miR‑145‑5p, an important inflammation‑regulating miR, is 
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�b�e t� ���ev��te hyp�x������u�e� ��f�����t��y �e�p���e 
�� ������� �e��� �15,16�. S�������y, TUG1 �� �� ��f������
t�����e��te� ���������� RNA th�t �� ��v��ve� �� the ���t��t��� 
and development of inflammatory responses in a variety of 
diseases, or regulates the process of inflammatory responses 
�� ���e��e� �17�19�. The�ef��e, the �b�ve��e�t���e� �u�t�p�e 
���e� �f ev��e��e �u��e�t th�t the TUG1/��R�145�5p ��������� 
�x�� �� h��h�y ��ke�y t� be ��v��ve� �� CHF p����e�����. 
However, the clinical value and significance of the expression 
�eve�� �f e�e�e�t� �f th�� ��������� �x�� �� p�t�e�t� w�th CHF 
h�ve �e����e� e�u��ve.

The pu�p��e �f the p�e�e�t �tu�y w�� t� �e��u�e the �eve�� 
�f TUG1 ��� ��R�145�5p �� p�t�e�t� w�th CHF, ��ve�t���te the 
����e��t��� betwee� the TUG1/��R�145�5p ��te���t��� ��� the 
�eve��ty �f CHF, ev��u�te the �������t�� ��� p������t�� v��ue 
of the TUG1/miR‑145‑5p interaction and finally investigate 
the ����e��t��� betwee� the TUG1/��R�145�5p ��te���t��� 
and the levels of inflammatory markers. The present study 
��y p��v��e �ew ��� effe�t�ve b�����ke�� f�� ������t��� the 
�eve��ty �f CHF ��� f�� the ��������� ��� p�������� �f CHF.

Materials and methods

Study population. Th�� �tu�y w�� �pp��ve� by the Eth��� 
C����ttee �f We�f��� H��p�t�� �f T����t����� Ch��e�e 
Me�����e �We�f���, Ch���; �pp��v�� ��. 0015893�. A t�t�� 
�f 98 p�t�e�t� w�th CHF we�e �e�e�te� �� the �tu�y ���up f�� 
the p�e�e�t �tu�y, wh� we�e ����tte� t� We�f��� H��p�t�� 
�f T����t����� Ch��e�e Me�����e �We�f���, Ch���� betwee� 
M���h 2016 ��� De�e�be� 2019. The ��������� �f p�t�e�t� 
w�th CHF w�� �� ���������e w�th the ���te��� ���te� �� the 2013 
A�e����� C���e�e �f C��������y F�u���t���/A�e����� He��t 
A������t��� Gu��e���e� ��� the 2016 Eu��pe�� S���ety �f 
C��������y Gu��e���e� �20,21�. The ����u���� ���te��� f�� 
p�t�e�t� w�th CHF we�e �� f����w�: �� C��������y �������e� 
CHF; b� ���������y �t�b�e; �� LVEF <40%; �� New Y��k He��t 
A������t��� �NYHA� ����� f��� II t� IV; ��� e� �� h��t��y �f 
�u��e�y w�th�� 1 ye��. P��t���p��t� we�e ex��u�e� f��� the 
p�e�e�t �tu�y �f they h�� ��y �f the f����w���: �� M��������y; 
b� ��fe�t��u� ���e��e; �� h��t��y �f �e�eb��v���u��� eve�t� w�th�� 
6 ���th�; �� ������� �����t �ev��e; e� h��t��y �f ����� t����p����
t�t���; �� f� ��ve� �� k���ey f���u�e. I� ����t���, 86 p��t���p��t� 
w�th�ut CHF ��� ���e��e� ���te� �� the ex��u���� ���te���, wh� 
u��e�we�t phy����� ex�����t��� �t the ���e h��p�t�� �u���� the 
���e t��e pe����, we�e �e��u�te� t� �e�ve �� � ���t��� ���up. 
P���� t� e�����e�t �� the �tu�y, eve�y p��t���p��t w�� ��f���e� 
��� ����e� �� ��f���e� ����e�t f���.

Serum sample collection. Ve��u� b���� ���p�e� f��� ��� 
p��t���p��t� we�e ���w� ��t� EDTA ��t�����u���t tube�. 
Sub�eque�t�y, the b���� ���p�e� we�e ���e���te�y �e�t���
fuged at 1,500 x g at 4˚C to obtain serum, which was stored at 
‑80˚C for further analysis.

Follow‑up of patients for survival. A�� p�t�e�t� w�th CHF 
we�e t�e�te� w�th ���ve�t����� �e����t���� �u�h �� ��u�et���, 
�����te���� �e�ept�� b���ke�� ��� bet� b���ke�� �� ������
te��������ve�t��� e�zy�e ��h�b�t���. P�t�e�t� w�th CHF we�e 
f����we� up ���th�y by te�eph��e f�� 2 ye��� ��� �u�v�v�� 
��f����t��� w�� �e����e� ��� ����yze�.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). T�t�� RNA w�� ext���te� f��� �e�u� w�th 
TRIz��® reagent (Invitrogen; Thermo Fisher Scientific Inc.). 
A NanoDrop 2000 (Thermo Fisher Scientific, Inc.) was used 
t� ����yze the ����e�t��t��� ��� qu���ty �f t�t�� RNA. The 
�DNA w�� �y�the��ze� f��� the �bt���e� RNA u���� the 
P���eS���pt RT �e��e�t k�t �T�k��� B�� I��.�.

