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Abstract: Chromodomain helicase/ATPase DNA-binding protein 1-like (CHD1L) gene is a novel oncogene ampli-
fied in many solid tumors. We investigated its role in breast cancer. CHD1L was over-expressed in 49.1% (57/116)
breast cancer patients. Overexpression of CHD1L was significantly associated with younger age at diagnosis (P =
0.016), lymph node involvement (P = 0.040), higher tumor grade (P = 0.027), higher proliferation rate (P = 0.007)
and shorter disease-free survival rate (77.2% vs. 91.5%, P = 0.037). A cDNA microarray analysis identified MDM2
as an important downstream target of CHD1L. And MDM2/p53 signaling pathway was showed to be significantly
modulated by CHD1L. Further in vitro study showed that overexpression of CHD1L can promote tumorigenesis,
metastasis, invasion and cell cycle progress. In vivo study confirmed the tumorigenesis ability of CHD1L. shRNA-
mediated CHD1L silencing could abolishes the tumor-promotion effect of CHD1L in vitro and in vivo. In conclusion,
CHDZ1L may promote the progress of breast cancer cells via the MDM2/p53 signaling pathway. This study identified
CHD1L as a prognostic factor for breast cancer and MDM2 might be used as a potential target for therapeutic inter-

vention in CHD1L overexpression breast cancer.
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Introduction

Breast cancer is the most frequently diagnosed
cancer among Chinese women, with an inci-
dence of 41.73/105 in 2013 [1]. Although adju-
vant chemotherapy improves survival in early
breast cancer for some patients, the mortality
rate of breast cancer is in rise [2]. Therefore, to
explore the pathogenesis of breast cancer and
to find new therapeutic target is still of vital
importance to improve the prognosis of breast
cancer patients.

It has been reported that the occurrence of
breast cancer is closely related to the instabili-
ty of the genome, such as gene amplification,
deletion, mutation [3, 4]. Gains in 1q were one
of the most frequent genetic alterations in
breast cancer and Comparative Genomic Hy-
bridization (CGH) analysis indicated that more
than 30% of breast tumors had regional (.10
Mb) gains in 1q [5-7]. The chromodomain heli-
case/ATPase DNA binding protein 1-like gene
(CHD1L) was recently identified as a target

oncogene within the 1921 amplicon in hepato-
cellular carcinoma (HCC), which was closely
related to the proliferation and invasion of liver
cancer, and can independently predict the sur-
vival of HCC patients [8-10].

CHDZ1L exhibits an oncogenic role during malig-
nant transformation and was identified as a
novel oncogene [11]. In a CHDI1L transgenic
mouse model, transgenic CHD1L expression
induced the spontaneous formation of tumors
[12]. Overexpression of CHD1L protein is con-
sidered to be a biomarker of poor prognosis in
many solid tumors such as ovarian cancer, pan-
creatic cancer, colorectal cancer and gastric
cancer [13-16]. CHDIL gene was also overex-
pressed in 40%-50% breast cancer patients.
The overexpression of CHD1L was proved to be
related to more aggressive tumor behavior and
worse prognosis in breast cancer [17, 18]. While
the mechanism of CHD1L promoting breast
cancer progressing has not been fully un-
derstood.
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As a member of SNF2-like family, CHD1L con-
tains a conserved SNF2_N domain, a helicase
superfamily domain, which may play important
roles in transcriptional regulation, maintenance
of chromosome integrity and DNA repair [11].
Therefore, investigating CHDLL transcriptional-
ly regulated network would aid in the elucida-
tion of oncogenetic molecular mechanism of
CHD1L and may further provide new therapeu-
tic targets for cancer treatment.

In this study, we found that CHD1L could pro-
mote proliferation and invasion of breast can-
cer cells. Expression profile microarray result
showed that CHD1L may act through MDM2/
P53 signaling pathway in vitro and in vivo.

Materials and methods
Patients and clinical specimens

One hundred and sixteen patients who under-
went surgery for breast cancer at our center
were included in this study. None of these
patients received preoperative chemotherapy
or radiotherapy. The surgical specimens (both
tumor and adjacent non-tumor tissue) were
embedded in paraffin block. All patients gave
written informed consent on the use of clinical
specimens for medical research. Studies using
human tissue were reviewed and approved by
the Committees for Ethical Review of Research
involving Human Subjects of our institute. The
construction of tissue microarray (TMA) were
performed as described previously [17].

