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ABSTRACT
◥

Background: Overexpression of the receptor for advanced gly-
cation end-product (RAGE) has been associated with chronic
inflammation, which in turn has been associated with increased
colorectal cancer risk. Soluble RAGE (sRAGE) competes with
RAGE to bind its ligands, thus potentially preventing RAGE-
induced inflammation.

Methods: To investigate whether sRAGE and related genetic
variants are associated with colorectal cancer risk, we conducted a
nested case–control study in the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC). Plasma sRAGE concentra-
tions were measured by ELISA in 1,361 colorectal cancer matched
case–control sets. Twenty-four SNPs encoded in the genes associ-
ated with sRAGE concentrations were available for 1,985 colorectal
cancer cases and 2,220 controls. Multivariable adjusted ORs and
95% confidence intervals (CIs) were computed using conditional
and unconditional logistic regression for colorectal cancer risk and
circulating sRAGE and SNPs, respectively.

Results: Higher sRAGE concentrations were inversely associ-
ated with colorectal cancer (ORQ5vs.Q1, 0.77; 95% CI, 0.59–1.00).
Sex-specific analyses revealed that the observed inverse risk
association was restricted to men (ORQ5vs.Q1, 0.63; 95% CI,
0.42–0.94), whereas no association was observed in women
(ORQ5vs.Q1, 1.00; 95% CI, 0.68–1.48; Pheterogeneity for sex ¼
0.006). Participants carrying minor allele of rs653765 (promoter
region of ADAM10) had lower colorectal cancer risk (C vs. T, OR,
0.90; 95% CI, 0.82–0.99).

Conclusions: Prediagnostic sRAGE concentrations were
inversely associated with colorectal cancer risk in men, but not in
women. An SNP locatedwithinADAM10 gene, pertaining to RAGE
shedding, was associated with colorectal cancer risk.

Impact: Further studies are needed to confirm our observed sex
difference in the association and better explore the potential
involvement of genetic variants of sRAGE in colorectal cancer
development.
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Introduction
Advanced glycation end-products (AGE) are a heterogeneous

group of molecules formed by nonenzymatic reactions between
reducing sugars and proteins, lipids, or nucleic acids (1). AGEs are
produced endogenously, but diet and lifestyle are likely the largest
contributors to the overall AGEs pool particularly from high-
temperature processed food products, which contain high amounts
of AGEs and/or their precursors (2–4). Glycated proteins tend to
become dysfunctional and agglutinate with other reacting molecules
to create cross-links and aggregates which can accumulate within
diverse tissues in the body (5). The accumulation of AGEs throughout
the life course is thought to contribute to intracellular signaling
alterations, chronic low-level inflammation, and a decrease in tissue
functionality (6).

AGEs are recognized by amulti-ligand cell surface protein receptor,
known as the receptor for AGE (RAGE). RAGE consists of an
extracellular N-terminal, a transmembrane helix, and an intracellular
C-terminal tail (7). RAGE is expressed at low levels in most tissue
types, except the lungs in which the expression is generally high (8).
Overexpression of RAGE and its high activity have been demon-
strated in various cancers including in the colon, breast, brain,
prostate, and in the ovaries (9). Binding of AGEs to their receptor
triggers a signaling cascade leading to intracellular inflammation
with activation of NF-kB, increased secretion of cytokines
and chemokines, and elevated production of reactive oxygen and
nitrogen species (10).

Soluble RAGE (sRAGE) is a free circulating isoform of RAGE
that also binds AGEs and acts as a decoy for RAGE. In contrast to
RAGE, binding of AGEs to sRAGE does not induce inflammation
and oxidative stress (8). Although the concentration of sRAGE is
likely insufficient to bind all circulating AGEs (11), higher sRAGE
levels had been associated with low inflammation and lower risk of
several chronic diseases, including cancers (12). The variability in
sRAGE concentrations is considerably affected by a combination of
genetic and environmental factors (13). sRAGE levels have been
reported to be elevated in women versus men, younger versus older
individuals, and individuals with normal weight versus individuals
with overweight and obesity (14–17). Furthermore, genetic deter-
minants of sRAGE expression have also been identified and include
SNPs located within advanced glycosylation end-product specific
receptor (AGER), a disintegrin and metalloproteinase domain 10
(ADAM10), glyoxalase I (GLO1), and ring finger protein 5 (RNF5)
genes (17–21).

We hypothesized that higher circulating sRAGE levels are
inversely associated with colorectal cancer development. Previously,
only two prospective studies have investigated the association,
and showed an inverse association of high sRAGE concentrations
with colorectal cancer risk among Finnish male smokers (22)
and women with overweight and obesity (23). However, there are
sparse data from other prospective studies, and there is a need to

carefully investigate possible differences in the association by
sex or lifestyle factors. To address these gaps, we studied the
association between prediagnostic levels of circulating sRAGE and
risk of colorectal cancer in a large, multinational European pro-
spective cohort. We also investigated whether SNPs, reported to be
related to sRAGE levels or RAGE function, are associated with
colorectal cancer risk.

Materials and Methods
Study population and data collection

We used a case–control design nested within the European Pro-
spective Investigation into Cancer and Nutrition (EPIC) cohort. EPIC
is an ongoingmulticenter prospective cohort with 521,324 participants
(70% women) recruited from 23 study centers located in 10 European
countries (Denmark, France, Germany, Greece, Italy, the Netherlands,
Norway, Spain, Sweden, and the United Kingdom). The rationale and
methods of the EPIC study, including information on the recruitment
of the participants as well as data collection, have been described
previously (24). Participants provided written informed consent
before joining the EPIC study. Participant’s health history, anthro-
pometry, and socio-demographic and standardized lifestyle variables,
including education, smoking, and physical activity, were collected by
questionnaire at baseline, prior to disease onset or diagnosis. Physical
activity was based on the Cambridge physical activity index: inactive
(sedentary job and no recreational activity), moderately inactive
(sedentary job with <0.5 hours recreational activity per day/or stand-
ing job with no recreational activity), moderately active (sedentary job
with 0.5–1 hour recreational activity per day/or standing job with
0.5 hours recreational activity per day/or physical job with no recre-
ational activity), or active (sedentary job with >1 hour recreational
activity per day/or standing job with >0.5 hours recreational activity
per day/or physical job with at least some recreational activity/or
heavy manual job; ref. 25). Dietary intake was assessed at recruit-
ment by validated center-specific questionnaires. At each of the
study centers, blood samples were drawn at recruitment (�80% of
participants provided blood samples) and stored in liquid nitrogen
(�196�C, liquid nitrogen) at the International Agency for Research
on Cancer (Lyon, France) biobank, or in local biobanks (at �150�C
in nitrogen vapor in Denmark and �80�C freezers at Malm€o and
Umea

�
centers in Sweden; ref. 24).

