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Abstract: YEATS domain containing 4 (YEATS4) is usually amplified and functions as an oncogene in human glioma.
However, the biological role of YEATS4 in colorectal cancer (CRC) has not yet been discussed. In this study, we inves-
tigated the expression level of YEATS4 in 85 pairs of CRC and paracancerous tissues, and knocked down YEATS4
via a lentivirus system in RKO CRC cell line. Although YEATS4 was upregulated in CRC tissues, YEATS4 expression
showed no association with any clinical features and overall survival. Inhibition of YEATS4 significantly suppressed
cell proliferation and colony formation. Flow cytometry revealed that cell cycle was arrested in the GO/G1 phase and
the number of apoptotic cells were significantly increased when YEATS4 expression was inhibited. In conclusion,
our findings provide first evidence that YEATS4 may be an important regulator of cell proliferation and apoptosis in

CRC cells.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon forms of cancer worldwide, accounting for
9.4% of the total cancer cases and 8.0% of the
cancer deaths [1]. Tumorigenesis is a complex
biological process that is closely related to the
activation of oncogenes and inactivation of
tumor suppressor genes. Clarification of the
underlying molecular mechanism of tumor
occurrence and identification of effective tar-
gets can help in the diagnosis and treatment of
CRC.

YEATS domain containing 4 (YEATS4) is a highly
conserved nuclear protein that is originally
identified in human glioma [2]. By investigating
the proteins that interact with YEATS4, it can be
inferred that YEATS4 is involved in chromatin
modification and transcriptional regulation [3,
4]. Many YEATS4 binding partners have been
identified, including AF10, KIAA1009, MYC,
MYCN, NuMa, TACC1, TACC2, AP-2beta, TFIIF,
and PFDN1 [5-9]. YEATS4 functions as an onco-
gene and is amplified in some types of malig-
nancy such as non-small cell lung cancer [10],
astrocytomas [2, 11], glioblastomas [11], and
liposarcoma [12].

Only a few reports about YEATS4 are available,
and the function of YEATS4 in CRC has not been
reported yet. In this study, we investigated
YEATS4 expression in CRC tissues and exam-
ined the effect of YEATS4 on CRC cells prolifera-
tion, cell cycle, apoptosis and migration. The
biological significance of YEATS4 in CRC was
investigated to provide experimental evidence
for targeted therapy of CRC.

Materials and methods
Patients and tissue samples

A total of 85 pairs of CRC and paracancerous
tissues were derived from patients undergoing
CRC resection surgeries at Tongren Hospital
between 2008 and 2014. All samples were
confirmed by two independent pathologists.
Written informed consent was obtained from all
patients, and the protocol was approved by the
Ethics Committees of Tongren Hospital.

Cell lines

Human CRC cell lines RKO, HCT116, HT29, and
DLD-1 were obtained from the American Type
Culture Collection (ATCC). Cell lines were main-
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tained in DMEM (Gibco, CA, USA) supplement-
ed with 10% fetal bovine serum, 100 U/mL
penicillin, and 100 mg/L streptomycin at 37°C
in a humidified incubator with 5% CO,,.

Quantitative RT-PCR (qRT-PCR)

Total RNA was isolated from CRC tissues and
cell lines using Trizol reagent (Invitrogen, CA,
USA) according to manufacturer’s instruction.
The mRNA level of YEATS4 was determined by a
gRT-PCR assay. The following primers were
used for gRT-PCR: YEATS4, 5-TCATAGAACTCT-
GAAACCACTGTC-3’ (sense) and 5-TCATAGAAC-
TCTGAAACCACTGTC-3’ (antisense); GAPDH, 5™-
TGACTTCAACAGCGACACCCA-3’ (sense), 5-CA-
CCCTGTTGCTGTAGCCAAA-3’ (antisense). gRT-
PCR was carried out using SYBR Premix Ex Taqll
kit (Takara, Dalian, China) in an ABI PRISM
7900HT Sequence Detection System (Applied
Biosystems, CA, USA). All RT-PCRs were per-
formed in triplicates. The relative expression
level of YEATS4 was normalized to GAPDH and
calculated using the formula 224,

Western blot

Cells were lysed in an ice-cold lysis buffer con-
taining 50 mM Tris, 2% 2-mercaptoethanol,
20% glycerol, and 4% SDS. Lysates were centri-
fuged at 12,000 x g at 4°C for 15 min, and the
protein concentrations in the supernatants
were determined using by Bio-Rad protein
assays. After denaturation by heating, the pro-
teins were separated by electrophoresis with
10% SDS-PAGE and then transferred onto PVDF
membranes. Blots were blocked, and rabbit
anti-human antibodies was added. Membranes
were incubated at 4°C overnight and washed,
and then peroxidase-conjugated secondary
antibodies were added. Finally, Membranes
were incubated at room temperature for 2 h.
Blots were visualized using ECL Plus Western
blotting detection kit (Amersham Pharmacia
Biotech, NJ, USA). GAPDH was used as a load-
ing control.

