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Background: Papillary thyroid cancer (PTC) is one of the most frequent endocrine malignancies. Kelch domain containing 8A
(KLHDCS8A) is reported as an epigenetically driven oncogene, but the role of KLHDCS8A in PTC is still unclear. This study aimed
to explore the function of KLHDCS8A in PTC progression.

Methods: KLHDCSA expression was analyzed by the Gene Expression Profiling Interactive Analysis (GEPIA) website, quanti-
tative real-time PCR (qRT-PCR), and western blot. The viability of PTC cells (TPC-1 and BCPAP) was assessed by cell count-
ing kit-8 (CCK-8) kit. A transwell assay was carried out to evaluate the invasion and migration of PTC cells. Macrophage
polarization-associated markers were determined by qRT-PCR and western blot. Mice tumor xenograft models were established
to analyze the role of KLHDCSA in vivo. Pathway-related proteins (programmed cell death protein 1 (PD-1) and signal transducer
and activator of transcription 3 (STAT3)) were determined by western blot.

Results: GEPIA demonstrated that KLHDCS8A was highly expressed in PTC (p < 0.05). Knockdown of KLHDCS8A hindered
cell viability, invasion, and migration of PTC cells (p < 0.0001). Additionally, KLHDC8A knockdown inhibited M2 polarization
while promoting M1 polarization (p < 0.0001). Meanwhile, KLHDCSA silencing inhibited tumor growth in mice xenografted
models (p < 0.0001). Moreover, the PD-1/STAT3 pathway was suppressed by KLHDCS8A silencing (p < 0.01), and the STAT3
activator (colivelin) attenuated the inhibitory effects of KLHDCS8A silencing on PTC progression (p < 0.01).

Conclusions: Through in vive and in vitro experiments, KLHDCS8A silencing could restrain PTC cell viability, migration, and
invasion, inhibit tumor growth, and promote M1 polarization via the PD-1/STAT3 axis, providing a new therapeutic idea for

PTC clinical treatment.
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Introduction

As estimated by Global Cancer Statistics 2020, thy-
roid cancer has been ranked as the ninth most common ma-
lignant tumor in the world [1,2]. Approximately 90% of pa-
tients with papillary thyroid cancer (PTC) can be cured with
standard treatment, such as surgery and radioactive iodine
therapy [3,4]. In cases of low-risk thyroid cancer, mini-
mally invasive intervention and active surveillance are gen-
erally adopted [5]. However, due to geographical and social
differences, PTC treatment is inconsistent across countries,
and some new targeted therapies are not well publicized [5].
While most PTCs are well differentiated and have low rates
of local invasion, recurrence, or metastasis, a small subset
of tumors exhibit heterogeneous and more aggressive vari-
ants with distinct pathological, clinical, and molecular fea-
tures [6]. This remains a challenge for PTC therapy as ap-
proximately 10% of patients develop remote metastasis or

locoregional recurrence [7]. Currently, the pathogenesis of
PTC development is not fully understood. Consequently,
it is vital to inquire into the mechanisms that inhibit PTC
progression and offer new strategies for treating PTC.

Kelch domain containing 8 A (KLHDC8A) is a mem-
ber of the Kelch superfamily, which is identified to be up-
regulated in cancers [8]. Kelch family members are essen-
tial in cell migration, gene expression, protein degradation,
and extracellular communication/interaction [9,10]. KL-
HDCB8A plays key roles in the developmental progression
of several cancers. KLHDCSA is highly expressed in high-
grade glioma tissues and is closely associated with poor
prognosis [8]. Knockdown of KLHDCSA blocks the cell
cycle, accelerates apoptosis, and obstacles proliferation,
invasion, and migration of glioma cells [8]. KLHDC8A
expression is increased in human glioma, and knock-
down of KLHDCS8A expression inhibits tumor growth in
DeltaEGFR-independent “escaper” tumors in glioma [11].
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Nevertheless, the effects of KLHDCS8A on PTC develop-
ment are still unclear.