TUG1 ��� ��R�145�5p exp�e����� �eve�� we�e �e��u�e� 
u���� �e���t��e qPCR, pe�f���e� w�th � SYBR G�ee� I M��te� 
Mix kit (Invitrogen; Thermo Fisher Scientific Inc.) on a 7500 
Re���T��e PCR Sy�te� �App��e� B���y�te��; The��� F��he� 
Scientific Inc.). All procedures were performed following the 
���uf��tu�e�'� p��t����. The f����w��� the����y����� ������
tions were used for qPCR: 95˚C for 10 min, followed by 95˚C for 
20 sec, 60˚C for 15 sec and 72˚C for 20 sec, for a total of 40 cycles. 
The exp�e����� �eve�� �f TUG1 ��� ��R�145�5p we�e �������ze� 
t� GAPDH ��� U6, �e�pe�t�ve�y. The p���e� �eque��e� we�e 
�e����e� by S����� B��te�h ��� we�e �� f����w�: TUG1 f��w���, 
5'�TAGCAGTTCCCCAATCCTTG�3' ��� �eve��e, 5'�CACAAA 
TTCCCATCATTCCC�3'; GAPDH f��w���, 5'�CAAGGTCA 
TCCATGACAACTTTG�3' ��� �eve��e, 5'�GTCCACCACC 
CTGTTGCTGTAG�3'; ��R�145�5p f��w���, 5'�GCCGAGG 
TCCAGTTTTCCCA�3' ��� �eve��e, 5'�CTCAACTGGTGT 
CGTGGA�3'; U6 f��w���, 5'�CTCGCTTCGGCAGCACA�3' 
��� �eve��e, 5'�AACGCTTCACGAATTTGCGT�3'. The �e��t�ve 
�eve�� �f TUG1 ��� ��R�145�5p we�e ����u��te� u���� the 2�ΔΔCq 
�eth�� �22�.

Evaluation of inflammatory markers. The levels of inflam�
��t��y ���ke��, ����u���� CRP, ��te��euk�� �IL��6 ��� 
tu��� �e������ f��t�� �TNF��α, we�e �ete�te� �� the �e�u� 
of patients with CHF to evaluate the inflammatory response. 
CRP �eve�� we�e �e��u�e� u���� �� ���e�� �ut���t�� 
����yze� �Be�k��� C�u�te��. Hu��� IL�6 ��� TNF�α ELISA 
k�t� �BD B�����e��e�� we�e u�e� t� �e��u�e the �eve�� �f 
pro‑inflammatory factors IL‑6 (cat. no. 555220) and TNF‑α 
���t. ��. 555212�. The 96�we�� p��te� ���te� w�th h��h�y pu���
fied antibodies (capture antibodies) for IL‑6 dilution or TNF‑α 
dilution, were incubated overnight at 4˚C and then filled with 
���ut��� buffe�, f����we� by ���ub�t��� f�� 1 h. Sub�eque�t�y, 
�t������ �� expe���e�t�� ���p�e� we�e ���e� ��t� the we��� 
��� ���ub�te� �t ���� te�pe��tu�e f�� 12 h. C���e�p������ 
b��t������ju��te� ��t�b���e� ��ete�t��� ��t�b���e�� f�� IL�6 
���ut��� ��� TNF�α ���ut���, �v���� h���e�����h pe��x����e 
��� tet���ethy�be�z����e ���ut��� we�e ���e�. F�����y, the 
�e��t��� w�� �t�ppe� by ������ 1 ���/� H3PO4. The �pt���� 
�e���ty �OD� v��ue �t 450 �� w�� �e�� w�th � �����p��te 
�e��e� �B���R�� L�b���t���e�, I��.� ��� the ����e�t��t��� 
of the cytokines was quantified using the OD value and the 
�t������ �u�ve�.