RNA interference

YEATS siRNA target sequences was 5-GCTG-
TTTCAATCAGACACCAA-3'. The siRNA was syn-
thesized by Shanghai Genechem Co., Ltd.,
China. RKO cells growing in good condition
were cultured, and 5x10* cells were inoculated
into each well of six-well plates a day before
virus infection. The cells were cultured in an
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incubator at 37°C with 5% CO,. On the day of
infection, the experiment on RKO cells was con-
ducted by adding RNAI lentiviral particles. GFP
expression was observed with a fluorescence
microscope 3 d after infection, and the cells
were collected 5 d after infection. The interfer-
ence effects of the target were assessed using
gRT-PCR and Western blot.

Cell proliferation assay

Cells in logarithmic growth phase were digest-
ed into a single-cell suspension, and 3000
cells were inoculated into each well of 96-well
plates. The plates were cultured in an incubator
at 37°C with 5% CO,. From the next day after
plating, the plates were detected and read
once per day for five consecutive days. The
number of green fluorescent cells in the plates
at each scan was calculated accurately to draw
the cell proliferation curve within 5 d.

MTT assay

Cells in logarithmic growth phase were digest-
ed into a single-cell suspension, and 3000
cells were inoculated into each well of 96-well
plates, with six wells in each group. The plates
were cultured in an incubator at 37°C with 5%
CO,. The absorbance was determined by MTT
atdays 1, 2, 3, 4, and 5. Exactly 100 pL of 0.2
mg/mL MTT solution (Dingguo, Beijing, China)
was added into each well for 3 h of continuous
culture, and the supernatant was discarded.
Finally, 150 pL of DMSO (Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) was added
into each well, and the mixture was shocked
fully for 10 min. Colorimetric assay with OD
value at 490/570 nm was conducted with a
microplate reader EIX800 (Biotek, VT, USA) to
draw the growth curve.

Colony formation assay

Cells in logarithmic growth phase were digest-
ed into a single-cell suspension, and 800 cells
were inoculated into each well. Transfection
was performed using the same multiplicity of
infection (MOI) after 24 h. Subsequently, the
cells were cultured statically at 37°C with 5%
CO, for two weeks, fixed in methanol, and
stained with Giemsa. The clones were counted,
and the colony forming efficiency was calculat-
ed by the formula: (colony forming efficiency =
number of clone/inoculated cell number x
100%).
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Figure 1. YEATS4 expression in CRC tissues and its clinical significance. A. YEATS4 was significantly upregulated in
CRC tissues compared with adjacent normal tissues. B. Kaplan-Meier overall survival curves according to YEATS4
expression level. The median survival time of patients with high YEATS4 expression (n = 21: YEATS4 expression >
4th quartile) was significantly lower than that of patients with low YEATS4 expression (n = 64: MEG3 expression <

4th quartile). P = 0.043, log-rank test. *P <0.05.

Flow cytometry/cell cycle analysis

When cell fusion reached 80%, the cells were
digested into a single-cell suspension. Apop-
tosis was detected using Annexin V-APC apop-
tosis detection kit (eBioscience, CA, USA) ac-
cording to the manufacturer’s instructions. The
cell cycle was determined using the convention-
al staining method. Specifically, the cells were
fixed in 70% ethanol pre-cooled for 1 h, centri-
fuged at 1500 g for 5 min to remove the fixation
solution, and washed once with PBS. The cells
were then collected after centrifugation at
1500 g for 5 min, and RNase A (Sigma, MO,
USA) was added to 1 mL of the pre-cooled
resuspended cells in PBS to obtain a final con-
centration of 0.25 g/L. The resulting suspen-
sion was placed at 37°C for 30 min, and the
cells were stained with 5 mL of PI (Sigma, MO,
USA) at room temperature in the dark for 5 min.
Finally, the cell cycle was detected at 488 nm
with FACSCalibur flow cytometer (BD, NJ, USA).

Transwell migration assay

A 24-well transwell chamber (8 um) was adopt-
ed for the cell migration experiment. The cell
concentration was adjusted to 1x10%/mL with
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serum-free medium 24 h after cell treatment
with serum-free medium. Subsequently, 100
uL of cell suspension in each group was added
into the chambers, and 600 yL of 30% fetal
bovine serum was added into the lower cham-
ber. After 24 h of incubation, the non-metastat-
ic cells on the upper chamber were wiped and
then stained with crystal violet. The average
transmembrane cell number of five fields was
counted. This experiment was repeated three
times.

