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Background: Many types of cancers are devoid of the small leucine-rich proteoglycans: osteoglycin (OGN), but its role
in tumorigenesis is poorly studied especially in colorectal cancers (CRC). Here we aim to evaluate the relationship
between OGN expression patterns and the clinical course of CRC, and the role of OGN in cancer progression.

Methods: The tissue microarray staining was performed and the relevance between OGN expression and oncologic
outcomes was performed using Cox regression analysis. The effect of OGN on cell proliferation and tumorigenesis was
examined in vitro and in vivo. Immunoprecipitation assay, immunofluorescence analysis and internalization assay were

Results: Patients with high expression of OGN were associated with a profound longer survival in CRC and the high
serum OGN level was also indicative of fewer recurrences consistently. In colon cancer cells, OGN increased dimerization
of EGFR, then triggered EGFR endocytosis and induced the recruitment of downstream components of the EGFR
internalization machinery (Eps15 and epsinT). Above all, OGN reduced Zeb-1 expression via EGFR/Akt leading to inhibition
of epithelial-mesenchymal transition. As results, in vitro and in vivo, the OGN expression was demonstrated to reduce cell
proliferation, inhibit invasion of colon cancer cells then impede cancer progression.

Conclusions: There is a positive association between OGN level and prolonged survival in CRC. OGN plays a restrictive
role in colorectal cancer progression by reduced activation of EGFR/AKT/Zeb-1.

Background

Small leucine-rich proteoglycans (SLRPs) are proteogly-
cans secreted by a wide range of cells, and therefore are
involved in many processes, such as protein—protein
interactions, signal transduction, cell adhesion, and
DNA repair [1]. SLRP family are extensively studied for
both their ability of binding collagen and the ability of
performing outside-in signaling [2]. Because of the diver-
sity in their leucine-rich repeats cores and glycosylation
patterns, SLRPs can bind several growth factors such as:
TGE-B [3], cell surface receptors: epidermal growth
factor receptors [4] and insulin growth factor receptors
[4]. OGN, one of these SLRPs proteins, is our focus, as
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it is the least understood. Decreased OGN expression
was observed in a variety of different cancers including
gastric cancer [5], colorectal adenoma [6], squamous
cervical and vaginal cancer [7], invasive ductal breast
carcinoma [8], laryngeal carcinoma [9], in comparison with
control normal tissues. Even more, OGN expression in nor-
mal tissue, benign follicular adenoma progressing to aggres-
sive follicular cancer experienced a progressive decrease,
indicating that the level of OGN expression paralleled thy-
roid tumor progression [10]. Additionally, when OGN was
over-expressed in mouse hepatocarcinoma cells by extrinsic
transfection, decreased migration and invasion capacity as
well as decreased metastasis to peripheral lymph nodes were
displayed [11]. Despite several studies demonstrating con-
sistent OGN decrease in cancers, functional data on how
OGN is involved in cancer pathology, especially colorectal
cancers are lacking, and further research is needed.
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EGEFRs are frequently activated and cross-talked with
other pathophysiology, such as epithelial-mesenchymal
transition (EMT), carcinoma angiogenesis in human
CRC and play important roles in tumor development
and progression [12]. In the tumorigeneses, it fails to
negatively feedback to prevent the dire consequences of
uncontrolled activation of EGFR. At the meantime, other
members of SLRPs were found to bind EGFR resulting
in EGFR degradation and attenuation of its downstream
signal [13]. And OGN previously was indicated to inhibit
cell proliferation, which is rather general and not cell
type specific. Based on these previous findings, we will
measure oncologic outcomes for CRC based upon OGN
expression patterns, further test the effect of OGN on
EGER signaling.

Methods

Antibodies and reagents

The following antibodies and reagents were used: anti-
OGN (Western blot) from R&D Systems anti-human
OGN (IHC) from Sigma-Aldrich; anti-Akt, anti-phospho-
Akt (Ser473), anti-phospho-EGFR (Y1068), anti-EGFR,
anti-Slug, anti-Erk1/2, anti-Zeb-1, anti-Snail, anti-Twist,
anti-Snail from Cell Signaling Technology; anti-CD31,
anti-B-actin from prteintech; cross-linking reagent BS3
from Thermo Scientific Pierce; Epsl5, epsinl from Santa
Cruz Biotechnology; AKT activator: sc79 from Selleck;
OGN human enzyme-linked immunosorbent assay
(ELISA) kit from USCN. All chemicals, unless otherwise
specified, were purchased from Sigma-Aldrich.

Study population

The protocol of current study was reviewed and
approved by the specialty committee on ethics of
biomedicine research, Fudan University Shanghai Cancer
Center (FUSCC). The tissue acquisition and utilization
followed the National Regulations on the Use of clinical
samples in China. All patients from FUSCC dataset have
provided written informed consent. The enrollment
criteria included: (1) pathologically confirmed with
primary colorectal adenocarcinoma and no history of
other cancers; (2) undergoing curative surgical resection,
but without any preoperative anticancer treatment; and
(3) with complete clinical and follow-up data.

Tissue microarray(TMA) construction and
immunohistochemistry(IHC) staining

The TMA used for this study includes unselected, non-
consecutive, primary, and sporadic colorectal cancers
enrolled between January 2007 and November 2009 in
FUSCC. Construction of this TMA has been previously
described in detail [14]. Every section was scored inde-
pendently by two pathologists utilizing a semiquantita-
tive scoring system [15, 16]. The staining intensity was
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scored as O (negative), 1 (weak), 2 (medium) or 3 (strong).
Extent of staining was scored as 0 (<5%), 1(5-25%), 2
(26-50%), 3 (51-75%) and 4 (> 75%) according to the per-
centages of the positive staining areas in relation to the
whole carcinoma area. We multiplied the percentage score
by the staining intensity score to generate the immunore-
activity score (IRS). High expression of OGN was defined
as detectable immunoreactions in cytoplasm and stoma
with IRS > 4.