Statistical analysis. V��ue� ��e p�e�e�te� �� the �e�� ± �t���
���� �ev��t��� �� the �e���� ���te�qu��t��e ����e�. The St��B��e 
p��tf��� �http://�t��b��e.�y�u.e�u.��/� �23� w�� u�e� t� p�e���t 
the ���p�e�e�t��y b������ ��te� �f TUG1 w�th ��R�145�5p. 
F�� the �e��u�e�e�t ��t�, �� u�p���e� Stu�e�t'� t�te�t w�� 
u�e� t� ���p��e ��ffe�e��e� betwee� tw� ���up�, wh��e ��ffe��
e��e� ����� �u�t�p�e ���up� we�e ���p��e� u���� ��e�w�y 
ANOVA f����we� by Tukey'� p��t�h�� te�t. C��p������ 
betwee� ��te������� v����b�e� w�� pe�f���e� by the Ch���qu��e 
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te�t. Pe����� ����e��t��� ����y��� w�� u�e� t� ev��u�te the 
����e��t��� betwee� ��ffe�e�t v����b�e�. The �������t�� v��ue �f 
TUG1, ��R�145�5p ��� BNP f�� ���ee���� p�t�e�t� w�th CHF 
w�� ���e��e� by �e�e�ve� �pe��t��� �h����te���t�� �ROC� �u�ve 
����y���. K�p����Me�e� �u�v�v�� ����y��� ��� �������k te�t� 
we�e u�e� t� ��e�t�fy the �������t��� �f TUG1 ��� ��R�145�5p 
exp�e����� w�th �ve���� �u�v�v�� �f p�t�e�t� w�th CHF. The 
p������t�� v��ue �f TUG1 ��� ��R�145�5p f�� p�t�e�t� w�th 
CHF was confirmed by Cox regression analysis. SPSS 22.0 
�IBM C��p.� ��� G��phP�� P���� 7.0 ��ftw��e �G��phP�� 
S�ftw��e, I��.� we�e u�e� t� pe�f��� the �t�t��t���� ����y���. 
E��h expe���e�t w�� �epe�te� �t �e��t 3 t��e�. P<0.05 w�� 
considered to indicate statistical significance.

Results

Baseline characteristics of the study population. A t�t�� �f 
98 p�t�e�t� w�th CHF ��� 86 ���t���� we�e �e��u�te� f�� the 
p�e�e�t �tu�y. The b��e���e �h����te���t��� �f ��� p��t���p��t� 
are presented in Table I. There were no significant differences 
�� ��e, �ex, b��y ���� ���ex, ���k���, ����h�� �bu�e, hype��
te�����, ���bete�, t�t�� �h��e�te���, t����y�e���e, h��h��e���ty 
��p�p��te�� �h��e�te��� �� ��w��e���ty ��p�p��te�� �h��e��
te��� ���� P>0.05� betwee� p�t�e�t� w�th CHF ��� ���t����. 
H�weve�, the ���up �f p�t�e�t� w�th CHF w�� ������te� t� 
have significantly higher BNP and CRP levels and signifi�
���t�y ��we� LVEF �eve�� th�� the ���t��� ���up ���� P<0.001�. 
Fu�the����e, the �u�be� �f p�t�e�t� w�th CHF w�th NYHA 
����� II, III ��� IV w�� 48, 27 ��� 23, �e�pe�t�ve�y.

Differential expression of TUG1 and miR‑145‑5p in patients 
with CHF. C��p�e�e�t��y b������ ��te� betwee� TUG1 
��� ��R�145�5p we�e p�e���te� w�th the St��B��e p��t�
f��� �F��. 1A�, wh��h ������te� � ���e�t ��te���t��� �t the 
�u��e�� ���� �eve�. C��p��e� w�th the ���t����, �e��t�ve TUG1 
exp�e����� w�� ����e��e� �P<0.001; F��. 1B� ��� �e��t�ve 
��R�145�5p exp�e����� w�� �e��e��e� �P<0.001; F��. 1C� �� 
p�t�e�t� w�th CHF. A� ������te� �� F��. 1D, the �e��t�ve exp�e��
���� �f TUG1 w�� �e��t�ve�y ����e��te� w�th the �e��t�ve 
exp�e����� �f ��R�145�5p �� CHF p�t�e�t� ��=�0.809, P<0.001�.

Expression comparison of the TUG1/miR‑145‑5p interaction 
between patients with CHF with different severity. The �e�u�t� 
�f the ����e��t��� ����y��� �f TUG1 �� ��R�145�5p w�th LVEF 
demonstrated a significant negative correlation between TUG1 
��� LVEF ��=�0.554, P<0.001; F��. 2A� ��� � �����f����t 
p���t�ve ����e��t��� betwee� ��R�145�5p ��� LVEF ��=0.377, 
P<0.001; F��. 2B�. TUG1 ��� ��R�145�5p exp�e����� �eve�� 
we�e the� ����yze� �� p�t�e�t� w�th ��ffe�e�t NYHA �����. 
The exp�e����� �eve� �f TUG1 w�� up�e�u��te� w�th ����e����� 
NYHA ����� ���� P<0.001; F��. 2C�, wh��e the exp�e����� �eve� 
�f ��R�145�5p w�� ��w��e�u��te� w�th ����e����� NYHA 
����� ���� P<0.001; F��. 2D�.

Diagnostic value of the TUG1/miR‑145‑5p interaction and 
BNP in patients with CHF. The �e�u�t� �f the ROC ����y�e� 
��e p�e�e�te� �� F��. 3. BNP �� ��e �f the key ���e�u�e� th�t 
h�� bee� p��ve� t� be ����e�y �������te� w�th the ���u��
�e��e ��� �eve��p�e�t �f CHF. Thu�, ROC ����y��� w�� 

T�b�e I. B��e���e �h����te���t��� �f the �tu�y p�pu��t���.

