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Introduction
Thyroid carcinoma is the most common endocrine malignancy with different types
including anaplastic thyroid carcinoma (ATC), well-differentiated thyroid cancer,
follicular thyroid cancer (FTC) and papillary thyroid cancer (PTC)." The patholo-
gical mechanisms underlying FTC are still not fully understood. Therefore, explora-
tion of the molecular mechanism involved in FTC progression is vital for early
diagnosis and effective prevention for FTC.

By mediating oncogene activation and loss of tumor suppressors, hypoxia plays
a crucial role in tumor cell invasion, metastasis, and progression.” In response to
hypoxia situation, hypoxia-inducible factor (HIF) is upregulated to coordinate an
appropriated adaptive response.” HIF is a highly conserved transcription factor

comprising a regulatory a subunit (HIF1a, HIF2a, or HIF3a) and a constitutive 3
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subunit (HIF-B).* It has been reported that hypoxia-
induced overexpression of HIFlo promotes epithelial—
mesenchymal transition in FTC.> Moreover, pigment
epithelium-derived factor exhibits an antiangiogenesis
role in FTC by affecting the HIF1a/VEGF pathway, even-
tually inhibits FTC metastasis and progression.® These
findings attach much significance to HIFla expression on
FTC development, while the correlation between HIFla
expression level and FTC clinicopathologic characteristics
and its effect on cell apoptosis remain unclear.
Programmed cell death-1 protein 1 (PD-1) is a check-
point molecule on T cells and is overexpressed in the
tumor environment. PD-L1 is the primary ligand of
PD-1.7 So far, immune checkpoint inhibitor therapies tar-
geting PD-L1/PD-1 have been shown to be effective in
treating various human cancers.® High expression of PD-
L1 in tumors is closely associated with cancer immune
evasion and often regarded as a negative prognostic
factor.” It has been claimed that the expression of PD-L1
and PD-1 was significantly correlated with prognosis of
FTC patients, suggesting an effective immunotherapy for
FTC treatment FTC by targeting PD-L1/PD-1.* Moreover,
PD-L1 overexpression acted as a useful prognostic marker
for aggressive FTC and correlated with a great risk of F
recurrence.'™'" In melanoma cell lines, blocking PD-L}
impairs tumor sphere formation and promotes ape
sphere cells.'? However, the influence of
cell apoptosis has not been clarified yet.

Materials arf® methods

Clinical samples

Our study was approved by the Cancer Hospital of
University of Chinese Academy of Sciences and per-
formed in accordance with the Helsinki Declaration. All
participants signed the written informed consent before the
experiments. The clinicopathologic data were collected
from 85 FTC patients who were admitted to the Zhejiang

Cancer Hospital. Spearman correlation analysis was

performed to analyze the relationships between PD-L1
and HIF 1a expression and the clinicopathologic character-
istics including age, sex, tumor size, T stage, lymphocytic
thyroiditis, TNM staging, metastasis, psammoma body,
and calcification in the stoma. In addition, 85 FTC cancer
tissues and the paired cancer-free tissues were taken to
detect the expression levels of PD-L1 and HIF1a.

qRT-PCR
For PD-L1 and HIF1a expression detection, total RNA was

extracted from FTC cancer tissues and thgmmaired cancer-free

hscriptase

d cultured in RPMI-1640 medium

supplemented with 10% fetal bovine
penicillin, 100 pg/mL streptomycin, and
glutamine. The cells were cultured at 37°C in
70 CO,. siRNA was purchased from the Genepharma
hanghai, China) and transfected into cells for silencing
Fla or PD-L1, respectively. The FTC cells were trans-
fected with siHIF1a or siPD-L1 at a concentration of 60
nM using Lipofectamine 2000.

Immunofluorescence

The HIFla and PD-L1 expressions in FTC cells were
determined with immunofluorescence staining. Briefly,
FTC cells were fixed with 4% paraformaldehyde for 20
mins at room temperature and then washed with PBS. The
fixed cells were permeabilized with 0.5% Triton X-100 for
10 mins at room temperature and washed with PBS. For
blocking, 5% BSA was added onto cells and maintained
for about 1 h. After 5% BSA removing, the primary
antibodies (1:500, Abcam, Camb, UK) against HIFla
and PD-L1r were added and incubated overnight at 4°C,
respectively. Subsequently, cells were incubated with the
Alexa fluor 647-conjugated secondary antibody for 1 hr at
room temperature, followed by nuclear staining with DAPI
(Sigma-Aldrich, St. Louis, USA). Finally, visualization
was completed under a fluorescent microscope (Leica,
Germany).
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Western blot

Total protein extracted from the FTC cells was quantified
using a bicinchoninic acid protein assay kit (Beyotime,
Shanghai, China), followed by Western blot analysis. A
10 pg of protein was subjected to 10% SDS-PAGE and
then transferred to polyvinylidene fluoride membranes.
The membranes were blocked with 5% BSA in TBS con-
taining 0.1% Tween-20 for 1 hr at room temperature prior
to incubation with primary antibodies (anti-HIF1o, anti-
PD-L1, and anti-B-actin, Abcam) at 4°C overnight. After
washing with PBS, the membranes were incubated with
secondary antibody for 1 hr at room temperature and
developed with chemiluminescence ECL reagent. Protein
bands were quantified using NIH Image] software.