Cell culture

The human colon cancer cell lines (SW620, HT29, RKO
and HCT116), used for cell experiments, originally
purchased from the American Type Culture Collection
(Manassas, VA), and cultured in medium according to
The Defense Technical Information Center recommenda-
tion supplemented with 10% FBS (Gibico, Life Technology,
Austria), 1% penicillin/streptomycin in a humidified
5% (v/v) atmosphere of CO2 at 37 °C.

Plasmids construction and viral transduction

Human OGN, Zeb-1, Slug, Snail cDNA was chemically
synthesized and cloned into a lentiviral expression vec-
tor, pCDH-CMV-MCSEF1-Puro generating pCDH-
OGN. The human colon cancer cell lines (SW620,
HT29, RKO and HCT116) were transfected with the
pCDH-OGN expression vector or the control vector.

Immunofluorescence

Cells were implanted onto a chamber slide for 24 h
reaching 80% confluent, then fixed with paraformalde-
hyde for 30 min, and followed by permeabilized with
0.5% Triton X-100 for 10 min at room temperature,
thereafter the primary antibodies for EGFR were added
incubation for overnight at 4 °C, and then the alexa
flours 488 Goat anti-rabbit (1:200, Invitrogen) was used
as the secondary antibody for an hour at room
temperature. At last, nuclei were stained with DAPI for
5 min when necessary. Fluorescence images were photo-
graphed with a fluorescence microscope.

Western blot

RIPA lysis buffer was used for protein extraction.
Protein from either cell lysates were separated by
SDS-PAGE (6-20% gel) and then transferred to PVDF
membranes. Membranes were probed with primary
antibodies. Following incubation with horseradish
peroxidase-conjugated secondary species-specific anti-
bodies, immunoreactive proteins were detected using
ECL (Pierce, Thermo Scientific) and detected using a
Biolmaging System.
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Cell viability, Transwell migration, invasion assays and
wound healing assays

Cell viability: A count of 5x 10® cells/well was plated
into 96-well plates in triplicate and were allowed to
adhere overnight. After adherence, 10 pl/100 pl of CCK8
solution was added to each well to co-incubate for 2 h at
37 °C. Then, cell viability was measured by spectro-
photometrically at 450 nm, and this was recorded as day
1. After 2, 3, 4, 5 and 6 days, cell viability and prolifera-
tion were re-assessed.

Wound healing assays

A confluent monolayer of cells was cultured overnight
and a scratch was introduced with a pipette tip and
images of cell migration into the wound were captured
at 0, 24 and 48 h using a light microscope. The results
are expressed as follows: covered area (inch?).

Invasion assay

A density of 5 x 10* cells/well was placed into the upper
serum-free medium well of 24-well Transwell inserts
coated with Matrigel. Cells were allowed to migrate for
48 h challenged by 10% FBS in the lower well. Following
incubation, migrated cells on the lower side were fixed
and stained using 0.5% crystal violet and quantified by
counting cells from 5 captured images per well.

Xenotransplant murine models

SW620 cells (10° cells/mouse) which transfected with
pCDH-OGN or empty vector control were suspended in
100 pL Matrigel, injected subcutaneously into the right
flank of nude mice (#=28, male; 4 weeks old Balb/C
athymic nude mouse), and allowed to grow for 4 weeks.
Tumor growth was monitored using calipers every 5 days
and animals were euthanized when tumors reached 10% of
body weight. Primary tumors and organs were harvested
and fixed in 10% formalin and paraffin embedded for
pathological analysis. Tumor volumes were calculated using
the following equation: Volume = (d? x D)/2, where D is the
long side and d is the short side. For the metastasis assay,
stable OGN-SW620 cells (5 x 10° cells) were orthotopically
implanted into the spleens of nude mice.

Statistical analysis

Statistical analysis was performed with SPSS 22.0 (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism v.6 (La
Jolla, CA, USA). The optimal cut-off values for serum
OGN levels were identified by X-tile 3.6.1 software [17]
(Yale University, New Haven, CT, USA). Chi-square test
was used to analyze the relationship between clinico-
pathological parameters and OGN expressions. Survival
analysis was performed using the Kaplan-Meier method and
Cox regression model. For normal or approximately normal
variables, Student’s t-test (for two group comparisons) or
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analysis of variance (three or more groups) was
utilized. P < 0.05 was considered statistically significant. All
confidence intervals (CIs) were stated at the 95% confi-
dence level.

Results

Protein expression and Clinicopathological characteristics
OGN is expressed within the epithelial cancer cell and
stromal compartments of human colorectal tumors.
OGN staining in the epithelium displayed a cytoplasm-
accentuated expression, often combined with a clear
membrane staining. Staining in the epithelial cells was
frequently accompanied with staining in the stroma,
while stromal staining was usually diffuse. To evaluate
the expression patterns and clinical importance of OGN,
we divided patients into two groups with low expression
(Low, IRS<4) and high expression (High, IRS >4). In
109 CRC patients (40.1%), a high expression of OGN
was observed and OGN expression was designated as
low in 163 cases (59.9%). No demographic or baseline
clinical data were statistically associated with any pattern
of OGN expression. Gender, age, histological type, TNM
stage, pathological grading, venous/perineural invasion,
MS/MMR status, and adjuvant therapy in FUSCC
cohorts are shown in Table 1.