 Uppe� C��t���� Uppe� ����t CHF
Ch����te���t�� ����t ��=86�  p�t�e�t� ��=98� P�v��ue

A�e, ye��� 77 65.861±5.166 76 64.867±4.800 0.178
M��e �ex � 49 �56.98� � 58 �59.18� 0.762
BMI, k�/�2 26.83 25.012±0.632 26.66 25.156±0.656 0.133
S��k��� � 50 �58.14� � 59 �60.20� 0.776
A���h�� �bu�e,  � 52 �60.47� � 63 �64.29� 0.593
Hype�te����� � 52 �60.47� � 66 �67.35� 0.332
D��bete� � 49 �56.98� � 57 �58.16� 0.871
TC, �M 5.10 4.660±0.205 5.08 4.686±0.179 0.346
TG, �M 2.56 1.355±0.539 2.61 1.413±0.552 0.469
HDL�C, �M 1.81 1.214±0.275 1.85 1.167±0.185 0.171
LDL�C, �M 3.69 2.876±0.172 3.45 2.935±0.268 0.082
BNP ��/� 161.60 61.788±26.847 3,377.06 1,470.179±796.906 <0.001
LVEF, % 64.54 59.773±1.824 34.41 22.038±6.087 <0.001
CRP, ��/� 14.33 7.642±2.621 36.56 21.164±7.632 <0.001
NYHA �����
  II � � � 48 �
  III � � � 27 �
  IV � � � 23 �

V��ue� ��e exp�e��e� �� �, � �%� �� the �e��±�t������ �ev��t���. CHF, �h����� he��t f���u�e; BMI, b��y ���� ���ex; TC, t�t�� �h��e�te���; 
TG, t����y�e���e; HDL�C, h��h��e���ty ��p�p��te�� �h��e�te���; LDL�C, ��w��e���ty ��p�p��te�� �h��e�te���; BNP, b���� ��t��u�et�� pept��e; 
LVEF, �eft ve�t����e eje�t��� f���t���; CRP, C��e��t�ve p��te��; NYHA, New Y��k He��t A������t���.



ZHU et al:  TUG1/��R�145�5p INTERACTION IN CHF4

pe�f���e� t� ev��u�te �t� v��ue �� ���������� CHF ��� the 
��e� u��e� the �u�ve �AUC� w�� 0.859 [95% ���f��e��e 
��te�v�� �CI�=0.797�0.922]. I� ����t���, ROC ����y��� �f 
TUG1 ��� ��R�145�5p w�� ���� pe�f���e�. TUG1 h�� � h��h 
�������t�� v��ue f�� ��ffe�e�t��t��� CHF w�th �� AUC �f 0.924 
[95% CI=0.884�0.964]. At � �ut�ff v��ue �f 0.745, the �e���t�v�ty 

and specificity were 81.63 and 94.19%, respectively. The diag�
���t�� ���u���y �f ��R�145�5p w�� h��he� th�� th�t �f BNP 
w�th �� AUC �f 0.898 �95% CI=0.854�0.942�. Fu�the����e, 
the ���b���t��� �f BNP, TUG1 ��� ��R�145�5p exh�b�te� the 
h��he�t �������t�� v��ue �AUC=0.991, �e���t�v�ty=94.90% ��� 
specificity=98.84% at a cutoff value of 0.724).

F��u�e 1. Abe����t exp�e����� �f TUG1 ��� ��R�145�5p �� p�t�e�t� w�th CHF. �A� B������ ��te� �f TUG1 w�th ��R�145�5p. �B� Re��t�ve TUG1 exp�e����� 
�� p�t�e�t� w�th CHF ��� ���t����. �C� Re��t�ve ��R�145�5p exp�e����� �� p�t�e�t� w�th CHF ��� ���t����. �D� Ne��t�ve ����e��t��� betwee� TUG1 ��� 
��R�145�5p exp�e����� ��=�0.809, P<0.001�. ***P<0.001 v�. C��t����. The v��ue� ��e exp�e��e� �� the �e���� ���te�qu��t��e ����e� �� the b�x p��t�. TUG1, t�u���e 
up�e�u��te� �e�e 1; ��R, �����RNA; CHF, �h����� he��t f���u�e.

