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Abstract

Background Zinc finger protein 169 (ZNF169) plays a key role in cancer development. However, the specific role of
ZNF169 in the tumorigenesis of thyroid carcinoma (THCA) remains poorly understood.

Methods The expression of ZNF169 was measured using immunohistochemistry, RT-gPCR, and western blot. Cell
proliferation was detected using CCK-8 assay and cell colony formation assays, while cell migration was determined
by Transwell assay. Flow cytometry was used to detect cell apoptosis and cell cycle distribution. The interaction

of ZNF169 and its downstream gene was studied using luciferase assay and CHIP-PCR. Recovery assay in cells and
animals were also performed to demonstrate the mechanism.

Results ZNF169 was highly expressed in THCA tissues and cells lines compared with matched adjacent non-
cancerous thyroid tissues or normal thyroid epithelial cell. Moreover, thyroid cancer cell proliferation and migration
were suppressed following ZNF169 knockdown, while were potentiated by ZNF169 overexpression. ZNF169 also
regulate THCA cell apoptosis and cell cycle progression. Mechanically, ZNF169 enhanced the transcription activity and
expression of F-box/WD repeat-containing protein 10 (FBXW10) via the binding to its promoter. There was a positive
correlation between ZNF169 and FBXW10 in THCA patients. In addition, knockdown of FBXW10 suppressed the
proliferation of THCA cells. Recovery assays in vitro and in vivo demonstrated that FBXW10 knockdown reversed the
effects of ZNF169 overexpression on THCA cell proliferation and tumor growth.

Conclusions In summary, ZNF169 promotes THCA progression via upregulation of FBXW10, which may provide a
novel theoretical basis for the development of clinical therapies for THCA.
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Background

Thyroid cancer originates from cells of the thyroid gland,
and is the most common endocrine malignancy [1-3].
The incidence rates of THCA have steadily increased
over the past few decades [1]. In the United States, the
incidence of thyroid cancer increased by 211% between
1975 and 2013 [4]. The majority of thyroid cancers
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roid carcinoma are ~93% for women and ~ 88% for men
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[7]. However, a subset of the patients are diagnosed at
aggressive stage. Some of the patients at advanced stage
can be benefitted from targeted therapies or immuno-
therapies, whereas numbers of the patients still face the
situations with no effective therapeutic options currently
available [8—10]. Thus, further investigations into novel
therapeutic strategies are required for the effective treat-
ment of thyroid cancer.

Various types of thyroid cancers include thyroid car-
cinoma (THCA), follicular thyroid carcinoma (FTC),
Hiirthle cell carcinoma, medullary thyroid carcinoma
(MTC) and anaplastic thyroid carcinoma (ATC) [2,
11]. Within each type, a number of mutations lead to
increased cellular proliferation and dedifferentiation
[12]. Papillary thyroid carcinoma (PTC) is the most com-
mon type of human THCA [13]. Within PTC, B-Raf
proto-oncogene, serine/threonine kinase (BRAF) point
mutations and proto-oncogene tyrosine-protein kinase
receptor Ret /PTC rearrangements are the most promi-
nent genetic alterations, which account for 40-60% and
20% of cases, respectively. These mutations may have
the potential to act as targets for the treatment and
diagnosis of the most aggressive forms of PTC [14, 15].
Within FTC, KRAS proto-oncogene, GTPase (KRAS)
point mutations account for 45% of cases, and paired
box 8 (PAX-8)/ peroxisome proliferator activated recep-
tor gamma (PPARYy) rearrangements account for 35% of
the cases. During the mutation of KRAS proteins, the
mitogenic mitogen-activated protein kinase (MAPK)
and  phosphatidylinositol-4,5-bisphosphate ~ 3-kinase
(PI3K) pathways are activated, which may serve as poten-
tial therapeutic targets [16]. Further mutations in the
tumor suppressor gene phosphatase and tensin homo-
log (PTEN) account for 10% of cases, and mutations in
the PI3BKCA oncogenes account for 10% of cases within
this tumor type [17, 18]. Genetic alterations that lead to
the development of ATC may also be found in PTC and
FTC, and mutations in the tumor protein p53 (TP53) and
[-catenin genes are also observed [19, 20].

Zinc finger protein 169 (ZNF169) is a nuclear pro-
tein that contains one Kriippel-associated box (KRAB)
domain and 13 Cys2-His2 (C2H2)-type zinc fingers.
ZNF169 is widely expressed in the kidneys, spleen, liver,
small intestine, and heart, where it functions as a tran-
scription regulator. The gene encoding ZNF169 maps to
a region of human chromosome 9q22, which has been
associated with numerous diseases, such as colon cancer,
migraine auras, basal cell carcinoma, Gorlin syndrome
and extra skeletal myxoid chondrosarcoma. Previous
studies into the specific function of ZNF169 are limited,
and the results of a recent study indicated that ZNF169
is a human obesity gene [21]. Moreover, results from a
previous study also demonstrated that ZNFI69 may be
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associated with self-healing squamous epitheliomata
(ESS1) [22].