Cell lines and culture conditions

The breast cancer cell lines MDA-MB-231,
T47D, SKBR3, MCF7 and BT-474 were obtained
from the cell bank of Chinese Academy of
Sciences (Shanghai). MDA-MB-231, T47D and
SKBR3 were maintained in PRIM-1640 medium
supplemented with 10% fetal bovine serum
and 1% penicillin/streptomycin. MCF7 and BT-
474 were maintained in high-glucose DMEM
supplemented with 10% fetal calf serum (In-
vitrogen). The cells were incubated at 37°Cin a
humidified chamber containing 5% CO,,

Antibodies

CHDI1L (rabbit, HPA0O28670, sigma), B-actin
(rabbit monoclonal, 12620s, Cell Signaling
Technology, CST), MDM2 (rabbit, AF1244,
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R&D), p53 (mouse monoclonal, sc-126, Santa
Cruz). ER: clone 1D5 (rabbit monoclonal, Gene),
PR: clone PR636 (mouse monoclonal, Dako),
HER2: c-erbB-2 4B5 (2009-2012, rabbit mo-
noclonal, Roche), Ki-67: clone MIB-1 (mouse
monoclonal, Dako).

Immunohistochemistry (IHC)

IHC staining was performed with the standard
streptavidin biotin-peroxidase complex method
according to the manufacturer’s instructions.
The degree of immunostaining of sections was
reviewed and scored independently by two
observers. Staining status was decided as pre-
viously described [17]: CHD1L status was deter-
mined by staining intensity times the propor-
tion score with a cut off value of median score
(Staining Intensity was defined as O = negative,
1 = weak, 2 = moderate, and 3 = strong. Po-
sitive Cells was scored as O = negative, 1 =
1%-10%, 2 = 11%-30%; 3 = 31%-50%, 4 = 51%-
80% and 5 >280% positive cells). Positive stain-
ing for ER/PR was defined as nuclear staining
in >1% of tumor cells. HER2 positivity was con-
sidered as HER2 3+ by IHC or positive on FISH,
whereas cases with O to 1+ or 2+ without FISH
positivity were regarded as negative. Repre-
sentative tumor specimens were stained for
Ki-67 according to manufacturer's recom-
mendations.

RNA extraction and quantitative real-time poly-
merase chain reaction (QRT-PCR)

Total RNA extraction and QRT-PCR were per-
formed as described previously [17]. Cycle
threshold was measured during the exponen-
tial amplification phase, and the amplification
plots were analyzed using SDS 1.9.1 software
(Life Technologies).

Western blot

Western blot analysis was performed using the
standard method with antibodies. The densi-
tometry data were analyzed using Scion Image
software, version beta 3b (Scion, Frederick,
MD).

Lentivirus-mediated gene overexpression and
knockdown

The full-length CHD1L cDNA was amplified and
cloned into the GV492 expression vector
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Figure 1. Expression of CHDAL in breast cancer tissue. (A) Normal expression of CHD1L in adjacent non-tumor
tissue. (B) Overexpression of CHD1L in primary breast cancer tissue. (C) Kaplan-Meier disease-free survival curve
and (D) overall survival curve of breast cancer patients correlated with CHD1L expression. CHD1L (+), patients with
CHD1L overexpression; CHD1L (-), patients without CHD1L overexpression.

(Genechem) according to the manufacturer’s
instructions. Either the CHD1L expression con-
struct or the GFP control plasmid was transfect-
ed into the 293FT cell line. Virus-containing
supernatants were collected for subsequent
transduction into BT-474 cells. For the knock-
down assay, short hairpin RNA (shRNA) of
CHD1L were designed (5-GTATTGGACATGCC-
ACGAAA-3’) based on the gene sequence
(NM_004284). The oligoduplexes were cloned
into the GV248 (Genechem) vector or GFP con-
trol plasmid. Viruses were packaged and trans-
duced into MDA-MB-231 cells. Puromycin
(Sigma-Aldrich) was used to select stably trans-
duced cells.

