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Abstract

Background Colorectal cancer is the third most common cancer worldwide. If biomarkers can be identified in liquid biopsy,
diagnosis and treatment can be optimized even when cancerous tissues are not available. The purpose of this study was to
identify proteins from liquid biopsy that would be useful as markers of poor prognosis.

Methods First, we comprehensively analyzed serum proteins to identify potential biomarkers and focused on serum lectin-
like oxidized low-density lipoprotein receptor-1 (LOX-1). The relationship between LOX-1 and the prognosis of patients
with colorectal cancer has not been reported. Next, we validated this marker using serum samples from 238 patients with
colorectal cancer by ELISA and 100 tissue samples by immunohistochemical staining.

Results The optimal cut-off value of serum LOX-1 was 538.7 pg/mL according to time-dependent receiver operating char-
acteristics curve analysis. The overall survival of patients with high levels of serum LOX-1 was significantly poorer than that
of individuals with low levels of LOX-1 in the training and test datasets. In multivariate analysis for overall survival, serum
LOX-1 was an independent prognostic factor identified in liquid biopsy (hazard ratio=1.729, p =0.027). The prognosis of
patients with high LOX-1 expression in tumor tissues was significantly poorer than that of individuals with low expression
(p=0.047). Additionally, inflammatory factors such as white blood cell count, C-reactive protein level, neutrophil/lymphocyte
ratio, and monocyte/lymphocyte ratio were significantly higher in the group with high serum LOX-1 levels.

Conclusions Serum LOX-1 might be a useful biomarker of poor prognosis in colorectal cancer.

Keywords Colorectal cancer - LOX-1 - Liquid biomarker - Prognosis

Introduction

Colorectal cancer (CRC) is the third most common cancer
and second leading cause of cancer-related death in indus-
trialized countries [1]. In the past decade, combination treat-
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monoclonal antibodies such as anti-vascular endothelial
growth factor antibody or anti-epidermal growth factor
receptor antibody, has markedly improved the prognosis
of patients with stage IV metastatic advanced CRC [2-6].
Additionally, it has been recommended that patients with
high-risk stage II and III CRC should be administered adju-
vant chemotherapy with FOLFOX or XELOX to prevent
recurrence. Hence, predictive biomarkers of poor prog-
nosis are crucially needed [7]. If these biomarkers can be
identified in liquid biopsy, which analyze cell-free DNA
[8], microRNAs [9], and inflammatory molecules [10, 11]
in the peripheral blood, diagnosis and treatment could be
optimized even when cancerous tissues are not available.
To detect novel biomarkers, we performed comprehensive
proteome analysis and found that lectin-like oxidized low-
density lipoprotein receptor-1 (LOX-1) was a candidate bio-
marker for patients with CRC.

LOX-1 is the major receptor for oxidized low-density
lipoprotein (ox-LDL) in endothelial cells [12], macrophages
[13], smooth muscle cells, and monocytes [14]. This protein
is a type II transmembrane glycoprotein [15]. The binding of
ox-LDL to LOX-1 increases reactive oxygen species (ROS)
formation and strongly contributes to oxidative DNA dam-
age [16-18]. A strong correlation between the serum level
of ox-LDL and risk of CRC was described in a large-scale
Japanese cohort [19]. However, the relationship between
serum levels of LOX-1 and cancer is unknown.

We focused on the protein LOX-1 based on the results
of a comprehensive analysis of serum proteins. The aim of
this study was to investigate the relationship between serum
LOX-1 and CRC prognosis to determine whether LOX-1
can be used as a liquid prognostic biomarker for CRC. We
found that serum LOX-1 is a potential biomarker of poor
prognosis in CRC.