Increased OGN expression predicts better survival in CRC
Cox regression analysis was performed to test the associ-
ations between OGN expression and oncologic out-
comes, and the univariate Cox regression model implied
that OGN expressions, TNM stages, venous/ perineural
invasion and adjuvant therapy were associated with
prognosis of CRC patients in terms of cancer specific
survival (P<0.05, Table 2). Consistently, multivariate
analysis after adjustment revealed that OGN expression
was also independent prognostic factor for cancer spe-
cific survival in CRC patients, besides T stages and adju-
vant therapy (P<0.05). Hence, Kaplan-Meier analysis
showed the OGN expression was markedly associated
with longer time post-surgical resection, with prolonged
cancer specific survival as 75.7 months in the High
OGN expression group versus 61.6 months in the Low
OGN expression group. Moreover, this survival benefit
can translate into prolonged disease-free survival (DFS)
evidenced by univariate Cox proportional hazards model
(Table 3). What is more, in the multivariate Cox propor-
tional hazards model after adjusting for other effects,
OGN expression (p=0.035), TNM stages (p<0.001),
perineural invasion (p =0.042), and lymph node exam-
ined (p=0.032) were all independently associated with
improved DFS. Meanwhile, Kaplan-Meier survival ana-
lysis for OGN expression also revealed that high OGN
expression correlated with a longer disease-free survival
(p=0.037).
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Table 1 Description of the study population between colorectal
cancer patients with osteoglycin low and high expression

Variables, N (%) OGN P value
Low(N=163) High(N=109)

Gender
Male 101(62) 62(56.9) 040
Female 62(38) 47(43.1)

Age, years 569+107 573116 0.79

TNM stage 043
| 14(8.6) 7(6.4)
Il 49(30.1) 32(294)
Il 73(44.8) 58(53.2)
IV 27(16.6) 12(11.0)

N stage 0.16
NO 74(45.4) 46(42.2)
N1 53(325) 28(25.7)
N2 36(22.1) 35(32.1)

M stage 043
MO 136(83.4) 97(89.0)
M1 27(16.6) 12(11.0)

Grade 0.55
Well/ moderate 118(72.4) 85(78.0)
poor 34(20.9) 19(17.4)

T stage 0.74
T2 27(16.6) 16(14.7)
T3 30(184) 24(22.0)
T4 106(65.0) 69(63.3)

Histological type 0.28
Adenocarcinoma 152(93.3) 105(96.3)
Mucinous 11(6.7) 4(3.7)

Lymph node examined 0.17
Median 157 16£6

Perineural invasion 0.26
Negative 133(82.1) 95(87.2)
Positive 29(17.9) 14(12.8)

Vascular invasion 0.25
Negative 108(66.3) 75(68.8)
Positive 51(31.3) 34(31.2)

Adjuvant Chemotherapy 037
No 30(184) 18(16.5)
Yes 108(66.3) 80(73.4)

MS status/MMR status 0.06
MSS/MMR-proficient 111(68.1) 62(56.9)
MSI/MMR-deficient 52(31.9) 47(43.1)

MMR indicates mismatch repair, MS microsatellite, MSS microsatellite stability,
MSI microsatellite instability
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The potential prognostic effect of OGN expression in
CRC patients was further examined by the level of
serum OGN. In the FUSCC cohort, the cut-off values of
serum OGN levels were determined by X-tile program,
which were 12.651 ng/ml, (Fig. 1e). Patients were divided
into 2 groups for further analysis (High serum level >
12.651 ng/ml, Low serum level <12.651 ng/ml). Al-
though OGN level was not correlated with overall sur-
vival, but with regard to DFS, high OGN level was
indicative of longer survivals (P = 0.032 Fig. 1f).

OGN over-expression exhibits pleiotropic effects on
colorectal cell lines in vitro

The expression of OGN in CRC cell lines were all at
lower levels compared to the normal human colon
mucosal epithelial cells (NCM460), see Fig. 2A1, so we
created OGN over-expressing colorectal cell lines. The
colon cancer cell lines were transduced with lentiviral
constructs encoding human OGN cDNA to generate
stable OGN over-expression cell lines (HCT116-OGN",
RKO-OGN*, SW620-OGN*, HT29-OGN"). Over-
expression efficiency was verified by western blotting
(Fig. 2A1). The CCK-8 assays were applied to examine
whether OGN expression affected colorectal cancer cells
proliferation and viability in vitro. As present in Fig. 2A2,
there were significant growth suppression rates when
OGN over-expressed in cell lines compared with the con-
trols. What is more, cell lines SW620, HT29 showed bet-
ter response to OGN challenging in cell CCK-8 assay. To
determine the effect of altered OGN expression on migra-
tion and invasion, OGN transfected cells were used for
wound-healing and transwell assays. Over-expression of
OGN attenuated the migration and invasion ability of
HT29 and SW620 cells (p <0.05). In detail, OGN over-
expression resulted in a 31.13% reduction in migration in
the HT29 cells, and decreased the invasion by 37.01% in
the SW620 cells (Fig. 2b, c). In line with the results ob-
tained in the wound-healing assays, OGN over-expression
prevented the average invasive cells of HT29 cells by
77.32%, as well as in SW620 cells, the average cells trans-
welled were reduced by 89.19% (Fig. 2d, e).

