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CITED1 gene promotes proliferation, migration
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Abstract. Thyroid cancer is the most common malignancy of
the endocrine organs. In order to further understand the tumori-
genesis and progression of papillary thyroid carcinoma (PTC),
the present study performed whole transcriptome sequence
analysis. It was found that Cbp/p300-interacting transactivators
with glutamic acid [E] and aspartic acid [D]-rich C-terminal
domain 1 (CITEDI) was a novel potential PTC-associated gene
in thyroid cancer. The expression level and clinicopathological
features of CITEDI were then assessed in The Cancer Genome
Atlas (TCGA) database. The expression of CITEDI was
knocked down and the biological function of CITEDI in PTC
cell lines was examined. The results showed that upregulated
CITEDI was associated with lymph node metastasis (P=0.006)
and clinical stage (P=0.003). In order to differentiate PTC
tissues and normal tissues, an area under the curve was
constructed of a receiver operating characteristic of 91.3% for
the TCGA cohort and 85.3% for a validated cohort. The down-
regulated expression of CITEDI significantly inhibited cell
proliferation, colony formation, migration and invasion in the
PTC cell lines. The present study demonstrated that CITEDI is
important in the tumorigenesis and metastasis of PTC and may
be a potential therapeutic target in PTC.

Introduction

Thyroid cancer is the most common malignancy of the
endocrine organs. The incidence of thyroid cancer is increasing,
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having increased more than three-fold during the last three
decades (1), mainly as a result of the widespread use of diag-
nostic imaging and surveillance. At present, in women in the
USA, thyroid cancer is the fifth most common type of cancer.
In 2015, there were 62,000 new cases in women and men (2).
Papillary thyroid carcinoma (PTC) is the most common
histological type of thyroid cancer, which is more common
than other types, including follicular carcinoma, medullary
carcinoma, poorly differentiated carcinoma and anaplastic
carcinoma. Different types of thyroid cancer exhibit different
clinical behaviors from indolent tumors, with low mortality
rates in the majority of cases to aggressive malignancies,
for example, anaplastic thyroid cancer. Therefore, a proper
and accurate diagnosis is critical to provide an appropriate
treatment approach (3).

In order to provide accurate diagnoses and personal-
ized treatment, it is important to understand the molecular
mechanisms underlying thyroid cancer occurrence and
progression (4). As next generation sequence (NGS) has
developed, numerous studies have examined the mechanism
of thyroid cancer using NGS. There are several characteristic
genetic alterations, including point mutations in proto-onco-
genes (BRAF, NRAS, HRAS and KRAS) and chromosomal
rearrangements (RET/PTCI1, RET/PTC3 and PAX8/PPARG),
which vary with histologic subtype (5).

Despite substantial progress in genetic research, the
molecular mechanism of PTC remains to be fully elucidated.
In order to further understand the occurrence and progression
of PTC, the present study performed whole transcriptome
sequencing of 19 pairs of primary thyroid cancer samples with
matched adjacent normal thyroid tissues (6). Subsequently, by
application of bioinformatics, it was found that upregulated
Cbp/p300-interacting transactivators with glutamic acid [E]
and aspartic acid [D]-rich C-terminal domain 1 (CITEDI1) may
be a potential gene associated with PTC.

It is well known that several genes are significantly over-
expressed in PTC, which are potential markers in molecular
diagnosis (7-9). However, the mechanism involved in the
overexpression of these genes remains to be fully eluci-
dated. CITEDI is one of these genes (10,11). The CITEDI1
family of transcriptional cofactors consists of four members,
which regulate diverse CBP/p300-dependent transcriptional
responses (12-14). In adults, the expression of CITEDI is
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upregulated in PTC (11,15), malignant melanoma (16,17), and
Wilms tumor (18), which indicates that CITEDI may effec-
tively induce tumorigenesis and progression. Other studies
have found that there is a possible link between the BRAF
mutation and upregulated CITEDI; however, knockdown of the
expression of BRAF by small interfering (si)RNA in a cell line
with the BRAF V600OE mutation did not induce the suppres-
sion of CITEDI (7,19). Therefore, the biological function and
mechanism of CITEDI in PTC remain to be elucidated.
Although studies have demonstrated that the expression
level of CITEDI is associated with tumorigenesis, the biolog-
ical function of CITEDI in PTC has not been examined. In
the present study, transcriptome sequence analysis showed that
the CITEDI gene may be significantly involved in PTC. The
present study aimed to investigate the association between the
expression of CITEDI and clinicopathological features, and
examine the biological function of CITEDI in PTC cell lines.

