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Abstract
Background: An	aberrant	expression	of	long	non-	coding	RNA	PVT1	has	been	associ-
ated	with	apoptosis	in	various	cancer	types.	We	aimed	to	explore	the	PVT1	and	four	
apoptosis-	related	proteins	 (p53,	Bcl2,	and	PD-	1/PD-	L1)	 signature	 in	 thyroid	cancer	
(TC).
Methods: The	PVT1	expression	level	was	measured	in	64	FFPE	TC	paired	samples	by	
real-	time	quantitative	PCR.	Overall	and	stratified	analyses	by	different	clinicopatho-
logical	features	were	done.	The	apoptotic	proteins	were	evaluated	by	immunohisto-
chemistry staining.
Results: Overall	 analysis	 showed	 significant	 PVT1upregulation	 in	 TC	 tissues	
(p <	0.001).	Similarly,	 subgroup	analysis	by	BRAFV600E mutation showed consistent 
results.	Lower	expression	of	p53	was	associated	with	mortality	(p =	0.001).	Bcl2	over-
expression	was	 associated	with	 greater	 tumor	 size	 (p =	 0.005).	 At	 the	 same	 time,	
HCV-	positive	 cases	were	 associated	with	 repressed	 Bcl2	 expression	 levels	 (54.3%	
in	HCV-	negative	 vs.	 6.9%	 in	HCV-	positive	 cases,	p =	 0.011).	 PD-	1	 expression	was	
associated	with	 lymph	node	metastasis	 (p =	0.004).	Enhanced	PD-	L1	expression	 in	
the tumor was associated with a higher tumor stage, lymphovascular invasion, and 
mortality	 risk.	 Kaplan–	Meier	 curves	 for	 overall	 survival	 showed	 that	 low	 p53	 and	
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1  |  INTRODUC TION

Thyroid	 cancer	 (TC)	 is	 the	most	 common	 endocrine	 tumor	world-
wide.1	Understanding	the	pathogenesis	of	TC	and	finding	biomark-
ers for its early diagnosis and effective treatment are current focal 
points of research.2– 4	Accumulating	evidence	indicates	that	several	
protein-	coding	and	non-	coding	genes	play	essential	roles	in	TC	de-
velopment and progression.2,5– 8

Long	non-	coding	RNAs	(lncRNA),	a	group	of	endogenous	cellu-
lar transcripts more than 200 nucleotides in length, have been in-
volved in multiple pathophysiological processes of the human body, 
especially tumorigenesis and progression of cancers.9	The	aberrant	
expression	of	lncRNA	processes	crucial	functions	involved	in	prolif-
eration, apoptosis, and metastasis through abnormal regulation of 
gene	expression	transcriptionally	and	post-	transcriptionally.10 Given 
the	high	tissue	specificity,	efficiency,	and	stability,	lncRNAs	might	be	
used as biomarkers for diagnosis/prognosis or monitoring of human 
cancers.11

In	 the	 last	 decade,	 the	 lncRNA	 plasmacytoma	 variant	 trans-
location	 1	 (PVT1)	 has	 gained	 significant	 attention	 due	 to	 being	
verified to mediate tumorigenesis in multiple cancers. PVT1 gene, 
also	 named	 as	 MIR1204HG,	 MYC	 Activator,	 LINC00079,	 and	
Onco-	LncRNA-	100,	 is	 located	 on	 chromosome	 8q24.21,	 100	 to	
500	 kb	 3-	prime	 of	MYC,	 hosting	 four	 microRNAs	 gene	 cluster,	
namely	MIR1204,	1205,	1206,	1207,	and	1208,	and	can	have	176	
splice	variant	transcripts	of	varying	length	(https://www.ncbi.nlm.
nih.gov/gene/5820).	 Deregulated	 expression	 of	 PVT1	 has	 been	
demonstrated to be associated with solid organ12– 14 and hema-
tological malignancies,15 and its deregulation could be related to 
survival and prognosis of cancer patients.16– 18 Pertinent to clinical 
practice,	PVT1	might	act	as	a	prognostic	biomarker	for	tumors	and	
serve as a potential target for therapy.19

In	some	tumors,	PVT1	was	related	to	apoptosis,	as	evident	in	col-
orectal cancer16 and malignant pleural mesothelioma.20	Tetracycline-	
inducible	shRNA	targeting	PVT1	inhibited	cell	growth	and	induced	
apoptosis in bladder cancer cells.21	 Similarly,	 PVT1	 knockdown	
affected proliferation and promoted apoptosis of uveal melanoma 

cells	 by	 inhibiting	 the	 "enhancer	 of	 zeste	 homolog	2	 (EZH2)"	 pro-
tein.22	In	lung	squamous	cell	carcinoma,	knockdown	of	PVT1	inhib-
ited	LUSC	cell	growth.23	However,	the	underlying	molecular	role	of	
PVT1	in	thyroid	cancer	(TC)	is	still	in	its	infancy.

Previous	studies	identified	the	potential	mutual	relation	of	PVT1	
with	some	apoptosis-	related	coding	genes	expression	in	cancer	tis-
sues, including the p53,24,25	Bcl2,26	and	PD-	1/PD-	L1.27 Given that 
PVT1	 represents	 a	 promising	 novel	 biomarker	 for	 various	 cancer	
types and has a great potential to be effectively used in clinical prac-
tice	in	the	near	future,	exploring	its	role	in	thyroid	cancer	will	add	to	
the	knowledge.	Here,	we	aimed	to	 identify	the	relative	expression	
of	PVT1	and	four	apoptosis-	related	proteins	 (p53,	Bcl2,	PD-	1,	and	
PD-	L1)	expression	signature	 in	 thyroid	cancer	compared	 to	paired	
non-	cancer	 tissues	 using	 real-	time	 PCR	 and	 immunohistochem-
istry, respectively. Furthermore, the association of this signature 
with	 different	 clinicopathological	 parameters	 of	 TC	 patients	 was	
investigated.