Cell viability

Cell viability was determined using the CCK-8
(Cell Counting Kit-8; Dojindo, Japan) assay. A
total of 10000 per well cells were seeded in
96-well plates. After incubation for every 24 h,
10 ul of CCK-8 solution was added to each well.
The absorbance at 450 nm was measured
using multi-well scanning spectrophotometer
(Thermo). All experiments were performed
using triplicate wells per condition in each
assay and were repeated at least 3 times.
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Colony formation assay

Cells were cultured in 6-well plate at a density
of 1,000 cells per well and incubated for 15
days to allow colony formation. Colonies con-
taining more than 50 cells were counted and
evaluated.

Wound healing and invasion assays

The cell migration status was determined by
measuring the movement of cells into a scraped
area created using a 200-ul pipette tip. The
spread of wound closure was observed after
48 hours and photographed under a micro-
scope. Invasion assays were performed with
24-well BioCoat Matrigel Invasion Chambers
(BD) according to the manufacturer’s instruc-
tions. The number of cells that invaded through
the Matrigel was counted in 10 fields under a
x20 objective lens.

Cell cycle analysis

Cells were cultured in full medium containing
10% fetal bovine serum. Serum was withdrawn
from the culture medium when the cells were
70% confluent. After 24 h, 10% fetal bovine
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Table 1. Association of CHD1L overexpression with clini-

copathologic features

dorsal flank of the same animal in a lam-
inar flow cabinet. Tumor volume was

measured weekly and calculated as 0.5

P value x | x w2 [9]. The mice were euthanized

CHD1L expression
Overexpression Normal expression

Age

<55 31 (54.4%) 19 (32.2%)

>55 26 (45.6%) 40 (67.8%)
T stage

1 28 (49.1%) 31 (52.5%)

2 26 (45.6%) 28 (47.5%)

3 3(5.3%) 0 (0.0%)
LN involvement

Yes 29 (51.8%) 19 (32.8%)

No 27 (48.2%) 39 (67.2%)
Grade

-1 21 (41.2%) 35 (62.5%)

I 30 (58.8%) 21 (37.5%)
ER

Positive 21 (36.8%) 30 (50.8%)

Negative 36 (63.2%) 29 (49.2%)
PR

Positive 17 (29.8%) 23 (39.0%)

Negative 40 (70.2%) 36 (61.0%)
Her2

Positive 11 (19.3%) 11 (18.6%)

Negative 46 (80.7%) 48 (81.4%)
Ki67 45.3+24.5 33.7+20.6

0.928

on the fifth or sixth week, and the tumors
were excised and embedded in paraffin.

0.016

RNA microarray hybridization and signal

0.305 scanning

The Affymetrix PrimeView™ Human
Gene Expression Array (Affymetrix,
901838, Santa Clara, CA, USA) was
used to profile differentially expressed
genes in con-231 vs. shCHD1L-231 cells
following the manufacturer’s instruc-

0.040

0.027 tions. Briefly, extracted RNA template

was reversely transcribed into cDNA and
digested into fragments with endonucle-

0.129 ases. These fragments were labeled

with DNA labeling reagent and labeled
cDNAs were hybridized to the microarray
via incubation at 45°C and rotated at 60
rom for 16 h. Following washing and
staining, the arrays were scanned using
a GeneChip Scanner3000 with Gene-
Chip Operating Software.

0.300

Data analysis

0.007

serum was added to the medium for an addi-
tional 24 h. The cells were fixed in 70% ethanol,
stained with propidium iodide, and analyzed
using a flow cytometer. Triplicate independent
experiments were performed.

Tumor xenograft mouse model

Female athymic nude mice (4-6 weeks old)
were housed under standard conditions and
cared for according to the institutional guide-
lines for animal care. All experimental animal
procedures were conducted in compliance with
institutional requirements and were approved
by the Shanghai Jiao Tong University School of
Medicine Committee for the Use and Care of
Animals (Shanghai, China). For the xenograft
tumor growth assay, control cells (Vec-474, and
Con-231) were injected subcutaneously into
the left dorsal flank of mice, and CHD1L-
expressing or knockdown cells (CHD1L-474,
and shCHD1L-231) were injected into the right
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The data were expressed as the mean +
standard deviation (SD) or mean =+
Standard Error of Mean (SEM) (xenograft da-
ta). Statistical analyses were carried out in
SPSS version 17.0 (SPSS, Inc., Chicago, IL). The
clinicopathological features in CHD1L expres-
sion level of patients were compared using
Pearson x? test for categorical variables and
independent Student’s t test for continuous
data. Kaplan-Meier plots and log-rank tests
were used for survival analysis. Independent
Student’s t-test were used for statistics of ce-
Il cycle, cell growth rate, foci formation, cell
migration distance, invasion cell numbers, and
in vivo tumorigenesis volume. A P value less
than 0.05 was considered statistically si-
gnificant.