F��u�e 2. C���e��t��� �f the TUG1/��R�145�5p ��te���t��� w�th LVEF ��� �eve��ty �f CHF �� p�t�e�t�. �A� Ne��t�ve ����e��t��� betwee� �e��t�ve TUG1 exp�e����� 
��� LVEF ��=�0.554, P<0.001�. �B� P���t�ve ����e��t��� betwee� �e��t�ve ��R�145�5p exp�e����� ��� LVEF ��=0.377, P<0.001�. �C� Re��t�ve TUG1 exp�e����� 
�� p�t�e�t� w�th CHF w�th NYHA ����� II, III ��� IV. �D� Re��t�ve ��R�145�5p exp�e����� �� p�t�e�t� w�th CHF w�th NYHA ����� II, III ��� IV. ***P<0.001 v�. 
patients with NYHA class ΙΙ; ###P<0.001 vs. patients with NYHA class ΙΙΙ. The values are expressed as the median (interquartile range) in the box plots. TUG1, 
t�u���e up�e�u��te� �e�e 1; ��R, �����RNA; LVEF, �eft ve�t����e eje�t��� f���t���; NYHA, New Y��k He��t A������t���; CHF, �h����� he��t f���u�e.
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Association of the TUG1/miR‑145‑5p interaction with the 
2‑year survival of patients with CHF. The 2�ye�� f����w�up 
�t�t��t��� ������te� th�t 27 �27.6%� p�t�e�t� ��e� �f ������� 
���e��e. Of ��te, ���e �f the p�t�e�t� we�e ���t t� f����w�up 
�u���� the 2�ye�� �tu�y pe����. A�������� t� the �e����, 
TUG1 exp�e����� w�� ��v��e� ��t� h��h exp�e����� �49 ���e�� 
��� ��w exp�e����� �49 ���e�� ��� ��R�145�5p w�� ��v��e� 
��t� h��h exp�e����� �49 ���e�� ��� ��w exp�e����� �49 ���e��. 
The �e�u�t� �� F��. 4A ������te� th�t p�t�e�t� w�th ��w TUG1 
exp�e����� h�� ���ke��y h��he� �ve���� �u�v�v�� th�� th��e w�th 
h��h TUG1 exp�e����� ��������k P=0.009�. Fu�the����e, the 
�e�u�t� �� F��. 4B �u��e�te� th�t p�t�e�t� w�th h��h ��R�145�5p 
expression had significantly higher overall survival (log‑rank 
P=0.024�. The �e�u�t� �f the u��v����te ��� �u�t�v����te C�x 
����y��� ��e p��v��e� �� T�b�e II. The �e�u�t� �f the u��v����te 
C�x ����y��� �e����t��te� th�t BNP, LVEF, NYHA �����, 
TUG1 ��� ��R�145�5p we�e �����f����t f��t��� �������te� 
with overall survival of patients with CHF. Significant baseline 
v����b�e� f��� the u��v����te ����y��� �e�u�t� we�e ����u�e� �� � 
�ub�eque�t �u�t�v����te ����y���. BNP, LVEF ��� NYHA ����� 
we�e u�e� t� ��ju�t f�� TUG1 ��� ��R�145�5p �� �u�t�v����te 
����y���. The �u�t�v����te ����y��� ������te� th�t BNP [h�z��� 
��t�� �HR�=1.995, 95% CI=1.071�2.993, P=0.045], NYHA ����� 
�HR=2.154, 95% CI=1.197�3.215, P=0.023�, TUG1 �HR=2.122, 
95% CI=1.482�2.997, P=0.003� ��� ��R�145�5p �HR=2.087, 
95% CI=1.209�2.769, P=0.008� we�e ���epe��e�t�y �������te� 
w�th �ve���� �u�v�v�� �f p�t�e�t� w�th CHF.

Correlation of the TUG1/miR‑145‑5p interaction with the levels 
of CRP and pro‑inflammatory cytokines in CHF. The �e��t�ve 
exp�e����� �f TUG1 w�� p���t�ve�y ����e��te� w�th the �eve�� 
�f CRP ��=0.557, P<0.001; F��. 5A�, IL�6 ��=0.300, P=0.003; 
F��. 5B� ��� TNF�α ��=0.486, P<0.001; F��. 5C�. I� ����t���, 
�e��t�ve ��R�145�5p exp�e����� w�� �e��t�ve�y ����e��te� w�th 

the �eve�� �f CRP ��=�0.526, P<0.001; F��. 5D�, IL�6 ��=�0.267, 
P=0.008; F��. 5E� ��� TNF�α ��=�0.432, P<0.001; F��. 5F�.

Discussion

A� ����e����� �u�be� �f �tu��e� h�ve ������te� th�t ���RNA� 
��� ��R� ��y �e�ve �� ��ve� t���et� f�� ������v���u��� ���e��e�, 
����u���� CHF. F�� ���t���e, ���RNA ���wth����e�t������
���te� �GAS� ���RNA 1 exp�e����� w�� �ep��te� t� be 
�e��e��e� �� p�t�e�t� w�th CHF ��� �t ��y ��e�����te CHF v�� 
�upp�e����� the �p�pt���� �f �������y��yte� �24�. The exp�e��
���� �f ��R�129�5p h�� bee� ������te� t� be �e��e��e� �� 
p�t�e�t� w�th CHF ��� ��R�129�5p ��y ��p��ve ������� fu���
t��� �� p�t�e�t� w�th CHF �25�. Of ��te, L� et al �26� �ep��te� 
th�t GAS5 w�� �e��e��e� ��� ��R�223�3p w�� ����e��e� �� 
p�t�e�t� w�th CHF ��� �e�u�e� GAS5 h�� �et���e�t�� effe�t� 
�� CHF p����e����� by �e�u��t��� �y�������� �e�� fu��t��� 
v�� t���et��� ��R�223�3p. The �b�ve �tu��e� �e����t��te� 
the ��p��t��t ���e� �f ���RNA� ��� ��R� �� the ���u��e��e 
��� �eve��p�e�t �f CHF. I� ����t���, �b������ TUG1 h�� 
bee� �ep��te� t� �e�u��te �y�������� v��b���ty ��� �p�pt���� 
th��u�h t���et��� ��R�132�3p �27�. TUG1 �e�u�t��� ��p��ve� 
�������y��yte fu��t��� by �e�u��t��� ��R�9��5p �28�. 
Fu�the����e, �u�e��u� �tu��e� h�ve �ep��te� the ���t���� ���e 
�f ��R�145�5p �� �y�������� ��ju�y. F�� ���t���e, Wu et al �29� 
�u��e�te� th�t ��R�145�5p ������ e�h���e� �������y��yte 
�p�pt���� t� �e�u��te �������y��yte ��ju�y. H��h exp�e����� 
�f ��R�145�5p �� �y�������� �e��� p����te� �p�pt���� �f 

