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Abstract

Background LncRNAs play an important role in the regulation of the killing effect of cytotoxic CD8 + T cells in various
cancers. However, the role and underlying mechanisms of UCAL in the killing effect of cytotoxic CD8 + T cells in anaplastic
thyroid carcinoma (ATC) are not clear.

Methods UCAI1, miR-148a, and PD-L1 expression were detected by quantitative real-time PCR and/or Western blot. The
ratio of PD-L1*ATC cells/ATC cells was determined using flow cytometry. The ability of CD8 +T cells to kill target ATC
cells was detected by Chromium-51 (°'Cr) release assay. The targeted relationship between UCA1 and miR-148a was con-
firmed by dual-luciferase reporter gene assay.

Results UCA1 and PD-L1 expression levels were elevated in ATC tissues and cells. Silencing UCA1 and PD-L1 enhanced
the killing effect of cytotoxic CD8 + T cells on ATC cells. UCA1 negatively regulated the expression of miR-148a, and miR-
148a targeted PD-L1 to down-regulate its expression. Besides, we found that UCA1 attenuated the killing effect of cytotoxic
CD8+T cells and reduced cytokine secretion through PD-L1 and miR-148a. Finally, silencing UCA1 or PD-L1 in ATC cells
restored the suppression of the killing effect of CD8 + T cells in vivo.

Conclusion UCAL1 attenuated the killing effect of cytotoxic CD8 + T cells on ATC cells through the miR-148a/PD-L1
pathway.

Keywords UCAL1 - miR-148a - PD-L1 - CD8 + T cells - Anaplastic thyroid carcinoma

Introduction

Anaplastic thyroid carcinoma (ATC) is one of the most
aggressive and lethal malignant tumors, with a median sur-
vival of fewer than six months, and the effective treatments
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for ATC are limited [1]. Although ATC only accounts for
1-2% of thyroid carcinoma, it accounts for the majority of
thyroid carcinoma-related deaths [1, 2]. Therefore, the effec-
tive control and treatment of ATC are of great significance in
improving the survival of patients and reducing the mortality
of thyroid carcinoma. Studies have shown that tumor cells
can avoid the detection by the immune system and inhibit the
killing effect of immune cells, such as M1 macrophages, nat-
ural killer cells, and cytotoxic CD8 +T cells; thereby, evad-
ing elimination [3]. Cytotoxic CD8+T cells are important
immune cells for killing tumor cells, and can directly kill
target tumors cells by expressing IFN-y, TNF-a, perforin,
and granzyme B [4, 5]. Therefore, understanding the under-
lying mechanisms of CD8 + T-cell-mediated killing effect
will help in developing a new effective treatment for ATC.
Programmed death-ligand 1 (PD-L1), a type I transmem-
brane protein, may be expressed on various tumor cells and
can contribute to the suppression of antitumor immunity of
cytotoxic T cells [6, 7]. PD-1 is primarily expressed on the
surface of T cells, which can bind to its ligand PD-L.1 and
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results in the cessation of the T-cell response [8]. Clinical
data has shown that the increase of PD-L1 in Glioblastoma
promotes the evasion of antitumor effector immune response
and predicts worse overall survival [9]. A recent study shows
that PD-L1 is highly expressed in ATC tissues, and PD-L1
immune checkpoint blockade has a therapeutic effect on
ATC patients [10]. Besides, PD-L1 inhibits the secretion of
cytokines and reduces cytotoxicity of lymphocytes via bind-
ing to PD-1 on effector CD8 + T cells [11]. The blockade of
PD-L1 increases CD8 + T-cell infiltration and cytotoxicity
in the ATC mouse model [12]. These findings suggest that
PD-L1 inhibits the killing effect of cytotoxic CD8+T cells
in ATC. However, the upstream regulation mechanism of
PD-L1 in the killing effect of cytotoxic CD8 + T cells is not
clear.