2  |  SUBJEC TS AND METHODS

2.1  |  Specimen collection

A	total	of	128	thyroid	specimens	(64	cancer	tissues	and	their	paired	
non-	cancer	adjacent	tissues)	were	included	in	the	current	analysis.	
Formalin-	fixed	paraffin-	embedded	(FFPE)	archival	samples	were	re-
trieved	from	Mansoura	and	Suez	Canal	University	Pathology	Labs,	
Egypt.	The	"Declaration	of	Helsinki"	guidelines	were	followed	in	this	
work.	Ethical	approval	was	provided	by	the	Medical	Research	Ethics	
Committee,	 Faculty	 of	 Medicine,	 Suez	 Canal	 University,	 Egypt.	
Patient information was collected and managed using anonymous 
codes. Patients were 18– 60 years old and underwent thyroidec-
tomy and/or lobectomy. Patients with the following criteria were 
excluded:	under	18	years	old,	with	non-	papillary	TC,	secondary	car-
cinoma,	missing	clinical	data,	loss	of	follow-	up,	unmatched	cohorts,	
no available archiva paraffin blocks, and/or blocks with insufficient 
tissue to do complete immunohistochemical staining.

high	PD-	L1	expressions	were	associated	with	lower	survival	time.	The	p53-	positive	
staining	is	associated	with	a	90%	decreased	mortality	risk	(HR	=	0.10,	95%CI	= 0.02– 
0.47, p =	0.001),	while	patients	with	high	PD-	L1	were	five	times	more	 likely	 to	die	
(HR	=	4.74,	95%CI	= 1.2– 18.7, p =	0.027).
Conclusion: Our	 results	 confirm	 the	 upregulation	 of	 PVT1	 in	 TC.	 The	 apoptosis-	
related	proteins	 (p53,	Bcl2,	and	PD-	1/PD-	L1)	showed	different	prognostic	utility	 in	
TC	patients;	 in	particular,	 low	p53	and	high	PD-	L1	expressions	associated	with	 low	
survival	times.	Further	large-	scale	and	mechanistic	studies	are	warranted.

K E Y W O R D S
Bcl2,	immunohistochemistry,	P53,	papillary	thyroid	cancer,	PD-	1,	PD-	L1,	PVT1,	real-	time	PCR

https://www.ncbi.nlm.nih.gov/gene/5820
https://www.ncbi.nlm.nih.gov/gene/5820


    |  3 of 14IBRAHIEM Et Al.

2.2  |  Histopathological analysis

A	histopathological	expert	assessed	 the	 specimens	 to	confirm	 the	
diagnosis	and	discriminate	between	cancer	and	non-	cancer	regions.	
FFPE	blocks	were	cut	 into	sections	of	4-	micron	thickness,	 stained	
with	H&E,	 examined	 for	 tumor	diagnosis,	 and	evaluated	 for	 other	
microscopic parameters, such as histological subtype, the staging 
of	 cancer,	 stromal	 lymphocytes,	 extra-	thyroid	 extension,	 lymph	
node	metastasis,	lymphovascular	and	perineural	invasion.	The	TNM	
(tumor,	node,	 and	metastasis)	 classification	of	 the	 "American	 Joint	
Committee	 on	Cancer	 (AJCC,	 8th	 edition)"	was	 applied	 for	 tumor	
staging".28

2.3  |  Clinical assessment and follow- up

Patient	 information	 was	 obtained	 from	medical	 records.	 They	 in-
cluded patients’ demographic data, primary cancer site, pathol-
ogy	 reports,	 and	 treatment	modalities	 (surgery,	 radioactive	 iodine	
therapy,	 and	 thyroxin	 intake).	 Post-	thyroidectomy,	 patients	 have	
monitored	every	six	months	in	which	they	underwent	clinical	exami-
nation, imaging studies, and serum thyroglobulin level estimation. 
Relapse,	recurrence,	and	death	were	reported	at	follow-	up.

2.4  |  Gene expression analysis

Qiagen	RNeasy	FFPE	Kit	(Cat.	#73504,	Qiagen,	Hilden,	Germany)	
was	 used	 to	 extract	 total	 RNA	 according	 to	 the	 manufacturer's	
instructions.29	Quantity	and	purity	of	extracted	RNA	were	deter-
mined	 using	NanoDrop	ND-	1000	 spectrophotometer	 (NanoDrop	
Tech.,	Inc.).	As	previously	described,	complementary	DNA	(cDNA)	
was	prepared	using	High-	capacity	RNA-	to-	cDNA	Synthesis	Kit	(Cat.	
#4390779).30	 Real-	time	 quantitative	 polymerase	 chain	 reaction	
(PCR)	was	 followed	using	Universal	Master	Mix	 (Cat.	#4440042)	
and	TaqMan	assay	for	PVT1	(Assay	ID:	Hs00413039_m1,	Applied	
Biosystems,	Thermo	Fisher	Scientific	Inc.).	Reactions	were	carried	
out	 in	 a	 T-	Professional	 Basic,	 Biometra	 PCR	 System	 (Biometra,	
Goettingen,	Germany)	for	thermocycler	and	StepOne™	Real-	Time	
PCR	System	(Applied	Biosystems)	for	real-	time	PCR	following	the	
supplied	 manufacturer's	 instructions.	 The	 housekeeping	 gene	
"glyceraldehyde	3-	phosphate	dehydrogenase	(GAPDH)"	was	quan-
tified	(Assay	ID:	Hs02786624_g1)	in	the	samples	for	normalization	
of	 the	PCR	data.	Appropriate	 negative	 controls	were	 included	 in	
each	run	(no	template	and	no	enzyme	samples),	and	duplicate	PCR	
runs	were	performed.	The	"Minimum	Information	for	Publication	of	
Quantitative	Real-	Time	PCR	Experiments	(MIQE)"	guidelines	were	
followed	during	the	experiments.31 Fold changes of PVT1	gene	ex-
pression	in	each	patient's	cancer	tissue	relative	to	the	correspond-
ing	 non-	cancer	 adjacent	 tissues	 (NAT)	 were	 estimated	 via	 the	
"Livak	method"	based	on	the	quantification	(threshold)	cycle	(Cq	or 
CT)	value:	relative	gene	expression	=2−ΔΔCq.32