F��u�e 3. D������t�� v��ue �f BNP ��� TUG1/��R�145�5p ��te���t��� f�� 
���ee���� p�t�e�t� w�th CHF. BNP, b���� ��t��u�et�� pept��e; TUG1, t�u���e 
up�e�u��te� �e�e 1; ��R, �����RNA; AUC, ��e� u��e� the �e�e�ve� �pe��t��� 
�h����te���t�� �u�ve; CHF, �h����� he��t f���u�e.

F��u�e 4. Re��t����h�p betwee� TUG1/��R�145�5p ��te���t��� ��� �u�v�v�� 
�f p�t�e�t� w�th CHF. �A� A������t��� betwee� TUG1 exp�e����� ��� �ve���� 
�u�v�v�� �f p�t�e�t� w�th CHF ��������k P=0.009�. �B� A������t��� betwee� 
��R�145�5p exp�e����� ��� �ve���� �u�v�v�� �f p�t�e�t� w�th CHF ��������k 
P=0.024�. TUG1, t�u���e up�e�u��te� �e�e 1; ��R, �����RNA; CHF, �h����� 
he��t f���u�e.
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�y�������� �e���, wh��h ��y ��u�e �y�������� ��ju�y �14�. 
Fu�the����e, � �tu�y �e����t��te� th�t TUG1 up�e�u��t��� 
p����te� hyp�x������u�e� ��ju�y �f �y�������� �e��� v�� 
�e�u��t��� ��R�145�5p �12�. The�ef��e, the TUG1/��R�145�5p 
��te���t��� ��y be ��v��ve� �� �y�������� �e�� ��ju�y ��� 
CHF p����e�����. I� the p�e�e�t �tu�y, up�e�u��te� TUG1 ��� 
��w��e�u��te� ��R�145�5p we�e �ete����e� �� p�t�e�t� w�th 
CHF ��� � �e��t�ve ����e��t��� betwee� the� w�� �b�e�ve�. 
I� ����t���, TUG1 ��� ��R�145�5p we�e ���ke��y ����e��te� 
w�th ������� fu��t��� ��� we�e �b�e t� ������te the �eve��ty �f 
CHF �� �ffe�te� p�t�e�t�. The�ef��e, up�e�u��te� TUG1 ��� 
��w��e�u��te� ��R�145�5p ��e ��v��ve� �� the p����e����� �f 
CHF ��� ��y ������te the �eve��ty �f CHF.

A�v���e� h�ve bee� ���e �� the t�e�t�e�t �f ������v���
�u��� ���e��e, but the ���b���ty ��� ���t���ty �f CHF ��e �t��� 
����e����� �30�. The�ef��e, the�e �� �� u��e�t �equ��e�e�t f�� 
effe�t�ve b�����ke�� f�� ���������� CHF ��� p�e���t��� the 
�u�v�v�� p�������� �f p�t�e�t� w�th CHF, wh��h ��y �e�u�e 
the�� ���t���ty. At p�e�e�t, the �tu�y �f BNP �� the ���������, 
t�e�t�e�t ��� p�������� �f HF �� �tt���t��� ����e����� �tte��
t��� f��� �e�e���he�� �31�. H�weve�, v����u� p�t�e�t� w�th 
�������� �y�pt��� �f CHF h�ve ������ BNP v��ue� ��� 
�e�t��� p�t�e�t� h�ve f���e�y e�ev�te� BNP �ue t� hete��ph��e 
��t�b���e� ��te�fe���� w�th ���u�e �ete�t���, �ffe�t��� the 
�������t�� ���u���y �f BNP �32�. Re�e�t�y, �tu��e� �� the �����
���t�� ��� p������t�� ���e� �f ���RNA� ��� ��R� f�� v����u� 
���e��e� h�ve bee� ����e�����. F�� ���t���e, ��w��e�u��te� 
���RNA�D16366 ��y be u�e� �� �� ���epe��e�t ������t�� f�� 