Follow-up for cancer incidence and vital status
Vital status follow-up (98.4% complete) was collected by record

linkage with regional and/or national mortality registries in all coun-
tries, except Germany and Greece, and the Italian center of Naples,
where data are collected actively. Incident cancer cases were identified
through record linkage with regional cancer registries or using a
combination of methods, including health insurance records, cancer
and pathology registries, and active follow-up through participants
and their relatives. Colorectal cancer cases were eligible if they were
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first incident and histologically confirmed. Cases were defined using
the International Classification of Diseases for Oncology. Colon
cancers were defined as tumors that occurred in the cecum, appendix,
ascending colon, hepatic flexure, transverse colon, splenic flexure,
descending and sigmoid colon (C18.0–C18.7), and overlapping and or
unspecified origin tumors (C18.8 and C18.9). Rectal cancers were
defined as tumors that occurred at the recto-sigmoid junction (C19) or
rectum (C20). Cancers of the anal canal were excluded.

Case–control design
From baseline onwards, 1,413 first incident colorectal cancer cases

with available blood samples were identified (until June 2003 as
endpoint) among all the 2,476 colorectal cancer cases ascertained
(Fig. 1). For each identified case, one controlwasmatched by incidence
density sampling from all cohort members alive and cancer free at the
time of diagnosis of the index case. Cases and controlswerematched by
age (�1 year), sex, center, and blood collection details, including time
(�3 hours) and fasting prevenepuncture (<3, 3–6, and >6 hours); and
additionally among women only, by menopausal status (pre-, peri-,
and postmenopausal) and hormone replacement therapy use at the
time of blood collection (yes/no). After exclusion of participants
with incomplete matched case sets (n ¼ 16), those with extreme
sRAGE levels (n ¼ 3 controls and one case with sRAGE concen-
trations unusually high, i.e., >mean þ 4 SD), and 32 cases and
matched controls from Greece due to unforeseen data restriction
issues, 1,361 cases and 1,361 matched controls were included in the
sRAGE analysis. Among EPIC participants, 4,487 participants
(until December 2012 as endpoint, 2,148 colorectal cancer cases
and 2,339 matched controls) have been genotyped previously. After
exclusion of 100 colorectal cancer cases and 100 matched controls
from Greece and 82 participants with missing lifestyle variable,
1,985 colorectal cancer cases and 2,220 matched controls were
included in the genetic analysis. Among the participants who have
been genotyped, 972 colorectal cancer cases and 767 noncases
overlapped with case–control sets in whom sRAGE measurements
were conducted.

Laboratory analyses
Circulating sRAGE concentrations were measured in citrated plas-

ma samples by ELISA (Quantikine, R&D Systems), following the
manufacturer’s instructions. Previous studies have reported that
sRAGE is stable in plasma over a long period of time (26). Analyses
were run with case–control sets randomized across batches (n ¼ 40
batches, with an average of 35 case–control pairs analyzed per batch).
Intra- and interbatch coefficients of variation (CV) were assessed by
measuring three different samples used as quality controls in duplicate
in each. Mean intra- and interbatch CVs were 1.25% and 6.0%,
respectively. C-reactive protein (CRP) concentrations were deter-
mined using a high-sensitivity assay (Beckman-Coulter).

DNA genotyping and genetic variants selection
DNAwas extracted from buffy coats from citrated blood samples at

the Center for Inherited Disease Research (Johns Hopkins University,
Baltimore, MD) using the HumanOmniExpressExome-8v1–2 array as
described elsewhere (27). All SNPs met criteria for quality control for
genotyping call rate (above 95%). Candidate SNPs selected for our
study were those previously associated with sRAGE levels. Most of
these SNPs appear to be located within theAGER gene, with rs2070600
being the most important and explaining 22% of the variability in
sRAGE concentrations in Caucasians (17). In addition to AGER, three
additional genes that contain SNPs associated with sRAGE were
identified: RNF5, a neighboring gene which encodes for RAGE (28),
ADAM10, which encodes for metalloproteinases involved in the
shedding of RAGE ectodomain to form sRAGE (29), and GLO1,
which encodes for glyoxalase enzyme responsible to metabolize
methylglyoxal and prevent aberrant AGEs formation (30). The main
SNPs were from AGER (rs2070600, rs1800625, rs1800624, rs184003,
and rs2854050), ADAM10 (rs653765), and RNF5 (rs9469089;
refs. 17–21, 31–38). We additionally considered less-studied SNPs
located within AGER (rs1035798, rs1800684, rs3131300, rs3134940,
rs2269422, rs2853807, rs9391855, and rs17846798), ADAM10
(rs514049), RNF5 (rs57409105, rs41268928, and rs17493811), and
GLO1 (rs4746, rs1130534, rs1049346, rs6932648, and rs10484854).

Figure 1.

sRAGE and genetic data available
within EPIC. Two endpoints were used
for our data, the first ended in
June 2003 and included 1,361 colorec-
tal cancer cases and 1,361 matched
controls for the analysis of sRAGE
concentrations. December 2012 was
considered for the second endpoint,
with 1,985 samples of colorectal
cancer cases and 2,220 controls
analyzed for genetic data. The over-
lapping between the two samples
was used for sensitivity analysis.
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The choice of this supplementary group of SNPs was based on the
potential influence and interactions they may have in modulating
sRAGE levels directly, or through AGEs (13, 17, 21, 31, 39–41).