2.5  |  Immunohistochemistry analysis

For BRAFV600E mutation analysis, 5 µm	thick	sections	of	FFPE	tissues	
were	prepared.	VE1	IHC	method	was	applied	as	detailed	previously.33 
Normal	thyroid	tissues	were	run	as	a	negative	control.	For	apoptosis-	
related	protein	expression	analysis,	the	deparaffinized	tissue	sections	
were	pretreated	with	hydrogen	peroxide	(3%)	solution	and	incubated	
at	room	temperature	for	15	min	to	remove	endogenous	peroxidase.	
Antigen	retrieval	was	performed	in	sodium	citrate	buffer	solution	for	
5 min using a microwave oven, followed by automatic cooling at room 
temperature.	 Then	 tissues	 were	 incubated	 with	 primary	 antibod-
ies	as	follows:	Anti-	p53	antibodies	(a	rabbit	polyclonal	antibody	IgG	
(clone	YPA2006;	Chongqing	Biopsies	CO.,	 Ltd.)	with	dilution	1:200	
and	pH	7.4,	Anti-	Bcl2	antibodies	(Mouse	monoclonal	anti-	Bcl2.	CELL	
MARQUE,	 code	No	226	M-	98,	 7	ml	 prediluted,	 anti-	PD-	L1	 (Clone,	
YPA1638,	 Biospes,	 Chongqing	 Biospes	 Co.,	 Ltd,),	 and	 anti-	PD-	1	
(Clone,	YPA1637,	Biospes,	Chongqing	Biospes	Co.,	Ltd,).	The	whole	
tissue was covered with antibodies and incubated 8 h in a refrigerator 
at	4°C.	For	secondary	antibody	incubation,	tissue	samples	were	incu-
bated	with	the	streptavidin-	biotin	complex	method	using	a	SAB-	PO	
kit	(Nichirei,	Tokyo,	Japan)	at	room	temperature	for	one	hour.	Antigen	
detection	was	carried	out	by	placing	diaminobenzidine	on	each	sec-
tion.	 The	 slides	 were	 counterstained	 with	 hematoxylin	 and	 dehy-
drated	 in	 alcohol	 and	 xylene	 before	 mounting	 slides.	 For	 negative	
controls, sections were treated the same way, but they were incu-
bated with antibody diluent instead of the primary antibody. Positive 
controls	were	 used	 parallel	 (colon	 cancer	 for	 p53;	 Tonsil	 tissue	 for	
PD-	1	and	PD-	L1).	The	photos	were	obtained	using	a	Nikon	magnify-
ing	lens	prepared	with	a	5–	megapixel	cooled	CCD	camera	joined	with	
the	Picture	Pro	Plus	AMS7	computer	program.

2.6  |  Interpretation of 
immunohistochemical results

An	 expert	 pathologist	 has	 assessed	 the	 immunostained	 slides	
blindly to the clinicopathological features. For p53, if more than 
25%	of	tissue	were	stained,	it	was	considered	a	p53	positive	sam-
ple.	 For	 Bcl2,	 it	 scored	 negative	 if	 ≤5%	 of	 neoplastic	 cells	were	
stained	and	considered	positive	 if	scored	from	6%	to	100%.	The	
value	of	Bcl2	was	considered	low	expression	if	6	to	less	than	50%	
were	 brown	 stained	 and	 high	 expression	 if	 ≥50%	of	 tumor	 cells	
were brown stained.34

Regarding	the	positive	immunostaining	of	PD-	1	and	PD-	L1	in	the	
tumor cells and immune cells, the intensity of the stain was scored 
as	 0	 (no	 staining),	 1	 (light	 yellow),	 2	 (brown),	 and	 3	 (deep	 brown).	
The	 number	 of	 stained	 cells	 per	 100	 was	 scored	 as	 1	 (≤10%),	 2	
(10%	~	 50%),	 and	3	 (≥50%).	High	PD-	L1	 expression	was	 detected	
when the staining strength score was multiplied, and the number 
of stained cells per 100 cells was no less than three. Regarding im-
mune	 cell-	specific	 PD-	L1	 and	PD-	1	 expression,	 the	 percentage	 of	
stained	cells	per	100	cells	was	detected	and	categorized	as	0%–	9%,	
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10%–	49%,	 and	 50–	100%	 stained	 immune	 cells.	 Therefore,	>50%	
was	used	as	a	cutoff	for	high	expression	for	PD-	1	and	PD-	L1.35,36