Materials and methods
Comprehensive analysis of serum proteins

We comprehensively analyzed serum proteins using the
SOMAscan (Somalogic, Inc., Boulder, CO, USA) to meas-
ure 1129 proteins related to the disease. Serum samples were
obtained on the day of admission immediately before chemo-
therapy from 24 consecutive patients with CRC treated with
FOLFOX as first-line chemotherapy at our hospital between
February 2009 and November 2012. Serum samples were
stored at— 80 °C until use. We analyzed 20 samples from the
patients including nine patients who survived for more than
3 years and 11 patients who survived for less than 2 years,
excluding four patients who survived for 2-3 years (Fig. 1).
All patients had unresectable metastatic lesions, adequate
functions of critical organs, and an Eastern Cooperative

@ Springer

Fig.1 CONSORT diagram of the comprehensive analysis of serum
proteins. We measured 24 serum samples using SOMAscan and ana-
lyzed 20 samples. CRC colorectal cancer

Oncology Group performance status (PS) of 0 or 1. Writ-
ten informed consent was obtained from each patient at the
time of enrollment. The study was carried out in accordance
with the Helsinki declaration on experimentation in human
subjects and was approved by the Institutional Ethics Review
Boards of Yamaguchi University (H20-102 and H23-135).

Sample collection for validation

From January 2004 to December 2015, 238 serum samples
were obtained from consecutive patients with stage III and
IV CRC, excluding the samples obtained for the compre-
hensive proteome analysis for validation, in our hospital
and stored at— 80 °C until use. These were obtained at the
time of admission, which was soon followed by surgery or
chemotherapy. In this study, the candidate biomarkers were
selected from stage IV CRC and hence might be biomarkers
for patients with advanced cancer. Concurrently, the prog-
nosis of stage I and II CRC was quite favorable compared
to that of stage III and IV CRC. Therefore, we analyzed
patients with stage III and IV CRC and excluded those with
stage I and II CRC. This study was approved by the Ethics
Committee of Yamaguchi University Hospital (H17-83 and
H23-135). All samples were obtained with the patients’ writ-
ten informed consent. For immunohistochemical staining,
100 tissue samples were collected from 238 stage III and IV
patients with CRC who underwent surgery. Fifty tissue sam-
ples were selected from the high-serum LOX-1 group, and
another 50 samples were from the low-serum LOX-1 group.

Measurement of serum LOX-1 levels
Serum LOX-1 concentrations were determined using a

Human LOX1 ELISA Kit (ab212161; Abcam plc, Cam-
bridge, UK). This kit employs the sandwich ELISA
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principle. The samples were collected in sterile tubes, cen-
trifuged at 2000 X g for 10 min, aliquoted into 1.5-mL tubes,
and preserved at — 80 °C until analysis. They were assayed
according to the manufacturer’s instructions. Briefly, 50 uL
of standard, undiluted sample, or blank was added into each
well, and 50 pL of the Antibody Cocktail (capture antibody
and detector antibody) was added to each well and incubated
for 1 h at room temperature. Then after removing the anti-
body by washing, 100 uL of TMB substrate solution was
added and incubated for 10 min in the dark. Finally, 100 uL.
of stop solution was added to each well. The absorbances of
samples and standards at 450 nm were measured immedi-
ately using EnVision Multilabel Plate Readers (PerkinElmer,
Shelton, CT, USA). A standard curve was constructed for the
stock standard. The sensitivity of the assay was 15.625 pg/
mL.

Immunohistochemical staining (IHC)

IHC was performed on 4-um-thick formalin-fixed paraffin-
embedded sections. Antigen retrieval was performed in
10 mM sodium citrate buffer, pH 6.0 (Dako, Carpinteria,
CA, USA) by heating at 121 °C in an autoclave for 10 min.
After blocking endogenous peroxidase activity with Perox-
idase-Blocking Solution (Dako S2023) for 5 min, the sec-
tions were incubated with serum-free protein block (Dako)
and with 1% skim milk for 10 min each and then with an
anti-LOX-1 antibody (Proteintech Group, Inc., Chicago,
IL, USA; dilution 1:600) at 4 °C overnight. Labeling was
detected with the Envision Plus Detection kit (Dako) fol-
lowing the manufacturer’s protocol, and staining was visual-
ized by incubating the samples with DAB (Dako) for 3 min
followed by counterstaining with hematoxylin. Photographs
were obtained using the All-in-one fluorescence microscope
BZ-X710 (KEYENCE, Tokyo, Japan). To estimate LOX-1
expression in the tumor tissue, the slides were assessed by
an experienced and independent pathologist blinded to the
patient’s status to determine the composite expression score
(CES) as described previously [27]. The CES was calcu-
lated from staining intensity and frequency measurements.
The intensity scores were divided into four levels, specifi-
cally O (negative), 1 (weak), 2 (moderate), and 3 (strong).
The frequency scores were also divided into four levels as 1
(5-24%), 2 (25-49%), 3 (50-74%), and 4 (75-100%). When
the intensity was 0, CES was determined to be 0. When the
intensity was 1 or more, the CES was calculated according to
the following formula: CES =4 X (intensity score — 1)+ fre-
quency score.