Genotype distributions were in Hardy–Weinberg equilibrium
(cutoff P ¼ 1 � 10�3) for all the SNPs considered, with the
exception of rs6932648, which was consequently excluded
from the analysis. The selected SNPs and their characteristics are
detailed in Supplementary Table S1. To select the independent
variants, linkage disequilibrium (LD) pruning (LD ≤ 1%) was
performed using NCI LDlink tools (https://ldlink.nci.nih.gov). We
found the following independent variants (highly correlated variants
are in brackets): rs2070600 (rs41268928, rs9391855, and rs2854050),
rs1800625 (rs3131300 and rs3134940), rs1800624 (rs17846798),
rs4746 (rs1130534 and rs10484854), rs17846798 (rs57409105),
rs9469089, rs1800684, rs2269422, rs2853807, rs1049346, rs17493811,
and rs653765 (rs514049). A flowchart outlining the selection of the
independent SNPs is detailed in Supplementary Fig. S1.

Among the 767 control subjects who had both sRAGE and genetic
data available, we assessed the association between the independent
genetic variants and log-transformed sRAGE levels using linear
regression models (Supplementary Table S2). The SNPs in the fol-
lowing genes were significantly associated with sRAGE levels: AGER
(rs2070600 and rs1800625), RNF5 (rs9469089), and GLO1 (rs4746).
Although rs653765 (ADAM10) was not associated with sRAGE levels,
we decided to conserve it in our analysis for twomain reasons: first, as a
major variant of metalloproteinases, which are involved in the shed-
ding of the ectodomain of RAGE to produce sRAGE; and second, this
variant was previously associated with sRAGE levels in other popula-
tions (21). Overall, five SNPs (rs2070600, rs1800625, rs9469089,
rs4746, and rs653765) were examined for the association with colo-
rectal cancer risk.

Statistical analysis
Case–control differences in baseline characteristics were evaluated

using Student paired t test and Wilcoxon signed-rank test for con-
tinuous variables and Kruskal–Wallis test for categorical variables.
Spearman rank correlation was used to correlate sRAGE levels to
anthropometry, dietary intakes, and other biomarkers. We divided
sRAGE concentrations into quintiles based on the distribution in the
control group. Conditional logistic regression was used to compute
ORs and 95% confidence intervals (CI) for the associations between
circulating levels of sRAGE and colorectal cancer risk. We ran two
different models by including for each successive model additional
adjustment variables incrementally. Model 1 (crude) was conditioned
on the matching factors. Model 2 was additionally adjusted for body
mass index (BMI), height, education (none, primary, technical and
professional, secondary, and higher), physical activity (inactive, mod-
erately inactive, moderately active, and active), smoking status, dura-
tion, and intensity (never; cigarettes/day 1–≤15, 16–≤25, and >26; and
former smokers ≤10, 11–≤20, >20 years, and occasional), dietary
energy, and intakes of alcohol, red and processed meat, dietary fiber,
and dairy products. Dietary factors included as adjustment factors
have been previously associated with colorectal cancer and/or sRAGE
levels (42). P values for the linear trend (Ptrend) were obtained by
including the median value of each quintile as a continuous variable in
the model. We also examined sRAGE levels as a continuous variable,
per SD increment.

Stratified analyses were performed by anatomic subsites (colon vs.
rectal cancers and proximal colon vs. distal colon cancers), sex (men vs.
women), age groups (<50, ≥50–<55, ≥55–<60, ≥60–<65, and ≥65),

smoking status (never, former, and ever), alcohol intake (tertiles),
physical activity (inactive, moderately inactive, moderately active, and
active), and BMI (<25, ≥25–<30, and ≥30 kg/m2); and below or above
sex-specific recommended cutoffs for waist circumference (WC; men,
94 cmandwomen, 80 cm) andwaist-to-hip ratio (WHR;men, 0.90 and
women, 0.85), and in women by menopausal status (pre-, post-, and
perimenopause). The cutoffs for WC and WHR were based on the
World Health Organization’s definitions of central adiposity in Euro-
pean men and women (43). Additional stratified analyses were con-
ducted for CRP (tertiles) as amarker of inflammation. Pheterogeneity was
calculated using the Wald test. For subgroup analyses by anthropo-
metric measures, individual models were run for BMI,WC, andWHR
in men and women separately (model 2 without BMI). In sensitivity
analyses, we excluded cases diagnosed during thefirst 2 years of follow-
up and rerun the analyses.

We assessed the association between the genetic variants and
colorectal cancer risk using data of all participants genotyped in EPIC
study to increase the statistical power of the analysis. The associations
between the five independent genetic variants and colorectal cancer
risk were assessed by unconditional logistic regression models. Two
models were run, an unadjusted model and a multivariable adjusted
model, adjusted for sex, age, BMI, smoking status, alcohol, and
country. Additive (major allele ¼ 0, heterozygous ¼ 1, and minor
allele ¼ 2), dominant (major allele ¼ 0 and heterozygous þ minor
allele¼ 1), and recessive models (major alleleþ heterozygous¼ 0 and
minor allele ¼ 1) were run for the genetic variants. In sensitivity
analyses, we analyzed the participants with overlapping genetic and
sRAGE concentrations data. All the statistical analyses were performed
using Stata 14.0 (StataCorp). P < 0.05 was considered statistically
significant.

Data sharing statement
For information on how to submit an application for gaining access

to EPIC data and/or biospecimens, please follow the instructions at
http://epic.iarc.fr/access/index.php.

Results
Baseline characteristics and sRAGE levels in cases and controls are

presented in Table 1. Compared with controls, colorectal cancer cases
had higher BMI, WC, WHR, and CRP concentrations, and consumed
more alcohol and less dairy products and fruit and vegetables. sRAGE
concentrations were slightly lower in colorectal cancer cases than
controls (1,086 vs. 1,130 pg/mL), but this was mainly observed among
men (982 vs. 1,066 pg/mL in male cases vs. controls, respectively);
whereas among women, sRAGE was 1,185 pg/mL in cases and 1,191
pg/mL in controls. BMI, WC, WHR, and alcohol intake were
all negatively correlated with sRAGE levels, whereas sugar and
confectionaries, fruit and vegetable, and cereals intake showed
positive correlations (Supplementary Table S3). Women with
higher sRAGE levels had lower CRP concentrations (Spearman
rho ¼ �0.156; P ¼ 0.004).