For the gene expression array results, the
screening criteria for significant differently
expressed gene was fold change (FC) >2. Pa-
thway enrichment analysis were performed
based on differently expressed genes.

Am J Transl Res 2019;11(3):1581-1592
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Figure 2. Identification of CHD1L target genes and network. A. The mRNA expression level and protein level of
CHDA1L in breast cancer cell lines were detected by RT-PCR (GAPDH was used as internal control) and western blot
(B-actin was used as a loading control). B. Ectopic expression of CHD1L was detected in CHD1L-transfected cells by
western blot (B-actin was used as a loading control). C. Left: Heatmap of the cDNA microarray analysis comparing
the expression profiles between MDA-231 cells transfected with shCHD1L or control vector. Right: The up-regulated
and down-regulated genes number in CHD1L-knockdown MDA-231 cells compared with control-231 cells. D. The top
ten pathways regulated by CHD1L according to the P values of pathway enrichment analysis basing on differently
expressed genes. E. The protein levels of CHD1L, MDM2, p53 were detected in Con-231, shCHD1L-231, Vec-474
and CHD1L-474 cells by Western blot analysis. B-actin was used as a loading control.

Results

Expression and clinical significance of CHD1L
in breast cancer

IHC staining was used to study the expression
pattern of CHD1L in paraffin sections from nor-
mal breast and paired breast cancer tissues.
The expression of CHD1L was significantly high-
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er in tumor tissues compared with adjacent
non-tumor tissues (Figure 1A, 1B).

With staining index of 5 as cut-off value, CHD1L
was over-expressed in 49.1% breast cancer
patients. The correlations between the expres-
sion of CHD1L and the clinicopathological
parameters of breast cancer were analyz-
ed. Table 1 shows that the overexpression of

Am J Transl Res 2019;11(3):1581-1592
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Figure 3. CHD1L promotes G1/S phase transition. A. Flow cytometry was used to compare cell cycle distribution
between Vec-transfected and CHD1L-transfected BT474 cells. The percentages of cells at GO/G1, S and G2/M were
summarized in bar charts. Data was shown as the mean + standard deviation of three independent experiments
(*P<0.05; independent Student’s t-test). B. Depletion of CHD1L by shRNA in MDA-231 cells blocked cell cycle at G1
phase. Data were shown as the mean + standard deviation of three independent experiments (*P<0.05; indepen-

dent Student’s t-test).

CHD1L was significantly associated with young-
er age at diagnosis (P = 0.016), lymph node
involvement (P = 0.040), higher tumor grade (P
= 0.027) and higher proliferation rate Ki67 (P =
0.007).

After a median follow-up of 57 months (range
20-91 months), patients with CHD1L overex-
pression had significantly poorer disease-free
survival (DFS) (77.2% vs. 91.5%, P = 0.037,
Figure 1C). However, no statistical significant
differences could be found for overall survival
between CHDI1L overexpression and normal
expression groups (86.0% vs. 88.1%, P =
0.689, Figure 1D)
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Identification of CHD1L target genes

The expression levels of CHDAL in breast can-
cer cell lines were evaluated by RT-PCR and
western blot (Figure 2A). To explore its role in
tumorigenicity, CHD1L was cloned into an
expression vector and stably transfected into
the breast cancer cell lines BT-474 and was
silenced with lentivirus-mediated shRNA in
MDA-231 cell line (Figure 2B).