The tumor microenvironment (TME) has a crucial ef-
fect on tumor metastasis and progression [12]. Tumor-
associated macrophages (TAMs) are substantial compo-
nents of TME. The M2 phenotype is closely associated with
invasion, metastasis, and immune suppression [13]. Previ-
ous research has demonstrated that the density of TAMs is
significantly higher in PTC tumors and is positively associ-
ated with tumor-node-metastasis [14]. However, the corre-
lation between KLHDCS8A and TAMs phenotype is unclear.

Programmed cell death protein 1 (PD-1) and signal
transducer and activator of transcription 3 (STAT3) play
pivotal roles in the progress of the tumor. The inhibition of
PD-L1 reinvigorates T cells, thereby further promoting the
M1 polarization of macrophages [15]. Yuan et al. [16] have
reported that in non-small cell lung cancer, the PD-1/STAT3
pathway is associated with the regulation of immune escape
of tumor cells, cancer development, and metastasis. Addi-
tionally, STAT3 is identified to regulate glycolysis, growth,
and lung metastasis in PTC [17]. However, whether the PD-
1/STAT3 pathway participates in regulating KLHDC8A on
PTC development is unclear.

Herein, the influence and underlying mechanism of
KLHDCS8A on PTC were investigated through the in vivo
and in vitro assays. KLHDC8A was silenced to explore its
role in cell viability, migration, invasion, macrophage po-
larization, and tumor growth, which may provide a promis-
ing target for PTC treatment.

Materials and Methods

Gene Expression Profiling Analysis

Gene Expression Profiling Interactive Analysis
(GEPIA)  (http://gepia.cancer-pku.cn/index.html) ~ was
carried out to process the gene expression.

Cell Culture and Transfection

The human normal thyroid cells (Nthy-ori3-1, iCell-
h335) and human PTC cell lines (TPC-1, iCell-h309, and
BCPAP, iCell-h022) were obtained from iCell (Shang-
hai, China) with their short tandem repeat (STR) valida-
tions. All cells have been detected by Mycolor One-Step
Mycoplasma Detector (Vazyme, Nanjing, China) to con-
firm the absence of mycoplasma infection. Cells were
grown in RPMI 1640 (Invitrogen, Carlsbad, CA, USA)
supplemented by 10% FBS, 1% streptomycin/penicillin
at 37 °C, and 5% CO2. siRNA targeting KLHDCSA
(si-KLHDCS8A) and si-NC were purchased from RiboBio
(Shanghai, China). si-KLHDCS8A or si-NC were transfected
into TPC-1 and BCPAP cells at 37 °C for 48 h using Lipo-
fectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA).
The siRNA sequences are listed in Table 1.
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Macrophage Polarization

THP-1 (iCell) was incubated with phorbol 12-
myristate 13-acetate (200 nM) (Sigma-Aldrich, St. Louis,
MO, USA) for 24h and differentiated into macrophages.
PTC cells (TPC-1 and BCPAP) were grown in a serum-free
medium for 24 h and centrifuged at 1500 rpm for 20 min.
The transwell system with 0.4 pm pore size (Corning, Cam-
bridge, MA, USA) was applied to co-cultivate macrophages
(the upper chamber) and PTC cells (the lower chamber).
Macrophages communicated with comparable PTC cells
for 48 h, and then the PTC cells were removed and fur-
ther analyzed. M1 markers (inducible nitric oxide synthase
(INOS), interleukin (IL)-12, and CD80), and M2 markers
(arginase-1 (Arg-1), IL-10, and CD163) were detected by
quantitative real-time PCR (qRT-PCR) and western blot.