sRAGE and colorectal cancer risk
sRAGE concentrations were inversely associated with colorectal

cancer risk in multivariable adjusted analyses (OR comparing the
highest with the lowest quintile, ORQ5vs.Q1, 0.75; 95% CI, 0.58–0.98;
Ptrend ¼ 0.035; Table 2). Subgroup analyses by sex showed an inverse
risk association for men (ORQ5vs.Q1, 0.63; 95% CI, 0.42–0.94; Ptrend ¼
0.001), but not in women (ORQ5vs.Q1, 0.94; 95%CI, 0.63–1.38; Ptrend¼
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0.754; Pheterogeneity ¼ 0.006). In men, sRAGE concentration was
associated with a lower risk of both colon cancer (OR per SD
increment, OR, 0.84; 95% CI, 0.70–0.99) and rectal cancer (OR,
0.80; 95% CI, 0.64–0.99), with no heterogeneity across anatomic
subsites (Pheterogeneity ¼ 0.607; Table 3). The magnitude of the inverse
association appeared stronger for distal colon cancer (OR, 0.61; 95%
CI, 0.44–0.84) compared with proximal cancer (OR, 0.94; 95% CI,
0.69–1.29), but no heterogeneity was observed (Pheterogeneity ¼ 0.671).
In women, no association was found between sRAGE concentration
and colon cancer (OR, 0.99; 95% CI, 0.85–1.15) or rectal cancer (OR,
1.06; 95% CI, 0.86–1.32). Stratified analyses by age groups, BMI

categories, WC and WHR cutoffs, and smoking status showed no
significant differences across strata (Fig. 2). Women in higher CRP
tertiles tended to have higher colorectal cancer risk associated with
sRAGE (Pheterogeneity across ¼ 0.011; Fig. 2).

Analyses of genetic variants
Table 4 presents the association of the genetic variants with

colorectal cancer risk. While comparing minor allele versus major
allele, rs1800625 (AGER, G vs. A, OR, 1.15; 95% CI, 1.02–1.29) was
associated with an increased risk of colorectal cancer, whereas
rs653765 (ADAM10, C vs. T, OR, 0.88; 95% CI, 0.80–0.97)

Table 1. Selected baseline demographic and lifestyle characteristics of study participants by colorectal cancer status, EPIC study
1992–2012.

Cases (n ¼ 1,361) Controls (n ¼ 1,361) Pa

Women, % 51.5 51.7
Age, years, mean � SD 58.4 � 7.35 58.3 � 7.38 0.877
Anthropometry, mean � SD

BMI, kg/m2 26.7 � 4.25 26.2 � 3.74 0.004
WC, cm 90.4 � 13.0 88.3 � 12.1 <0.001
WHR 0.88 � 0.10 0.87 � 0.10 0.001

Lifestyle variables, n (%)
Smoking status and intensity

Never 514 (37.9) 542 (39.8) 0.703
Current, 1–≤15 cig/day 129 (9.51) 139 (10.2)
Current, 16–≤25 cig/day 87 (6.40) 94 (6.91)
Current, >26 cig/day 20 (1.47) 23 (1.69)
Former, quit ≤10 years 139 (10.3) 129 (9.48)
Former, quit 11–≤20 years 144 (10.6) 123 (9.04)
Former, quit >20 years 166 (12.2) 177 (13.0)
Current, pipe/cigar/occasional 125 (9.22) 102 (7.49)

Physical activity
Inactive 343 (25.4) 307 (22.6) 0.057
Moderately inactive 439 (32.4) 446 (32.3)
Moderately active 307 (22.7) 282 (20.8)
Active 264 (19.5) 321 (23.7)

Highest education level attained
None 68 (5.01) 66 (4.85) 0.275
Primary school completed 453 (33.4) 490 (36.0)
Technical/professional school 324 (23.9) 343 (25.2)
Secondary school 217 (16.0) 184 (13.5)
Higher education 247 (18.2) 244 (17.9)

Dietary intake, mean (SD)
Energy, Kcal/day 2,124 � 620 2,127 � 609 0.764
Alcohol, g/day 17.0 � 22.1 15.4 � 19.7 0.040
Red and processed meats, g/day 87.6 � 53.1 85.1 � 52.0 0.215
Fruits and vegetables, g/day 396 � 233 421 � 248 0.007
Cereals, g/day 216 � 121 216 � 119 0.941
Dairy products, g/day 331 � 251 351 � 244 0.042
Fish, g/day 28.2 � 28.8 29.6 � 30.6 0.226
Sugar and confectionaries, g/day 48.7 � 66.6 48.7 � 68.9 0.995
Fat, g/day 28.3 � 15.6 27.9 � 16.0 0.536
Protein, g/day 89.3 � 27.9 90.3 � 27.5 0.337

Biomarkers
CRP, ng/mLb 4,013 � 6,011 3,433 � 5,607 0.026

sRAGE levels, mean � SD, pg/mL
All participants 1,086 � 469 1,130 � 470 0.015
Men 982 � 431 1,066 � 438 <0.001
Women 1,185 � 483 1,191 � 490 0.831

Note: Frequencies may not add up to 100% due to missing data.
aStudent paired t test and Wilcoxon signed-rank test for continuous variables and Kruskal–Wallis test for categorical variables.
bCRP was available for 1,103 cases and 925 controls.
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was associated with a lower colorectal cancer risk, in univariate
models. After multivariate adjustments, the association remained
statistically significant for rs653765 (ADAM10, C vs. T, OR, 0.90;
95% CI, 0.82–0.99), but not for rs1800625 (AGER, G vs. A, OR, 1.11;
95% CI, 0.99–1.25).

Sensitivity analysis
Exclusion of the cases that occurred within the first 2 years

of follow-up did not change the associations between sRAGE
concentrations and colorectal cancer (Table 1). The associations
between SNPs and colorectal cancer in participants with

Table 2. ORs and 95%CIs for colorectal cancer risk associatedwith circulating sRAGE (quintiles and continuous), EPIC study 1992–2012.