Long noncoding RNAs (IncRNAs) are a kind of RNA
transcripts without protein-coding ability [13]. Urothelial
carcinoma-associated 1 (UCA1) is an oncogene that is
highly expressed in various cancers, such as hypopharyn-
geal carcinoma, breast cancer, and gastric cancer [14—16].
Besides, UCAL facilitates epithelial-mesenchymal transition
(EMT) and tumor metastasis in breast cancer, glioma, and
gastric cancer [15, 17, 18], indicating that UCA1 plays roles
in tumor metastasis. Moreover, UCA1 promotes immune
escape of gastric cancer cells and predicts poor prognosis
in patients with gastric cancer, and the knockout of UCA1
improves the cytotoxicity of cytokine-induced killer cells
through regulating PD-L1 [19]. A recent study has reported
that UCAL is up-regulated in ATC tissues and cells, which
acts as an oncogene and promotes ATC cell proliferation
[20]. However, the role and underlying mechanism of UCA1
in the killing effect of cytotoxic CD8+T cells in ATC is
still not clear.

In this study, UCA1 was up-regulated in ATC tissues and
cells, and the overexpression of UCAL1 attenuated the cyto-
toxic CD8 + T-cell killing effect on ATC cells and reduced
cytokine secretion through the miRNA/PD-L1 pathway.
Moreover, silencing UCA1 or PD-L1 restored the suppres-
sion of the killing effect of CD8 + T cells in vivo.

Materials and methods
Sample collection

Thyroid carcinoma tissues and adjacent normal tissues were
obtained after resection of thyroid carcinomas from patients
at the First Affiliated Hospital of Zhengzhou University.
ATC samples were confirmed by the history of thyroid car-
cinoma, imaging examination, and postoperative pathologi-
cal diagnosis. Therefore, 10 ATC samples were confirmed
and 10 adjacent normal tissues were used as controls. The
basic information and treatment of patients are shown in
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Table 1. All tissues were frozen in liquid nitrogen and stored
at — 80 °C. No patients received preoperative chemotherapy.
All patients signed informed consent, and this study was
approved by the Ethics Committee of the First Affiliated
Hospital of Zhengzhou University.

Cell culture and transfection

Human ATC cells (8505C and Hth74) were cultured in Dul-
becco’s Modified Eagle Medium (DMEM; Gibco, USA)
with the addition of 10% fetal bovine serum (FBS; Gibco),
1% Penicillin—Streptomycin (Gibco), 110 mg/l sodium pyru-
vate, 4500 mg/1 D-glucose, and 2 mmol/l L-glutamine, and
placed in a 5% CO, atmosphere at 37 °C. Human thyroid
follicular cells (Nthy-ori 3-1) were cultured in RPMI 1640
medium with the addition of 10% FBS (Gibco) and 1% Peni-
cillin-Streptomycin (Gibco).

Small interference RNAs targeting UCA1 and PD-L1,
UCA1-overexpressing, miR-148a mimic, and correspond-
ing control oligonucleotides were cloned into pLVX vectors
by Genechem (Shanghai, China). ATC cells were seeded in
12-well plates at a density of 1x 10° cells/ml and transfected
with silencing UCA1 lentivirus (pLV-si-UCA1), silencing
PD-L1 lentivirus (pLV-si-PD-L1), UCA1 overexpressing
lentivirus (pLV-UCAL1), or negative control lentivirus (pLV-
ctrl, pLV-si-ctrl).

Quantitative real-time PCR

Total RNAs from ATC tissues (humans and mice), and
ATC cells were separated using TRIzol reagent (Invitrogen,
USA), and reverse-transcription was performed using High
Capacity cDNA Reverse Transcription Kit (Applied Biosys-
tems, USA). Then, cDNA was amplified using SuperScript
III Platinum SYBR Green One-Step qRT-PCR Kit (Invitro-
gen) in an Applied Biosystems 7500 Fast Real-Time PCR
System according to the manufacturer’s instructions. The
relative expressions of UCA1, PD-L1, and miR-148a were
measured by the 2722¢T method. GAPDH was used as an
internal reference for UCA1 and PD-L1, and U6 was used
as an internal reference for miR-148a.