Western Blot

Protein samples from PTC cells were extracted
and transferred to the PVDF membranes after being
resolved by 10% SDS-PAGE. The membranes were
blocked with Skim milk (5%) and then incubated with
the primary antibodies (Abcam, Cambridge, UK) against
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)
(1:1000, ab9485), STAT3 (ab68153, 1:1000), KLHDC8A
(1:1000, ab235419), p-STAT3 (ab76315, 1:2000), iNOS
(ab178945, 1:1000), and PD-1 (ab237728, 1:50) at 4 °C
all night. Then, after incubation with goat anti-rabbit IgG
secondary antibody (1:5000, ab6721, Abcam) for 1 h at 25
°C, the ECL solution was added for development. Finally,
results were observed and quantified by a Gel-Pro analyzer
(Media Cybernetics, Silver Springs, MD, USA).

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from PTC cells using TRIzol
reagent (Takara, Otsu, Japan). Based on the manufacturer’s
instructions, RNA was reverse transcribed using a Reverse
Transcriptase kit (Takara). Subsequently, SYBR® Green
Master Mix Kit (Takara) was employed to run qRT-PCR
on ABI7500 quantitative PCR (Applied Biosystems, Foster
City, CA, USA). B-actin was chosen as the internal control.
The 2~24C method was performed to calculate the results.
The sequences of primers are exhibited in Table 1.

Cell Counting Kit-8 (CCK-8) Assay

Cell viability of PTC cells was evaluated by cell count-
ing kit-8 (CCK-8) (Beyotime, Shanghai, China). Cells were
sown in 96-well plates (1 x 10%cells/well) for 24 h at 37
°C. Afterward, the wells were added with CCK-8 solution
(10 pL) and incubated at 37 °C for 4 h. The optical density
(OD) value (450 nm) was determined by a microplate reader
(Multiskan SkyHigh, Thermo Fisher Scientific, Waltham,
MA, USA) at 0, 24, 48, and 72 h, respectively.
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Table 1. siRNA and primer sequences in this study.

Gene Forward (5'-3") Reverse (5'-3")
si-KLHDC84-1 GGACGUGUUCGACAUGGAACA UUCCAUGUCGAACACGUCCAU
si-KLHDC84-2 GCUCCAGCAUAGUCGUCAAGA UUGACGACUAUGCUGGAGCAG
si-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
KLHDCS84 TGTGACCCTGGACAACCACT GTCGAACACGTCCATCGTCC
CD80 CTCACTTCTGTTCAGGTGTTATCCA TCCTTTTGCCAGTAGATGCGA
iNOS TCCAAGGTATCCTGGAGCGA CAGGGACGGGAACTCCTCTA
IL-12 GCACAGTGGAGGCCTGTTTA GCCAGGCAACTCCCATTAGT
CDI163 GGGGACATTCCCTGTTCTGG CAGGCGAAGTTGACCACTCT
Arg-1 ACGGAAGAATCAGCCTGGTG GTCCACGTCTCTCAAGCCAA
1L-10 GAGAACAGCTGCACCCACTT TCACATGCGCCTTGATGTCT
B-actin AGGATTCCTATGTGGGCGAC ATAGCACAGCCTGGATAGCAA
KLHDC84, Kelch domain containing 8A; iNOS, inducible nitric oxide synthase; /L-12, interleukin-12; Arg-
1, arginase-1.

Transwell Assay Statistical Analysis

The invasion and migration of TPC-1 and BCPAP
cells were analyzed by transwell (8 um pore, Corning, Inc.).
Matrigel (1 pg/uL, BD Biosciences, Sparks, NV, USA) was
applied to pre-coat the upper chamber for 5 h, and then
cells (5 x 10* cells) were supplemented into the upper cham-
bers and cultured at 37 °C overnight. The lower chamber
was added into a medium containing 10% FBS. Cells were
fixed with paraformaldehyde (4%) for 30 min, and after-
ward, they were stained with 0.1% crystal violet for 10 min
at 25 °C in the lower chamber. The invasion of cells was
observed by the light microscope (Olympus, Tokyo, Japan).
Concerning cell migration, the upper chamber was not pre-
coated with Matrigel, and other steps show no difference
from the above descriptions.