OGN regulated the EGFR signaling pathway

Pairwise gene correlation analysis for READ sets of
TCGA was performed finding OGN correlated with
EGEFR closely (p = 0.0015). The growth of colorectal can-
cer cells is dependent on or facilitated by EGFR, hence,
we explored whether EGFR and related signaling may be
involved in OGN-induced cell inhibition. Firstly, we
examined whether activation of the EGFR signaling
pathway was modulated by OGN over-expression.
HT29-OGN" and SW620-OGN™ cells, which exposed to
extracellular EGF (100 ng/ml), exhibited suppressed acti-
vation of EGFR protein phosphorylation level compared



Hu et al. Journal of Experimental & Clinical Cancer Research (2018) 37:41 Page 5 of 14
Table 2 Univariate and Multivariate analyses of prognostic factors for cancer specific survival
Variables Univariate Analysis Multivariate Analysis
Hazard ratio 95% Cl P value Hazard ratio 95% Cl P value

OGN

Low 1 (reference) 1 (reference)

High 0.609 0.378-0.980 0.041 0523 0.317-0.862 0.011
Gender NI

Male 1 (reference)

Female 0816 0.514-1.296 0.389
Age, y 1.017 0.997-1.038 0.103 NI
TNM stage

\% 1 (reference) 1 (reference)

Ml 0227 0.141-0.367 <001 - -

I 0.063 0.029-0.138 <001 0.186 0.075-0.461 <0.001

| - - 0.957 0.969
Grade NI

Well/ moderate 1 (reference)

poor 1.265 0.805-1.987 0.308
T stage

T2 1 (reference) 1 (reference)

T3 3.927 0.860-17.924 0.077 4.247 0.910-19.829 0.066

T4 9419 2306-38469 0.002 4.258 1.022-17.744 0.047
N stage

NO 1 (reference) 1 (reference)

N1 2635 1456-4.768 0.001 0.510 0.234-1.112 0.09

N2 3713 2.079-6.633 <0.001 0.595 0.275-1.286 0.186
M stage

MO 1 (reference) 1 (reference)

M1 6.886 4.331-10.95 <0.001 1314 0.522-3.306 0.562
Lymph node examined 0.963 0.925-1.002 0.065 NI
Histological type NI

Adenocarcinoma 1 (reference)

Mucinous 0.842 0.308-2.304 0.738
Perineural invasion

Negative 1 (reference) 1 (reference)

Positive 1.798 1.061-3.045 0.029 1.305 0.750-2.272 0.346
Vascular invasion

Positive 1 (reference) 1 (reference)

Negative 0443 0.283-0.692 <0.01 1.058 0.640-1.750 0.827
Adjuvant CT

No 1 (reference) 1 (reference)

Yes 6.366 3.914-10.356 <0.01 1.945 1.228-3.080 0.005
MS status/MMR status NI

MSS/MMR-proficient 1 (reference)

MSI/MMR-deficient 0.946 0.599-1.493 0811

MMR indicates mismatch repair, MS microsatellite, MSS microsatellite stability, MSI microsatellite instability
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Table 3 Univariate and Multivariate analyses of prognostic factors for disease free survival
Variables Univariate Analysis Multivariate Analysis

Hazard ratio 95% Cl P value Hazard ratio 95% Cl P value
OGN

Low 1 (reference) 1 (reference)

High 0.651 0433-978 0.039 0.627 0.406-0.968 0.035
Gender NI

Male 1 (reference)

Female 0.889 0.597-1326 0.565
Age, y 1014 0.996-1.032 0.125 NI
TNM stage

% 1 (reference) 1 (reference)

M1l 0216 0.140-0.336 <001 - -

Il 0.071 0.037-0.136 <001 0.215 0.091-0.510 <0.001

| 0.021 0.003-0.157 <001 0.162 0.017-1.542 0.113
Grade NI

Well/ moderate 1 (reference)

poor 1.067 0.722-1.575 0.745
T stage

T2 1 (reference) 1 (reference)

T3 2.790 1.029-7.564 0.044 3.753 1.228-11.471 0.02

T4 4.854 1.967-11.979 0.001 3.139 1.127-8.744 0.029
N stage

NO 1 (reference) 1 (reference)

N1 2608 1.582-4.298 <0.001 0.689 0.343-1.383 0.294

N2 3.328 2.026-5.466 <0.001 0.701 0.348-1412 0.32
M stage

MO 1 (reference) 1 (reference)

M1 6.907 4.517-10.561 <0.001 3.071 1316-7.168 0.009
Lymph node examined 0.954 0.922-0.988 0.009 0.961 0.926-0.997 0.032
Histological type NI

Adenocarcinoma 1 (reference)

Mucinous 0.805 0.328-1.977 0.636
Perineural invasion

Negative 1 (reference) 1 (reference)

Positive 2.002 1.276-3.144 0.003 1.646 1.018-2.660 0.042
Vascular invasion

Negative 1 (reference) 1 (reference)

Positive 1.841 1.261-2.690 <0.002 0911 0.589-1410 0.676
Adjuvant CT

No 1 (reference) 1 (reference)

Yes 1.950 1.524-2.495 <001 1.289 0.851-1.953 0.231
MS status/MMR status NI

MSS/MMR-proficient 1 (reference)

MSI/MMR-deficient 1.060 0.711-1.581 0.774

MMR indicates mismatch repair, MS microsatellite, MSS microsatellite stability, MSI microsatellite instability
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Fig. 1 Characteristic expression pattern of OGN in human colorectal cancers. a High immunohistochemical staining of OGN in the cytoplasm of
cancer cells in TMA samples. The representative pictures of low expression of OGN were also shown (b). ¢ Kaplan Meier curves for overall survival
for High OGN expression versus Low expression group. d Disease-free survival for High OGN expression versus Low expression group. e The optimal
cut-off values of serum OGN levels are shown in histograms of the entire cohort (12.65 ng/ml). f Disease-free survival for high serum OGN level versus