Like other SNF2-like family members, CHD1L
may also be able to regulate gene expression at
transcriptional level. To identify genes poten-
tially regulated by CHD1L, a cDNA microarray

Am J Transl Res 2019;11(3):1581-1592
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Figure 4. CHD1L promotes tumorigenesis, tumor metastasis and invasion. A. The cell growth rates were determined
with CCK8 proliferation assay (*P<0.05; **P<0.001; independent Student t test). B. Representative images of
foci formation induced by Vec-474, CHD1L-474 and Con-231, shCHD1L-231 cells. The numbers of foci were cal-
culated and are depicted in the bar chart. The values indicate the mean + standard deviation of 3 independent
experiments (**P<0.001; independent Student t test). C. Cell migration rates of Vec-474, CHD1L-474 and Con-231,
shCHD1L-231 cells were compared using wound healing assays. Microscopic observation was recorded at 0 and 48
h after scratching the surface of a confluent layer of cells. D. Matrigel invasion assay was performed to study the in-
vasion ability of Vec-474, CHD1L-474 and Con-231, shCHD1L-231 cells. The number of invaded cells was calculated
and is depicted in the bar chart. The values indicate the mean + standard deviation of 3 independent experiments
(**P<.001; independent Student t test).

was used to compare the gene expression pro- ckdown MDA-231 cells compared with con-
files between MDA-231 cells transfected with trol-231 cells (Figure 2C). The differential genes
shCHD1L or control vector. The results showed were enriched and analyzed based on the gene
that 106 genes were up-regulated and 212 information in Kyoto Encyclopedia of Genes
genes were down regulated in CHD1L-kno- and Genomes (KEGG; http://www.kegg.jp/)
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Figure 5. CHD1L promotes tumorigenesis in vivo. Representative examples of tumors (indicated by arrows) formed
in nude mice injected with (A) Vec-474 and CHD1L-474 cells and (B) Con-231 and shCHD1L-231 cells. Tumor growth
curves are summarized in the line chart. The average tumor volume was expressed as the mean + standard error of
mean of 5 mice. (**P<0.001; independent Student t test).

pathway and BioCarta (https://cgap.nci.nih.
gov/Pathways/BioCarta_Pathways) database,
and the top ten pathways according to the P val-
ues were showed in Figure 2D. Among them,
p53 signaling pathway was a key regulated
pathway.

According to the microarray analysis results,
one important negative regulator of the p53
tumor suppressor MDM2 was significantly
down-regulated in shCHD1L-231 cells com-
pared with con-231 (Tables S1 and S2). We
then examined the correlation of expression
level between MDM2 and CHDZ1L. Western Blot
results showed that MDM2 was down-regulat-
ed in CHD1L-knockdown cells and was highly
up-regulated in CHDZ1L-overexpression cells
(Figure 2E).

CHD1L promotes G1/S phase transition in
breast cancer cells

Since p53 signaling pathway was an important

regulator of cell cycle, the role of CHD1L in the
cell cycle was investigated. After synchroniza-
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tion of the cells at the G1 phase by serum star-
vation for a 24 h period, higher percentage of
CHD1L-474 cell had G1/S phase transition
stimulated by adding serum to the culture
medium compared with Vec-474 (Figure 3A). By
contrast, silencing CHD1L expression in MDA-
231 inhibit the cell cycle at the G1/S check-
point (Figure 3B). The percentage of cells
arrested in the G1 phase was significantly high-
er in the shCHD1L-231 cells (57.9% vs. 46.4%)
compared with the control-231 cells.

CHD1L promotes tumorigenesis, tumor metas-
tasis and invasion

The tumorigenic ability of CHD1L was assessed
by cell proliferation and foci formation assays.
Compared with empty vector-transfected cells,
CHD1L-transfected cells showed increased
growth rates and higher foci formation frequen-
cies. CHD1L depletion could reverse the tumor-
igenic phenotype in shCHD1L cells by inhibiting
the cell growth rate and foci formation efficien-
cies. (Figure 4A and 4B).

Am J Transl Res 2019;11(3):1581-1592
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(100x magnification).

To investigate the effects of CHD1L on metas-
tasis and invasion, an in vitro wound healing
and Matrigel invasion assay were performed.
The wound healing assay demonstrated that
overexpression of CHDAL increased cell motili-
ty in the CHD1L-474 cells and silencing CHD1L
expression by shRNA in MDA-231 cells impaired
the migration ability (Figure 4C). The Matrigel
invasion assay showed that the invasive capa-
bility of CHD1L-overexpression BT-474 cells
was greater than that of the empty vector trans-
fected cells and was abolished in the shCH-
D1L-231 cells (Figure 4D).