Table 1 The basic information and treatment of patients

Characteristic ATC (n=10)
Age at initial diagnosis 60.8 +£8.95
Male, n (%) 3 (30%)
Distance metastasis, n (%) 8 (80%)
Final disease status, n (%)
AWD 4 (40%)
DOD 6 (60%)
Radiotherapy, n (%) 7 (70%)
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Western blot analysis

Total proteins were extracted from ATC tissues (humans
and mice), and ATC cells using RIPA Lysis and Extraction
Buffer (Thermo Scientific, USA) with protease and phos-
phatase inhibitor cocktails (Thermo Scientific). After the
detection of protein concentrations, proteins were subjected
to SDS-PAGE, and then transferred to PVDF membranes,
and incubated with the primary antibodies overnight at
4 °C. The primary antibodies were used as follows: anti-
PD-L1 (1:1000; Cell Signaling Technology, USA), anti-CD8
(1:1000; Abcam, USA), anti-f-actin (1:1000; Cell Signal-
ing Technology). Then, the membranes were incubated
with HRP-labeled secondary antibodies (goat anti-rabbit
IgG-HRP or goat anti-mouse IgG-HRP) at 25 °C for about
1.5 h. After washing for three times, the bands were visual-
ized using ECL Chemiluminescent Substrate Reagent Kit
(Invitrogen).

Isolation of CD8 + T cells

Human peripheral blood was obtained from healthy vol-
unteers, and human peripheral blood mononuclear cells
(PBMCs) were isolated using Histopaque-1077 (Sigma-
Aldrich, USA). Human CD8 + T cells were isolated using
MagniSort Human CD8 Positive Selection Kit (Invitrogen).
CDS8 +T cells were re-suspended in PBS (1 x 10% cells), and
incubated with 25 pl Human T-Activator CD3/CD28 T-cell
stimulator (for activating and expanding CD8+ T cells) and
20 U/ml IL-2 (for maintaining the proliferation of CD§ +T
cells) at 37 °C for 48 h.

Chromium-51 (°'Cr) release assay

The ability of CD8+T cells to kill target tumor cells was
detected by Chromium-51 (°'Cr) release assay. Hth74 cells
and 8505C cells (1 x 107 cells/ml) were labeled with 100 uCi
SICr. Then, CD8+T cells (effector cells) were co-cultured
with °!Cr-labeled Hth74 cells or 8505C cells (target cells)
at an E: T ratio of 3: 1 and incubated at 37 °C for 4 h. Chro-
mium release from the lysed target cells was determined
in the supernatant using a liquid scintillation counter. The
percentage of specific lysis was calculated using the follow-
ing formula: [(experimental counts/minute-spontaneous
counts/minute)/(total counts/minute-spontaneous counts/
minute)] X 100.

Enzyme-linked immunosorbent assay (ELISA)

Granzyme, TNF-a, and IFN-y levels in the supernatant of
CD8+T cells were detected by Granzyme Human ELISA

Kit (Invitrogen), TNF alpha Human ELISA Kit (Invitrogen),
and IFN gamma Human ELISA Kit (Invitrogen).

Dual-luciferase reporter gene assay

293T cells (ATCC) were seeded in 96-well plates and incu-
bated for nearly 24 h. pGL3 luciferase reporter gene vec-
tor (Progema, USA) loaded with PD-L1 wild-type (WT) or
PD-L1 mutant (Mut) were co-transfected with pre-negative
control (NC), miR-148a mimic, pLV-UCA1 + miR-148a
mimic into 293T cells using Lipofectamine 2000 (Invit-
rogen). pGL3 luciferase reporter gene vector loaded with
UCAI1-WT or UCA1-Mut were co-transfected with pre-
NC, miR-148a mimic, NC, miR-148a inhibitor into 293T
cells by Lipofectamine 2000. After 48 h, luciferase activity
was tested using the Dual-luciferase reporter assay system
(Progema).