Animals

Five-week-old BALB/c nude mice (20~22 g) were
obtained from SPF (Beijing, China). This study was ap-
proved by the Ethics Committee of Ganzhou Hospital,
Affiliated with Nanchang University (20220305), and in
compliance with China Animal Welfare Legislation. PTC
cells (TPC-1, 1x106 cells) were subcutaneously injected
into mice to conduct PTC mice models. Mice were ran-
domized into LV-si-NC, LV-si-KLHDC8A-1, and LV-si-
KLHDCS8A-1+colivelin groups on average (n = 6 for each
group). Mice of different groups were locally injected with
lentivirus-delivered KLHDC8A-1 siRNA and si-NC. Mice
of the LV-si-KLHDCS8A-1+colivelin group were treated
with intratracheal instillation of colivelin (STAT3 activa-
tor, 10 nmol). After 28 days, mice were anesthetized by
isoflurane inhalation and sacrificed by cervical dislocation.
The tumor was obtained and weighed, and tumor volume
was measured every seven days and calculated by (length
x width?)/2.

Data were processed by GraphPad Prism 8.0 (Graph-
Pad, San Diego, CA, USA) and exhibited as the mean
£ SD. Student’s ¢-test was performed to analyze compar-
isons between two groups. Comparisons between multiple
groups were analyzed using one-way analysis of variance
(ANOVA) followed by Tukey’s test. p < 0.05 demonstrated
a statistically significant difference.

Results

KLHDCS8A is Increased in PTC Tissue and Cells

Asshownin Fig. 1A, GEPIA revealed that KLHDCSA
was notably higher in tumor tissues than in normal tissues
(p < 0.05). Meanwhile, the expression of KLHDC8A4 was
increased in PTC cells (TPC-1 and BCPAP) compared with
Nthy-ori3-1 cells (p < 0.0001, Fig. 1B,C).

KLHDCSA Silencing Curbs Cell Viability, Migration,
and Invasion of PTC Cells

To explore the influence of KLHDC8A on PTC cells,
KLHDCB8A was knocked down in PTC cells (TPC-1 and
BCPAP). KLHDCS8A was inhibited after being transfected
with si-KLHDCS8A-1 and si-KLHDCS8A-2 in TPC-1 (p <
0.001) and BCPAP cells (p < 0.0001) (Fig. 2A). The knock-
out of KLHDC8A hindered the viability of TPC-1 and
BCPAP cells compared with the si-NC group (p < 0.01,
Fig. 2B). Additionally, si-KLHDC8A-1 inhibited the mi-
gratory and invasive abilities of TPC-1 and BCPAP cells (p
< 0.001, Fig. 2C,D). These data indicated that the silenc-
ing of KLHDCB8A reduced cell viability and inhibited PTC
cells’ invasive and migratory abilities.

KLHDCS8A Silencing Regulates M1 and M2
Macrophage Polarization

The impact of KLHDCS8A silencing on macrophage
polarization was evaluated in PTC cells (TPC-1 and BC-
PAP) co-cultured with TAMs. In comparison with the
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Fig. 1. KLHDCSA is increased in PTC tissues and cells. (A) Levels of KLHDCSA in PTC patients and normal individuals were
analyzed by the GEPIA database. (B,C) The expression of KLHDC8A was detected by quantitative real-time PCR (qRT-PCR) and
western blot in PTC cells (TPC-1 and BCPAP). * p < 0.05 vs. normal (num(T) = 512, num(N) = 337); ****p < 0.0001 vs. Nthy-ori3-1
(n =3). PTC, papillary thyroid cancer; GEPIA, Gene Expression Profiling Interactive Analysis; GAPDH, glyceraldehyde-3-phosphate

dehydrogenase.

si-NC group, the M1 markers (CD80, IL-12, and iNOS)
showed a higher expression (p < 0.0001, Fig. 3A), while
M2 markers (4rgl, IL-10, and CDI163) were reduced
in macrophages after transfected with si-KLHDC8A (p
< 0.01, Fig. 3B). Meanwhile, si-KLHDC8A-1 promoted
iNOS protein expression, while Argl expression was re-
duced compared with the si-NC group (p < 0.001, Fig. 3C).