Hypoxia induction

For hypoxia induction, FTC cells were maintained in a
sealed hypoxic incubator with a mixture of 1% O,, 5%
CO,, and 94% N, at 37°C for 12 hrs® Cells in the normoxia
group were cultured under normoxic conditions (21% O,
5% CO,, and 74% N,) at 37°C for equivalent periods.

TUNEL staining

TUNEL staining assay was performed to determine t
apoptosis after hypoxia treatment. After hypoxia indu
the FTC cells were dehydrated with ethang i
with the TUNEL reaction mixture
Subsequently, cells were washed wj

cub

Flow cytom
Cell apoptosis was

Apoptosis time, Shanghai, China).
Briefl to 24-well plates with 10*
cells/we dlture, cells were harvested and
stained wi pL fluorescein isothiocyanate-conjugated

Annexin V at 8k for 30 mins according to the manufac-
turer’s instructions. The percentage of apoptotic cells was

analyzed using a FACSCalibur flow cytometer.

Establishment of FTC xenograft tumor

models

For establishment of FTC xenograft tumor model in mice,
FTC cells transfected with the control lentiviral vector or
shHIF1a or shPD-L1 were injected into the 6-week-old

male nude mice through the right thyroid lobe. After 28
days, the mice were euthanized for tumor tissues collec-
tion, and the tumor volume was detected. All animal
experiments were performed according to the guidelines
for the care and use of laboratory animals and were
approved by the Cancer Hospital of University of
Chinese Academy of Sciences. The harvested tumor tis-
sues were used for H&E staining to evaluate the tumor
metastasis.

Immunohistochemistry

Statistical analysis

Three independent experiments were performed and all data
were expressed as mean £ SD. SPSS 21.0 software (SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses.
Student’s #-test was used for comparisons between two
groups and one-way ANOVA was used for more groups.
A value of p<0.05 was considered significant.

Results
Correlation between PD-LI and HIFla

expression and clinicopathologic features
First, with the clinicopathologic data of 85 enrolled FTC
patients, we analyzed the relationships between PD-L1 and
HIFla expression and clinicopathologic characteristics,
including age, sex, tumor size, T stage, lymphocytic thyr-
oiditis, TNM staging, metastasis, psammoma body, and
calcification in stoma. Table 1 demonstrates that PD-L1
expression is correlated with the tumor size (p=0.01), T
stage (p=0.03), TNM staging (p=0.005), and metastasis
(»<0.001); while HIFla expression is correlated with
TNM staging (p=0.002), metastasis (p<0.001), and PD-L1
expression (p<0.001). The results highlighted that PD-L1
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Table | The relationships between PD-L1 and HIF | a expression and clinicopathologic characteristics of 85 thyroid carcinoma patients

Variables No. PD-LI p HIFlo p
Positive Negative Positive Negative

Total 85 57 28 64 21

Age (years) 0.885 0.856
<45 48 32 16 37 Il
=45 37 25 12 27 10

Sex 0.159 0.880
Male 32 18 14 26 6
Female 53 39 14 41 12

Tumor size (mm’) 0.010% 0.055
=40 57 44 13 47
<40 28 13 15 17 |

T Stage 0.030* 0.084
Tl and T2 49 38 Il 3 16
T3 36 19 17 | 5

Lymphocytic thyroiditis 0.219 0.051
Yes 39 23 16 14
No 46 34 12 39 7

TNM 0.005%* 0.0027%**
[+1I 47 38 9 42 5
I+1V 38 19 19 22 16

Metastasis 0.00! 0.0007%#*
Yes 35 15 20 18 17
No 50 42 46 4

Psammoma body 0914 0.268
Yes 12 5 7 5
No 73 21 57 16

Calcification in stoma 0.442 0.116
Yes 43 2 36 7
No 26 16 28 14

PD-LI 0.0007%#*
Positive 59 8
Negative 5 13

levels in FTC tissues and their corresponded cancer-free
FTC clinicopathologic features, suggesting the potential tissues. As is shown in Figure 1A, HIFla was notably
role in FTC progression. upregulated in FTC tissues compared with that in the
cancer-free tissues. Similarly, PD-L1 expression was sig-

nificantly higher in FTC tissues than that in the cancer-free
Increased expressions of HIFla and PD-

Ll in FTC tissue

In order to reveal the potential impact of HIFla and PD-

tissues (Figure 1B). Spearman correlation analysis indi-
cated that the expression level of HIFlawas positively
correlated with that of PD-L1 in FTC tissues (Figure

L1 on FTC progression, we analyzed their expression 1C), suggesting the potential interaction between them.