RNA immunoprecipitation (RIP)

Magna RIP RNA-Binding Protein Immunoprecipitation Kit
(Millipore, USA) was used to detect the interaction between
UCA1 and miR-148a. Hth74 cells were collected and lysed
using RIP lysis buffer. The cell lysate was then incubated
with anti-Argonaute?2 (anti-Ago2) or normal rabbit IgG as
the immunoprecipitating antibody overnight at 4 °C. Purified
RNA was quantified by qRT-PCR.

RNA pull-down

According to the reagent manufacturer’s instructions, the
Pierce Magnetic RNA Protein Pulldown Kit (Thermo
Fisher Scientific, USA) was used to perform RNA pull-
down experiments to further verify the interaction between
UCA1 and miR-148a. Briefly, the cell lysate was mixed
with biotinylated UCA1 and incubated with streptavidin
agarose magnetic beads (Life Technologies, USA) at 4 °C.
The RNA—protein complex was eluted with biotin elution
buffer, and the expressions of UCAI and miR-148a were
measured by qRT-PCR.

Flow cytometry

Nthy-ori 3-1 cells (Otwo Biotech (Shenzhen) Inc,
HTX1902), Hth74 cells (Otwo Biotech (Shenzhen) Inc,
HTX2913), or 8505C cells (Otwo Biotech (Shenzhen) Inc,
HTX2543) were re-suspended in phosphate-buffered saline
(PBS) containing 1% FBS and 2 mM EDTA and stained
with fluorescently conjugated anti-human PD-L1 (Invitro-
gen) for cell surface staining. Mouse CD8 + T cells were
immunostained with fluorescently conjugated anti-CD8
(Invitrogen) for cell surface staining and anti-IFN-y (Cell
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Signaling Technology) for intracellular staining. The data
of flow cytometry were obtained on the FACSCalibur
flow cytometer (BD, USA) and assessed using CellQuest
software.

Tumor models

NOD/Shi-scid-IL2ry™!" (NOG) mice are immunodeficient
mice. In this study, the human PBMCs were intraperito-
neally injected into the NOG mice to reconstitute the human
immune system. pLV-si-ctrl, pLV-si-UCA1, or pLV-si-PD-
L1 were transfected into 8505C cells, then mice were subcu-
taneously inoculated with 8505C-pLV-si-ctrl (2 X 100 cells),
8505C-pLV-si-UCA1 (2 x 10° cells), 8505C-pLV-si-PD-L1
(2% 10 cells) one week later after PBMC injection, with five
mice in each group. Tumor volume in the three groups was
detected at days 5, 10, 15, 20, 25, and 30 after the inocula-
tion of 8505C cells. All mice were sacrificed 30 d later,
and tumor tissues were collected. 40% of tumor tissues were
used for the detection of CDS8, PD-L1, and miR-148a expres-
sions, and the rest of the tumor tissues were used for the
separation of tumor-infiltrating CD8 + T cells. The animal
experiment was approved by the Ethics Committee of the
First Affiliated Hospital of Zhengzhou University.

Tumor-infiltrating CD8 + T-cell isolation

Mouse tumor tissues were dissected, mechanically disag-
gregated, and digested with 400 U/ml collagenase type I
(Gibco) at 37 °C for 30 min. Then, tumors were passed
through 70-um filters and mononuclear cells were sepa-
rated by Percoll density gradient centrifugation. CD8 + T
cells were isolated using MagniSort Mouse CD8 Positive
Selection Kit (Invitrogen) for detecting the percentage of
IFN-y+CD8+T cells/CD8 + T cells.