Quintiles of sRAGE (cutoff points, in pg/mL)a

Quintile 1
(<754)

Quintile 2
(754–<941)

Quintile 3
(941–<1,157)

Quintile 4
(1,157–<1,440)

Quintile 5
(≥1,440) Ptrend

Continuous,
per SD

Continuous,
per SDb

All participants
Cases/
controls

344/273 258/272 272/271 239/272 248/273 1,361/1,361 1,101/1,101

Model 1c 1.00 (Ref.) 0.74 (0.58–0.94) 0.77 (0.61–0.98) 0.64 (0.50–0.83) 0.69 (0.54–0.89) 0.002 0.90 (0.83–0.97) 0.91 (0.82–1.00)
Model 2d 1.00 (Ref.) 0.75 (0.60–0.96) 0.83 (0.65–1.07) 0.69 (0.53–0.90) 0.75 (0.58–0.98) 0.035 0.93 (0.85–1.01) 0.92 (0.83–1.02)

Men
Cases/
controls

222/156 146/138 121/140 85/124 83/99 657/657 521/521

Model 1c,e 1.00 (Ref.) 0.77 (0.56–1.05) 0.62 (0.46–0.87) 0.46 (0.32–0.65) 0.57 (0.39–0.82) <0.001 0.81 (0.72–091) 0.77 (0.65–0.91)
Model 2d,e 1.00 (Ref.) 0.79 (0.57–1.09) 0.62 (0.44–0.87) 0.49 (0.33–0.72) 0.63 (0.42–0.94) 0.001 0.84 (0.74–0.96) 0.75 (0.63–0.90)

Women
Cases/
controls

122/117 115/134 151/131 152/148 164/174 704/704 580/580

Model 1c,e 1.00 (Ref.) 0.77 (0.53–1.12) 1.04 (0.73–1.50) 0.93 (0.65–1.35) 0.90 (0.63–1.35) 0.967 0.99 (0.88–1.10) 1.00 (0.88–1.13)
Model 2d,e 1.00 (Ref.) 0.77 (0.52–1.15) 1.16 (0.79–1.70) 1.03 (0.70–1.53) 0.94 (0.63–1.38) 0.754 1.00 (0.89–1.13) 1.02 (0.89–1.16)

aQuintiles (in pg/mL) were created on the basis of the distribution of sRAGE in the control group. All the models were run using conditional logistic regression.
bAnalysis excluding cases that occurred within 2 years of follow-up.
cModel 1 was conditioned on the matching factors.
dModel 2 is model 1, further adjusted for BMI (continuous); height (continuous); education (none, primary, technical and professional, secondary, and higher
education); physical activity (inactive, moderately inactive, moderately active, and active); smoking status, duration, and intensity (never, 1–≤15 cigarettes/day,
16–≤25 cigarettes/day, >26 cigarettes/day, former smokers who quit ≤10 years, former smokers who quit 11–≤20 years, former smokers who quit >20 years, current
pipe-cigar, and occasional smokers); dietary energy (continuous); and intakes of alcohol, red and processedmeat, dietary fiber, and dairy products (all as continuous
variables).
eHeterogeneity by sex for sRAGE and colorectal cancer risk associationwas statistically significant for the twomodels (Pheterogeneity¼ 0.005, and 0.006 for models 1
and 2, respectively).

Table 3. ORs and 95% CIs for risk of colorectal cancer anatomic subsites associated with circulating sRAGE (continuous, per SD), EPIC
study 1992–2012.

Colon cancer
All colon Proximal colon Distal colon Rectal cancer

All participants
Cases/controlsa 854/854 372/372 414/414 502/502
OR (95% CI)b 0.94 (0.84–1.04) 0.92 (0.77–1.10) 0.88 (0.75–1.03) 0.90 (0.78–1.05)

Men
Cases/controlsa 388/388 160/160 191/191 270/270
OR (95% CI)b,c 0.84 (0.70–0.99) 0.94 (0.69–1.29) 0.61 (0.44–0.84) 0.80 (0.64–0.99)

Women
Cases/controlsa 466/466 212/212 223/223 232/232
OR (95% CI)b,c 0.99 (0.85–1.15) 0.85 (0.64–1.13) 1.05 (0.83–1.31) 1.06 (0.86–1.32)

aSome colorectal cancers cases were not included in the analysis as they were overlapping (five were neither colon nor rectal tumors, 68 were neither proximal nor
distal colon tumors).
bConditional logistic regressionmodels conditioned onmatching factors and adjusted for BMI (continuous); height (continuous); education (none, primary, technical
and professional, secondary, and higher education); physical activity (inactive, moderately inactive, moderately active, and active); smoking status, duration, and
intensity (never, 1–≤15 cigarettes/day, 16–≤25 cigarettes/day, >26 cigarettes/day, former smokerswho quit ≤10 years, former smokerswho quit 11–≤20 years, former
smokerswho quit >20 years, current pipe-cigar, and occasional smokers); dietary energy (continuous); and intakes of alcohol, red and processedmeat, dietary fiber,
and dairy products (all as continuous variables).
cPheterogeneity values for colon cancer versus rectal cancer were 0.607, 0.091, and 0.291 for all the participants, men, and women, respectively. Pheterogeneity values for
proximal colon cancer versus distal colon cancer were 0.307, 0.671, and 0.870 for all the participants, men, andwomen, respectively. Pheterogeneity values by sexwere
0.042, 0.832, 0.004, and 0.063 for all colon cancer, proximal colon cancer, distal colon cancer, and rectal cancer, respectively.
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overlapping genetic and sRAGE data showed similar, but no
statistically significant associations for rs653765 (ADAM10, OR,
0.90; 95% CI, 0.78–1.05) or rs1800625 (AGER, G vs. A, OR, 1.00;
95% CI, 0.83–1.19; Supplementary Table S4).

Discussion
In this large, case–control study nested within a European pro-

spective cohort, we found that prediagnostic circulating sRAGE levels
were inversely associated with colorectal cancer risk in men, but not in
women. The associations observed between sRAGE concentration and
colorectal cancer did not vary by age or by lifestyle factors, including
obesity and smoking status, suggesting that sex is the main effect
modifier in the association between sRAGE levels and colorectal

cancer. With respect to the SNP analyses, we found that the minor
allele of rs653765 (ADAM10) was inversely associated with risk of
colorectal cancer, whereas an increased risk was suggested for
rs1800625 (AGER). However, we did not observe the association
between rs653765 and levels of sRAGE.

RAGE is a pattern recognition receptor that recognizes multiple
ligands such as S100, highmobility group box 1 protein (HMGB1), and
amyloid-b peptide, in addition to the AGEs (44). RAGE is over-
expressed in several diseases of the colon, including inflammatory
bowel diseases (45). RAGE action in colon tissues may participate in
colorectal cancer tumor initiation, progression, and invasion (46–48).
sRAGE, by acting as a decoy of RAGE, binds to AGEs in the circulation
and clears them by decreasing interaction with full-length cell surface
RAGE. The evidence from mouse studies shows that injection of

Figure 2.