F-box/WD repeat-containing protein 10 (FBXW10) is
located on chromosome 17p12 and is a member of the
FBXW family of protein ubiquitin ligases [23—-26]. Meth-
ylation of FBXW10 is increased in cancer tissues, which
is significant for tumor invasion [23]. FBXW10 is also
highly expressed in hepatocellular carcinoma (HCC) tis-
sues in male patients, and is associated with HCC tumor-
igenesis and the probability of survival [24].

To the best of our knowledge, the present study was the
first to investigate the involvement of ZNF169 in THCA
progression. The effects of ZNF169 knockdown and
overexpression on tumor cell proliferation and invasion
were investigated, and whether these effects were medi-
ated by FBXW10 was also examined. We found that over-
expression of ZNF169 contributed to the development of
THCA through upregulating FBXW10, which may lead
to the development of novel diagnostic and therapeutic
options for thyroid cancer.

Results

ZNF169 is overexpressed in human THCA

To investigate the role of ZNF169 in THCA progres-
sion, ZNF169 expression in THCA tissues was evaluated
using immunohistochemical analysis. ZNF169 was highly
expressed in THCA tissues compared with matched
adjacent healthy tissues (Fig. 1A; Table 1). RT-qPCR and
western blot results also showed that the expression of
ZNF169 was highly expressed in three THCA cells as
compared to normal human primary thyroid follicu-
lar epithelial cell Nthy-ori 3-1 (Fig. 1B, C). These data
showed the high expression of ZNF169 in THCA.

ZNF169 knockdown suppresses cell proliferation and
migration

To explore the role of ZNF169 in THCA progression,
shRNAs was used to infect TPC1 and BCPAP cells. West-
ern blot and RT-qPCR results confirmed the knockdown
efficiency following transfection with shZNF169s in
TPC1 and BCPAP cells (Fig. 2A and B). CCK-8 results
demonstrated that ZNF169 knockdown markedly sup-
pressed the proliferation of TPC1 and BCPAP cells
(Fig. 2C). Moreover, the results of the colony formation
assays demonstrated that fewer colonies were formed
by shZNF169 cells compared with the shCtrl group
(Fig. 2D). In addition, following ZNF169 knockdown,
the cell migration ability was impaired, as the percentage
of migrated cells was markedly decreased in TPC1 and
BCPAP cells compared with the control cells (Fig. 2E).
We also found that ZNF169 knockdown resulted in
upregulation of p21 and E-cadherin, and downregulation
of N-cadherin and Vimentin (Figure S1). Collectively,
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Fig.1 ZNF169is overexpressed in THCA tissues. (A) ZNF 169 expression was evaluated using immunohistochemical staining of THCA tissues and matched
adjacent healthy thyroid tissues. (B) ZNF169 mRNA expression in three THCA cell lines (TPC1, BCPAP, K1) and a normal human primary thyroid follicular
epithelial cell (Nthy-ori 3 — 1) were measured using RT-gPCR. (C) ZNF 169 protein expression in three THCA cell lines (TPC1, BCPAP, K1) and a normal human
primary thyroid follicular epithelial cell (Nthy-ori 3— 1) were measured using western blot. Magnification, X200

Table 1 The expression of ZNF169 in PTC and normal tissues these results highlighted the role of ZNF169 as an
Type ZNF169 expression Ve P-value oncogene.
Low High
Normal tissues 23 2 3205 <0001 ZNF169 overexpression promotes cell proliferation and
PTC 3 22 migration

As ZNF169 has the potential to act as an oncogene, it
was hypothesized that ZNF169 overexpression may pro-
mote tumor progression. RT-qPCR and Western blot
analyses were performed to verify the overexpression of
ZNF169 in both K1 cells (Fig. 3A and B). Cell viability
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Fig.2 ZNF169 knockdown suppresses cell proliferation and migration. (A) RT-gPCR demonstrated the efficiency of transfection with shCtrl, sShZNF1694#1
and shZNF169#2 in BCPAP and TPC1 cells. 3-actin was used for normalization. (B) Western blot analyses demonstrated the efficiency of transfection with
shCtrl, shZNF169#1 and shZNF16942 in BCPAP and TPC1 cells. GAPDH was used as the loading control. (C) Cell Counting Kit-8 analysis of BCPAP and TPC1
cells transfected with shCtrl, shZNF169#1 and shZNF1694#2. (D) Colony formation assay of BCPAP and TPC1 cells transfected with shCtrl, shZNF169#1 and
shZNF169#2. (E) Transwell invasion analysis of BCPAP and TPC1 cells transfected with shCtrl, shZNF169#1 and shZNF169#2. “P<0.01, " P<0.001

was also increased following ZNF169 overexpression
compared with those transfected with the control vec-
tors (Fig. 3C). Additionally, ZNF169 overexpression sig-
nificantly increased the levels of colony formation in K1
cells, with an increase of ~50% compared with control
cells (Fig. 3D). Moreover, following ZNF169 overexpres-
sion, cell migration was increased 3-fold (Fig. 3E). Con-
sistent with the results of ZNF169 knockdown, ZNF169
overexpression led to downregulation of p21 and E-cad-
herin, and upregulation of N-cadherin and Vimen-
tin (Figure S1), suggesting that ZNF169 contributes to
THCA growth and migration by regulating p21 and EMT
signaling.