Statistical analysis

SPSS software (Chicago, USA) was performed for statisti-
cal analyses. The data were expressed as mean + standard
deviation (SD). The differences between the two groups
were analyzed using Student’s ¢ test, and the differences
among multiple groups were analyzed by one-way analysis
of variance followed by Bonferroni’s multiple comparison
test. P <0.05 was considered statistically significant.
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Results

UCA1 and PD-L1 expressions were elevated
in thyroid carcinoma tissues

First, UCAL1 and PD-L1 expressions in human thyroid car-
cinoma tissues and adjacent normal tissues were detected.
As shown in Fig. 1a, b, UCA1 and PD-L1 (CD274) expres-
sions were elevated in thyroid carcinoma tissues than that
of adjacent normal tissues, and PD-L1 expression was posi-
tively correlated with UCA1 (Pearson r=0.7591, P <0.05)
(Fig. 1¢). PD-L1 protein level was elevated in thyroid carci-
noma tissues than that of adjacent normal tissues (Fig. 1d).
We further detected UCA1 expression in a human thyroid
cell line (Nthy-ori 3-1) and ATC cell lines (Hth74 and
8505C) and found that UCA1 was elevated in ATC cells
than normal thyroid cells (Fig. 1e). Besides, the ratio of PD-
L1*Hth74/Hth74 and PD-L1*8505C/8505C was higher than
the ratio of PD-L1*Nthy-ori 3—1/Nthy-ori 3-1 (Fig. 1), indi-
cating that PD-L1 expression was higher in ATC cells than
normal thyroid cells.

UCA1 and PD-L1 attenuated cytotoxic CD8 + T-cell
killing effect on ATC cells

In ATC cells, UCAL1 overexpression (pLV-UCA1) increased
the PD-L1 mRNA level, while silencing UCA1 (pLV-si-
UCA1) decreased PD-L1 mRNA level, indicating that
UCALI1 positively regulated PD-L1 mRNA level (Fig. 2a).
Then, Chromium 51 (°'Cr)-labeled Hth74 cells or 8505C
cells were co-cultured with CD8 + T cells, and we found that
pLV-UCAL1 inhibited cytotoxic CD8 + T-cell killing effect on
ATC cells, while pLV-si-UCAL or silencing (pLV-si-PD-L1)
enhanced the cytotoxic CD8 + T-cell killing effect on ATC
cells (Fig. 2b). Also, UCA1 positively regulated PD-L1 pro-
tein level in Hth74 cells and 8505C cells (Fig. 2c¢).

UCA1 attenuated the cytotoxic CD8 + T-cell killing
effect through PD-L1

Hth74 cells and 8505C cells were transfected with pLV-
UCA1 and/or si-PD-L1. Then, °'Cr-labeled Hth74 cells
or 8505C cells were co-cultured with CD8 + T cells. As
shown in Fig. 3a, b, pLV-UCA1 inhibited the cytotoxic
CD8 + T-cell killing effect on ATC cells (Hth74 or 8505C
cells), and pLV-UCA1 +si-PD-L1 enhanced the cyto-
toxic CD8 4+ T-cell killing effect on ATC cells. Besides,
pLV-UCALI inhibited the secretion of granzyme, IFN-y,
and TNF-a by CD8 + T cells, and pLV-UCA1 +5si-PD-L1
raised the secretion of granzyme, IFN-y, and TNF-a by
CD8 +T cells (Fig. 3c-h).
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Fig.3 UCAI attenuated the cytotoxic CD8+ T-cell killing effect
through PD-L1. a—b ATC cells (Hth74 or 8505C cells) were divided
into pLV-ctrl, pLV-UCA1, pLV-UCA1 +s5i-NC, pLV-UCA1 +si-PD-
L1 groups. Then, CD8+T cells were co-cultured with ATC cells