2.7  |  Statistical analysis

Data	 were	 managed	 using	 the	 "Statistical	 Package	 for	 the	 Social	
Sciences	(SPSS)	for	Windows"	software	(version	22.0),	BioVinci	(ver-
sion	1.1.3),	R	version	3.5.3,	and	R	studio	version	1.1.383.	Categorical	
variables	were	compared	using	the	chi-	square	(χ2)	or	Fisher's	exact	
tests	where	appropriate,	while	the	student's	t-	test	or	Mann-	Whitney	
U	 tests	 were	 used	 to	 compare	 continuous	 variables.	 Log	 Rank	
(Mantel-	Cox)	test	was	used	to	estimate	the	overall	survival	(OS)	time	
defined as "the interval between the time of surgery to death or the 
last	follow-	up,"	and	the	disease-	free	survival	(DFS)	time	defined	as	
"the time length that the patient survives after primary cancer treat-
ment	ends	without	 any	 signs/symptoms	of	 that	 cancer"	of	TC	pa-
tients.	Meanwhile,	Kaplan–	Meier	survival	curves	were	generated	for	
the	OS	and	DFS.	Multivariate	Cox	regression	analysis	was	applied	to	
identify	predictors	for	mortality.	A	two-	tailed	p-	value	of	<0.05 was 
considered significant.

3  |  RESULTS

3.1  |  Characteristics of the study population

A	 total	of	64	patients	with	up	 to	a	7-	years	 follow-	up	period	were	
included	 in	the	current	study.	Of	these,	70.3%	were	younger	than	
55	years	old,	78.1%	were	 females,	 and	43.7%	were	BRAF mutant. 
There	 were	 no	 significant	 clinical	 or	 pathological	 differences	 be-
tween patients with BRAF mutant and BRAF	wild	types	(Table 1).

3.2  |  PVT1 gene	expression	level

The	 overall	 analysis	 of	 64	 paired	 tissues	 showed	 upregulation	 of	
the	PVT1	gene	in	cancer	tissues	compared	to	paired	adjacent	non-	
cancer	tissues	(p <	0.001).	Similarly,	subgroup	analysis	by	BRAF mu-
tation	showed	consistent	results	(Figure 1).	PVT1 upregulation was 
observed	in	73.8%	(N =	48)	of	cases.	Otherwise,	PVT1	expression	
was	not	associated	with	clinical	or	pathological	features	(Table 2).

3.3  |  Apoptosis- related protein expression

Immunohistochemistry reactivity is shown in Figures 2 and 3. Positive 
staining	of	p53	was	observed	in	51	cases	(79.6%).	Bcl2	protein	ex-
pression	was	found	in	35	samples	(54.6%).	At	the	same	time,	PD-	1	
and	PD-	L1	were	positively	stained	in	52	(81.3%)	and	18	(28.1%)	pa-
tients,	respectively	(Figure	S1).	As	depicted	in	Table 3, females were 
more	 likely	 to	have	higher	p53	protein	staining	than	males	 (84.3%	
vs.	15.7%,	p =	0.030).	Lower	expression	of	p53	was	associated	with	

mortality	(53.8%	vs.	7.8%	in	high	expressors,	p =	0.001).	Protein	ex-
pression	of	 the	anti-	apoptotic	Bcl2	varied	across	histopathological	
variants	 (p =	 0.012).	 Overexpression	was	 associated	with	 greater	
tumor	size	(58.6%	vs.	22.9%,	p =	0.005),	while	HCV-	positive	cases	
were	 associated	 with	 repressed	 expression	 levels	 (54.3%	 in	 HCV	
negative	vs.	6.9%	in	HCV	positive,	p =	0.011).	PD-	1	protein	was	as-
sociated	with	lymph	node	metastasis	(63.5%	vs.	16.7%,	p =	0.004).	
For	its	ligand,	PD-	L1	protein,	elders	(55.6%	vs.	19.6%,	p =	0.007)	and	
males	(44.4%	vs.	13.0%,	p =	0.015)	were	more	likely	to	exhibit	higher	
protein	staining.	Enhanced	PD-	L1	expression	 in	tumor	was	associ-
ated	with	higher	tumor	stage	(72.2%	vs.	26.1%,	p =	0.001),	lympho-
vascular	invasion	(44.4%	vs.	2.2%,	p <	0.001),	and	risk	of	mortality	
(38.9%	vs.	8.7%,	p =	0.008).

3.4  |  Survival analysis

As	depicted	in	Figure 4, none of the gene or protein markers were 
associated	 with	 disease-	free	 survival.	 However,	 Kaplan–	Meier	
curves	for	overall	survival	showed	that	low	p53	(p <	0.001)	and	high	
PD-	L1	 (p =	 0.018)	 protein	 expression	were	 associated	with	 lower	
survival	times.	Mean	survival	times	for	each	group	are	demonstrated	
in Table 4.	p53	protein-	positive	staining	is	associated	with	a	90%	de-
creased	risk	of	mortality	(HR	=	0.10,	95%CI	= 0.02– 0.47, p =	0.001),	
while	patients	with	high	PD-	L1	were	 five	 times	more	 likely	 to	die	
(HR	=	4.74,	95%CI	= 1.2– 18.7, p =	0.027)	(Figure 5).