ZNF169 regulates cell apoptosis and cell cycle progression

Next, we investigated the role of ZNF169 in cell apopto-
sis and cell cycle progression. ZNF169 knockdown sig-
nificantly induced cell apoptosis compared with control
cells (Fig. 4A). Cell cycle progression analysis also dem-
onstrated that knockdown of ZNF169 decreased the per-
centage of cells in S stage, while the percentage of cells
in Gy/G, phases was increased (Fig. 4B). Moreover, apop-
tosis was inhibited following ZNF169 overexpression

(Fig. 4C). The results of the cell cycle analysis demon-
strated that ZNF169 promoted cell cycle progression,
with an increased number of S stage cells and a decreased
number of G,/G;, stage cells (Fig. 4D). Thus, the results of
the present study demonstrated that ZNF169 may regu-
late cell apoptosis and the cell cycle to promote cancer
progression.

FBXW10 expression is regulated by ZNF169

To further explore the molecular mechanisms underlying
the role of FBXW10, the potential correlation between
ZNF169 and FBXW10 was analyzed. A highly positive
correlation was revealed between the two genes (Fig. 5A).
To determine whether ZNF169 affected the expression
of FBXW 10, knockdown and overexpression assays were
performed. FBXW10 expression was reduced following
ZNF169 knockdown and increased following ZNF169
overexpression (Fig. 5B-D). These results were consistent
with those obtained using the starBase database (Fig. 5A).
To explore whether ZNF169 regulates the transcription
activity of FBXW10, we performed luciferase assay. We
transfected shZNF169 into TPC1 and BCPAP cells or
ZNF169 overexpressing plasmids into K1 cells. ZNF169



Luo et al. Cell Division (2025) 20:3 Page 5 of 14
A B C
@ KA K1
Q@ 8- K1 400—° Citrl
< = o ZNF169
Z *kk (o)) O\
X g © ; 300
£ _ L £ -
g 4 5 ﬁ B 200- *
L >
% 2] ZNF169| ™= > 5 100
(0] , O
2 0 GAPDH | S — 0-
© N 0 24 48 72
g &L
é{\ Time (hours)
/\/
D E
K1 K1
250_ o 80— R
= & o
of} é 200- “?—) 60-
\ 150- 0]
c § 40-
> 100- 5
O © 20+
o)) o 507 S
(o] O =
% 0- = -
« K
0 0

Fig. 3 ZNF169 overexpression promotes cell proliferation and migration. (A, B) Overexpression of ZNF169 in K1 cells. RT-gPCR and western blot analyses
demonstrated the efficiency of transfection with the ZNF169 overexpression plasmid and Ctrl in K1 cells. $-actin was used for normalization and GAPDH
was used as the loading control. (C) Cell Counting Kit-8 analysis of K1 cells transfected with the ZNF169 overexpression plasmid and Ctrl. (D) Colony forma-
tion assay of K1 cells transfected with the ZNF169 overexpression plasmid and Ctrl. (E) Transwell invasion analysis of K1 cells transfected with the ZNF169

overexpression plasmid and Ctrl. Magnification: 100 x."P<0.01, ™"P<0.001

knockdown reduced FBXW10 promoter activity, while
ZNF169 overexpression enhanced FBXW10 promoter
activity (Fig. 5E). The interaction between ZNF169 and
FBXW10 promoter was further confirmed by the ChIP-
qPCR and agarose gel electrophoresis assay with the
lysates of K1 cells. The results showed that FBXW10 was
significantly enriched with the anti- ZNF169 antibody
compared to the control IgG (Fig. 5F). Thus, these results
demonstrated that ZNF169 regulated the expression of
FBXW10 and binding to the promoter of FBXW10.

FBXW10 knockdown inhibits cell proliferation

FBXW10 was previously reported as an oncogene [23,
24]. Thus, the function of FBXW10 was explored in
THCA. Western blot and RT-qPCR analyses confirmed
the knockdown efficiency following transfection with
siFBXW10 in TPCI1 cells (Fig. 5G). CCK-8 analyses dem-
onstrated that FBXW10 knockdown markedly reduced
the viability of TPC1 cells by ~50% (Fig. 5H). Moreover,
a~50% decrease in the number of colonies was observed
following FBXW10 knockdown using a colony forma-
tion assay (Fig. 5I). The similar results were obtained
in BCPAP cells (Fig. 5J-L). Collectively, these results
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Fig.4 ZNF169 regulates cell apoptosis and cell cycle progression. (A) Flow cytometry analysis of apoptosis using Annexin V-FITC and Pl staining in BCPAP
and TPC1 cells transfected with shCtrl, shZNF169#1 and shZNF16942. (B) Flow cytometry analysis of the cell cycle using PI staining in BCPAP and TPC1
cells transfected with shCtrl, shZNF169#1 and shZNF1694#2. (C) Flow cytometry analysis of apoptosis using Annexin V-FITC and Pl staining in K1 cells
transfected with the ZNF169 overexpression plasmid and Ctrl. (D) Flow cytometry analysis of the cell cycle using Pl staining in K1 cells transfected with
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the ZNF169 overexpression plasmid and Ctrl. "P<0.05, "P<0.01, P <0.001
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Fig. 5 (See legend on next page.)