Materials and methods

Patients and tissue collection. Fresh PTC tissue samples
with adjacent normal thyroid tissue samples were obtained
from patients with PTC at the First Affiliated Hospital of
Wenzhou Medical University (Wenzhou, China) between
September 2015 and September 2016. A total of 47 pairs of
fresh PTC tissues with normal tissues were frozen in liquid
nitrogen until further use. All tumor tissues were histologi-
cally reviewed by two pathologists. Patients signed informed
consent and study protocols for the use of human tissues were
approved by and performed in accordance with the ethical
standards of the Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical University. The CITEDI Reads
Per Kilobase per Million reads (RPKM) expression value
was obtained via The Caner Genome Atlas (TCGA) portal
(https://cancergenome.nih.gov/). In total, 375 PTC sequence
data with complete clinical features and 58 pairs of thyroid
cancer with matched normal tissues were selected.

Cell lines and cell culture. The human thyroid cancer cell lines
(TPC1 and BCPAP) were provided by Professor Mingzhao
Xing of Johns Hopkins University School of Medicine
(Baltimore, MA, USA). The TPC1 and BCPAP cell lines were
cultured in RPMI 1640 (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.), 1X
MEM nonessential amino acids and 1X sodium pyruvate. All
cells were maintained in a humidified incubator at 37°C with
5% CO,.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis. Total RNA was
isolated from the tissues or cell lines using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
manufacturer's protocol. Reverse transcription was performed
with ReverTra Ace® qPCR RT Kit (Toyobo Co., Ltd., Osaka,
Japan) according to the manufacturer's protocol (20 ul reac-
tion: 14 ul RNA+ 4 pl 5xRT Buffer+ 1 pl Primer Mix+ 1 ul
EnzymeMix, step 1 16°C for 5 min, step 2 42°C for 30 min,
step 3 98°C for 5 min). The RT-qPCR analysis was performed
using the Applied Biosystems QuantStudio 5 Real-Time PCR
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system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
with THUNDERBIRD SYBR qPCR mix (Toyobo Co., Ltd.)
according to the manufacturer's protocol (20 pl reaction: 1 ul
cDNA+ 7 ul RNA-free water+ 0.8 pl forward primer+ 0.8 ul
reverse primer+ 0.4 ul ROX+ 10 ul Thunderbird SYBR qPCR
Mix, the concentration of primer was 0.2 uM, step 1 95°C for
2 min, step 2 95°C for 15 sec, step 3 60°C for 60 sec, repeat
step 2 and step 3 for 40 cycles, final step 72°C for 5 min).
GAPDH was used as internal control. The relative expres-
sion levels were calculated using the 2424 equation (20).
The primer sequences for PCR were as follows: CITEDI,
forward 5-~AGGATGCCAACCAAGAGATG-3' and reverse
5-GTTTAGTGGGAGGGGTGGTT-3"; GAPDH, forward
5-GGTCGGAGTCAACGGATTTG-3' and reverse 5'-ATG
AGCCCCAGCCTTCTCCAT-3".

Transfection. A siRNA against CITEDI was purchased
from Shanghai Gene Pharma (Shanghai, China). The TPC1
(6x10* cells) and BCPAP (12x10® cells) cell lines were inocu-
lated in 6-well plates 24 h prior to transfection to achieve
50% confluence. RNAIMAX (Thermo Fisher Scientific, Inc.)
was used to transfect cells with the constructs. After 24 h,
the cells were harvested, and the knockdown efficiency was
verified using RT-qPCR analysis. The siRNA sequences were
as follows: siRNA1, forward 5-GGCCUGCACUUGAUG
UCAATT-3" and reverse 5S'-UUGACAUCAAGUGCAGGC
CTT-3'; siRNA2, forward 5-GAGCCCUGCUAUCAUCGA
UTT-3" and reverse 5'-AUCGAUGAUAGCAGGGCUCTT-3";
siRNA3, forward 5-GGGAUCUCCAAUAGGCUCUTT-3'
and reverse 5'-AGAGCCUAUUGGAGAUCCCTT-3". All
assays were performed in triplicate.