the ��������� ��� p�������� �f hep�t��e��u��� ��������� �33�. 
The �������t�� ��� p������t�� v��ue �f the ���RNA f�����y 
amplified lncRNA on chromosome 1 has been reported in 
�e�v���� ����e� �34�. I� ����t���, �e�u� ��R�1204 h�� the 
p�te�t��� t� �e�ve �� �� ���epe��e�t �������t�� ��� p������t�� 
������t�� f�� b�e��t ����e� �35�. Se�u� ��R�629 ��y be � 
��ve� b�����ke� f�� the ��������� ��� p�������� ev��u�t��� 
�f p����e�t�� ����e� �36�. The�ef��e, ���RNA� ��� ��R� ��y 
�e�ve �� �������t�� ��� p������t�� b�����ke��.

Nu�e��u� ���RNA� ��� ��R� h�ve ���� bee� �ep��te� 
�� ��ve� b�����ke�� f�� the ��������� ��� p�������� �f 
p�t�e�t� w�th CHF. F�� ���t���e, Zh��� et al �37� �u��e�te� 
h��h �������t�� ��� p������t�� v��ue �f the ���RNA �y���� 
he�vy��h�����������te� RNA t�������pt� f�� CHF. A �tu�y 
by Su� et al �3� �eve��e� th�t ���RNA p������yt��� v�����t 
t��������t��� 1 ��� ��R�190��5p ��e tw� p�te�t��� �������t�� 
b�����ke�� f�� CHF. I� ����t���, ��R�22�3p ��y �e�ve �� � 
b�����ke� f�� the p�e���t��� �f ��ve��e �������� �ut���e� �� 
p�t�e�t� w�th CHF �38�. A�������� t� the �e�u�t� �f the p�e�e�t 
�tu�y, ������e���� the �������t��� betwee� TUG1/��R�145�5p 
�y��e�u��t��� ��� CHF p����e�����, TUG1/��R�145�5p ��y be 
�f h��h �������� v��ue. D������t�� ��� p������t�� v��ue ����y��� 
�f TUG1/��R�145�5p w�� the� pe�f���e�. The �e�u�t� �f the 
ROC ����y��� ������te� th�t the �������t�� v��ue �f TUG1 ��� 
��R�145�5p �� ���ee���� p�t�e�t� f�� CHF �� h��he� th�� th�t �f 
BNP. I� ����t���, the ���b��e� �ete�t��� �f BNP, TUG1 ��� 
��R�145�5p h�� the be�t �������t�� ���u���y w�th �� AUC �f 
0.991. Fu�the����e, the �e�u�t� �f the K�p����Me�e� ����y��� 

T�b�e II. C�x �e��e����� ����y��� �f f��t��� �������te� w�th the �u�v�v�� �f p�t�e�t� w�th �h����� he��t f���u�e.

 U��v����te ����y��� Mu�t�v����te ����y���
 �������������������������������������������������������������������������� ��������������������������������������������������������������������������
V����b�e HR �95% CI� P�v��ue HR �95% CI� P�v��ue

A�e �h��h v�. ��w� 1.121 �0.712�1.526� 0.552 � �
Sex ����e v�. fe���e� 1.236 �0.739�1.771� 0.412 � �
BMI �h��h v�. ��w� 1.328 �0.854�1.855� 0.185 � �
S��k��� �ye� v�. ��� 1.227 �0.829�1.607� 0.224 � �
A���h�� �bu�e �ye� v�. ��� 1.410 �0.821�1.978� 0.371 � �
Hype�te����� �ye� v�. ��� 1.395 �0.921�1.894� 0.118 � �
D��bete� �ye� v�. ��� 1.189 �0.865�1.587� 0.587 � �
TC �h��h v�. ��w� 1.451 �0.930�2.085� 0.129 � �
TG �h��h v�. ��w� 1.519 �0.942�2.161� 0.098 � �
HDL�C ���w v�. h��h� 1.392 �0.926�1.973� 0.110 � �
LDL�C �h��h v�. ��w� 1.618 �0.984�2.335� 0.074 � �
BNP �h��h v�. ��w� 2.012 �1.127�2.887� 0.031 1.995 �1.071�2.993� 0.045
LVEF ���w v�. h��h� 1.841 �1.188�2.642� 0.026 1.612 �0.993�2.337� 0.059
CRP �h��h v�. ��w� 1.408 �0.939�1.970� 0.132 � �
NYHA ����� �IV v�. II+III� 2.185 �1.213�3.157� 0.011 2.154 �1.197�3.215� 0.023
TUG1 �h��h v�. ��w� 2.305 �1.508�3.207� 0.002 2.122 �1.482�2.997� 0.003
��R�145�5p ���w v�. h��h� 2.229 �1.373�3.083� 0.005 2.087 �1.209�2.769� 0.008