demonstrated that FBXW10 may act as an oncogene in ~ ZNF169 promotes THCA progression via upregulation of
THCA. FBXW10
To further elucidate the association between ZNF169
and FBXW10 in THCA, simultaneous overexpression
and knockdown assays were performed in TPC1 and
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Fig. 5 Expression of FBXW10 is regulated by ZNF169, and FBXW10 knockdown inhibits cell proliferation. (A) Correlation between ZNF169 and FBXW10
expression (n=>510). THCA, thyroid carcinoma. (B) RT-gPCR analyses of FBXW10 expression in K1 cells transfected with the ZNF169 overexpression plasmid
and Ctrl, and BCPAP and TPC1 cells transfected with shCtrl, shZNF169#1 and shZNF16942. 3-actin was used for normalization. (C) Western blot analyses
of FBXW10 expression in K1 cells transfected with the ZNF169 overexpression plasmid and Ctrl. (D) Western blot analyses of FBXW10 expression in BCPAP
and TPC1 cells transfected with shCtrl, shFBXW10#1 and shFBXW10#2. GAPDH was used as the loading control. (E) The binding relationship between
ZNF169 and the FBXW10 promoter was analyzed by dual-luciferase reporter assay. (F) gPCR analysis shows FBXW10 levels that are pulled down in ChIP
assay with the anti- ZNF169 antibody or IgG. The gPCR product was subjected to agarose gel electrophoresis. K1 cell lysates were used for the ChiP assay.
(G) The knockdown efficiency of FBXW10in TPCT cells transfected with shCtrl, shFBXW10#1 and shFBXW10#2. (H) Cell Counting Kit-8 analysis of TPC1 cells
transfected with shCtrl, shFBXW10#1 and shFBXW10#2. (1) Colony formation assay of TPC1 cells transfected with shCtrl, sShEBXW10#1 and shFBXW10#2. (J)
The knockdown efficiency of FBXW10 in BCPAP cells transfected with shCtrl, sShFBXW10#1 and shFBXW10#2. (K) Cell Counting Kit-8 analysis of BCPAP cells
transfected with shCtrl, shFBXW10#1 and shFBXW10#2. (L) Colony formation assay of BCPAP cells transfected with shCtrl, shFBXW10#1 and shFBXW10#2.
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K1 cells. Western blot results showed that the expres-
sion of FBXW10 was reduced by ZNF169 knockdown
and was recovered following FBXW10 overexpression in
TPC1 cells (Fig. 6A). CCK-8 viability and colony forma-
tion assays showed that FBXW10 overexpression recov-
ered the decreased cell viability and cell colony numbers
in TPC cells with ZNF169 knockdown (Fig. 6B and C).
On the other hand, western blot analysis demonstrated
that FBXW10 was upregulated by ZNF169 overexpres-
sion and reduced following FBXW10 knockdown in K1
cells (Fig. 6D). Cell viability and colony formation pro-
moted by ZNF169 overexpression could be reversed by
FBXW10 knockdown in K1 cells (Fig. 6E and F). Lastly,
we performed recovery assay in animal experiments.
To validate the effect of ZNF169 and FBXW10 on the
tumorigenesis of THCA cells, we applied nude mice
which were widely used in the research of cancer cell
growth and proliferation in vivo. K1 cells transfected with
ZNF169, or ZMF169 + shFBXW 10, and the correspond-
ing control (Ctrl) were injected into the flank region of
the nude mice. The xenograft tumor size, volume, and
weight derived from ZNF169 overexpressing K1 cells
were significantly higher compare to the Ctrl ones, while
these from the ZMF169 + shFBXW10 group were greatly
lower compared to ZNF169 group (Fig. 6G-I). Collec-
tively, ZNF169 contributes to THCA cell proliferation
and tumorigenesis through upregulation of FBXW10.
The in vivo results may reveal the tumor progression of
THCA patients who had overexpression of ZNF169 and
FBXW10.

Discussion

The thyroid gland is located in the neck, and is one the
most important endocrine organs in humans, secret-
ing metabolic hormones crucial for the regulation of
systemic metabolism [27]. The accumulation of mutant
thyroid gland cells leads to the development of THCA.
Thyroid cancer is the most common type of endocrine
cancer, and early diagnosis leads to more effective treat-
ment options [28, 29]. Thus, further investigations into
the mechanisms underlying THCA progression are

required to achieve earlier diagnosis and develop novel
treatment options.