Statistical analyses

All statistical analyses were performed using
SPSS software, version 19.0 (SPSS Inc, IL,
USA). Quantitative data were presented as the
mean x SD, and tested for significance with the
Student t test. The expression levels of YEATS4
in CRC and paracancerous tissues were com-
pared using the Wilcoxon signed-rank test. The
relationship between YEATS4 expression and
clinical features was tested using Chi-square
test or Fisher’s exact test. The impact of YEATS4
expression on overall survival was evaluated
using Kaplan-Meier and log-rank analysis.
Cox’s proportional hazard model was per-
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Figure 2. Knockdown of YEATS4 expression in RKO cells. A. The mRNA level of YEATS4 was detected in CRC tissues
and cell lines by qRT-PCR. B & C. knockdown of YEAST4 in RKO cells was confirmed by qPCR and Western blotting,
respectively. D. The expression of green fluorescent protein in transfected cells was detected by fluorescence mi-

croscopy (x 200). **P < 0.01.

formed to calculate hazard ratio (HR) and 95%
confidence interval (Cl). All tests were two-
tailed and a P values of < 0.05 was considered
statistically significant.

Results

Dissecting YEATS4 expression in clinical
samples

Although YEATS4 has been reported as overex-
pressed in some human cancers such as lung
adenocarcinoma [10], its expression has not
been extensively investigated in CRC. The
MRNA levels of YEATS4 in CRC tissues were
therefore compared against adjacent normal
tissues. The levels of YEATS4 in CRC tissues
were significantly higher than those in paracan-
cerous tissues (P = 0.027, Figure 1A). However,
there was no difference between YEATS4
expression and any clinical features (data not
shown). Furthermore, the impact of YEATS4
expression on survival in 86 CRC patients was
evaluated. In Kaplan-Meier analysis, there was
a weak but significant association between
YEATS4 expression and overall survival (P =
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0.043, Figure 1B). Cox proportional hazards
regression analysis revealed that high YEATS4
expression (= 4th quartile) was significantly cor-
related with worse survival time (HR = 1.910,
95% Cl: 1.005-3.632, P = 0.048). However, the
difference disappeared after adjustment for
age, sex, histological grade, size, and TNM sta-

ge.

YEATS4 regulates the proliferation and colony
formation of CRC cells

The level of YEATS4 was investigated in CRC
cell lines RKO, HCT116, HT-29, and DLD-1, and
RKO cells showed the highest level of YEATS4
(Figure 2). Consequently, RKO cell line was
chose for the follow-up experiments. To explore
the function of YEATS4 in the progression of
CRC, lentiviral shRNA targeting YEATS4 was
stably transfected into RKO cells. The mRNA
and protein levels of YEATS4 were confirmed by
gPCR and Western blot, respectively. The
YEATS4 siRNA effectively down-regulated the
expression levels of YEATS4 in RKO cells.
YEATS4 silencing significantly reduced cell via-
bility (P < 0.05, Figure 3A), indicating that
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Figure 3. Effects of YEATS4 knockdown on cell proliferation and colony formation in RKO cells. A. Cells proliferation
was determined by MTT assay. Inhibition of YEATS4 suppressed growth of RKO cells in a time-dependent manner.
B. Colony formation assay was performed to determine the proliferation potential of cells. The number of colonies in
YEATS4-scilenced RKO cells was significantly reduced compared with the controls. Data were shown as mean + SD
of triplicate experiments, *P < 0.05, **P < 0.01.
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Figure 4. Effects of YEATS4 knockdown on cell cycle and apoptosis of RKO cells. A. The bar chart represented the

percentage of cells in GO/G1, S, or G2/M phase, as indicated. B. Inhibition of YEATS4 promoted RKO cells apopto-
sis. ***P < 0.001.

YEATS4 may promote CRC cell proliferation. ATS4-silenced RKO cell colonies were signifi-
Similar to anti-proliferation by YEATS4 siRNA, in cantly reduced compared with the negative
a colony-forming assay, the members of YE- control (P < 0.01, Figure 3B).
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YEATS4 regulates the cell cycle and apoptosis
of CRC cells

Cell cycle analysis showed that knockdown of
YEATS4 caused increased accumulation of
cells in GO/G1 (P < 0.01), with reductions in
both the S (P < 0.01) and G2/M populations
(Figure 4A). This result indicated that inhibition
of YEATS4 in RKO cells affected their normal
regulation of cell cycle progression. Cell death
analysis revealed an increase in apoptosis rate
of RKO cells as visualized through Annexin-V
positive cells when YEATS4 expression was
inhibited (P < 0.001, Figure 4B).