Silencing of KLHDC8A Inhibits PD-1/STAT3
Pathway in PTC Cells

Studies have reported that PD-1 and STAT3 are sub-
stantial in cancer progression, so PD-1 and STAT3 were de-
tected after silencing KLHDCS8A in PTC cells. In the si-
KLHDCS8A-1 group, PD-1 and phosphorylation of STAT3
were depressed compared with the si-NC group (p < 0.01,
Fig. 4). The above results suggested that KLHDCS8A regu-
lated the PD-1/STAT3 pathway.

Colivelin Reverses the Effects of KLHDCS8A
Knockdown on the Viability, Migration, Invasion,
and Macrophage Polarization

To inquiry the regulatory mechanism of KLHDC8A
on PTC development, TPC-1 cells received STAT3 activa-
tor (colivelin) treatment, demonstrating that colivelin weak-
ened the inhibitory effects of KLHDCSA silencing on the
cell viability, migration, and invasion of TPC-1 cells (p <
0.01, Fig. 5A,B). In addition, the si-KLHDC8A-1+colivelin
group has lower levels of M1 markers and higher levels of
M2 markers than the si-KLHDC8A-1 group (p < 0.001,
Fig. 5C,D). The above consequences illustrated that KL-
HDCB8A silencing suppressed PTC progression by inhibit-
ing the PD-1/STAT3 pathway.


https://www.discovmed.com/

1862

TPC-1 BCPAP

2]
2]

°
°

o
o

Relative expression of KLHDC8A
e
o

Relative expression of KLHDC8A

=4
o
=
o

Migration

Migration

Invasion

Invasion

B

TPC-1 BCPAP
1.5 -e- Control 1.57 -e- Control
3 -& si-NC 3 -& siNC
Q —& si-KLHDC8A-1 2 —+ si-KLHDC8A-1
g 10 S 10
2 2
z 3
£ 0.5 8 0.5
> >
° °
o o
0 T T T T 0. T T T T
L] 24 48 72 0 24 48 72
Time (h) Time (h)

si-KLHDC8A-1
TPC-1

Relative migration (%)

BCPAP
150
S
s
2 100
2
£
g
5
&
0
g N
& & &
o4 ®
o
&
si-KLHDC8A-1
P R T ALl RESy b
o A BLY o" \ el TPC-1
Coe®o s 'f’;‘; JRE AR NN Jq

o
o ‘1,;‘ >
3 cefas

Eg
PN

Relative invasion (%)

Relative invasion (%)

Fig. 2. KLHDCSA silencing hinders cell viability, migration, and invasion of PTC cells. (A) KLHDC8A expression was detected
by qRT-PCR in PTC cells. (B) Cell viability was evaluated by cell counting kit-8. (C,D) PTC cells’ migratory and invasive abilities were
evaluated by transwell assay (scale bar: 50 um, magnification: 100x). **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. si-NC (n = 3).

KLHDCS8A Silencing Inhibits Tumor Growth by
PD-1/STAT3 Axis

The role of KLHDC8A was further analyzed in vivo.
The knockdown of KLHDCS8A suppressed tumor volume
and weight (p < 0.0001), while colivelin attenuated the in-
hibitory effects of KLHDC8A knockdown on tumor growth

(» < 0.001, Fig. 6A—C). Additionally, KLHDCS8A expres-
sion was higher in the LV-si-KLHDCS8A-1+colivelin group
than in the LV-si-KLHDC8A-1 group (p < 0.001, Fig. 6D).
In vivo, tests concluded that KLHDCS8A silencing sup-
presses tumor growth by regulating the PD-1/STAT3 path-
way.
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Fig. 4. Silencing of KLHDCS8A inhibits the PD-1/STAT3 pathway in PTC cells. The levels of PD-1, p-STAT3, and STAT3 were
detected by western blot. **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. si-NC (n = 3). PD-1, programmed cell death protein 1; STAT3,

signal transducer and activator of transcription 3.