Cell proliferation assay. The thyroid cancer TPC1 (2x10° cells)
and BCPAP cells (3x10° cells) were plated into a 96-well plate
and then transfected with siRNA. The plates were harvested
daily. A total of 20 1 MTS (Solution Cell Proliferation Assay;
Promega, Fitchburg, WI, USA) was added to each well with
100 pl aforementioned medium and the plate was placed at
room temperature for 2 h. The absorbance was read at 490 nm
using a Spectramax M5 microplate reader (Molecular Devices,
Sunnyvale, CA, USA). All assays were performed in triplicate.

Colony formation assay. At 48 h post-transfection, the two
transfected cell lines or control cells (2x10° cells for TPC1 and
4x10° cells for BCPAP) were initially seeded into each well of
a six-well plate, and maintained in medium containing 10%
FBS, which was refreshed every 2 days. Following incuba-
tion of the cells for 10 days at 37°C in 5% CO,, their colonies
were visible to the naked eye. The cells were fixed with 4%
paraformaldehyde (PFA; Sigma; Merck Millipore, Darmstadt,
Germany) for 30 min and stained with 0.01% crystal violet for
30 min. The colony numbers were counted using ImageJ 1.5
software (National Institutes of Health, Bethesda, MD, USA).
All assays were performed in triplicate.

Migration and invasion assays. The migration and inva-
sion assays were performed using Transwell chambers with
membranes (Corning, Inc., Corning, NY, USA). The membranes
were uncoated for the migration assays and were coated with
25 ug Matrigel® (BD Biosciences, Franklin Lakes, NJ, USA)
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Figure 1. CITEDI expression of sequence datasets, TCGA cohort and validated cohort in thyroid cancer. (A) Sequence datasets contained 19 tumor tissues and
matched adjacent normal thyroid tissues. (B) TCGA cohort contained 58 tumor tissues and matched adjacent normal thyroid tissues. RPKM was represented
by the expression of UNC5B-asl. (C) Expression of CITEDI of the validated cohort, 47 tumor tissues and matched adjacent normal thyroid tissues by reverse
transcription-quantitative polymerase chain reaction analysis. (D) ROC curve for expression of CITEDI to diagnose PTC in TCGA cohort. The AUC was
91.3%, with 81.5% sensitivity and 98.3% specificity. (E) ROC curve for expression of CITEDI to diagnose PTC in the validated cohort. The AUC was 85.3%,

with 80.9% sensitivity and 80.9% specificity. Data are presented as the mean + standard deviation ranges of UNC5B-asl expression.

ok

P<0.001, compared

with the normal control group using Student's t-test. PTC, papillary thyroid carcinoma; CITEDI, Cbp/p300-interacting transactivators with glutamic acid [E]
and aspartic acid [D]-rich C-terminal domain 1; RPKM, Reads Per Kilobase per Million reads; TGCA, The Cancer Genome Atlas; ROC, receiver operating

characteristic; AUC, area under the curve.

for the invasion assays. The membranes were incubated with
PBS (migration) or Matrigel® for 4 h at 37°C in a 5% CO, atmo-
sphere. The transfected cells and control cells (migration assays:
3x10* cells for TPC1 and 5x10* for BCPAP; invasion assays:
6x10* cells for TPCI, 8x10* cells for BCPAP) were suspended
in culture medium containing 5% FBS and plated in the upper
chamber; the lower chamber contained culture medium with
10% FBS. After 24 h at 37°C in 5% CO,, the non-migrating
cells on the top chamber were removed using a cotton swab,
and those cells that migrated through the membrane were fixed
(4% PFA in PBS) and stained with 0.5% crystal violet. Images
of the cells were captured using a light microscope.