J

to Control cells. After 15 min of EGF exposure, the increase
in p-EGFR/EGER levels were reduced by 30.14% in HT29-
OGN" and 33.22% in SW620-OGN" cells compared to the
control cells (Fig. 3a). To address the mechanism for EGFR
activation reduction, immunofluorescent staining of EGFR
demonstrated a reduction in membranous, with a concomi-
tant increase in cytoplasmic, after OGN over-expression
(Fig. 3b). The signaling properties of EGFR are closely regu-
lated by its sub-cellular localization, exactly, suppression of
EGER signaling may initiate from receptor endocytosis in-
duction, eventually proteasome targeting and degradation

of internalized receptors were followed. Hence, it was indi-
cated that OGN enhanced the internalization of EGFR
from the cell membrane into the cytoplasm, and then
inhibited the activation of EGFR protein phosphorylation
levels. Meanwhile we assessed whether OGN controlled
EGEFR activity by protein degradation via the proteasome.
We observed the previously observed p-EGFR/EGER inhib-
ition was blocked, when HT29/SW620 cells with OGN
over-expressed were pretreated with MG132 (the prote-
asome inhibitor) before exposing to EGF (Fig. 3c). The deg-
radation was always resulted from the formation of EGFR
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Fig. 2 OGN was associated with viability and tumorigenic ability of colorectal cancer cells. a1, The pattern of OGN in the normal human colon
mucosal epithelial cells (NCM460) and colon cancer cell lines. Efficiency of OGN over-expression in cancer cell lines was measured by western blot.
a2, Influence of OGN expression on viability of cancer cells was measured by CCK-8 assay. * indicates p value less than 0.05 VS. control cells.

Wound healing assay (b, ) and cell invasion (d, e). The results are expressed as the mean + SD of three independent experiments

dimmers, so we investigated whether OGN affected EGFR
dimerization. Colon cancer cells were exposed to EGF for
three-time intervals and then pretreated with the
membrane-impermeable chemical cross-linker BS3 allow-
ing resolution of dimeric components of EGFR. As a result,
OGN over-expressed cells produced a greater increase in
EGFR dimmers compared to the control cells (Fig. 3d).
Besides the dimerization triggering EGFR endocytosis, the
recruitment of EGFR internalization machinery, such as
early endocytic adaptors (EGFR pathway substrate, Eps15
and epsinl) also played a role in the protein degradation.

Therefore, we investigated whether the over-expression of
OGN influenced the recruitment of Epsl5 and epsinl to
EGFR. It was shown that the recruitment of Epsl5 and
epsinl following EGF challenge was prominently increased
in cells over-expressed for OGN (Fig. 3e). Collectively, these
data implied a model in which over-expression of OGN
detained proliferative signaling by inhibiting EGFR activity.

OGN reduced Akt activity via inhibition of EGFR
There are three major downstream pathways of EGFR,
including PI3K/Akt, Stat3 and ERK1/2-mediated
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signaling pathways. Regarding to the observations above
that OGN suppressed EGFR activity in HT29 and
SW620 colorectal cancer cells, we aimed to identify
which downstream pathways of EGFR will be inhibited
after OGN over-expression. Firstly, the response of Akt,
Stat3 and ERK1/2 to EGF exposure in OGN over-
expressed cells were tested and only a decline in Akt

phosphorylation was observed, while there was not any
significant difference in Stat3 and ERK1/2 (Fig. 4a). As
OGN abolished Akt activity, and then whether it was via
EGFR that OGN reduced Akt activity? So, the prote-
asome inhibitor MG132, which referred to block EGFR
phosphorylation, was used to pretreated cells with OGN
over-expression, consequently the above observed Akt
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phosphorylation reduction was reversed as was the
EGEFR degradation blocked (Fig. 4b).

OGN inhibited EMT via Akt activity

EGER activation is frequently induced to mediate carcin-
oma invasion and metastasis through promoting EMT.
Immunoblotting of protein lysates from OGN over-
expressed HT29/SW620 cells abolished a significant
reduction in expression of E-cadherin induced by EGF
(Fig. 4c). Furthermore, the expressions of EMT-
associated molecular biomarkers and EMT transcription
factors, such as Slug, Zeb-1, and Snail decreased simul-
taneously, but had no effect of Twist (Fig. 4c). To assess
whether suppression of p-Akt modulated the previously
observed inhibition of EMT, the effect of OGN
pretreated with SC79 (constitutive Akt activator) was
explored again. Re-expression of p-Akt leaded to reverse
the decrease in E-cadherin protein levels after OGN
over-expression (Fig. 4d). Levels of EMT markers, such
as Vimentin, Slug, Zeb-1, Snail and the protein levels of
E-cadherin (Fig. 4d) were similarly affected, hence a crit-
ical role of Akt inhibition was indicated in the observed
OGN-mediated decrease in EMT. The above results

demonstrated the fact that OGN could reduce EMT via
inhibition of the Akt pathway.

Zeb-1 was essential for inhibition of EMT by OGN

EMT plays a vital role in evolution of cancer cells gain-
ing migratory and invasive properties. In order to con-
firm the ability of OGN to inhibit malignant potential
and to determine the molecular mechanism by which
OGN regulated EMT, we evaluated the altered EMT
transcriptional markers above (Zeb-1, Slug and Snail) in
OGN over-expressed cells and reassessed the cell inva-
sion ability in rescue experiments. In rescue experi-
ments, cancer cells with stable ectopic OGN expression
were transiently transfected with Zeb-1, Slug or Snail. It
has been confirmed that only rescue of Zeb-1 can
reverse the inhibition of EMT in OGN over-expressed
HT29/SW620 cells (Fig. 5a). wound-healing and trans-
well invasion assays were performed after treatment with
ectopic OGN and EMT transcriptional markers expres-
sion. As shown in Fig. 5b—c, ectopic OGN expression
markedly impeded the migration and invasion of HT29/
SW620 cells, however, Zeb-1-over-expression abolished
OGN-inhibition migration and invasion. These results
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indicated that Zeb-1 was a key molecular for OGN
induced EMT inhibition and EMT signaling was essen-
tial for OGN-induced CRC cell migration and invasion.