Statistical analysis

The cut-off value of serum LOX-1 was determined by time-
dependent receiver operating characteristic (ROC) curve

analysis, twofold cross-validation, and ROC curve analysis
using a certain time period. Differences between groups were
estimated by Welch’s ¢ test or the Mann—Whitney U test.
Categorical variables were compared by the Chi-squared
test. Overall survival (OS) was measured from the day of the
first visit to the day of patient death. Survival curves were
estimated by the Kaplan—Meier method and analyzed by the
log-rank test. Cox’s proportional hazard model was used to
estimate the hazard ratios (HRs) to determine the relation-
ship between OS and protein expression, other biomarkers,
and prognostic clinical information. Statistical analyses were
performed with JMP Pro14 (SAS Institute, Inc., Cary, NC,
USA) and R language (version 3.5.2). p <0.05 was consid-
ered to indicate statistically significant results.

Results

Selection of candidate protein for the prediction
of CRC prognosis

We first performed a comprehensive analysis using the 20
serum samples, which were divided into two groups as fol-
lows: nine cases with good prognosis with an OS of more
than 3 years and 11 cases with poor prognosis with an OS of
less than 2 years. We ranked the obtained proteins for can-
didates of liquid biomarkers according to their Fisher ratio
(Table 1) and focused on the protein LOX-1. The candidate
biomarkers from comprehensive analysis should be novel
and potential serum biomarkers for CRC. Hence, the exclu-
sion criteria for further analysis were that the serum analysis
had been previously reported for colorectal cancer and there
was no reported association with any cancer. Although some
previous studies reported that LOX-1 function is related to
cancer progression and that LOX-1 expression in tumors
might be a poor prognostic biomarker [20-22], there is no
report concerning the serum level of LOX-1 as a liquid prog-
nostic biomarker for patients with CRC. Myeloperoxidase,
the number one candidate, was reported in 1983 as a marker
of phagocytic activity of neutrophils [23]. Numerous reports
have been published on the relationship between myeloper-
oxidase and colorectal cancer [24]. Hence, it might be diffi-
cult to find novel roles for this marker in CRC. Proteinase 3,
the number two candidate, was purified as a distinct human
polymorphonuclear leukocyte proteinase that produces
emphysema in hamsters in 1988 [25]. Recently, proteinase
3 was reported as a cancer-associated antigen to which CD8™
T cell responds in patients with hematological malignan-
cies [26]. Since there is no report of proteinase 3 as a target
molecule of CRC, it was excluded as a candidate liquid bio-
marker for CRC. Next, using the same 20 serum samples,
we measured the levels of LOX-1 by ELISA. We found a
strong correlation between the levels of LOX-1 measured by
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Table 1 Predictive markers

: . Rank Target protein
from comprehensive analysis

Good prognosis

Poor prognosis

Log, ratio Fisher’s ratio Welch’s ¢ test

e (n=9) (n=11)

of serum proteins in colorectal

cancer Avg SD Avg SD p value
1 Myeloperoxidase 29407.4 8857.3 51014.8 10610.8 —0.8 4.65 <0.001
2 Proteinase-3 7979.2 2821.1 15841.6 46879 —-1.0 3.44 <0.001
3 LOX-1 460.7 108.0 7525 2575 -0.7 2.74 0.004
4 IL-8 33189 943.6 70969 37853 -—1.1 2.59 0.008
5 Lactoferrin 8649.9 2371.3 146749 5112.1 —-0.8 2.26 0.003
6 BPI 3032.8 1023.0 5904.1 29854 —-1.0 2.03 0.011
7 hnRNP A2/B1 44242 18358 73779 31152 -0.7 1.94 0.018
8 PGRP-S 948.4 3284 1503.8  489.8 —0.7 1.79 0.008
9 VEGF121 46357 1890.0 11089.3 7703.0 —-1.3 1.55 0.021
10 MCP-3 2773.6 8622 54550 4965.8 —1.0 1.21 0.107