Statistical analysis. Data are presented as the mean + standard
deviation. Student's t-test (unpaired) was used to compare two
groups. Two-way analysis of variance were used with an LSD
post hoc test to identify significant differences among multiple
groups. Categorical variables are expressed as a percentage
and were compared with a ¥ test or Fisher's exact test, as
appropriate. P<0.05 was considered to indicate a statistically
significant difference. Statistical analysis was performed with
SPSS software version 22.0 (IBM SPSS, Armonk, NY, USA).
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA,
USA) was used for graphs.

Results

CITEDI is upregulated in PTC. In order to assess the
results from the whole transcriptome sequence analysis

(Fig. 1A, P<0.001), the mRNA expression of CITEDI in 58
pairs of thyroid cancer with matched normal thyroid tissues
was analyzed in TCGA and it was found that CITED1 was
significantly upregulated in the PTC tissues, compared with
that in the normal thyroid tissues (Fig. 1B, P<0.001). Using
RT-qPCR analysis, the mRNA expression of CITEDI1 was
then evaluated among 47 pairs of PTC samples with matched
adjacent normal thyroid tissues. The expression of CITEDI
was significantly upregulated in the tumor samples, compared
with that in the normal tissues (Fig. 1C, P<0.001), which was in
accordance with the transcriptome sequence and TCGA data-
sets. In addition, receiver operating characteristic analysis was
used to assess the potential diagnostic value of CITEDI. For
the TCGA cohort, the expression of CITEDI to distinguish
thyroid cancer tissues from normal tissues had an area under
the curve (AUC) value of 0.913 with a sensitivity/specificity of
81.5/98.3% (Fig. 1D). For the validated cohort, CITEDI identi-
fied thyroid cancer with an AUC value of 0.853, a sensitivity of
80.9%, and a specificity of 80.9% (Fig. 1E).

Association between the expression of CITEDI and clinico-
pathological features. To investigate the role of CITEDI in
the tumorigenesis and progression in PTC, the present study
analyzed the association between the expression of CITEDI
and clinicopathological features. The PTC patient group was
divided into two groups by the expression of CITEDI, based
on the median value, as a low expression group and high
expression group. In the TCGA cohort, there was a significant
association between a high expression of CITEDI and lymph
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Table I. Association between the expression of CITED1 and clinicopathological features in The Cancer Genome Atlas cohort.

Low CITEDI1 High CITED1
Clinicopathological expression (n=187), expression (n=188),
features n (%) n (%) P-value
Age (years) 0.214
Mean = SD 45.5+154 47.5+153
<45 94 (50.3) 82 (43.6)
>45 93 (49.7) 106 (56.4)
Gender 0.228
Male 54 (28.9) 44 (234)
Female 133 (71.1) 144 (76.6)
Tumor size (cm) 0.835
Mean 3.03x1.77 2.79+1.64
<1 15 (8.0) 14 (7.4)
>1 172 (92.0) 174 (92.6)
Lymph node metastasis 0.006
No 95 (50.8) 69 (36.7)
Yes 92 (49.2) 119 (63.3)
Clinical stage 0.003
I+11 131 (70.1) 104 (55.3)
HI+1vV 56 (29.9) 84 (44.7)
Histological type 0.935
Classical 134 (71.7) 134 (71.3)
Other 53 (28.3) 54 (28.7)

CITED1, Cbp/p300-interacting transactivators with glutamic acid [E] and aspartic acid [D]-rich C-terminal domain 1; SD, standard deviation.

Table II. Univariate logistic regression analysis for the risk of
lymph node metastasis.

Table III. Multivariate logistic regression analysis for risk of
lymph node metastasis.

Factor OR 95% CI P-value  Factor OR 95% CI P-value
CITEDI expression 1.781 1.179-2.69 0.006 CITEDI expression 2,007 1.295-3.109 0.002
(high, vs. low) (high, vs. low)

Age, years (<45 vs. >45) 0.646 0.428-0.976 0.038 Age (<45 vs. >45) 0.639 0.412-0.989 0.045
Gender (male vs. female)  0.501 0.308-0.815 0.005 Gender (male vs. female) 0473 0.284-0.786 0.004
Histological type 0358 0.226-0.569  <0.001 Histological type 0.371 0.229-0.600 <0.001
Tumor size (cm) 2242  1.028-4.889 0.042 Tumor size (cm) 2.171  0.962-4.900 0.062

CITEDI1, Cbp/p300-interacting transactivators with glutamic acid [E]
and aspartic acid [D]-rich C-terminal domain 1.