4  |  DISCUSSION

Accumulating	evidence	has	confirmed	the	close	relation	of	deregu-
lated	 lncRNAs	 expression	 signature	 with	 the	 biological	 behavior	
of	TC.37	In	this	study,	we	selected	the	lncRNA	PVT1	and	four	anti-	
apoptotic	 proteins	 to	 determine	 their	 expression	 signature	 in	 TC	
tissues	to	improve	our	understanding	of	their	roles	in	TC	and	their	
potential diagnostic and/or prognostic utility in this type of cancer. 
We	found	that	PVT1	was	upregulated	 in	TC	samples	compared	to	
non-	cancer	tissues	by	overall	analysis	and	stratified	analysis	by	the	
presence of BRAFV600E	mutation.	This	finding	is	congruent	with	the	
oncogenic	role	that	PVT1	plays	in	several	cancers,	including	TC.37,38

The	 gene	 of	 PVT1	 resides	 in	 a	well-	known	 cancer	 risk-	related	
locus	on	 "chromosome	8q24,"	which	could	partly	explain	 the	high	
potential	of	dysregulated	gene	expression	to	be	associated	with	the	
development and progression of multiple cancers.39	The	oncogenic	
role	of	PVT1	has	been	reported	 in	several	 tumors,	 such	as	 lung,40 
gallbladder,41 colon,42,43 hepatocellular,44,45 breast,46 and ovarian47 
cancers.

The	impact	of	PVT1	on	cancer	cell	behaviors	appears	to	be	me-
diated	 via	 an	 interlinked	 network	 of	 other	 non-	coding	RNAs,	mo-
lecular mediators, and regulatory proteins.48,49	For	example,	PVT1	
was	 reported	 to	 increase	Mcl-	1	 (an	 apoptosis	 regulator	 and	 anti-	
apoptotic	factor)	transcript	levels	by	promoting	its	stability	in	renal	
cell carcinoma.50 It could promote proliferation and tumorigenesis 
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TA B L E  1 Characteristics	of	study	population	according	to	BRAFV600E mutation

Patient Characteristics Levels Total (N = 64)
BRAF wild type 
(N = 36)

BRAF mutant 
(N = 28) p- value

Demographic data

Age,	years <55 y 45	(70.3) 25	(69.4) 20	(71.4) 0.86

≥55	y 19	(29.7) 11	(30.6) 8	(28.6)

Sex Male 14	(21.9) 7	(19.4) 7	(25) 0.76

Female 50	(78.1) 29	(80.6) 21	(75)

Pathological assessment

Laterality Unilateral 47	(73.4) 26	(72.2) 21	(75) 0.80

Bilateral 17	(26.6) 10	(27.8) 7	(25)

Histological	variant Classical 32	(50) 21	(58.3) 11	(39.3) 0.16

Follicular 24	(37.5) 13	(36.1) 11	(39.3)

Oncocytic 2	(3.1) 0	(0) 2	(7.1)

Tall	cell 6	(9.4) 2	(5.6) 4	(14.3)

Pathology	Stage Stage	I 48	(75) 28	(77.8) 20	(71.4) 0.72

Stage	II 5	(7.8) 3	(8.3) 2	(7.1)

Stage	IVB 11	(17.2) 5	(13.9) 6	(21.4)

T	stage T1 15	(23.4) 7	(19.4) 8	(28.6) 0.41

T2 24	(37.5) 16	(44.4) 8	(28.6)

T3 25	(39.1) 13	(36.1) 12	(42.9)

N	stage N0 29	(45.3) 17	(47.2) 12	(42.9) 0.92

N1a 16	(25) 9	(25) 7	(25)

N1b 19	(29.7) 10	(27.8) 9	(32.1)

M	stage M0 53	(82.8) 31	(86.1) 22	(78.6) 0.51

M1 11	(17.2) 5	(13.9) 6	(21.4)

Focality Unifocal 40	(62.5) 20	(55.6) 20	(71.4) 0.29

Multifocal 24	(37.5) 16	(44.4) 8	(28.6)

Extrathyroidal	extension Negative 53	(82.8) 31	(86.1) 22	(78.6) 0.51

Positive 11	(17.2) 5	(13.9) 6	(21.4)

Lymphovascular	invasion Negative 55	(85.9) 32	(88.9) 23	(82.1) 0.48

Positive 9	(14.1) 4	(11.1) 5	(17.9)

Perineural invasion Negative 62	(96.9) 35	(97.2) 27	(96.4) 0.85

Positive 2	(3.1) 1	(2.8) 1	(3.6)

Lymphocyte	enrichment Negative 33	(51.6) 16	(44.4) 17	(60.7) 0.21

Positive 31	(48.4) 20	(55.6) 11	(39.3)

HCV	antibody Negative 43	(67.2) 27	(75) 16	(57.1) 0.18

Positive 21	(32.8) 9	(25) 12	(42.9)

Intervention

Thyroidectomy Unilateral 9	(14.1) 4	(11.1) 5	(17.9) 0.48

Total/subtotal 55	(85.9) 32	(88.9) 23	(82.1)

Neck	dissection Negative 18	(28.1) 10	(27.8) 8	(28.6) 0.94

Positive 46	(71.9) 26	(72.2) 20	(71.4)

Residual after resection Negative 37	(57.8) 19	(52.8) 18	(64.3) 0.44

Positive 27	(42.2) 17	(47.2) 10	(35.7)

Received	Eltroxin Negative 30	(46.9) 15	(41.7) 15	(53.6) 0.45

Positive 34	(53.1) 21	(58.3) 13	(46.4)