6464 submit your manuscript

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove Zhou et al

- _ 25.0
[0) 20 Fkk ()] 20
(o)) (o))
s T S c 200
< < hel
O 151 O 15 —|_ 7
ke) Ke] o 15.0
o o] =
— 101 l-I‘:’10 N %
= 5 9 10.0
> > S
ke K} T

5 ~ 51 = 50
: - =
= Q
I 0 1 Q 0 0 . - . . .

' ' ' : 0 5.0 10.0 15.0 20.0 25.0
g & g & .
K & N & PD-L1 expsaas
& o & o
N N\
(i (i
Figure | Increased expressions of HIFla and PD-LI in FTC tissue. The expression levels of HIFla (A) and PD-LI (B) in E i W gi¥ssue were analyzed
using gqRT-PCR. (C) Spearman correlation analysis was performed to clarify the relationships between HIFla and PD-LI ¢ ion. an + SD, **p<0.001.

Abbreviations: HIF-10, hypoxia-inducible factor la; PD-LI, programmed cell death-| protein ligand I.
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Figure 2 Upregulation of HIFla and PD-LI upon hypoxia induction in FTC cells. The expressions of HIFla (A) and PD-LI (B) in TT cells were determined by
immunofluorescence staining. (C) The expressions of HIFla and PD-LI mRNA in TT and FTC-133 cells were examined by qRT-PCR. (D) The levels of HIFla and PD-LI
protein in TT and FTC-133 cells were analyzed by Western blot. Data presented as mean * SD, ¥**p<0.001. Scale bar=20 pm.

Abbreviations: HIF-10, hypoxia-inducible factor la; PD-LI, programmed cell death-1 protein ligand I.
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HIFla (Figure 2A) and PD-L1 (Figure 2B) in FTC
cells. Moreover, hypoxia induction treatment largely
increased the expression of HIFla and PD-L1 at
mRNA (Figure 2C) and protein levels (Figure 2D) in
TT and FTC-133, respectively. These data revealed that
the expression of HIFla and PD-L1 in FTC cells was
augmented under hypoxia condition.

HIFla induces PD-L1 expression in FTC

cells under hypoxia condition

To investigate the impact of HIFla on PD-L1 expres-
sion in FTC cells treated with hypoxia induction,
HIFla was silenced by transfecting with siRNA

A

siControl

Hypoxia

iHIF1a

C HIF1a PD-L1
O siControl O siControl
m m siHIF1a m siHIF1q,
)
c
©
<
Q
kel
o
w
)
>
K%
<
p4
4
€

targeting HIFla, and the siControl served as its nega-
tive control. As is shown in Figure 3A, HIFla expres-
largely downregulated siHIFla
transfection, and the expression of PD-L1 was also
suppressed in cells transfected with siHIFla (Figure
3B). The increased expression of HIFla and PD-L1
induced by hypoxia was significantly reduced by

sion was after

siHIFlo transfection, while no significant difference
was noted between siControl and siHIFla groups in
FTC cells under normoxia condition. Silence of HIFla
la and PD-L1

also led to decreased protein level of H

indicated that HIF1a mediated
hypoxia condition in FTC
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Figure 3 HIFla induces PD-LI expression in FTC cells under hypoxia condition. FTC cells were transfected with siHIFla or siPD-LI or the negative control (siControl).
The expressions of HIFla (A) and PD-LI (B) in TT cells were determined by immunofluorescence staining. (C) The mRNA and protein expressions of HIFla and PD-L1 in
TT cells were determined by qRT-PCR and Western blot. (D) The mRNA and protein expressions of HIFla and PD-L1 in FTC-133 cells were determined by qRT-PCR and

Western blot. Data presented as mean * SD, **p<0.001. Scale bar=20 pm.

Abbreviations: HIF-10, hypoxia-inducible factor la; PD-LI, programmed cell death-1 protein ligand I.
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HIF1a/PD-LI signaling mediates FTC cell

apoptosis

To investigate the functional role of HIFla and PD-L1 in
thyroid carcinoma, we firstly observed the apoptotic changes
in siPD-L1 FTC cells or siHIFla FTC cells under the nor-
moxia or hypoxia condition, respectively, and detected by
TUNEL and Annexin V staining assay. Knockdown of
HIFla or PD-L1 promoted hypoxia-induced cell apoptosis in
TT and FTC-133 cells (Figure 4). It indicated that HIF1a and
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PD-L1 had a regulatory role in FTC cells survival under
hypoxia condition.