CHD1L promotes tumorigenesis in vivo

To further investigate the in vivo tumorigenic
ability of CHD1L, empty vector and CHD1L-
transfected BT474 cells were injected subcuta-
neously into the left and right dorsal flank of
nude mice (n = 5), respectively. Tumors induced
by CHD1L-474 transfectants (tumor formation
in 5 of 5 mice) showed significantly shorter
latency and larger mean tumor volume than
tumors induced by Vec-474 cells (tumor forma-
tion in 3 of 5 mice) (Figure 5A). While tumor
induced by shCHD1L-231 showed a significant-
ly smaller mean tumor volume compared with
the control-231 cells (Figure 5B). Collectively,
these data indicate that CHD1L possesses
strong tumorigenicity in vivo.

To verify the regulation effect of CHD1L on
MDM?2 in vivo, IHC with antibodies against CH-
D1L and MDM2 was performed on serial sec-
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tions of tumor induced by CHD1L transfectants
in the nude mouse. Increased expression of
MDM2 was observed in tumors induced by
CHD1L-474 cells compared with tumors in-
duced by Vec-474 (Figure 6A) and decreased
expression of MDM2 was observed in tumors
induced by shCHD1L-231 (Figure 6B). This indi-
cated that CHD1L may also regulate the MDM2
expression and p53 signaling pathway in vivo.

Discussion

Amplification of 1q is an early event and is
detected in more than 30% of breast tumors
[5-7]. CHD1L was an oncogene isolated from
this frequently amplified region and has been
shown to exert profound effects on carcinoma
progression and metastasis in HCC [8-10].
While its oncogenic effect in breast cancer has
not been well investigated. In this study, CHD1L
was overexpressed in breast cancer tissues
compared with normal breast tissues and over-
expression of CHD1L was significantly correlat-
ed with more aggressive tumor behavior and
worse prognosis in breast cancer patients. In
vitro study showed that overexpression of
CHD1L can promote tumorigenesis, metasta-
sis, invasion and cell cycle progress. In vivo
study confirmed the tumorigenesis ability of
CHD1L. Moreover, shRNA-mediated CHD1L
silencing could abolish the tumor-promotion
effect of CHD1L. These data indicate that
CHD1L detection can provide useful informa-
tion about CHD1L as a potential prognosis bio-
marker in breast cancer.

Am J Transl Res 2019;11(3):1581-1592
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As a member of the SNF2-like family of tran-
scription factors, CHD1L affects a broad spec-
trum of cellular processes. CHD1L can up-regu-
late ARHGEF9 and subsequently activate Rho
small GTPases to promote tumor cell migration,
invasion, and metastasis through CHD1L-
ARHGEF9-Cdc42-EMT pathway [9]. CHD1L acti-
vates expression of SPOCK1, which activates
Akt signaling to block apoptosis and invasion in
HCC cells [19]. Another study found that NTKL
was another downstream target of CHD1L and
CHD1L:-related NTKL overexpression could pro-
mote G1/S transition by decreasing P53 and
increasing CyclinD1 expressions [20]. In the
present study, a cDNA microarray was per-
formed to unravel the intricate CHD1L-regulated
network and identified a novel downstream tar-
get gene, MDM2. MDM2 is best characterized
for its dynamic negative regulation of the major
tumor suppressor p53 [21] and its protein lev-
els have been identified as an independent
prognostic biomarker in human breast cancer
[22]. Some other identified CHD1L-regulated
network by our research such as endocytosis
and TGF-beta signaling pathway were also
unveiled before. These data may help us better
understand the action mechanism of CHD1L in
cancer development and progress. While it is
still hard to say whether CHD1L act through dif-
ferent network with tissue specificity and fur-
ther studies were required.

Overexpression of MDM2 poses a risk for
breast by multiple oncogenic capacities in addi-
tion to its capacity to destroy p53. Elevated
MDM2 levels were identified to promote
E-cadherin ubiquitination and degradation that
in turn drove cancer cell invasiveness [23].
Besides, MDM2 overexpression affected the
transcriptional activity of SMAD family of pro-
teins and thereby blocking TGF-B mediated
growth arrest, which in turn contributed to
TGF-B resistance [24]. Pathway enrichment
analysis in this study also showed modulation
of TGF-B signaling pathway by CHD1L. But
whether this modulation was mediated by
MDM2 was not further explored. In addition,
MDM2 promotes cell cycle transition in
p53-dependent [25] and p53-independent [26]
manner. The promotion effect of CHD1L on cell
cycle in our study may also attribute to the
CHD1L-MDM2 modulation.