CITED1, Cbp/p300-interacting transactivators with glutamic acid [E]
and aspartic acid [D]-rich C-terminal domain 1.

node metastasis (P=0.006) and clinical stage (P=0.003), as
shown in Table I. However, the expression of CITEDI was
not associated with age (P=0.214), gender (P=228), tumor
size (P=0.835) or histological type (P=0.935) in either cohort
(P>0.05).

Upregulated expression of CITEDI increases the risk of
lymph node metastasis in patients with PTC. In order to
investigate whether the expression of CITEDI is a major
risk factor for lymph node metastasis, logistic regression

was performed. Univariate logistic regression analysis
demonstrated that the significant variables for lymph node
metastasis were expression of CITEDI1 (OR 1.781, 95% CI
1.179-2.69, P=0.006), age (OR 0.646, 95% CI 0.428-0.976,
P=0.038), gender (OR 0.501, 95% CI 0.308-0.815, P=0.005),
histological type (OR 0.358, 95% CI 0.226-0.569, P<0.001)
and tumor size (OR 2.242, 95% CI 1.028-4.889, P=0.042), as
shown in Table II. Multivariate logistic analysis also showed
that the expression of CITEDI (OR 2.007,95% CI 1.295-3.109,
P=0.002), age (OR 0.639, 95% CI 0.412-0.989, P=0.045),
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Figure 2. Downregulated expression of CITEDI inhibits cell proliferation in papillary thyroid carcinoma cell lines. (A) Expression level of CITEDI was moni-
tored by reverse transcription-quantitative polymerase chain reaction analysis, and was effectively downregulated in TPC1 and BCPAP cells transfected with
siRNA, compared with the NC group. In the cell proliferation assay, proliferation was significantly suppressed in (B) TPCI and (C) BCPAP cells transfected
with siRNA compared with the NC group. (D) Relative quantification of the colony numbers in the (E) colony formation assay, in which TPC1 and BCPAP
cells transfected with siRNA and NC group cells were plated in 6-well plates at the appropriate density. Data are presented as the mean =+ standard deviation
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ranges of expression.

P<0.001, compared with the NC group using two-way analysis of variance and a LSD post hoc test. CITEDI, Cbp/p300-interacting

transactivators with glutamic acid [E] and aspartic acid [D]-rich C-terminal domain 1; siRNA, small interfering RNA; NC, normal control.

gender (OR 0.473, 95% CI 0.284-0.786, P=0.004) and histo-
logical type (OR 0.371, 95% CI 0.229-0.600, P<0.001) were
positively correlated with increased lymph node metastasis,
whereas lymph node metastasis status was not associated with
tumor size (OR 2.171 95% CI1 0.962-4.900, P=0.062; Table III).
Therefore, upregulated CITEDI increased the risk of lymph
node metastasis in patients with PTC.

Downregulated expression of CITEDI inhibits cell proliferation
in PTC cell lines. As the CITEDI gene is commonly upregulated

in PTC, it was hypothesized that this gene is important in
tumorigenesis and progression. Therefore, the present study
selected effective siRNA1 and siRNA?2 to significantly knock
down the expression of CITEDI in the cell lines, and the expres-
sion level was evaluated using RT-qPCR analysis (Fig. 2A).
Cell proliferation assays and colony formation assays were
then performed. The results revealed that the downregulation
of CITEDI effectively inhibited thyroid cell line proliferation
(Fig. 2B and C, P<0.001) and colony formation (Fig. 2D and E,
P<0.001), compared with the control group.
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Figure 3. Downregulated of CITEDI inhibits migration and invasion in papillary thyroid carcinoma cell lines. (A) Migration assay (magnification, x10) and
(B) Relative quantification of migrating cell number. Migrating cell numbers were lower in the TPC1 and BCPAP cells transfected with siRNA, compared with
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compared with the NC group using two-way analysis of variance and an LSD post hoc test. CITED1, Cbp/p300-interacting transactivators with glutamic acid
[E] and aspartic acid [D]-rich C-terminal domain 1; siRNA, small interfering RNA; NC, normal control.