OGN consistently reduced tumorigenesis and metastasis
in vivo

Understanding the effect of OGN in tumorigenicity
requires consideration of the cancer cell per se and the
microenvironment established by complex interactions
between the host and the cancer cell. To validate our
data in vitro models of colorectal cancer, we injected
male nude mice subcutaneously with equal numbers of
SW620-OGN™, or SW620 control cells and monitored
both tumor growth and final tumor mass. Primary
tumor growth and the emergence were assayed over
time. OGN over-expression in cancer cells led to a
decrease in growth rate and final mean tumor volume

compared with control cells (Fig. 6a). In consistent with
the above findings, as shown in Fig. 6¢, xenograft tumors
derived from OGN over-expressing cells had consistently
less Zeb-1 staining compared to their control counter-
part cells, at last, led to E-cadherin (marker of EMT)
upregulation. In addition, the liver metastases were
observed with fewer and smaller lesions in the mice
injected with SW620-OGN™ (Fig. 6D1, D2). Collectively,
these results suggested that OGN-reduced tumori-
genicity and metastasis in vivo.

Discussion

There are two main complementary findings highlighted
in this study: 1) a positive association between OGN and
improved survival in primary CRC tumors; and 2) re-
duced activation of EGFR/AKT/Zeb-1 in colorectal can-
cer cells when OGN over-expressed. A new underlying
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mechanism is indicated here shown in Fig. 6e, in which
OGN impeded EGFR kinase activation and attenuated
the downstream activators Akt and Zeb-1 via affecting
EGFR dimerization, internalization and recruitment of
Epsl5 and epsinl to EGER. Moreover, reduced Zeb-1
inhibited EMT of cancer cells per se and decreased
tumorigenesis. Together, these data offer a unifying
mechanism for the clinical observations linking high
levels of OGN with reduced relapse and death in
patients with CRC.

To our knowledge, this study is the first to describe
OGN expression in a cohort of colorectal cancer

patients in which protein expression and serum levels
are associated with a longer survival. To explain this, a
specific chromosomal organization of OGN has been
suggested in this study and others. For instance, a p53
DNA-binding sequence in OGN was identified and con-
firmed, resulting in the activation of the OGN gene.
Since, the known tumor suppressor p53 was supposed
to be in charge of OGN gene expression [18]. Coinci-
dentally, p53 is frequently mutated to inactivated in
many different tumors, including colorectal cancers,
breast, lung, ovary and prostate cancers, in which a re-
duction or absence of OGN expression was observed
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[6]. So, it was not a surprise that OGN expression was
markedly associated with longer survival time, with pro-
longed cancer specific survival as 75.7 months in the
High OGN expression group versus 61.6 months in the
Low OGN expression group. In addition, the OGN pro-
moter contains three conserved AP-1-binding sites [19],
prompting the validation of OGN as a target gene down-
stream to LIP/MAPK/AP-1 [20]. Then cell death can be
induced by activating MAPK/AP-1 and OGN expression.
Hence, it was observed that ER stress-triggered cell
death was attenuated by specific knockdown of OGN
mRNA in melanoma cells. Clones transfected with OGN
were significantly more sensitive to ER stress-triggered
cell death following ER inducer. Consistently, in our
study the high serum OGN level was also indicative of
longer survival with regard to DFS in CRC. Hence, we
speculate that the role of OGN in cell inhibition is
rather general and not cell type specific.

Despite numerous studies demonstrating altered OGN
expression in cancers, functional data on how OGN
involved in cancer pathology are lacking, and further
research is needed. That is why this study was carried
out for the underlying mechanism, and we observed
OGN can reduce Akt activity via inhibition of EGFR. In
detail, OGN increased dimerization of EGFR, then trig-
gered EGFR endocytosis and induced the recruitment of
downstream components of the EGFR internalization
machinery, such as early endocytic adaptors (EGFR
pathway substrate, Eps15 and epsinl). In agreement with
these findings, OGN was previously indicated to inhibit
not only vascular smooth muscle cells proliferation [21],
but also keratocyte [22] and fibroblasts proliferation
[23]. This effect has been illustrated to associate with
various cytokines just like: bFGF, TGE-f, platelet-derived
growth factor (PDGF), and angiotensin II (Ang II) [24, 25].
In accordance, the malignant lesion can secrete various
factors such as bFGE, TGF-B, PDGE, EGF creating tumor
microenvironment by interacting through other growth
factors receptors (EGFR) [26]. Furthermore, our work unam-
biguously identified the OGN/EGFR/Akt signaling pathway
as a mechanism by which OGN inhibited CRC cell survival
and proliferation. These results were further validated by
related histopathologic observations in carefully annotated
human CRC samples and xenograft tumors. Together, these
observations provided strong evidence that OGN is a critical
host modifier of CRC cell growth and survival, since EGFR
plays a pivotal role in progression of CRC [27].

Above all, our experimental approach has yielded novel
findings that OGN can affect EMT, a vital mechanism
involved in tumor development and progression [28, 29].
Our results indicated that OGN induced Zeb-1 reduction,
eventually reversion of EMT. Besides the mechanism men-
tioned above, in further studies we need evaluate which
transcriptional factor would be the direct downstream of

Page 13 of 14

OGN. HIF-1a may be one of the candidates, as OGN was
correlated with cell metabolism based on a variety of clues
implicated in here and others. First of all, OGN expression
also has been observed to associate with the metabolism, as
altered OGN protein was found in obese humans [30]. Fur-
thermore, OGN has been identified as a quantitative trait
loci (QLT), relevant to the metabolic syndrome on chromo-
some 17 [31, 32]. In addition, a recent study showed that
OGN was demonstrated to highly expressed and secreted
into the circulation in mice, and functions as an adipose
hormone to limit food intake, possibly by increasing IL-1b
and IL-6 [33]. In coincidence, HIF-1a plays a key role in
reprogramming cell metabolism from oxidative phosphor-
ylation to aerobic glycolysis, in which the malignant behav-
ior is triggered [34, 35]. Meanwhile, HIF-1a is frequently
induced through EGFR activation and mediates carcinoma
angiogenesis as well as promotes EMT and metastasis.