Multivariable adjusted OR and 95% CI of the associations between RAGE level and colorectal cancer, stratified by lifestyle, obesity, CRP, and menopause status.
Multivariable adjustedORand95%CIwere computed for the stratified analysis. All the analyseswere conditional logistic regressionmodels conditioned onmatching
factors and adjusted for BMI, education, physical activity, smoking status, dietary energy, and intakes of alcohol, red and processed meat, dietary fiber, and dairy
products. The analyses stratified by BMI, physical activity, smoking, and alcohol were not adjusted for their respective variables.

Aglago et al.

Cancer Epidemiol Biomarkers Prev; 30(1) January 2021 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION188

on February 11, 2021. © 2021 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst October 20, 2020; DOI: 10.1158/1055-9965.EPI-20-0855 

http://cebp.aacrjournals.org/


sRAGE is associated with a reduction in the expression of inflamma-
tory mediators, such as TNFa (49). Evidence from case–control
studies also shows that elevated sRAGE levels are associated with a
lower risk of several cancers, including liver (50) and pancreatic
cancer (51). This suggests that higher concentrations of sRAGE are
protective against AGE-induced inflammation, which is involved in
the etiology of various chronic diseases, such as diabetes and cancers,
but the mechanisms need further exploration.

The underlying reasons for the observed difference between men
and women in the association between sRAGE concentration and
colorectal cancer risk are unclear. Several previously published studies
that compared sRAGE levels between men and women suggest higher
circulating levels in women (14, 15, 17), which we also observed in our
study. One explanation of the sex difference in sRAGE levels may be
that estrogens stimulate sRAGE expression and production (52).
Estrogens have also been reported to reduce AGEs production and
AGE-related inflammation (53). In our study, women with higher
sRAGE levels had lower CRP concentrations (Spearman rho ¼
�0.156; P ¼ 0.004) and lower colorectal cancer risk, suggesting that
sRAGE may possibly reduce colorectal cancer risk in women, by

mitigating overall inflammation. However, analysis by menopausal
status showed no differences across strata in our study population. Our
findings suggest that additional studies are needed to understand the
physiologic sex differences in sRAGE levels and how they may
translate into the differential colorectal cancer risk associations that
we have observed in this study.

Interestingly, the two previous publications on sRAGE and colo-
rectal cancer in prospective cohorts have been conducted in men (22)
and in women (23) only. The Alpha-Tocopherol, Beta-Carotene
Cancer Prevention study reported high serum sRAGE levels to be
associatedwith lowcolorectal cancer risk inFinnishmale smokers (22).
We expanded this observation by showing that such an inverse
association was also observed in male never smokers. We expected
to observe a greater reduction in colorectal cancer risk in nonsmokers
compared with smokers, but our findings did not differ by smoking
status. Smoking may be a source of AGEs exposure (2), but the
magnitude of the contribution of smoking to overall AGEs exposures
remains to be explored. sRAGE levels have been reported to be higher,
lower, or unchanged in smokers compared with nonsmokers (54–56).
It is still unknown whether smoking could induce an adaptive

Table 4. ORs and 95% CIs for colorectal cancer risk associated with SNPs associated with sRAGE levels, EPIC study 1992–2012.

SNP Cases Controls OR (95% CI)a Pb OR (95% CI)c Pb

rs2070600 (AGER)
CC 1,836 2,048 1.00 (ref.) 1.00 (ref.)
CT 148 164 1.01 (0.80–1.27) 0.955 1.06 (0.84–1.35) 0.608
TT 1 8 0.14 (0.02–1.12) 0.063 0.17 (0.02–1.36) 0.095
T vs. C 1,985 2,220 0.93 (0.75–1.16) 0.519 0.99 (0.79–1.24) 0.906
CTþTT vs. CC 1,985 2,220 0.97 (0.77–1.21) 0.768 1.03 (0.81–1.30) 0.835
TT vs. CTþCC 1,985 2,220 0.14 (0.02–1.12) 0.063 0.17 (0.02–1.35) 0.094

rs1800625 (AGER)
AA 1,350 1,584 1.00 (ref.) 1.00 (ref.)
AG 574 578 1.17 (1.02–1.34) 0.028 1.13 (0.98–1.3) 0.084
GG 61 58 1.23 (0.86–1.78) 0.261 1.17 (0.81–1.7) 0.397
G vs. A 2,135 2,331 1.15 (1.02–1.29) 0.020 1.11 (0.99–1.25) 0.071
AGþGG vs. AA 2,135 2,331 1.17 (1.03–1.34) 0.019 1.13 (0.99–1.3) 0.067
GG vs. AGþAA 2,135 2,331 1.18 (0.82–1.7) 0.369 1.13 (0.78–1.64) 0.513

rs9469089 (RNF5)
GG 1,408 1,619 1.00 (ref.) 1.00 (ref.)
GC 532 548 1.12 (0.97–1.28) 0.121 1.14 (0.99–1.31) 0.070
CC 45 53 0.98 (0.65–1.46) 0.907 0.99 (0.65–1.49) 0.948
C vs. G 1,985 2,220 1.08 (0.95–1.21) 0.231 1.09 (0.97–1.23) 0.152
GCþCC vs. GG 1,985 2,220 1.10 (0.96–1.26) 0.150 1.13 (0.98–1.29) 0.089
CC vs. GCþGG 1,985 2,220 0.95 (0.63–1.42) 0.796 0.95 (0.63–1.43) 0.813

rs4746 (GLO1)
TT 651 724 1.00 (ref.) 1.00 (ref.)
TG 965 1,034 1.04 (0.90–1.19) 0.596 1.03 (0.9–1.19) 0.645
GG 369 462 0.89 (0.75–1.06) 0.179 0.89 (0.75–1.06) 0.192
G vs. T 1,985 2,220 0.95 (0.88–1.04) 0.275 0.95 (0.88–1.04) 0.282
TGþGG vs. TT 1,985 2,220 0.99 (0.87–1.13) 0.899 0.99 (0.87–1.13) 0.870
GG vs. TGþ TT 1,985 2,220 0.87 (0.75–1.01) 0.071 0.87 (0.75–1.02) 0.084