Downregulated of CITEDI inhibits migration and invasion in
PTC cell lines. As the increased expression level of CITEDI
was associated with lymph node metastasis in the clinical
feature analysis, the role of CITEDI in PTC was demonstrated
using migration and invasion assays. The data revealed that
downregulated CITEDI significantly inhibited the PTC cell
migration capacity, compared with that in the control group
(P<0.001, Fig. 3A and B). The Transwell invasion assays also
showed that downregulated CITEDI effectively inhibited the
invasion capacity of the PTC cells (P<0.001, Fig. 3C and D).
The biological function of CITEDI in these experiments was
consistent with the results of the clinical feature analysis,
revealing that CITEDI is a potential risk factor for metastasis
in PTC.

Discussion

PTC is the most common type of thyroid malignancy,
accounting for >85% of all cases (21). PTC has a high propen-
sity for lymph node metastasis, with over one-third of patients
having clinically detectable lymph node involvement on initial
presentation (22). Even in patients with no detectable nodal
disease on examination, ~80% of patients present with micro-
metastatic lymph node disease on postoperative pathologic
examination (23). Several studies have identified that lymph
node metastasis can increase the risk of local recurrence,
which is a poor prognostic factor (24-26). In order to avoid
unnecessary lymph node dissection, it is important to identify
a gene associated with PTC as a molecular marker, which can

predict the progression and lymph node metastasis status of
PTC.

Although thyroid cancer has been investigated in
previous decades, ~4% of PTC cases are without a known
oncogenetic driver or epigenetic alterations (27). In the
present study, it was found that CITEDI may be a potentially
important PTC-associated gene, which was significantly
upregulated on analysis of the sequencing dataset. In addi-
tion, the expression level of CITEDI1 was confirmed in
TCGA data sets and by relative expression by RT-qPCR
analysis.

It is known that CITEDI is important in several types of
tumor. In breast cancer, it has been found that expression level
of CITEDI parallels that of estrogen receptor (ER)a, which
resulted in a good outcome. This suggested that potential main-
tenance of the ERa-CITEDI co-regulated signaling pathway
in breast tumors can indicate good prognosis (28). However,
in other types of tumor, CITEDI is a gene associated with
tumorigenesis. The mRNA expression of CITEDI is associated
with CXXC finger protein 4 and Kringle containing transmem-
brane protein 1, which indicated that it as a potential marker in
embryonic liver tumors (29). In papillary thyroid cancer, hypo-
methylation of the CpGs in the promoter region of CITEDI
is associated with a higher mRNA expression of CITEDI,
indicating that epigenetic regulation is involved in the overex-
pression of CITEDI (30). The expression of CITEDI has also
been identified as an independent risk factor for lymph node
metastasis in patents with T3 colorectal cancer, and CITEDI
has the potential ability to predict the presence of lymph node
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metastasis in patients with T1 colorectal cancer (31). These
studies are consistent with the results of the present study that
the CITEDI was a gene associated with PTC and increased the
risk of lymph node metastasis in PTC.

In the present study, the mRNA expression level of CITEDI1
was evaluated by RT-qPCR analysis, which was consistent
with the bioinformatics analysis. In addition, logistic regres-
sion analysis indicated that a high expression of CITEDI was
a risk factor for lymph node metastasis in patients with PTC.
In PTC cell lines, it was demonstrated that downregulated
CITEDI inhibited cell proliferation and colony formation, and
decreased migration and invasion, which was observed using
cellular and molecular approaches. These results were consis-
tent with clinicopathological features that showed CITEDI
was associated with lymph node metastasis and increased risk
of metastasis.

The present study, as with others, had several limitations.
First, the function of CITEDI1 was not verified in vivo. Second, the
mechanism of CITEDI in tumorigenesis and metastasis remains
to be elucidated and requires further investigation. Finally, the
number of patients recruited was limited and additional cases
are required to provide more rigorous results.

In conclusion, the present study investigated the asso-
ciation between CITEDI and lymph node metastasis, and the
function of CITEDI in vitro. It was found that CITEDI was
significantly associated with lymph node metastasis, and that
CITEDI resulted in increased tumorigenesis and metastasis.
These findings provide a potential diagnostic and therapeutic
molecular marker for PTC.
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