Good prognosis: survived more than 3 years, poor prognosis: survived less than 2 years

Avg average, SD standard deviation, LOX-1 oxidized low-density lipoprotein receptor 1, /L-8 Interleukin-8,
BPI bactericidal permeability-increasing protein, hinRNP A2/B1 heterogeneous nuclear ribonucleoproteins
A2/B1, PGRP-S peptidoglycan recognition protein 1, VEGF 121 vascular endothelial growth factor A, iso-
form 121, MCP-3 C-C motif chemokine 7

SOMAscan and ELISA (r=0.926, p<0.001: Fig. 2a). Thus,
the measurement of SOMAscan was reliable.

Validation of serum LOX-1 level as a poor prognostic
biomarker

All 238 samples were used to determine the best cut-off
period (months) by conducting time-dependent ROC curve
analysis. The comprehensive analysis of biomarkers in this
study was based on the survival of stage IV patients with
CRC, and prognoses were divided into categories of less
than 2 years and more than 3 years. Clinically, the median
OS of stage IV CRC is approximately 3 years; therefore,
we focused on the range of 30—36 months on the time-
dependent ROC curve and selected 35 months as the best
cut-off period for further analysis, as indicated by the arrow
(Fig. S1). Next, twofold cross-validation was performed;
specifically, all samples were randomly divided into two
subsets while maintaining the ratios of patients with stage
IIT and IV disease in each dataset. One subset was used for
training (n=120), and the remaining subset was used for
testing (n=118). Then the cut-off value of serum LOX-1 was
selected by conducting ROC curve analysis at 35 months
using the training dataset (Fig. 2b). These processes were
repeated 5000 times, and the most frequently detected cut-
off value of 538.7 pg/mL was selected as the cut-off value
for serum LOX-1. The OS of patients in the group with high
serum levels of LOX-1 in a training dataset was significantly
poorer than that in the group with low LOX-1 levels (log-
rank test, p=0.0196; Fig. 2c). Finally, the OS of patients
with high levels of serum LOX-1 in a test dataset was a
significantly poorer than that of patients with low LOX-1
levels (log-rank test, p=0.0376; Fig. 2d).

@ Springer

Clinicopathological characteristics and relationship
with LOX-1

The clinicopathological characteristics of the patients are
shown in Table 2. The LOX-1-high group contained sig-
nificantly more cases of lymph node metastasis (p <0.001)
and distant metastasis (p <0.001) than the LOX-1-low group
(Table 2).

Relationship between serum LOX-1 levels
and peripheral blood examination in usual clinical
practice

In the LOX-1-high group, the levels of carcinoembryonic
antigen (CEA), white blood cell counts, C-reactive protein,
neutrophil-to-lymphocyte ratio, and monocyte-to-lympho-
cyte ratio were significantly higher than those in the LOX-
1-low group (p =0.008, p=0.001, p=0.012, p <0.001,
p=0.004, respectively; Table 3).

Univariate and multivariate analyses
of the association between various clinical data
and overall survival

Univariate analysis revealed that the levels of LOX-1,
CEA, and carbohydrate antigen19-9 (CA19-9), white
blood cell, neutrophil, and lymphocyte counts, the neu-
trophil-lymphocyte and monocyte-to-lymphocyte ratios,
and C-reactive protein were significantly associated with
OS as liquid predictive biomarkers (Table 4). By multi-
variate analysis, using the results of predictive biomarkers
that had significant values based on univariate analysis,
the levels of LOX-1 (HR=1.729, p=0.027) and CEA
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Fig.2 Measurement and verification of serum LOX-1. a The levels of
LOX-1, as measured by SOMAscan and ELISA, were strongly cor-
related (n=20). b Determination of the best cut-off value of serum
LOX-1 by time-dependent ROC curve analysis in the training dataset