rs653765 (ADAM10)
TT 1,076 1,125 1.00 (ref.) 1.00 (ref.)
TC 757 887 0.89 (0.79–1.01) 0.081 0.90 (0.79–1.02) 0.098
CC 152 208 0.76 (0.61–0.96) 0.019 0.83 (0.66–1.04) 0.109
C vs. T 1,985 2,220 0.88 (0.80–0.97) 0.008 0.90 (0.82–0.99) 0.038
TCþCC vs. TT 1,985 2,220 0.87 (0.77–0.98) 0.022 0.88 (0.78–1.00) 0.051
CC vs. TCþTT 1,985 2,220 0.80 (0.64–1.00) 0.048 0.87 (0.70–1.09) 0.219

aCrude model (unadjusted).
bP values were calculated by considering genetic variant as continuous.
cAdjusted for sex, country, age (1-year categories), BMI (continuous), smoking status (never, former, and current), and alcohol intake (continuous).
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mechanism of sRAGE synthesis to cope with sustained formation of
AGEs from glycotoxins contained in cigarettes. In a previous nested
case–control study on a subsample of 1,249 postmenopausal women in
the Women’s Health Initiative study, higher sRAGE levels were
observed to be associated with lower colorectal cancer risk in indivi-
duals with overweight and obesity, but not among normal weight
postmenopausal women (23). Overall, our findings showed that
sRAGE levels were associated with an inverse risk of colorectal cancer
only in men, with no difference in magnitude across smoking status or
any other lifestyle factor was observed.

We found that rs653765 located within ADAM10 (C vs. T) was
associated with lower risk for colorectal cancer. However, rs653765
(ADAM10) was not associated with sRAGE levels in our study, in
contrast to previous studies in which the minor allele of rs653765 was
associated with lower sRAGE levels (21). Another SNP, rs1800625,
located in the promoter region of AGER is involved in the initiation of
the production of the RAGE or its isomers (39). Xu and colleagues (57)
reported in a meta-analysis of 18 case–control genetic studies that the
recessivemodel of rs1800625was associated with an increase of overall
cancer risk while analyzing case–controls studies of 6,246 cases of
renal, lung, breast, cervical, liver, oral, breast, and colorectal cancers.
Although our findings with genetic variants are intriguing, theymay be
attributed to the diversity of functions associated with AGER and
ADAM10 genes. The production of sRAGE through the shedding of
RAGE is dependent on ADAM10 levels. Thus, the overexpression of
AGER coupled with lower ADAM10 activity will result in higher
transmembrane RAGE and lower circulating sRAGE levels. This
suggests that the interactions between AGER and ADAM10 may
provide a better understanding of the genetic implications of RAGE
and sRAGE in colorectal cancer development. In addition, the asso-
ciations observed with the genetic data could be explained by other
functions of the SNPs examined, particularly in the case of ADAM10
when considering its multiple actions, such as the formation of
amyloid inclusions and the cleavage of a range of proteins (58). We
did not observe a significant association between rs2070600 (AGER)
and colorectal cancer, albeit our study showed that the major allele
(C allele) of this SNP associates with higher sRAGE levels. A meta-
analysis of 15 case–control studies showed that homozygous minor
allele of this SNP was associated with an increased risk of all can-
cers (59). The absence of association of this SNPwith colorectal cancer
may be due to low statistical power, particularly as carriers of theminor
allele are rare. Additional studies, using genetic data from larger
research consortia, are needed to explore the link between the expres-
sion of AGER, ADAM10, and RNF5 genes, and levels of sRAGE and
colorectal cancer initiation and development.

The strengths of our study include the large number of cases and
controls, the prospective design, and the availability of dietary and
lifestyle factors and genetic variants. Our study was, however, limited
by the fact that we did not differentiate between endogenous secretory
RAGE (esRAGE) and proteolytically cleaved RAGE (cRAGE), the two
components of sRAGE. esRAGE is formed by alternative splicing of
RAGE mRNA and cRAGE is produced by the shedding of the
ectodomain of RAGE by metalloproteinases located at the surface of
the cells. esRAGE is stable throughout the life course, whereas cRAGE
levels vary with age and environmental factors (60). Because we have
measured the total pool of plasma sRAGEwe, therefore, cannot discern
whether the different variants of sRAGE have specific and potentially
opposite associations with study outcomes. Although the variability of
cRAGE makes it a poor biomarker for a prospective study, cRAGE
levels data would have permitted us to explore the association between
SNPs from the ADAM10 gene, levels of cRAGE, and colorectal cancer

risk. Our study was also limited by the fact that lifestyle factors and
blood samples were collected at the recruitment, and may not neces-
sarily reflect changes over years. Moreover, we cannot rule out residual
confounding or unmeasured confounders, such as lifetime history of
anti-inflammatory medication use.

In conclusion, we observed that prediagnostic circulating sRAGE
levels were inversely associated with colorectal cancer risk in men, but
not among women. We also found that the minor allele of rs653765
(ADAM10) was inversely associated with colorectal cancer risk. Addi-
tional studies are, however, required to further investigate how genetic
variation and sex may affect sRAGE levels or modify its association
with colorectal cancer risk.

Authors’ Disclosures
No disclosures were reported.

Disclaimer
Where authors are identified as personnel of the International Agency for Research

on Cancer/World Health Organization, the authors alone are responsible for the
views expressed in this article and they do not necessarily represent the decisions,
policy, or views of the International Agency for Research on Cancer/World Health
Organization. The funders had no role in study design, data collection, analysis, and
decision to publish or in preparation of the article.