(Continues)
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in	 triple-	negative	 breast	 cancer	 through	 the	 KLF5/β-	catenin	 sig-
naling pathway.51	PVT1	knockdown	has	been	reported	to	promote	
apoptosis	 via	 transforming	 growth	 factor-	β signaling activation in 
the colorectal cancer cell.16	In	TC,	PVT1	was	found	to	modulate	the	
proliferation of cancer cells by recruiting the "polycomb enhancer of 
zeste	homolog	2;	EZH2"	and	regulating	the	"thyroid-	stimulating	hor-
mone	receptor"	expression.38	Feng	et	al.	reported	that	PVT1	could	
act	as	a	competing	endogenous	RNA	(ceRNA)	in	papillary	TC	spong-
ing	 the	microRNA-	30a	with	 subsequent	 upregulation	 of	 its	 target	

gene	 "insulin-	like	 growth	 factor-	1	 receptor."	 In	 response	 to	 PVT1	
downregulation,	the	later	researchers	found	that	TC	cells	apoptosis	
was promoted with inhibition of cell cycle progression, proliferation, 
and invasion/migration.52

BRAFV600E,	 a	 TC-	specific	 gene,	 is	 one	 of	 the	 most	 common	
mutations	 that	 has	 been	 linked	 to	 papillary	 TC.53	 Although	 sev-
eral	 studies	 have	 shown	 a	 subtype-	specific	 expression	 of	 some	
lncRNAs	 in	papillary	TC	 stratified	by	 this	mutation,	 such	 as	 cor-
relation	with	NAMA	downregulation,54	CCND1,	PERP,	CDKN1A,	

Patient Characteristics Levels Total (N = 64)
BRAF wild type 
(N = 36)

BRAF mutant 
(N = 28) p- value

RAI Negative 36	(56.3) 17	(47.2) 19	(67.9) 0.13

Positive 28	(43.8) 19	(52.8) 9	(32.1)

EBRT Negative 59	(92.2) 35	(97.2) 24	(85.7) 0.15

Positive 5	(7.8) 1	(2.8) 4	(14.3)

Follow-	up

Progression Negative 35	(54.7) 18	(50) 17	(60.7) 0.45

Positive 29	(45.3) 18	(50) 11	(39.3)

Mortality Survived 53	(82.8) 29	(80.6) 24	(85.7) 0.74

Died 11	(17.2) 7	(19.4) 4	(14.3)

Note: Data	are	represented	as	frequency	(percentage).
Abbreviations:	RAI:	Radioactive	iodine,	EBRT:	External	beam	radiotherapy,	Progression:	included	recurrence,	relapse,	and	distant	metastasis.	A	two-	
sided	Chi-	square	test	was	applied.	Statistical	significance	was	set	at	p-	value	<0.05.

TA B L E  1 (Continued)

F I G U R E  1 PVT1	gene	expression	profile	in	thyroid	cancer	tissues	compared	to	normal	counterparts.	Paired	t-	test	was	used	to	compare	
cancer	and	non-	cancer	tissues.	Overall	analysis	and	stratification	by	BRAFV600E	mutation	are	shown.	All	p-	values	were	<0.001. Fold change 
was	normalized	by	the	GAPDH	housekeeping	gene.	The	median	and	inteq1uartile	fold	change	range	of	tumor	specimens	relative	to	non-	
cancer paired tissues are shown
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ZMAT3,	 and	 THBS1	 upregulation,55	 ENS-	653	 overexpression,56 
the	 antisense	 lncRNA	 COMET	 expression,57	 and	 the	 lncRNAs	
AACS, ALDH3B1, ITPR3, LAD1, MMD, RASA1 and PVRL3 gene in-
duction,58	we	did	not	explore	a	significant	difference	of	the	PVT1	
expression	 levels	 between	 patients	with	 TC	 stratified	 according	
to	 this	 type	of	mutation.	This	 finding	will	 require	 further	 confir-
mation	by	replication	studies,	 including	a	 larger	sample	size	with	
variable	TC	histopathological	subtypes.

On	 exploring	 the	 prognostic	 utility	 of	 the	 selected	 apoptosis-	
related	protein	expression	signatures	in	TC,	the	authors	found	that	
p53-	positive	staining	was	associated	with	a	90%	decreased	risk	of	
mortality.	This	finding	aligns	with	the	tumor	suppressor	functions	of	
p53	that	have	long	been	recognized.59	Moreover,	it	has	been	found	
that	high	expression	of	PVT1	in	cancer	cells	is	associated	with	EZH2	
and	MDM2	overexpression	that	downregulates	p53	protein	expres-
sion, contributing to tumorigenesis.60	Otherwise,	DNA	damage	and	

oncogenic	stress	could	activate	p53	to	bind	specific	DNA	response	
elements	of	the	target	genes.	In	TC,	the	tumor	suppressor	activity	
of	 p53	 could	 be	 inhibited	 at	 the	 transcriptional,	 post-	translational	
protein	stability,	and/or	downstream-	signaling	level.61	For	example,	
downregulation	 of	 the	 "AT-	hook	 containing	 zinc	 finger	 protein	 1	
(PATZ1)"	 in	TC	can	 impact	p53	binding	to	 its	responsive	elements,	
favoring	 cell	 migration	 and	 epithelial-	to-	mesenchymal	 transition	
(EMT)	as	proposed	by	Chiappetta	et	al..62 Other reported molecular 
mechanisms	as	 the	downregulation	of	 "Abraxas	brother	1	 (ABRO-	
1)"	 that	 cleaves	 "Lys-	63-	linked	 ubiquitin"	 and	 upregulation	 of	 the	
proto-	oncogene	 "PTTG1-	Binding	 Factor	 (PBF)	 in	 TC	 enhance	 p53	
polyubiquitination	and	decrease	its	stability.63,64	Also,	some	"Murine	
double	minute	(MDM-	S	and	MDM4-	211),"	truncated	MDM4	spliced	
variants	expressed	in	TC,	were	reported	to	be	potent	negative	regu-
lators to p53 in vitro.65	All	the	previous	reports	confirm	the	essential	
role that p53 could play in the early stages of thyroid tumorigenesis 