(HR=3.960, p <0.001) were confirmed as independent
liquid predictive biomarkers of OS (Table 4). Addition-
ally, multivariate analysis including tumor factor, node
factor, and metastasis factor was performed (Table 5).
As a result, distant metastases (HR =7.640, p <0.001),
N2/N3 status, which indicates more than four regional
lymph node metastases (HR =3.367, p <0.001), and the
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monocyte-to-lymphocyte ratio (HR =2.486, p=0.006)

were confirmed as independent liquid predictive biomark-
ers of OS.
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Table 2 Clinicopathological characteristics and serum LOX-1 level in
colorectal cancer

Characteristics Serum LOX-1 level t or Chi-
squared
test

Low (n=140) High (n=98) p value

Age

Median 66 67.5 0.978
Sex
Male 72 62 0.084
Female 68 36
Tumor location
Right colon 48 29 0.484
Left colon 52 44
Rectum 40 25
Depth of invasion
T1-3 118 75 0.133
T4a, 4b 22 23
Lymph node metastasis
NoO, 1 106 53 <0.001
N2,3 34 45
Distant metastasis
Absent (MO) 108 51 <0.001
Present (M1) 32 47

LOX-1 lectin-like oxidized low-density lipoprotein receptor-1

Overall survival analysis according to high and low
cut-off values of LOX-1 and CEA

Survival analysis was performed according to the cut-off val-
ues of CEA and LOX-1 (Fig. 3). The prognosis of patients
with low levels of CEA was favorable regardless of LOX-1
levels. In contrast, the prognosis was significantly poorer
for patients with high LOX-1 levels than for those with low
LOX-1 levels among the group with high levels of CEA
(»<0.01, log-rank test).

Immunohistochemical staining of LOX-1 and other
clinical factors

As shown in Fig. 4a, positive LOX-1 staining was mainly
observed in the cytoplasm of tumor cells. The cut-off value,
CES 8, was selected by time-dependent ROC curve analysis.
The group with higher LOX-1 expression in the tumor tissue
showed significantly poor prognosis compared to that in the
group with lower expression (p =0.047; Fig. 4b).

Discussion

This is the first report using the serum LOX-1 level as a
significant prognostic biomarker of CRC. First, we found
that the OS of patients with CRC with high levels of serum
LOX-1 was significantly poorer than that for individuals
with low levels of LOX-1 (Fig. 2b—d). Additionally, serum
LOX-1, obtained by liquid biopsy, was an independent prog-
nostic factor in multivariate analysis of OS (Table 4). These
results indicate that the serum level of LOX-1 can be used
as a prognostic biomarker of CRC.

LOX-1 is one of the main receptors of ox-LDL [13], also
known as ox-LDL receptor 1 (OLR1), and is overexpressed
in polymorphonuclear myeloid-derived suppressor cells
(PMN-MDSCs). LOX-1, encoded by OLR1, is nearly unde-
tectable in neutrophils in the peripheral blood of healthy
donors, whereas 5-15% of total neutrophils from patients
with cancer and 15-50% of neutrophils in tumor tissues are
LOX-1-positive [28]. LOX-17 PMN cells show significantly
higher expression of arginasel and ROS production, which
cause immune suppression in the peripheral blood and tumor
microenvironment [28]. As a result, the number of LOX-17
PMN-MDSCs is negatively related to the OS of patients
with hepatocellular carcinoma [29].

LOX-1 can be stimulated by various inflammatory fac-
tors such as C-reactive protein [30] or interleukin 18 [31],

Table3 Serum LOX-1 and

. . Serum prognostic marker Lox-1 expression (median [IQR]) Mann—
peripheral blood markers in :
Whitney U
colorectal cancer ¢
est
Low (n=140) High (n=98) p value
CEA (ng/mL) 6.75[3.27, 17.85] 11.30 [4.05, 47.02] 0.008
CA19-9 (U/mL) 8.00 [3.77, 37.16] 11.80 [4.30, 46.30] 0.215
WBC (/uL) 5770.0 [4780.0, 7060.0] 6580.0 [5442.50, 8852.50] 0.001
Monocyte (%) 5.20 [4.00, 6.90] 5.60 [4.30, 6.50] 0.738
NLR 2.30[1.70, 3.45] 2.95 [2.10, 4.60] <0.001
MLR 0.19 [0.14, 0.28] 0.24 [0.17, 0.39] 0.004
CRP (mg/dL) 0.13 [0.05, 0.72] 0.41[0.07, 1.53] 0.012

CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen19-9, WBC white blood cell, NLR neutro-
phil-lymphocyte ratio, CRP C-reactive protein, LOX-1 lectin-like oxidized low-density lipoprotein recep-

tor-1, IQR interquartile range
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Table 4 Univariate and

- Factor Cut-off  Univariate analysis Multivariate analysis

multivariate analyses of

associations between serum HR 95% C1 pvalue HR 95% CI p value

LOX-1 and liquid sample

Lower Upper Lower Upper

CEA (ng/mL) >10 4813 2938 8219 <0.001 3960 2250 7.180 <0.001
CA19-9 (U/mL) >74 2900 1.777 4.621 <0.001 1431 0.824 2449 0.200
WBC (/uL) >6095 1.743 1.106  2.789 0.018 0994 0.584 1.707 0.983
Neutrophils (%) >65.2 1.595 1.009  2.545 0.047 1.128 0.481 2.628 0.782
Lymphocytes (%) <26 1.745 1.100  2.812 0.019 1.052 0382 3.276 0.926
NLR >2.5 1.744  1.104 2.783 0.018 1.115 0320 4.227 0.868
Monocytes (%) >54 1.193  0.755 1.887 0.449
MLR >0.214 2.000 1.258 3.236 0.003 1.556 0.885  2.763 0.125
CRP (mg/dL) >0.30 2588 1.647 4121 <0.001 1.530 0912 2.582 0.107
LOX-1 (pg/mL) >538.7 1939 1238 3.045 0.004 1.729 1.064 3.853 0.027

CEA carcinoembryonic antigen, CA/9-9 carbohydrate antigen19-9, WBC white blood cell, NLR neutro-
phil-lymphocyte ratio, MLR monocyte-to-lymphocyte ratio, CRP C-reactive protein, LOX-1 lectin-like oxi-
dized low-density lipoprotein receptor-1, HR hazard ratio, CI confidence interval

Table 5 Univariate and

-7 Factor
multivariate analyses of

Cut-oftf  Univariate analysis

Multivariate analysis

associations between serum HR 95% CI pvalue HR 95% CI p value
LOX-1 and all factors
Lower Upper Lower Upper

Tumor (T4/T1-3) 3.054 1.863 4.876 <0.001 1.430 0.827 2.405 0.195
Node (N2, 3/NO, 1) 3.969 2.523 6.317 <0.001 3.367 2.004 5.741 <0.001
Metastasis (M1/MO0) 10.68 6.456 18.44 <0.001 7.640 4.113 1472 <0.001
CEA (ng/mL) >10 4.813 2.938 8219 <0.001 1.705 0.916 3.255 0.093
CA19-9 (U/mL) >74 2.900 1.777 4.621 <0.001 1.017 0.589 1.725 0.951
WBC (/uL) > 6095 1.743 1.106 2789  0.018 1.006 0.580 1.755 0.984
Neutrophils (%) >65.2 1.595 1.009 2.545 0.047 0.633 0.219 1.798 0.400
Lymphocytes (%) <26 1.745 1.100 2.812 0.019 1.402 0415 4.225 0.574
NLR >2.5 1.744 1.104 2.783 0.018 1.174 0.278 5.349 0.831
MLR >0.214  2.000 1.258 3236 0.003 2486 1.297 4.830  0.006
CRP (mg/dL) >0.30 2.588 1.647 4.121 <0.001 1.143 0.652 2012 0.640
LOX-1 (pg/mL) >538.7 1.939 1.238 3.045 0.004 1.034 0.618 1.734 0.900

CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen19-9, WBC white blood cell, NLR neutro-
phil-lymphocyte ratio, MLR monocyte-to-lymphocyte ratio, CRP C-reactive protein, LOX-1 lectin-like oxi-
dized low-density lipoprotein receptor-1, HR hazard ratio, CI confidence interval

which is followed by hydrolysis and release into the blood
by specific proteases; the hydrolysis product, known as the
soluble form of LOX-1, was recently reported as a potential
biomarker for cardiovascular diseases [32]. LOX-1 recep-
tor, upon activation by its ligand ox-LDL, stimulates the
expression of adhesion molecules, pro-inflammatory signal-
ing pathways, and proangiogenic proteins including nuclear
factor-kB and vascular endothelial growth factor in vascular
endothelial cells and macrophages [33]. These reports sup-
port our results showing that a high level of serum LOX-1 is
related to the poor prognosis of patients with CRC.
Second, in our study, high LOX-1 expression in the
tumor tissue was significantly related to poor prognosis