Inhibition of HIFIA and PD-LI delays

tumor growth and metastasis in vivo

Next, we investigated the influence of HIF1a and PD-L1
on tumor growth in vivo, and FTC cells were transfected
with shPD-L1 or shHIFla through lentiviral vector prior

to injection into mice to construct the xenograft tumor
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Figure 4 HIFla/PD-LI| signaling mediates FTC cell apoptosis. TT and FTC-133 cells were transfected with siHIFla or siPD-L| or the negative control (siControl). Cell
apoptosis was determined by TUNEL staining in TT (A) and FTC-133 (B) or by Annexin V staining in TT (C, D) and FTC-133 (E, F). Data presented as mean * SD, *p<0.05,

*#p<0.01, ***p<0.001. Scale bar=20 pm.

Abbreviations: HIF-10, hypoxia-inducible factor lo; PD-LI, programmed cell death-| protein ligand I.
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models. The tumor volume was evaluated at 6, 12, 18, and
24 days following injection. It was illustrated that tumor
growth was restrained after HIF1la or PD-L1 knockdown
(Figure 5A). Meanwhile, the tumor metastasis was
remarkably reduced after HIFla or PD-L1 knockdown
(Figure 5B), and the positive cells of PCNA staining
were significantly reduced after HIF1a or PD-L1 silence
(Figure 5C). Taken together, we concluded that inhibition
of HIFlo/PD-L1 signaling delayed tumor growth and
metastasis in vivo.

Discussion

In the current study, we demonstrated that PD-L1 expres-
sion in FTC is correlated with the clinicopathologic fea-
tures, including the tumor size, T stage, TNM staging, and

metastasis, while HIFla expression is correlated with

A

Control

B §hHIF1a

TNM staging and metastasis. Moreover, HIF 1o expression
in FTC is positively correlated with PD-L1 expression. It
was noted that the expression of HIFla and PD-L1 is
clearly upregulated in FTC tissue and in FTC cells induced
by hypoxia. In FTC cells treated with hypoxia, HIFla
upregulates PD-L1 expression, which contributes to sup-
pressing cell apoptosis. In the FTC xenograft tumor mod-
els, we verified that downregulation of HIF1a and PD-L1
delays FTC growth and metastasis. This study identifies
PD-L1 as a downstream molecular of HIFla and explains

the mechanism of antiapoptosis underagoxia, hlghhght-
progression.
$ and the
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Figure 5 Inhibition of HIFla and PD-LI delays tumor growth and metastasis in vivo. FTC cells were transfected with shPD-LI or shHIFla through lentiviral vector were
injected into mice to construct the xenograft tumor models. (A) The tumor volume of mice was detected at different time points (0, 6, 12, 18, and 24 days) following
injection. (B) The harvested tumor tissues were used for HE staining to evaluate the tumor metastasis. (C) The expression of proliferating cell nuclear antigen (PCNA) in
tumor tissues was examined by immunohistochemistry staining. Data presented as mean + SD, **p<0.01.

Abbreviations: HIF-10, hypoxia-inducible factor la; PD-LI, programmed cell death-1 protein ligand I.
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major adaptive mechanism in tumor growth response to a
hypoxic microenvironment, occupying a pivotal position in
tumorigenesis.'”'® In African breast cancer, high HIFla
expression is a significant marker of poor prognosis.'® Via
regulating noncoding RNAs, HIFla highly contributes to
breast cancer metastasis.”” In this study, we firstly analyze
the correlation between HIF1a and FTC clinicopathologic
features and revealed that HIFla expression is correlated
with TNM staging and metastasis. We further indicated that
in FTC cells induced by hypoxia, increased HIF 1o upregu-
lates PD-L1 expression to promote cell apoptosis. In addi-
tion, our study certifies that interference of HIFla delays
FTC growth and metastasis in mice model. This study iden-
tifies HIF1a as a key regulator of FTC growth, metastasis,
and development, suggesting a promising therapeutic target
for FTC.

The previous study has claimed that mortalin-mediated and
ERK-controlled targeting HIFlo to mitochondria confers
resistance to apoptosis under hypoxia, implying the antiapop-
totic function of HIFla that may act as an early protective
mechanism upon oxygen limitation.”! By increasing expres-
sion of apoptosis-related genes, HIF1a usually exhibits a car-
cinogenic effect in tumor growth, such as in human salivary
adenoid cystic carcinoma.*” The antiapoptotic effect of
as well as its indicative function of poor prognosis, ha

confirmed in tumors, 12,23.24

offering a novel i
oping effective targeted therapies. In the p

the first time, identified PD-L1 as a

a novel idea to re
expression.

fically targeted
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