The results of the present study demonstrated that both
ZNF169 and FBXW10 acted as oncogenes in THCA, as
ZNF169 or FBXW10 knockdown led to reduced levels of
cell proliferation and invasion. In addition, the expres-
sion levels of FBXW10 were reduced following ZNF169
knockdown, and the increased levels of cell proliferation
mediated by ZNF169 overexpression were attenuated fol-
lowing FBXW10 knockdown. To the best of our knowl-
edge, the present study is the first to determine the role of
the ZNF169/FBXW10 axis in THCA progression, which
may lead to the development of more efficient diagnostic
strategies and therapeutic options for THCA.

ZNF169 is a nuclear protein that is 603 amino acids
in length, which contains one KRAB domain and 13
C2H2-type zinc fingers. A previous study demonstrated
that ZNF169 was associated with obesity and ESS1 [22].
Overexpression of ZNF169 has been shown to promote
the growth and proliferation of colorectal cancer cells
[30]. However, the function of ZNF169 in THCA has yet
to be fully elucidated. In the present study, ZNF169 was
found to be an oncogene in THCA. ZNF169 was signifi-
cantly upregulated in THCA tissues. In vitro, we showed
that ZNF169 knockdown suppressed the proliferation
of THCA cells, while opposite results were observed
following ZNF169 overexpression. These results were
consistent with the oncogenic function of ZNF169 in
colorectal cancer. Besides, we also found that overex-
pression of ZNF169 potentiated the migration capacity
of THCA cells. The results of the present study support
those of a previous study that demonstrated the tumor-
promoting function of ZNF169 in other malignancy [30].
Although the overall function of ZNF169 was examined
in the present study, further investigation is required to
determine the specific biological mechanisms underly-
ing the role of ZNF169. Future studies must also focus on
determining the specific type of THCA associated with
ZNF169, as multiple types have been reported, includ-
ing PTC, FTC, MTC and ATC [31, 32], and each type
of THCA is characterized by a different set of genetic
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mutations [12, 32]. Thus, ZNF169 may have the poten-
tial to serve as a diagnostic marker for a specific type of
THCA.

To further explore the underlying mechanisms of
ZNF169 in the development of THCA, we analyzed the
expression levels of ZNF169 and FBXW10 using public
database and found that there was a positive correlation
between ZNF169 and FBXW10. In turn, we next inves-
tigated whether ZNF169 plays its important functions
through regulating FBXW10. FBXW10 is located on
chromosome 17p12 and belongs to the FBXW family of
protein ubiquitin ligases [23-26]. The results of a previ-
ous study demonstrated that methylation of FBXW10
was increased in clear cell renal cell carcinoma cancer
tissues, and this was significant for tumor invasion [23,
33]. Thus, the methylation status of FBXW10 in THCA
cells or patient samples requires further investigation.
Moreover, the results of the present study demonstrated
that ZNF169 knockdown reduced the expression lev-
els of FBXW10. Future investigations should focus on
determining whether the reduced expression of FBXW10
is due to increased levels of methylation, as zinc fingers
are transcriptional regulation motifs [22]. As previous
indicated, FBXW10 was acted as an oncogene to pro-
mote hepatocarcinogenesis [24]. Mechanistic evidences
showed that FBXW10 promoted HCC development
through regulating S6K1-ANXA2-KRAS-ERK axis [34].
In addition, FBXW10 suppression of LATS2 protein sta-
bility potentiated the angiogenesis and hepatic metas-
tasis of colorectal cancer [35]. Here, we determined the
potential roles of FBXW10 in the development of THCA.
Our results suggested that suppression of FBXW10
expression obviously inhibited THCA cell proliferation
and colony formation in vitro. We also demonstrated
that knockdown of FBXW10 completely reversed the
accelerated THCA cell growth and tumorigenesis which
were promoted by ZNF169. These results suggested
that upregulation of FBXW10 was critical for ZNF169-
triggered THCA progression. However, further inves-
tigations should also focus on determining the specific
mechanisms underlying FBXW10 in THCA, and whether
there are alternate proteins that participate in the afore-
mentioned processes. Moreover, the potential role of the
tumor microenvironment in modulating the effects of
ZNF169 and FBXW10 on TCHA progression should be
conducted on immune-sufficient animal models in the
future. Collectively, understanding the molecular events,
biological function or immune escape involvement of
FBXW10 in THCA in the follow up study will largely
help us develop novel drug targets for THCA patients.

Owing to the potential association between ZNF169
and FBXW10, our results of the present study demon-
strated that FBXW10 expression was reduced follow-
ing ZNF169 knockdown. We also showed that ZNF169
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enhanced the transcription activity of FBXW10 gene via
direct binding to its promoter, whereas ZNF169 binding
sequences in the promoter region of FBXW10 remain to
be fully elucidated. And we further confirmed that the
oncogene roles medicated by ZNF169 in THCA cells
could be attenuated by FBXW10 knockdown. Thus, it
was hypothesised that FBXW10 may be involved in the
ZNF169 pathway and, therefore, may lie downstream
of ZNF169. Collectively, the results of the present study
revealed that ZNF169 contributes to THCA progres-
sion via upregulation of FBXW10. Since ZNF169 is a
transcription factor, developing ZNF169 inhibitors for
the treatment of THCA may influence the expression
of various downstream genes which will cause severe
side effects. Thereby, targeting FBXW10 with specific
inhibitors maybe a preferable choice for the treatment of
TCHA patients with overexpression of ZNF169.