(Fig. 4b). Positive staining for LOX-1, which is a transmem-
brane receptor [15], was mainly observed in the cytoplasm
(Fig. 4a). Some studies have already shown that LOX-1
overexpression in tumor tissue is a significant indicator of
poor prognosis and tumor progression in gastric cancer [20],
pancreatic cancer [21], and CRC [22], supporting our results.
Li et al. [20] found that LOX-1 promotes the migration, inva-
sion, and epithelial-mesenchymal transition of gastric cells
through the PI3K/Akt/GSK3p pathway, which regulates
epithelial-mesenchymal transition [34], metastasis [35],
and progression of various cancers. Indeed, our results indi-
cated that the level of serum LOX-1 was significantly high
in patients with lymphatic and/or hematogenous metastases
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Fig.3 Overall survival according to high and low cut-off values of
LOX-1 and CEA. The cut-off values to distinguish high and low lev-
els were 538.7 (pg/mL) and 10 (ng/mL) for LOX-1 and CEA, respec-
tively. LOX-1 Lectin-like oxidized low-density lipoprotein receptor-1,
CEA carcinoembryonic antigen, BH method Benjamini and Hochberg
method, * p<0.01, ** p<0.001, n.s. not significant
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Fig.4 LOX-1 expression and its association with CRC prognosis and
serum concentrations. a Representative IHC staining images of CES
0, 3, 8, and 12, in order. CES O (intensity score: 0, frequency score:
4), CES3 (intensity score: 1, frequency score: 3), CES8 (intensity
score: 2, frequency score: 4), CES12 (intensity score: 3, frequency

@ Springer

Overall survival (%)

Low 40
High 60

(Table 2). Although prognostic markers are truly important
for stage I and II patients, LOX-1 might be useful only in
advanced CRC. LOX-1 was not an independent prognostic
factor when analyzed with tumor factors such as lymph node
metastasis and distant metastasis, which were very strong
indicators of prognosis (Table 5); however, LOX-1 and CEA
were independent prognostic factors as peripheral blood
markers derived from liquid biopsy (Table 4). CEA and
CA19-9 are well-known CRC tumor markers. In this study,
CA19-9 was not an independent prognostic factor. In the
analysis of OS, prognosis was significantly poorer (p <0.01)
when LOX-1 was higher in the group with high CEA, but
there was no difference in prognosis based on LOX-1 lev-
els in the group with low CEA (Fig. 3). Although CEA is
already known as a strong tumor marker, LOX-1 could be
an additional prognostic marker. Murdocca et al. showed
that LOX-1 expression correlates with the aggressiveness of
cancer and that its downregulation diminishes the tumoral
phenotype in vitro [22]; moreover, LOX-1 inhibition signifi-
cantly prevents metastasis formation in vivo [36]. LOX-1 is
thus a potential target for the inhibition of tumor progression
and metastasis.
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Finally, we showed that the white blood cell count,
neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte
ratio, and C-reactive protein level were significantly higher
in patients with high levels of serum LOX-1 than in those
with low levels (Table 3). These inflammatory factors might
be involved in the release of LOX-1 from tissues or immune
cells into the serum as previously reported, and all are indi-
cators of immune suppression and poor prognosis in various
types of cancer [10]. Among these inflammatory parameters,
LOX-1 was the only independent biomarker detected in this
study to predict the prognosis of CRC (Table 4).

Limitations of this study were its retrospective, single-
institute study design, small number of patients, and the fact
that patients were limited to stage III and IV, in addition to
a lack of mechanistic studies. In conclusion, serum LOX-1
might be a useful biomarker of poor prognosis for patients
with CRC. However, we cannot conclude that LOX-1 is
directly responsible for cancer, but rather the results support
its role in tumor progression through other molecular path-
ways. Therefore, further studies are needed to address this.
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