Characteristics Levels
Low 
expression

High 
expression p- value

Demographic data

Age,	years <55 year 13	(81.3) 32	(66.7) 0.35

≥55	year 3	(18.8) 16	(33.3)

Sex Male 2	(12.5) 12	(25) 0.48

Female 14	(87.5) 36	(75)

Pathological assessment

Laterality Unilateral 12	(75) 35	(72.9) 0.87

Bilateral 4	(25) 13	(27.1)

Histological	variant Classical 8	(50) 24	(50) 0.77

Follicular 7	(43.8) 17	(35.4)

Oncocytic 0	(0) 2	(4.2)

Tall	cell 1	(6.3) 5	(10.4)

Pathology	Stage Stage	I/II 15	(93.8) 38	(79.2) 0.83

Stage	IVB 1	(6.3) 10	(20.8)

Tumor	size T1/2 9	(56.3) 30	(62.5) 0.48

T3 7	(43.8) 18	(37.5)

LN	metastasis Positive 8	(50) 27	(56.3) 0.79

Distant metastasis Positive 1	(6.3) 10	(20.8) 0.26

Focality Multifocal 4	(25) 20	(41.7) 0.37

ETE Positive 2	(12.5) 9	(18.8) 0.71

LVI Positive 4	(25) 5	(10.4) 0.21

Lymphocyte	enrichment Positive 8	(50) 23	(47.9) 0.88

BRAFV600E Mutant 7	(43.8) 21	(43.8) 0.99

HCV	antibody Positive 2	(12.5) 19	(39.6) 0.06

Follow-	up

Progression Positive 6	(37.5) 23	(47.9) 0.56

Mortality Died 2	(12.5) 9	(18.8) 0.71

Note: Data	are	represented	as	frequency	(percentage).
Abbreviations:	ETE:	Extrathyroidal	extension;	LN:	lymph	node;	LVI:	Lymphovascular	invasion.	
Progression:	included	recurrence,	relapse,	and	distant	metastasis.	A	two-	sided	Chi-	square	test	was	
used.	Statistical	significance	was	set	at	p-	value	<0.05.

TA B L E  2 Association	of	PVT1 gene 
expression	and	clinicopathological	
characteristics
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and support its significant association with better survival in the cur-
rent	TC	cases.

Our	 findings	 also	 indicate	 that	 overexpression	 of	 the	 anti-	
apoptotic	 Bcl2	 was	 associated	 with	 greater	 tumor	 size,	 and	 its	

repressed	 expression	 levels	 were	 evident	 in	 HCV-	positive	 cases.	
Bcl2	protein	 family	has	been	 reported	 to	play	a	crucial	 role	 in	 the	
pathophysiology	 of	 TC	 derived	 from	 follicular	 epithelium	 by	 dis-
turbing	 the	 proapoptotic/anti-	apoptotic	 events	 equilibrium.66 Its 

F I G U R E  2 Immunohistochemical	(IHC)	
staining	for	p53	and	BCL2	proteins	in	
papillary	thyroid	carcinoma	(PTC).	IHC	
staining for p53 protein showed negative 
staining	in	non-	cancerous	thyroid	tissue	
(AX200)	and	scattered	nuclear	staining	for	
p53	in	PTC	(Black	arrow)	(BX200).	Diffuse	
nuclear staining for p53 in follicular 
variant	of	PTC	(black	arrow)	(CX400).	
Staining	for	BCL2	protein	showed	focal	
mild	cytoplasmic	staining	for	BCL2	in	
hyperplastic	nodule	(DX	400),	diffuse	
strong	cytoplasmic	staining	for	BCL2	in	
follicular	variant	of	PTC	(black	arrow)	
(EX400),	and	moderate	cytoplasmic	
staining	in	PTC	(FX400)

F I G U R E  3 Immunohistochemical	(IHC)	staining	for	PD-	1	and	PD-	L1	in	papillary	thyroid	carcinoma	(PTC).	Thyroid	papillary	carcinoma	
follicular	variant	with	dense	intra-	tumoral	immune	cells	(yellow	arrow)	showed	negative	staining	of	PD-	1	protein	in	intracellular	immune	cells	
(ICCs)	of	PTC	(AX100).	Higher	power	of	the	same	case	showed	negative	staining	for	PD-	1	in	ICCs	(black	arrow)	(BX200).	Positive	staining	
of	PD-	1	protein	in	ICCs	in	follicular	variant	of	PTC	(Black	arrow)	(CX100).	Diffuse	positive	staining	for	PD-	L1	protein	in	both	tumor	cells	and	
intra-	tumoral	immune	cells	in	PTC	(classic	variant)	(DX200).	Higher	power	of	the	same	case	(D)	showed	diffuse	strong	cytoplasmic	staining	
of	all	tumor	cells	(green	arrows)	and	most	of	the	ICCs	for	PD-	L1	(black	arrows)	(EX400).	A	follicular	variant	of	PTC	showed	diffuse	positive	
staining	for	PD-	L1	in	tumor	(green	arrow)	and	immune	cells	(black	arrow)	(FX400)
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protein	expression	has	been	identified	in	well-	differentiated	TC	sub-
types compared to poorly differentiated/undifferentiated ones.67 
Using	 mouse	 models,	 Du	 et	 al.	 have	 explored	 that	 PVT1-	related	
anti-	apoptotic	 effect	 and	 5-	Fu	 resistance	 in	 gastric	 cancer	 cases	
can	be	mediated	 through	Bcl2	activation,	confirming	 the	potential	
interplay between the two studied biomolecules.26	 The	 observed	
downregulation	of	Bcl2	protein	expression	in	our	HCV-	positive	TC	
cases compared to negative ones was in line with a previous study 
done	by	Visco	et	al.	on	another	 type	of	 cancer.74	The	 researchers	
compared	44	HCV-	positive	cases	of	diffuse	large	B-	cell	 lymphoma	
with	132	HCV-	negative	counterparts.	They	found	that	Bcl2	protein	
was	significantly	 less	expressed	 in	 the	 former	cohort	 than	 the	 lat-
ter,	suggesting	that	modulation	of	the	apoptotic	response	via	Bcl2	
interacting	domain	degradation	might	be	one	strategy	used	by	HCV	
to escape immune surveillance and ensure chronic infectivity.68 
Meanwhile,	HCV	nonstructural	protein-	5A	has	been	found	to	act	as	
a	Bcl2	homolog,	 interacting	with	Bax	 to	protect	HCC	cells	against	
apoptosis.69