UCA1 promoted PD-L1 expression
through miR-148a

According to the prediction of bioinformatics software
(DIANA), there were binding sites between UCA1 and miR-
148a (Fig. 4a). Dual-luciferase reporter gene assay showed
that miR-148a mimic reduced the luciferase activity of UCA1
WT, while the miR-148a mimic did not change the lucif-
erase activity of UCA1 Mut (Fig. 4b). On the contrary, the
miR-148a inhibitor increased the luciferase activity of UCAI
WT (Fig. 4b), and the overexpression of miR-148a down-
regulated the expression of UCA1 (Supplementary Fig. 2a).
Besides, miR-148a expression was down-regulated in thyroid
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at an E: T ratio of 3:1. The cytotoxic CDS8 + T-cell killing effect on
ATC cells was detected by *'Cr release assay. c—h Granzyme, IFN-y,
and TNF-a levels were detected using ELISA. *P <0.05 vs. pLV-ctrl,
#P <0.05 vs. pLV-UCA1 +5i-NC. Ctrl control, NC negative control

carcinoma tissues than adjacent normal tissues (Fig. 4c). More-
over, we found that pLV-UCA1 increased UCA1 expression
and decreased miR-148a expression in Hth74 and 8505C cells,
pLV-si-UCA1 decreased UCA1 expression and increased miR-
148a expression (Fig. 4d, e). RIP assay showed that UCA1 and
miR-148a were accumulated in the precipitates using the Ago2
antibody (Fig. 4f). Besides, we used Biotin-labeled UCA1
probes to perform RNA pull down to verify the interaction
between UCA1 and miR-148a again (Supplementary Fig. 2b).
These findings indicated that UCA1 interacted with miR-148a
and negatively regulated miR-148a. Bioinformatics software
(miRWalk) also predicted there were binding sites between
miR-148a and PD-L1 (Fig. 4g). After transfected pre-NC or
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miR-148a mimic into Hth74 and 8505C cells, we observed
miR-148a mimic decreased PD-L1 mRNA level (Fig. 4h).
Finally, miR-148a mimic decreased the luciferase activity of
PD-L1 3'UTR WT, and the pLV-UCA1 + miR-148a mimic
increased the luciferase activity of PD-L1 3'UTR WT (Fig. 4i).
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CD8 + T-cell killing effect through regulating miR-148a,
pLV-UCA1 and miR-148a mimic were transfected into
Hth74 and 8505C cells. The *'Cr-labeled Hth74 and 8505C
cells were co-cultured with CD8 + T cells. We found that
the cytotoxic CD8 + T-cell killing effect on Hth74 and
8505C cells was decreased in the pLV-UCA1 group, while
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detected by RIP assay, and qRT-PCR was performed to detect UCA1
and miR-148a expressions in the precipitates. *P<0.05 vs. IgG.
g Bioinformatics software predicted that there were binding sites
between miR-148a and PD-L1. h Hth74 and 8505C cells were trans-
fected with pre-NC or miR-148a mimic. PD-L1 mRNA level was
detected by qRT-PCR. *P <0.05 vs. pre-NC. i miR-148a mimic and/
or pLV-UCAL, PD-L1 3'UTR WT, or Mut were co-transfected into
293T cells. Dual-luciferase reporter gene assay was performed to
detect the regulation of UCA1/miR-148a in transcriptional activation
of PD-L1. *¥P<0.01 vs. pre-NC, #P<0.01 vs. miR-148a mimic.
Ctrl control, NC negative control

the cytotoxic CDS8 + T-cell killing effect on ATC cells was
enhanced in the pLV-UCA1 + miR-148a mimic group
(Fig. 5a, b). Besides, pLV-UCA1 reduced the levels of gran-
zyme, IFN-y, and TNF-a secreted by CD8 + T cells, pLV-
UCA1 4 miR-148a mimic increased the levels of granzyme,
IFN-vy, and TNF-a secreted by CD8 + T cells (Fig. 5¢c-h).