BMI w�� ���upe� b��e� �� the �ut�ff v��ue �f 24 k�/�2. A�e, TC, TG, HDL�C, LDL�C, BNP, LVEF, CRP, TUG1 ��� ��R�145�5p we�e 
grouped based on their corresponding median values. Low group was defined as < cutoff value, and high group was defined as ≥ cutoff 
v��ue. BMI, b��y ���� ���ex; TC, t�t�� �h��e�te���; TG, t����y�e���e; HDL�C, h��h��e���ty ��p�p��te�� �h��e�te���; LDL�C, ��w��e���ty 
��p�p��te�� �h��e�te���; BNP, b���� ��t��u�et�� pept��e; LVEF, �eft ve�t����e eje�t��� f���t���; CRP, C��e��t�ve p��te��; NYHA, New Y��k He��t 
Association; TUG1, taurine upregulated gene 1; miR, microRNA; HR, hazard ratio; CI, confidence interval. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1362,  2021 7

�u��e�te� th�t h��h TUG1 exp�e����� ��� ��w ��R�145�5p 
expression were significantly related to poor overall survival in 
p�t�e�t� w�th CHF. The �e�u�t� �f the C�x �e��e����� ����y��� 
������te� th�t the exp�e����� �eve�� �f TUG1 ��� ��R�145�5p 
��y be u�e� �� tw� ���epe��e�t p������t�� b�����ke��. 
The�ef��e, TUG1 ��� ��R�145�5p ��y �e�ve �� tw� b�����ke�� 
f�� the ��������� ��� p�������� �f CHF.

The occurrence of myocardial inflammation in CHF is 
k��w� t� be ����e�y �������te� w�th the p����e����� �f th�� 
���e��e. TUG1 ��� ��R�145�5p, �� ��f�����t�����e��te� 
���������� RNA�, ��e ��v��ve� �� v����u� �e�h������ �f 
���e��e p����e����� by �e�u��t��� ��f�����t��y �e�p���e� 
�� �u�e��u� pub���he� �tu��e�. F�� ���t���e, �� � ���e� 
�f �ep���, TUG1 h�� �� ��h�b�t��y effe�t �� ��p�p��y����
charide (LPS)‑induced inflammation of vascular endothelial 
�e��� �17�. A �tu�y by Y�� et al �39� �eve��e� th�t ��R�145�5p 
inhibits skin inflammatory responses in psoriasis. Of note, 
upregulation of TUG1 mitigated the levels of inflammatory 
�yt�k��e� �� LPS����u�e� H9�2 �������y��yte� �40�. A� 
����e��e �� ��R�145�5p h�� bee� �ete����e� t� ��e�����te 
hypoxia‑induced inflammation in cardiomyocytes (15). The 
present study revealed the significant correlation of TUG1 
��� ��R�145�5p w�th ��f�����t��y ���ke�� �����u���� 
CRP, IL�6 ��� TNF�α�, ������t��� the ����e ����e��t��� �f 
TUG1/miR‑145‑5p with inflammation in patients with CHF. 
The�ef��e, �t ��y be �����u�e� th�t the TUG1/��R�145�5p 
��te���t��� ��y be ��v��ve� �� the �eve��p�e�t ��� p����e��
���� �f CHF th��u�h � �e�h����� ��v��v��� the �e�u��t��� �f 
inflammatory responses, as well as the regulation of cardio�
�y��yte v��b���ty.

H�weve�, the p�e�e�t �tu�y h�� �e�t��� ����t�t����. F���t, 
the ���p�e ��ze w�� �����, ��� thu�, � ����e� ��h��t �� �equ��e� 

t� fu�the� v�����te the �����u����� �f the p�e�e�t �tu�y. I� �����
t���, the p�e�e�t �tu�y p�e���������y exp���e� the u��e��y��� 
�e�h������ �f the TUG1/��R�145�5p ��te���t��� ��v��ve� �� 
the progression of CHF by regulating myocardial inflamma�
t���, wh��h �e����� t� be fu��y exp���e�. Thu�, th�� �e�h����� 
�h�u�� be ���e �eep�y ��ve�t���te� �� futu�e �tu��e�.

I� �����u����, the p�e�e�t �tu�y �e����t��te� th�t TUG1 �� 
up�e�u��te� ��� ��R�145�5p �� ��w��e�u��te� �� p�t�e�t� w�th 
CHF ��� the TUG1/��R�145�5p ��te���t��� ��y ������te the 
�eve��ty �f p�t�e�t� w�th CHF. I� ����t���, �y��e�u��te� �eve�� �f 
TUG1 ��� ��R�145�5p �� CHF ��y be tw� b�����ke�� f�� the 
��������� ��� �u�v�v�� p�������� �f CHF, ��� ���b��e� �ete��
t��� �f BNP, TUG1 ��� ��R�145�5p ��y be � ��ve� �eth�� 
f�� the ��������� �f CHF. Fu�the����e, the TUG1/��R�145�5p 
��������� ��te���t��� ��y be ��v��ve� �� the �eve��p�e�t ��� 
progression of CHF by regulating inflammatory responses. 
The TUG1/��R�145�5p ��te���t��� ��y ���� p��v��e ��ve� 
t���et� f�� the t�e�t�e�t �f CHF.
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