On	exploring	the	involvement	of	the	main	"immune-	checkpoint"	
PD-	1/PD-	L1	 in	 the	 current	 TC	 cases,	we	 found	PD-	1	 protein	was	
associated with lymph node metastasis. Furthermore, enhanced 
PD-	L1	expression	in	the	tumor	was	associated	with	poor	prognos-
tic indices in terms of higher tumor stage, lymphovascular invasion, 
and	mortality	 risk,	as	patients	with	high	PD-	L1	protein	expression	
were nearly five times more likely to die. Of clinical relevance, the 
identified	 predicting	 utility	 of	 PD-	1/PD-	L1	 to	 worse	 prognosis	 in	
patients	with	TC,	 representing	 real	hope	 for	early	 implementation	
of	 anti-	PD-	1/PD-	L1	 immunotherapies,	 contributing	 to	 "thyroid	
precision oncology".70	Consistent	with	our	findings,	previous	stud-
ies	also	reported	the	clinical	utility	of	 the	PD-	1/PD-	L1	pathway	 in	
TC	cases	with/without	autoimmune	origin	and	with	variable	histo-
pathological types.71– 81	Given	 the	 role	of	PD-	L1	 in	 tumor	 immune	
escape,	its	expression	(either	at	the	protein	or	mRNA	level)	was	as-
sociated	with	decreased	progression-	free	 survival	 in	patients	with	
papillary	TC.71,73,81	Using	"immunocompromised	nude	mice,"	PD-	L1	
upregulation has been reported to confer a metastatic potential in 

F I G U R E  4 Kaplan–	Meier	curves	for	overall	survival.	(A)	p53	protein.	(B)	PD-	L1	protein.	Log	Rank	(Mantel-	Cox)	test	was	used.	Data	are	
presented as mean survival estimates in days



    |  11 of 14IBRAHIEM Et Al.

well-	differentiated	TC	and	its	silencing	delayed	follicular	TC	growth	
and metastasis.82	 Interestingly,	 PD-	L1	 was	 also	 reported	 to	 play	
a	 role	 in	 glycolysis,	 stemness,	 cell	 death	 resistance,	 and	EMT	as	 a	
major	metastasis	pre-	requisite.83

5  |  CONCLUSION

Collectively,	 this	 study	confirmed	 the	oncogenic	 role	of	 the	 lncRNA	
PVT1	 in	 TC	 patients	 identified	 by	 overall	 and	 BRAFV600E-	stratified	
analyses.	Furthermore,	studied	apoptosis-	related	proteins	(p53,	Bcl2,	
and	PD-	1/PD-	L1)	showed	associations	with	several	poor	prognostic	in-
dices	in	TC	patients;	in	particular,	low	p53	and	high	PD-	L1	expressions	
showed	significant	association	with	low	overall	survival.	These	findings	
could	support	the	prognostic	utility	of	 the	studied	apoptosis-	related	
proteins	in	TC	and	pave	the	road	toward	future	personalized	therapy.	
Multicenter	studies	including	a	larger	sample	size	of	clinical	cases,	par-
ticularly indeterminate lesions, are warranted to validate the findings 
in	other	histopathological	TC	subtypes.
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TA B L E  4 Overall	and	disease-	free	survival	times	of	thyroid	cancer	patients

Biomarker Expression
Disease- free survival 
(months) p- value Overall survival (months) p- value
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High 49.6	(38.0–	61.2) 73.8	(66.9–	80.7)

p53 protein Low 39.1	(24.6–	53.6) 0.71 55.5	(45.8–	65.2) <0.001
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BRAF mutation Negative 41.9	(28.7–	55.1) 0.11 72.2	(65.2–	79.3) 0.92

Positive 57.9	(42.4–	73.3) 73.1	(61.4–	84.7)

Note: Log	Rank	(Mantel-	Cox)	test	was	used.	Data	are	presented	as	mean	survival	estimates	in	months	and	95%	confidence	interval.	Bold	values	
indicate significance at p-	value	<0.05.

F I G U R E  5 Multivariate	Cox	regression	
analysis for overall survival. Data are 
presented	as	hazard	ratio	(HR)	and	95%	
confidence	interval	(C.I.).	*p = 0.027, 
**p = 0.001
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