UCA1 and PD-L1 in ATC cells were critical
for suppression of the killing effect of CD8 + T cells in
vivo

To investigate the antitumor effects by target human T
cells, NOG mice were subcutaneously inoculated with
8505C cells transfected with pLV-si-ctrl, pLV-si-UCAL,
or pLV-si-PD-L1 one week later after PBMC injection. As
shown in Fig. 6a, tumor volume was lessened in the pLV-
si-UCAL1 and pLV-si-PD-L1 groups than the pLV-si-ctrl
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Fig.5 UCALI attenuated the cytotoxic CD8+ T-cell killing effect and
reduced cytokine secretion through miR-148a. Hth74 and 8505C
cells were transfected with pLV-ctrl, pLV-UCA1, pLV-UCAI + pre-
NC, pLV-UCAIl+miR-148a mimic. The 'Cr-labeled Hth74 and
8505C cells were co-cultured with CD8+T cells. a—b The cytotoxic
CD8 + T-cell killing effect on ATC cells was detected by >'Cr release

group, indicating that UCA1 or PD-L1 suppressed the
killing effect of CD8 + T cells. Besides, the percentage
of CD8 +IFN-y+T cells/CD8 + T cells was increased in
the pLV-si-UCAT1 and pLV-si-PD-L1 groups than the pLV-
si-ctrl group (Fig. 6b). Compared with the pLV-si-ctrl
group, CD8 protein level was up-regulated in the pLV-si-
UCALI and pLV-si-PD-L1 groups, while the PD-L1 pro-
tein level was down-regulated in the pLV-si-UCA1 and
pLV-si-PD-L1 groups (Fig. 6¢). miR-148a expression was
increased in the pLV-si-UCA1 group than the pLV-si-ctrl
group, while pLV-si-PD-L1 did not affect its expression
(Fig. 6d), indicating that miR-148a was negatively regu-
lated by UCAL1 in vivo.

Discussion

LncRNAs have been identified to act as oncogenes or tumor
suppressor genes in a variety of cancers [21-23]. Besides,
plenty of LncRNAs are involved in the suppression of the
killing effect of cytotoxic T cells [24, 25]. However, studies
focused on LncRNAs in regulating the killing effect of cyto-
toxic T cells in ATC are lacked. In this study, we found that
UCA1 was up-regulated in ATC tissues and cells, and silenc-
ing UCA1 reduced tumor volume, indicating that UCAL1
acted as an oncogene in ATC. Besides, UCA1 overexpres-
sion reduced the killing effect of cytotoxic CD8 + T cells on
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assay. c—d Granzyme secreted by CD8+T cells was detected by
ELISA. e—f IFN-y secreted by CD8 + T cells was detected by ELISA.
g-h TNF-a secreted by CD8+T cells was detected by ELISA.
#P<0.05 vs. pLV-ctrl, #P <0.05 vs. pLV-UCA1 +pre-NC. Ctrl con-
trol, NC negative control

ATC cells, and silencing UCA1 promoted the killing effect
of cytotoxic CD8 + T cells on ATC cells. Therefore, this
study revealed that UCA1 played an important role in attenu-
ating the killing effect of cytotoxic CD8 + T cells on ATC
cells, which will be helpful to guide the treatment of ATC.
Several studies have shown that immune-related miRNAs
can be sponged by LncRNAs to regulate the killing effect
of cytotoxic T cells on cancers [19, 26]. miR-148a is one of
these immune-related miRNAs and exerts its functional role
in the regulation of T cell-induced cytotoxicity in cancers
[27]. Besides, miR-148a exerts a tumor-suppressive role in
many cancers and usually is down-regulated in tumor tis-
sues and cells, including in papillary thyroid carcinomas
[28, 29]. However, whether miR-148a regulates the killing
effect of cytotoxic CD8+T cells on ATC cells is largely
unknown. In this study, we found that miR-148a was remark-
ably down-regulated in ATC tissues. 293T cells co-trans-
fected with miR-148a mimic and UCA1-WT exhibited a
significant decrease in the luciferase activity, whereas the
co-transfection of miR-148a mimic and UCA1-Mut had
little influence on the luciferase activity, which confirmed
the target relationship between UCA1 and miR-148a. After
the overexpression of UCA1 in ATC cells (Hth74 and 8505C
cells), miR-148a was down-regulated, and the UCA1 knock-
down obtained an opposite result. To investigate the in-depth
underlying mechanism of UCA1/miR-148a, pLV-UCALI or
pLV-UCAI1 + miR-148a mimic were transfected into ATC
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Fig.6 UCAI1 and PD-L1 in ATC cells were critical for suppres-
sion of the killing effect of CD8+T cells in vivo. NOD/Shi-scid-
IL2ry™! (NOG) mice were divided into pLV-si-ctrl+PBMC, pLV-
si-UCA1+PBMC, pLV-si-PD-L1+PBMC groups, with five mice in
each group. a Tumor volume in the three groups was detected at days