The effect of YEATS4 knockdown on the migra-
tion of CRC cells

We further performed in vitro loss-of-function
analyses to determine the role played by
YEATS4 in RKO cell migration. Transwell migra-
tion assay showed no difference in migration
ability between YEATS4 knockdown and nega-
tive control groups (P > 0.05, data not shown).

Discussion

YEATS4, originally identified in glioblastoma
multiform cell line TX3868, is usually amplified
in astrocytomas [2, 11] and glioblastomas [11].
Therefore, it is considered to act as an onco-
gene in the development of glioma. YEATS4 is
located in chromosome 12q13-15, which is
amplified in CRC [13, 14]. In this study, we ana-
lyzed the expression level of YEATS4 in CRC tis-
sues and explored the effects of YEATS4 on
CRC cell lines. YEATS4 is upregulated in CRC
and promotes CRC cells proliferation. However,
the expression level of YEATS4 did not affect
prognosis of CRC.

YEATS4 contains 227 amino acids and has a
molecular weight of 26.7 KD. YEATS4 has a
negatively charged a-helical structure at the
C-terminal end, which is the typical feature of
eukaryotic transcription factor activation do-
main and is also the protein-protein interaction
area [2]. The N-terminal domain consists of the
tf2f domain, which is highly conserved in the
YEATS protein family [13]. Given that YEATS4
lacks the DNA binding domain and only con-
tains the DNA activation domain, it is predicted
to be an incomplete transcription factor. For
example, Ding X. et al. [9] reported that YEATS4
can function as a transcriptional co-activator
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for AP-2p3 to enhance its DNA-binding activity.
YEATS4 can interact with MLL infusion protein
AF10 via the C-terminal activation domain, and
is involved in the development and progression
of leukemia [6]. YEATS4 overexpression leads
to inhibition of senescence and an increase in
multipolar mitotic spindle formation [10, 14].
Furthermore, Zimmermann et al. [15] reported
that YEATS4 knock out caused chicken pre-
lymphoid cell line DT40 cells death, indicating
that YEATS4 is required for RNA transcription
and is essential for cell viability. More recent
study has revealed that YEATS4 is a critical
RNAi component [16]. Given that its important
role in the processes of transcription regula-
tion, YEATS4 is involved in many cellular pro-
cession such as cell proliferation, differentia-
tion and carcinogenesis.

To explore the effect of the YEATS4 gene on
CRC, we adopted RNAIi technology to silence
YEATS4 expression in RKO cells. We found that
inhibition of YEATS4 reduced the rate of cell
proliferation through cell cycle arrest during the
G1 phase and induced apoptosis in RKO cells.
Therefore, the YEATS4 gene could promote
CRC cell proliferation by inhibiting apoptosis
pathway, which is an important factor that pro-
motes the occurrence and development of
colon cancer. Llanos et al. reported that YEATS4
was involved in the regulation of p53 activity,
and can inhibit p53-mediated apoptosis [17]. A
study by Pikor et al. [10] showed that YEATS4
acted as a negative regulator of the p21-p53
pathway to promote lung cancer cells prolifera-
tion and inhibit apoptosis. Nevertheless,
YEATS4 may regulate P53 activity through mul-
tiple approaches. Under non-stress and normal
conditions, YEATS4 binds to the promoter of
pl4 and p21 to inhibit their expression, thereby
repressing the p53 pathway [18]. This mecha-
nism does not rely on the action of TIP60 HAT
complex and co-activator. As a consequence,
YEATS4 is speculated to block the abnormal
activation of growth suppressor, such as pl4
and p21, and it may be involved in the inhibition
of the p53 tumor suppressor pathway in normal
cell cycle. Furthermore, YEATS4 can bind to
PP2CpB, a PP2C family member, to form a com-
plex, which dephosphorylates serine 366 on
p53 and regulates its stability [19]. Further
studies are required to elucidate mechanism by
which YEATS4 regulates cell proliferation and
apoptosis of CRC.
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In conclusion, to the best of our knowledge, this
is the first report describing the role of YEATS4
in CRC. Our findings provide preliminary evi-
dence that inhibition of YEATS4 by RNA interfer-
ence suppresses the proliferation and effec-
tively induces the apoptosis in CRC cells. This
offers experimental evidence to gene therapy
of CRC. However, further studies are needed to
explore whether YEATS4 is an effective target
for the clinical treatment of CRC.
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