1590

Although curative surgery offers an opportunity
for a cure in breast cancer, patients’ life are
threatened by relapsing, drug-resistant and
metastatic disease. ldentifying factors that
contribute to aggressive cancer offers impor-
tant leads for therapy. In the present study, the
proliferative and invasive effect of CHD1L in
clinical specimens was also addressed by IHC
results of a breast cancer TMA containing 116
pairs of primary tumors and adjacent non-
tumor tissue. We found that the overexpression
of CHD1L was significantly correlated with
younger age at diagnosis, lymph node metasta-
sis, poorer differentiation and higher prolifera-
tion index. Furthermore, we also found that
overexpression of CHDIL in tumor tissues
could successfully distinguish a set of patients
with increased risk of tumor recurrence or
shorter DFS. These findings directly demon-
strate the clinical significance of CHD1L overex-
pression and its oncogenic effect in breast can-
cer. Recent studies have investigated the anti-
tumor effect of MDM2 inhibitors and the results
were very promising [27-29]. Identification of
the CHD1L-MDM2/p53 regulation network in
breast cancer in this study may help provide a
new method for the treatment of CHD1L over-
expression breast cancers.
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Table S1. Pathway analysis of differential genes in CHD1L-knockdown cells

Gene Set Name P-value Gene symbol

KEGG_ENDOCYTOSIS 0.000628 MDM2, RAB5A, IL2RB, SH3GLB1, SH3KBP1, ARFGAP3,
PARD6B, ADRBK2, CHMP28B

KEGG_P53 SIGNALING PATHWAY 0.0112  MDM2, RCHY1, EI24, PERP, SESN2

KEGG_ADHERENS JUNCTION 0.0112  TGFBR2, CSNK2A2, MLLT4, FER, LMO7

KEGG_TGF-BETA SIGNALING PATHWAY 0.0161  TGFBR2, SMADS5, BVMPR2, INHBB, ID4

KEGG_AMYOTROPHIC LATERAL SCLEROSIS ALS 0.0194  RABS5A, PPP3CB, PPP3R1, CASP1

BIOCARTA_CTCF PATHWAY 0.0194  MDM2, TGFBR2, SMAD5

KEGG_GNRH SIGNALING PATHWAY 0.0194  NRAS, GNAQ, MAPK9, MAP3K2, HBEGF

KEGG_GLYCOSPHINGOLIPID BIOSYNTHESIS -LACTO AND NEOLACTO SERIES ~ 0.0238  B3GNT5, GCNT2, ST3GAL6

KEGG_LONG TERM POTENTIATION 0.0353  PPP3CB, PPP3R1, NRAS, GNAQ

KEGG_NEUROTROPHIN SIGNALING PATHWAY 0.0365  NRAS, MAPK9, MAP2K5, ARHGDIB, IRAK2

Table S2. Gene symbols and fold changes of
differential genes from pathway analysis

Gene symbol Fold change
MDM2 -2.150386
RAB5A 2.20257
IL2RB -2.168064
SH3GLB1 -3.0789459
SH3KBP1 -2.1663184
ARFGAP3 2.2219067
PARD6GB -2.127054
ADRBK2 -2.045534
CHMP2B 2.3225563
RCHY1 -2.036728
El24 -4.036784
PERP -2.8190122
SESN2 -2.1081407
TGFBR2 2.1529
CSNK2A2 2.9088726
MLLT4 2.053146
FER -2.3064106
LMO7 -2.025733
SMAD5 -2.171897
BMPR2 -2.1004963
INHBB -2.1706445
ID4 -2.0064933
PPP3CB 2.2663465
PPP3R1 -2.011478
CASP1 -2.3410146
NRAS -2.069724
GNAQ -2.4953043
MAPK9 -2.8616924
MAP3K2 2.0362465
HBEGF -2.0292392
B3GNT5 -2.625445
GCNT2 2.0998924
ST3GAL6 -2.37331
MAP2K5 2.1273732
ARHGDIB 4.21353
IRAK2 -2.1438763