cells, and the results showed that pLV-UCA1 decreased the
killing effect of cytotoxic CD8+T cells on ATC cells, and
miR-148a mimic abolished the inhibition effect of UCA1
overexpression. Therefore, our study first demonstrated the
role of UCA1/miR-148a in regulating the killing effect of
cytotoxic CD8 +T cells on ATC cells.

PD-L1 is an important molecule that involved in immune
escape and is overexpressed in many tumor cells and
has shown efficacy in suppressing immune response in many
cancers, such as pancreatic cancer, bladder cancer, and ATC,
and PD-L1 is highly expressed in ATC tumor tissues, which
is a predictor for progression-free survival and overall sur-
vival of ATC patients [30-33]. PD-1/PD-L1 blockade can
enhance the function of cytotoxic T cells, which helps kill the

5, 10, 15, 20, 25, 30. b The percentage of CD8+IFN-y+T cells in
the three groups was detected by flow cytometry. ¢ CD8, PD-L1, and
miR-148a expressions in these three groups. Ctrl control, NC nega-
tive control. **P <0.01 vs. pLV-si-ctrl + PBMC

cancer cells and eliminate the tumor [34, 35]. However, the
role and mechanism of PD-L1 in the killing effect of CD8 +T
cells in ATC are not fully understood. Here, we discovered
that PD-L1 was up-regulated in ATC tissues and cells, and
silencing PD-L1 enhanced the killing effect of CD8+T cells
on ATC cells, and increased the secretion of granzyme, TNF-
a, and IFN-y by CD8+ T cells. Besides, our results showed
that the expression of UCA1 was positively correlated with
the mRNA level of PD-L1 (Fig. 1) and PD-L1 mediated the
changes in CD8 + T-cell toxicity induced by UCA1 (Fig. 3).
Therefore, we further explored the potential mechanism of
UCA1 regulating PD-L1. Multiple previous studies have
shown that PD-L1 can be the target of cancer-related miR-
NAs in many cancers [36, 37]. Here, through the analysis of
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bioinformatics online software, we found that miR-148a was
a potential regulatory miRNA of PD-L1 transcription, and
further experiments confirmed that the PD-L1 mRNA level
was negatively regulated by miR-148a. Combined with our
previous findings that UCA1 targeted miR-148a, and UCAL1
reversed the inhibition effect of miR-148a mimic on the lucif-
erase activity of PD-L1 3'UTR, indicating the regulation role
of UCA1/miR-148a in PD-L1 expression.

In conclusion, UCA1 was found to be up-regulated in
ATC tissues and cells and targeted miR-148a. The overex-
pression of UCAL1 attenuated the killing effect of cytotoxic
CD8+T cell on ATC cells and reduced cytokine secretion
through the miR-148a/PD-L1 pathway in vitro. Silencing
UCA1 or PD-L1 restored the suppression of the killing effect
of CD8+T cells in vivo. The flow chart of the pathway
mechanism is shown in Supplementary Fig. 1.
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