Collectively, our work identifies decreased OGN
expression in CRC impaired EGFR internalization as a
novel mechanism through which tumor cells induce
EGER activity to sustain proliferative signaling. Our find-
ings of OGN-dependent regulation of EGFR internaliza-
tion add alternative mechanism to a growing body of
evidence that highlights the importance of receptor
endocytosis in cancer progression. Thus, our findings
highlight the importance of the OGN-mediated of EGFR
signaling in tumor biology, revealing a novel mechanism
regulating CRC growth and progression.

Acknowledgements
Not applicable

Funding
This work was supported by the National Natural Science Foundation of
China (Grant No. 81672374).

Availability of data and materials
Not applicable

Authors’ contributions

Conceived and designed the experiments: HX and CSJ Analysed the data:
HX, LYQ, CSJ, LQG Contributed reagents/materials/analysis tools: HX and MYL
Wrote the paper: HX. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



Hu et al. Journal of Experimental & Clinical Cancer Research (2018) 37:41

Received: 30 November 2017 Accepted: 21 February 2018
Published online: 02 March 2018

References

1.

20.

21.

Matsushima N, Ohyanagi T, Tanaka T, Kretsinger RH. Super-motifs and
evolution of tandem leucine-rich repeats within the small proteoglycans-—
biglycan, decorin, lumican, fibromodulin, PRELP, keratocan, osteoadherin,
epiphycan, and osteoglycin. Proteins. 2000;38(2):210-25.

Hocking AM, Shinomura T, McQuillan DJ. Leucine-rich repeat glycoproteins
of the extracellular matrix. Matrix Biol. 1998;17(1):1-19.

Hildebrand A, Romaris M, Rasmussen LM, Heinegard D, Twardzik DR, Border
WA, Ruoslahti E. Interaction of the small interstitial proteoglycans biglycan,
decorin and fibromodulin with transforming growth factor beta. Biochem J.
1994,302(Pt 2):527-34.

lozzo RV, Schaefer L. Proteoglycans in health and disease: novel regulatory
signaling mechanisms evoked by the small leucine-rich proteoglycans. FEBS
J.2010,277(19):3864-75.

Lee JY, Eom EM, Kim DS, Ha-Lee YM, Lee DH. Analysis of gene expression profiles
of gastric normal and cancer tissues by SAGE. Genomics. 2003;82(1):78-85.
Wang Y, Ma Y, Lu B, Xu E, Huang Q, Lai M. Differential expression of
mimecan and thioredoxin domain-containing protein 5 in colorectal
adenoma and cancer: a proteomic study. Exp Biol Med (Maywood). 2007;
232(9):1152-9.

Lomnytska MI, Becker S, Hellman K, Hellstrom AC, Souchelnytskyi S, Mints M,
Hellman U, Andersson S, Auer G. Diagnostic protein marker patterns in
squamous cervical cancer. Proteomics Clin Appl. 2010;4(1):17-31.

Rower C, Ziems B, Radtke A, Schmitt O, Reimer T, Koy C, Thiesen HJ, Gerber
B, Glocker MO. Toponostics of invasive ductal breast carcinoma:
combination of spatial protein expression imaging and quantitative
proteome signature analysis. Int J Clin Exp Pathol. 2011;4(5):454-67.

Li L, Zhang Z, Wang C, Miao L, Zhang J, Wang J, Jiao B, Zhao S. Quantitative
proteomics approach to screening of potential diagnostic and therapeutic
targets for laryngeal carcinoma. PLoS One. 2014,9(2):.e90181.

Sponziello M, Lavarone E, Pegolo E, Di Loreto C, Puppin C, Russo MA, Bruno
R, Filetti S, Durante C, Russo D, Di Cristofano A, Damante G. Molecular
differences between human thyroid follicular adenoma and carcinoma
revealed by analysis of a murine model of thyroid cancer. Endocrinology.
2013;154(9):3043-53.

Cui X, Song B, Hou L, Wei Z, Tang J. High expression of osteoglycin
decreases the metastatic capability of mouse hepatocarcinoma Hca-F cells
to lymph nodes. Acta Biochim Biophys Sin Shanghai. 2008:40(4):349-55.
Grunwald V, Hidalgo M. Developing inhibitors of the epidermal growth
factor receptor for cancer treatment. J Natl Cancer Inst. 2003;95(12):851-67.
Zhu JX, Goldoni S, Bix G, Owens RT, McQuillan DJ, Reed CC, lozzo RV.
Decorin evokes protracted internalization and degradation of the
epidermal growth factor receptor via caveolar endocytosis. J Biol Chem.
2005;280(37):32468-79.

Li D, Peng Z, Tang H, Wei P, Kong X, Yan D, Huang F, Li Q, Le X, Li Q, Xie K.
KLF4-mediated negative regulation of IFITM3 expression plays a critical role
in colon cancer pathogenesis. Clin Cancer Res. 2011;17(11):3558-68.
Sinicrope FA, Ruan SB, Cleary KR, Stephens LC, Lee JJ, Levin B. Bcl-2 and p53
oncoprotein expression during colorectal tumorigenesis. Cancer Res. 1995;
55(2):237-41.