Previous studies have reported that transcription co-
factors are necessary for the activity of transcription fac-
tors in regulating the expression of downstream genes.
For instance, pterin-4a-carbinolamine dehydratase 2
(PCBD2) was identified as an essential partner of hepato-
cyte nuclear factor 1 (HNF1p). Cooperation of PCBD2
and HNF1p plays a pivotal role in regulating genes tran-
scription and the development of the kidney, liver, and
pancreas [36]. Signal transducer and activator of tran-
scription 3 (STATS3) is a well-known oncogene in various
malignancies [37, 38]. CDK5 kinase regulatory-subunit
associated protein 3 (CDK5RAP3) was previously dem-
onstrated as a co-enhancer to potentiate STAT3-depen-
dent gene transcription and the malignancy of cancer
cells [39]. Similarly, the regulation of ZNF169 on the
transcription of genes, like FBXW10, may also need the
cooperation of other co-factors or co-enhancers. We will
perform deeper exploration identifying the factors in the
follow up study.

In conclusion, to the best of our knowledge, the pres-
ent study was the first to reveal the oncogenic roles of
ZNF169 and FBXW10 in THCA progression, thereby
providing a novel theoretical basis for the development
of clinical therapies for THCA. Targeting FBXW10 is a
promising strategy for the treatment of THCA patients
with highly expressed ZNF169.

Materials and methods

Patient samples

A total of 25 patients (18 female and 7 male) with THCA
were enrolled in the Hunan Cancer Hospital (Changsha,
China) between May 2017 and October 2017. Matched
adjacent non-cancerous thyroid tissues of each patient
were also used in the present study. The median age of
the patients was 44 years (range, 26—-66 YEASR). The
present study was approved by the Ethics Committee of
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Fig. 6 Increased cell proliferation mediated by ZNF169 overexpression is attenuated by FBXW10 knockdown. (A) Western blot analysis of TPC1 cells
transfected with shCtrl+ Ctrl, shZNF169 and shZNF169+ FBXW10 overexpression plasmid. GAPDH was used as the loading control. (B) Cell Counting Kit-8
analysis of TPC1 cells transfected with shCtrl+ Ctrl, shZNF169 and shZNF169 +FBXW10 overexpression plasmid. (C) Colony formation assay of TPC1 cells
transfected with shCtrl+Ctrl, shZNF169 and shZNF169 + FBXW10 overexpression plasmid. (D) Western blot analysis of K1 cells transfected with control,
ZNF169 overexpression plasmid and ZNF169 overexpression plasmid+shFBXW10#1. GAPDH was used as the loading control. (E) Cell Counting Kit-8
analysis of K1 cells transfected with control, ZNF169 overexpression plasmid and ZNF169 overexpression plasmid +shFBXW10#1. (F) Colony formation
assay of K1 cells transfected with control, ZNF 169 overexpression plasmid and ZNF169 overexpression plasmid +shFBXW10#1. (G) Representative images
of subcutaneous xenografts in nude mice derived from K1 cells that were treated with control, ZNF169 overexpression plasmid and ZNF169 overexpres-
sion plasmid+shFBXW10#1. n=5 mice per group. The subcutaneous xenografts were dissected and are shown on day 25. (H) Growth curves of the

subcutaneous xenografts in each group. (I) Analysis of the tumor weight of the xenografts in each group. "P<0.01, "P<0.001

Hunan Cancer Hospital. Written informed consent was
obtained from all patients.

Immunohistochemical analysis

ZNF169 staining was carried out using 4-pm sections
from formalin-fixed, paraffin-embedded tissue samples.
Briefly, tissue sections were deparaffinized and anti-
gen retrieval was carried out. Following rehydration
and blocking with 10% goat serum for 30 min, the slides
were incubated with the anti-ZNF169 antibody (1:50;
cat. no. ab225924; Abcam) at 4°C overnight. The slides
were subsequently washed and incubated with goat anti-
rabbit secondary antibody (cat. no. ab6721, Abcam) at
room temperature for 1 h, and stained with Vulcan Fast
Red Chromogen kit (BIOCARE MEDICAL, Concord,
CA, USA) at room temperature for 1 h. The intensity
of ZNF169 staining was scored by three independent
pathologists as follows: 0, negative; 1, weak staining; 2,
moderate staining; and 3, strong staining. A staining
score of 0 was defined as negative, and a staining score of
1-3 was defined as positive.