Colivelin Abates the Impacts of KLHDCS8A
Knockdown on Macrophage Polarization-Related
Markers

Moreover, colivelin reduced the expression of M1
markers (CD80, IL-12, and iNOS) and increased the levels
of M2 markers (Argl, IL-10, and CD163) after KLHDC8A

knockdown in vivo compared to the LV-si-KLHDC8A-1
group (p < 0.01, Fig. 7A). Meanwhile, the western blot
exhibited that iNOS was down-regulated (» < 0.0001) and
Arg-1 was up-regulated (p < 0.01) in the LV-si-KLHDCS8A-
I+colivelin group compared with the LV-si-KLHDCS8A-1
group (Fig. 7B).
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Fig. 5. Colivelin weakens the impacts of KLHDCS8A silencing on viability, migration, invasion, and macrophage polarization.
(A) Cell viability was inspected by cell counting kit-8. (B) Transwell assay was carried out to detect cell migration and invasion (scale
bar: 50 um, magnification: 100x). (C) The levels of M1 markers and M2 markers were determined by qRT-PCR. (D) The expression of
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(n=3).
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KLHDCSA expression was inspected by western blot. ****p < 0.0001 vs. LV-si-NC; "*p < 0.001 vs. LV-si-KLHDC8A-1 (n = 6).

Discussion

The incidence of PTC continues to increase worldwide
[18,19]. However, 15-20% of PTC patients have a rela-
tively poor outcome after standard treatment [20]. There-
fore, it is necessary to develop effective PTC treatment
strategies. In this study, the knockdown of KLHDCSA
hindered PTC cells’ proliferative, invasive, and migratory
abilities. KLHDCS8A silencing hindered M2 polarization
and accelerated M1 polarization. Furthermore, the mech-
anism of KLHDCS8A in PTC progression was further ex-
plored (Supplementary Fig. 1).

Previous research has reported that the KLHDC sub-
family proteins are pivotal in the progression of tumors,
such as glioma and nasopharyngeal carcinoma. For in-
stance, KLHDCS8A is highly expressed in human gliomas,
which is closely linked to the grade of glioma and promotes
malignant metastasis of glioma cells [8]. KLHDC sub-
family protein KLHDC4 induces the carcinogenesis of na-
sopharyngeal carcinoma by inhibiting apoptosis, a promis-
ing target for the prognosis of nasopharyngeal carcinoma
[21]. Based on previous reports, we speculate that KL-
HDCSA is closely associated with the malignant develop-
ment of PTC. In this study, KLHDC8A expression was in-
creased in PTC tissues and cells. Silencing of KLHDCSA
reduced cell viability and inhibited migration, invasion,

and tumor growth, indicating that KLHDC8A promoted
PTC development. Therefore, these findings suggested that
KLHDCB8A exerted a tumor-promoting role in developing
PTC.

M1 macrophage polarization can inhibit the develop-
ment of tumor cells, while M2 polarization promotes tumor
progression and survival, and induces an anti-inflammatory
effect [22,23]. Previous evidence supports a substantial
role for macrophage polarization in tumor development,
such as PTC [24-26]. M2-like macrophages are increased,
and M1-like macrophages are decreased in advanced PTC,
which have been associated with poor prognosis in thyroid
cancer [27,28]. Bleomycin exerts suppressive effects on
TPC-1 cell invasion and migration by reversing M2 to M1
macrophage polarization, thereby inhibiting PTC progres-
sion [26]. The ratio of suppressive M2-type macrophages to
pro-inflammatory M 1-type macrophages increases with ad-
vanced stages of PTC [24]. TAMs play a pro-tumorigenic
role in advanced PTC [25]. Therefore, it may be a novel
strategy for PTC treatment by regulating TAM polariza-
tion to M1. In this study, silencing of KLHDC8A pro-
moted the markers of M1 macrophage polarization while
inhibiting M2 macrophage markers. Taken together, our
results suggested that KLHDCS8A silencing may suppress
PTC development by inhibiting M2 macrophage polariza-
tion. Targeting KLHDC8A may be a potential therapeu-
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Fig. 7. Colivelin weakens the influence of KLHDCS8A knockdown on macrophage polarization-related markers. (A) The levels of
M1 markers (CD80, IL-12, and iNOS) and the M2 markers (CD163, IL-10, and Argl) were determined by qRT-PCR. (B) The expression
of iNOS and Argl was detected by western blot. ****p < 0.0001 vs. LV-si-NC; #p < 0.01, **p < 0.001, **p < 0.0001 vs. LV-si-