Li Q, Wu J, Wei P, Xu Y, Zhuo C, Wang Y, Li D, Cai S. Overexpression of
forkhead box C2 promotes tumor metastasis and indicates poor prognosis
in colon cancer via regulating epithelial-mesenchymal transition. Am J
Cancer Res. 2015;5(6):2022-34.

Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res. 2004;10(21):7252-9.

Tasheva ES, Maki CG, Conrad AH, Conrad GW. Transcriptional activation of
bovine mimecan by p53 through an intronic DNA-binding site. Biochim
Biophys Acta. 2001;1517(3):333-8.

Tasheva ES, Conrad GW. The UV responsive elements in the human
mimecan promoter: a functional characterization. Mol Vis. 2003;9:1-9.
Wassermann-Dozorets R, Rubinstein M. C/EBPbeta LIP augments cell death
by inducing osteoglycin. Cell Death Dis. 2017;8(4):e2733.

Shanahan CM, Cary NR, Osbourn JK, Weissberg PL. Identification of osteoglycin
as a component of the vascular matrix. Differential expression by vascular
smooth muscle cells during neointima formation and in atherosclerotic
plaques. Arterioscler Thromb Vasc Biol. 1997;17(11):2437-47.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

Page 14 of 14

Long CJ, Roth MR, Tasheva ES, Funderburgh M, Smit R, Conrad GW,
Funderburgh JL. Fibroblast growth factor-2 promotes keratan sulfate
proteoglycan expression by keratocytes in vitro. J Biol Chem. 2000;
275(18):13918-23.

Berryhill BL, Beales MP, Hassell JR. Production of prostaglandin D synthase
as a keratan sulfate proteoglycan by cultured bovine keratocytes. Invest
Ophthalmol Vis Sci. 2001;42(6):1201-7.

Kampmann A, Fernandez B, Deindl E, Kubin T, Pipp F, Eitenmuller |, Hoefer
IE, Schaper W, Zimmermann R. The proteoglycan osteoglycin/mimecan is
correlated with arteriogenesis. Mol Cell Biochem. 2009;322(1-2):15-23.

Gu XS, Lei JP, Shi JB, Lian WL, Yang X, Zheng X, Qin YW. Mimecan is
involved in aortic hypertrophy induced by sinoaortic denervation in rats.
Mol Cell Biochem. 2011;352(1-2):309-16.

Gupta DK, Singh N, Sahu DK. TGF-beta mediated crosstalk between
malignant Hepatocyte and tumor microenvironment in Hepatocellular
carcinoma. Cancer Growth Metastasis. 2014;7:1-8.

Nicholson RI, Gee JM, Harper ME. EGFR and cancer prognosis. Eur J Cancer.
2001;37(Suppl 4):59-15.

Zhong H, De Marzo AM, Laughner E, Lim M, Hilton DA, Zagzag D, Buechler
P, Isaacs WB, Semenza GL, Simons JW. Overexpression of hypoxia-inducible
factor Talpha in common human cancers and their metastases. Cancer Res.
1999,59(22):5830-5.

Semenza GL. Targeting HIF-1 for cancer therapy. Nat Rev Cancer. 2003;
3(10):721-32.

Insenser M, Montes-Nieto R, Vilarrasa N, Lecube A, Simo R, Vendrell J,
Escobar-Morreale HF. A nontargeted proteomic approach to the study of
visceral and subcutaneous adipose tissue in human obesity. Mol Cell
Endocrinol. 2012;363(1-2):10-9.

Petretto E, Sarwar R, Grieve |, Lu H, Kumaran MK, Muckett PJ, Mangion J,
Schroen B, Benson M, Punjabi PP, Prasad SK, Pennell DJ, Kiesewetter C,
Tasheva ES, Corpuz LM, Webb MD, Conrad GW, Kurtz TW, Kren V, Fischer J,
Hubner N, Pinto YM, Pravenec M, Aitman TJ, Cook SA. Integrated genomic
approaches implicate osteoglycin (Ogn) in the regulation of left ventricular
mass. Nat Genet. 2008;40(5):546-52.

Pravenec M. Use of rat genomics for investigating the metabolic syndrome.
Methods Mol Biol. 2010;,597:415-26.

Cao HM, Ye XP, Ma JH, Jiang H, Li SX, Li RY, Li XS, Guo CC, Wang ZQ, Zhan
M, Zuo CL, Pan CM, Zhao SX, Zheng CX, Song HD. Mimecan, a hormone
abundantly expressed in adipose tissue, reduced food intake independently
of Leptin signaling. EBioMedicine. 2015;2(11):1718-24.

Garber K. Energy deregulation: licensing tumors to grow. Science. 2006;
312(5777):1158-9.

Rankin EB, Giaccia AJ. Hypoxic control of metastasis. Science. 2016;
352(6282):175-80.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Antibodies and reagents
	Study population
	Tissue microarray(TMA) construction and immunohistochemistry(IHC) staining
	Cell culture
	Plasmids construction and viral transduction
	Immunofluorescence
	Western blot
	Cell viability, Transwell migration, invasion assays and wound healing assays
	Wound healing assays
	Invasion assay

	Xenotransplant murine models
	Statistical analysis

	Results
	Protein expression and Clinicopathological characteristics
	Increased OGN expression predicts better survival in CRC
	OGN over-expression exhibits pleiotropic effects on colorectal cell lines in vitro
	OGN regulated the EGFR signaling pathway
	OGN reduced Akt activity via inhibition of EGFR
	OGN inhibited EMT via Akt activity
	Zeb-1 was essential for inhibition of EMT by OGN
	OGN consistently reduced tumorigenesis and metastasis in vivo

	Discussion
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