Cell culture and transfection

TPC1 is a thyroid gland papillary carcinoma cell line
(0397) purchased from the BCR] (Rio de Janeiro, Brazil).
The website was http://bcrj.org.br/celula/0397. BCPAP
is a poorly differentiated thyroid gland carcinoma cell
line (SCSP-543), which were purchased from the Cell
Bank of Chinese Academy of Sciences (Shanghai, China).
The website was https://www.cellbank.org.cn/search-d
etail.php?id=499. K1 is a thyroid gland carcinoma cell
line (GLAG-66), which was purchased from Cellverse
(Shanghai, China). The website was https://www.icellbio
science.com/cellDetail/5863. These three cell lines were
widely used in the research of THCA. Nthy-ori 3-1is a
normal human primary thyroid follicular epithelial cell
(CL-0817) purchased from PROCELL (Wuhan, China).
The website was https://m.procell.com.cn/view/9817.
BCPAP and Klcells were cultured in DMEM/F-12
medium (Gibco; Thermo Fisher Scientific, Inc.), TPC1
and Nthy-ori 3-1 cells were cultured in RPMI-1640
medium (Procell, Wuhan, China), and supplemented
with 2 mM glutamine, 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) and 100 U/ml penicillin/streptomycin

(Sigma-Aldrich; Merck KGaA). The cells were main-
tained at 37°C under a humidified atmosphere contain-
ing 5% CO,,.

Small hairpin (sh)RNAs targeting ZNF169 and
FBXW10 were purchased from Shanghai GenePharma
Co., Ltd using the pcDNA3.1 vector for stable transfec-
tion. The sequences were as follows: shCtrl, 5-TTCTC
CGAACGTGTCACGT-3’; shZNF169#1, 5- GCCAGA
AGTCTCACTTGCATA-3; and shZNF169#2, 5- CGC
CAGAAGATAGCCCTCCTT-3; shFBXW10#1: 5- GT
CCTGATAGAGGAGAGAAAT-3; and shFBXW10#2:
5- CGGGAGCTATGACCTAAGTAT-3. Lipofectamine®
RNAiIMAX transfection reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) was used for the transfection of
shRNAs, according to the manufacturer’s protocol. Stably
transduced cell populations were selected with puromy-
cin (2 pg/mL). The overexpression plasmid ZNF169-OE
was constructed using pCDH-CMV vector, purchased
from Beijing Tianyi Huiyuan Bioscience & Technol-
ogy Inc., the empty plasmid of pCDH-CMV was used
as a negative control. 5 pug of each plasmid were trans-
fected into the indicated cells using Lipofectamine® 3000
(Thermo Fisher Scientific, Inc.)

Cell counting Kit-8 (CCK-8) assay

CCK-8 reagent was purchased from Sigma-Aldrich;
Merck KGaA. Cells were seeded into 96-well plates at a
density of 2,000 cells per well. Cells were maintained for
the indicated number of days, followed by the addition of
10 pl CCK-8 reagent at 37°C for 3 h. The absorbance was
measured at 450 nm using a microplate reader. The via-
bility of each group at 24, 48 and 72 h was normalized to
that at 0 h. Each experiment was repeated at least three
times.

Colony formation

TPC1 and BCPAP cells were seeded into six-well plates at
a density of 1,000 cells per well, and the culture medium
was replaced every 3 days. Colonies formed following cell
culture for 14 days at room temperature. Colonies were
washed three times using PBS, and subsequently fixed
using 4% paraformaldehyde for 20 min at room temper-
ature. Colonies were then stained using Giemsa stain-
ing solution for 20 min at room temperature. A total of
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>50 cells were defined as a colony. Each experiment was
repeated at least three times.

RNA extraction and reverse transcription-quantitative (RT-
q) PCR

TRIzol° (Thermo Fisher Scientific, Inc.) was used for
the isolation of total RNA from cells. RNA was reverse
transcribed into cDNA using M-MLV-RTase (Promega
Corporation) according to the manufacturer’s protocol.
qPCR analysis was performed using SYBR Master Mix-
ture (Takara Bio, Inc.) on the Agilent MX3000p Real
time PCR system. Primers were used as follows: ZNF169
forward, 5-GCATCATGTGTGCCCTGAATG-3" and
reverse, 5-GGCCTTCTGGCTAAACCGA-3’; FBXW10
forward 5-CAGCACGCCCATAATTCCG-3 and
reverse, 5-CAACTGCACGTTGGATTGATTT-3’; and
B-actin forward, 5-GAGCTGCGTGTGGCTCCC-3" and
reverse, 5-CCAGAGGCGTACAGGGATAGCA-3. The
AACt method was performed to calculate the expression
[40]. B-actin was used for normalization.

Apoptosis analysis

eBioscience™ Annexin V-FITC Apoptosis Detection kit
(Thermo Fisher Scientific, Inc.) was used for the determi-
nation of cell apoptosis. Cell suspensions were incubated
with 5 pl Annexin V-FITC for 10-15 min. Following
incubation, cells were washed using 1X binding buf-
fer and subsequently resuspended in 1X binding buffer.
Resuspended cells were incubated with propidium iodide
(20 pg/ml), and samples were subjected to flow cytom-
etry analysis. Each experiment was repeated at least three
times.