KLHDCSA-1 (n = 6).

tic strategy for PTC by regulating macrophage polariza-
tion. Macrophages are mainly affected by various microen-
vironmental stimuli, which are functionally heterogeneous
cell populations [29,30]. Previous reports have illustrated
that CEBPD contributes to M2 macrophage polarization
via IL-4/IL-13, which is involved in the PTC progression
[13]. Similarly, in this study, the knockdown of KLHDC8A
inhibited PTC cell-induced M2 macrophage polarization,
possibly by affecting the secretion of IL-4 or IL-13, which
can be investigated further in the future.

Researchers have reported that PD-1 and PD-L1 are
connected to TME, which are pivotal in cancer. PD-1
acts as an immune checkpoint that promotes tumor de-
velopment by binding to PD-L1 to drive immune escape
[31]. Macrophage phagocytosis is increased in vivo by
inhibiting PD-1/PD-L1, thus hindering tumor growth and
elongating the survival of mice in cancer mouse mod-
els in a macrophage-dependent fashion [32]. M2 to M1
macrophage reprogramming can enhance the expression of

PD-L1, which can be transcriptionally activated by STAT3
[33]. Rab37/IL-6/STAT3 transcription axis promotes M2
polarization of macrophages and further up-regulates PD-1
in T cells in lung cancer [34]. IGF binding protein 2 ac-
tivates the EGFR/STAT3 pathway to regulate PD-L1 lev-
els in malignant melanoma [31]. Moreover, Liang et al.
[35] have suggested that STAT3 expression was decreased
by curcumin contributes to inhibiting TPC-1 cell viability,
migration, and invasion. In this research, we found a sig-
nificant reduction in PD-1 and phosphorylation of STAT3
after the knockdown of KLHDCS8A. Furthermore, our data
showed that the STAT3 activator, colivelin, attenuated the
inhibitory roles of KLHDC8A knockdown on cell viability,
invasion, migration, and tumor growth. Meanwhile, the im-
pacts of KLHDC8A knockdown on macrophage polariza-
tion were reversed by colivelin. Therefore, these findings
suggested that KLHDCSA silencing inhibited PTC malig-
nant development and polarization of M2 macrophages via
down-regulating PD-1/STAT3 axis. Similar to our results,
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Chi et al. [36] have suggested that the upregulation of B7H4
reduces the PD-1/STAT3 pathway in vitro and in vivo, and
colivelin reverses the inhibitory impacts of B7H4 silencing
on tumor growth and macrophage polarization.

However, there are still some shortcomings in the
study. In vivo, assays on the effect of KLHDC8A on PTC
are still superficial, and other experiments can be performed
in future studies. Furthermore, this study elucidated that
silencing of KLHDCS8A inhibited M2 polarization by regu-
lating the PD-1/STAT3 pathways to alleviate PTC. Still, the
potential key factors of PTC cells affecting M2 macrophage
polarization have not been explored, which can be used as
a future research direction.

Conclusions

In summary, KLHDC8A was highly expressed in
PTC. KLHDCSA silencing exerted inhibitory roles on cell
viability, invasion, and migration in vitro and suppressed
tumor growth in vivo. Additionally, the silencing of KL-
HDCB8A regulated the M1/M2 macrophage polarization by
suppressing the PD-1/STAT3 pathway. These findings of-
fer potential therapeutic strategies for the clinical therapy
of PTC.
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