Cell cycle analysis

FxCycl™ PI/RNase Staining Solution (Thermo Fisher Sci-
entific, Inc.) was used to analyse the cell cycle according
to the manufacturer’s protocol. Briefly, cells were tryp-
sinized and centrifuged at 13,000 rpm for 5 min. Follow-
ing washing with ice-cold D-Hanks buffer (pH 7.2-7.4),
cells were fixed using ice-cold 75% ethanol for ~ 1 h. Cells
were subsequently centrifuged at room temperature and
washed again using D-Hanks buffer, followed by incuba-
tion with 0.5 ml of FxCycle™ PI/RNase staining solution
for 15-30 min at room temperature. The samples were
analyzed using 488-nm excitation, and emissions were
collected using a 585/42 nm bandpass filter or equivalent
using a Guava easyCyte HT system (MilliporeSigma).

Western blot analysis

Cells were lysed using RIPA buffer containing proteinase
inhibitors (Beyotime Biotechnology). Protein concen-
tration was measured using Bradford reagent (Sigma-
Aldrich; Merck KGaA). Subsequently, 20 ug total protein
per lane was separated by SDS-PAGE on a 10% gel. The
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separated proteins were transferred onto nitrocellulose
membranes and subsequently blocked with 5% non-fat
milk at room temperature for 1 h. The membranes were
incubated with antibodies against ZNF169 (1:1,000; cat.
no. ab225924; Abcam), FBXW10 (1:1,000; cat. no. PA5-
43814; Thermo Fisher Scientific, Inc.), and GAPDH
(1:1,000; cat. no. 60004-1-Ig; ProteinTech Group, Inc.)
at 4°C overnight. Following the primary incubation, the
membranes were incubated with the secondary antibody
(Thermo Fisher Scientific, Inc.) at room temperature for
1h.

Transwell assay

A total of 3x10* cells/well were seeded into the upper
chamber of 24-well FluoroBlok™ Cell Culture Inserts
(Corning, Inc.) to detect cell migration. The lower cham-
bers were filled with DMEM/F-12 medium supplemented
with 10% FBS, which served as a chemoattractant. 24 h
later, cells that had migrated to the opposite side of the
filter at room temperature t least were stained with 0.5%
crystal violet 25 fields counted under an inverted fluores-
cence microscope. Each experiment was repeated at least
three times.

Luciferase assay

The Renilla luciferase (Rluc) and firefly luciferase (Luc)
sequences were amplified from the psiCheck 2 vector
(Promega, USA). Rluc was placed in the upstream posi-
tion, and Luc was placed in the downstream position. The
FBXW10 sequence along with its 3’ UTR was amplified
and inserted between Rluc and Luc. Then TPC1, BCPAP
cells were seeded into 24-well plates (10° cells/well) and
transfected with shZNF169#1, shZNF169#2 or shCtrl,
and K1 cells was transfected with ZNF169 overexpressing
plasmid, or Ctrl, together with luciferase reporter vector.
The luciferase activity was determined by normalization
to Rluc [41]. Then, the relative activity of other groups
was adjusted to the activity of shCtrl or Ctrl group.

Chromatin immunoprecipitation (ChIP)-qPCR

ChIP assay was carried out with a Chromatin Immuno-
precipitation Kit (#9005s, Cell Signaling) according to
the manufacturer’s instructions. K1 cells were fixed with
1% formaldehyde, and the cross-linked chromatin was
sonicated to generate 200-800 bp DNA fragments for
subsequent immunoprecipitation using antibody against
ZNF169. Quantitative analysis of ChIP-derived DNA was
performed by qPCR reaction. Subsequently, we subjected
the qPCR product to agarose gel electrophoresis. The
primer sequences were F: 5-TGTCCTCTCGCACTCAC
TTG-3"and R: 5-CTCAACACTGCACACACACG-3!
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Animal experiments

A total of fifteen 4—6-week-old BALB/c nu mice were
purchased from Beijing Vital River Laboratory Ani-
mal Technology Co., Ltd. (Beijing, China). K1 cells (10’
cells) with ZNF169 overexpression, ZNF169 overexpres-
sion + shFBXW10, and Ctrl were suspended in 200 ul PBS
and subcutaneously injected into the flank region of mice
(five mice per group). Tumor volume was calculated as %
the maximum (L) xminimum (W) 2. The mice were sac-
rificed after 25 days, the tumor sizes were photographed,
and tumor weight were measured. All animal experi-
ments were carried out following the Guide for the Care
and Use of Laboratory Animals [42] and approved by the
Animal Research Ethics Committee of Hunan Cancer
Hospital.

Bioinformatics and statistical analyses

The starBase V3.0 (http://starbase.sysu.edu.cn/) databa
se was used to analyse the expression levels of ZNF169
and FBXW10. A potential correlation between ZNF169
and FBXW10 was calculated using 510 samples of thy-
roid carcinoma (THCA). The data were presented as
mean * standard deviation and analyzed using GraphPad
prism 8.0 (GraphPad Software, Inc.). Unpaired students’
t-tests were performed to determine differences between
two groups, and one-way ANOVA followed by a Tukey’s
post hoc test was used for comparisons between >3
groups. P<0.05 was considered to indicate a statistically
significant difference.
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