Authors’ Contributions
E.K. Aglago: Formal analysis, writing–original draft, writing–review and

editing. S. Rinaldi: Formal analysis, writing–review and editing. H. Freisling:
Conceptualization, methodology, writing–review and editing. L. Jiao:
Conceptualization, methodology, writing–review and editing. D.J. Hughes:
Conceptualization, methodology, writing–review and editing. V. Fedirko:
Supervision, methodology, writing–review and editing. C.G. Schalkwijk:
Conceptualization, validation, writing–review and editing. E. Weiderpass:
Resources, supervision, writing–review and editing. C.C. Dahm: Resources,
writing–review and editing. K. Overvad: Resources, writing–review and editing.
A.K. Eriksen: Resources, writing–review and editing. C. Kyrø: Resources, writing–
review and editing. M.-C. Boutron-Ruault: Resources, writing–review and editing.
J.A. Rothwell: Resources, writing–review and editing.G. Severi: Resources, writing–
review and editing. V. Katzke: Resources, writing–review and editing. T. K€uhn:
Resources, writing–review and editing.M.B. Schulze: Resources, writing–review and
editing. K. Aleksandrova: Resources, writing–review and editing. G. Masala:
Resources, writing–review and editing. V. Krogh: Resources, writing–review and
editing. S. Panico: Resources, writing–review and editing. R. Tumino: Resources,
writing–review and editing. A. Naccarati: Resources, writing–review and editing.
B. Bueno-de-Mesquita: Resources, writing–review and editing. C.H. van Gils:
Resources, writing–review and editing. T.M. Sandanger: Resources, writing–
review and editing. I.T. Gram: Resources, writing–review and editing. G. Skeie:
Resources, writing–review and editing. J.R. Quir�os: Resources, writing–review and
editing. P. Jakszyn:Resources, writing–review and editing.M.-J. S�anchez:Resources,
writing–review and editing. P. Amiano: Resources, writing–review and editing.
J.M. Huerta: Resources, writing–review and editing. E. Ardanaz: Resources,
writing–review and editing. I. Johansson: Resources, writing–review and
editing. S. Harlid: Resources, writing–review and editing. A. Perez-Cornago:
Resources, writing–review and editing. A.-L. May�en: Writing-review and editing.
R. Cordova: Writing–review and editing. M.J. Gunter: Resources, supervision,
writing–review and editing. P. Vineis: Resources, supervision, writing–review and
editing. A.J. Cross: Resources, supervision, writing–review and editing. E. Riboli:
Resources, supervision, writing–review and editing. M. Jenab: Conceptualization,
supervision, funding acquisition, validation, investigation, methodology, project
administration, writing–review and editing.

Acknowledgments
The funding for this work (WCRF 2015/1391, to principal investigator, M. Jenab)

was obtained from Wereld Kanker Onderzoek Fonds, as part of the World Cancer
Research Fund International grant program. The authors thank the EPIC study
participants and staff for their valuable contribution to this research. The authors
especially thank Mr. Bertrand Hemon and Dr. Aurelie Moskal for their support in

Aglago et al.

Cancer Epidemiol Biomarkers Prev; 30(1) January 2021 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION190

on February 11, 2021. © 2021 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst October 20, 2020; DOI: 10.1158/1055-9965.EPI-20-0855 

http://cebp.aacrjournals.org/


preparing the databases and providing technical support pertaining to the data
analysis, along with Ms. Audrey Brunat-Manquat for her assistance with the
laboratory analyses for sRAGE. The coordination of the EPIC study was financially
supported by the EuropeanCommission (DG-SANCO) and the International Agency
for Research on Cancer. The national cohorts were supported by Danish Cancer
Society (Denmark); Ligue Contre le Cancer, Institut Gustave Roussy, Mutuelle
G�en�erale de l’EducationNationale, and InstitutNational de la Sant�e et de la Recherche
M�edicale (INSERM, France); German Cancer Aid, German Cancer Research Center
(DKFZ), and Federal Ministry of Education and Research (BMBF, Germany); Italian
Association for Research on Cancer (AIRC), National Research Council, Associa-
zione Iblea per la Ricerca Epidemiologica (AIRE-ONLUS) Ragusa, Associazione
Volontari Italiani Sangu (AVIS) Ragusa, and the Sicilian Government (Italy); Dutch
Ministry of Public Health, Welfare and Sports (VWS), Netherlands Cancer Registry
(NKR), LK Research Funds, Dutch Prevention Funds, Dutch ZON (Zorg Onderzoek
Nederland), World Cancer Research Fund (WCRF), and Statistics Netherlands (the
Netherlands); Health Research Fund (FIS); Regional Governments of Andalucía,
Asturias, Basque Country, Murcia (No. 6236) and Navarra; the Centro de
Investigaci�on Biom�edica en Red en Epidemiología y Salud P�ublica and Instituto de
Salud Carlos II (ISCIII RETIC, RD06/0020, Spain); Health Research Fund (FIS) -
Instituto de Salud Carlos III (ISCIII), Regional Governments of Andalucía, Asturias,
Basque Country, Murcia and Navarra, and the Catalan Institute of Oncology - ICO
(Spain); Swedish Cancer Society, Swedish Scientific Council, and Regional Govern-
ment of Ska

�
ne and V€asterbotten (Sweden); Cancer Research UK, Medical Research

Council, Stroke Association, British Heart Foundation, Department of Health,
Food Standards Agency, and the Wellcome Trust (United Kingdom). This work
was also supported by grants from Cancer Research UK (14136 to EPIC-Norfolk;
and C570/A16491, C8221/A19170, and C8221/A29017 to EPIC-Oxford) and
Medical Research Council (1000143 to EPIC-Norfolk and MR/M012190/1 to
EPIC-Oxford, United Kingdom). The EPIC-Norfolk study (DOI 10.22025/
2019.10.105.00004) has received funding from the Medical Research Council
(MR/N003284/1 and MC-UU_12015/1) and Cancer Research UK (C864/
A14136). The authors are grateful to all the participants who have been part of
the project and to the many members of the study teams at the University of
Cambridge (Cambridge, England) who helped enable this research. This work was
partially financially supported by the Fondation de France (FDF, grant no.
00081166 to H. Freisling and R. Cordova and FDF grant no. 00089811 to
A.-L. May�en).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received June 8, 2020; revised July 31, 2020; accepted October 9, 2020;
published first October 20, 2020.

References
1. Gugliucci A. Formation of fructose-mediated advanced glycation end products

and their roles in metabolic and inflammatory diseases. Adv Nutr 2017;8:54–62.
2. Cerami C, Founds H, Nicholl I, Mitsuhashi T, Giordano D, Vanpatten S, et al.

Tobacco smoke is a source of toxic reactive glycation products. Proc Natl Acad
Sci U S A 1997;94:13915–20.

3. Scheijen J, Clevers E, Engelen L, Dagnelie PC, Brouns F, Stehouwer CDA, et al.
Analysis of advanced glycation endproducts in selected food items by ultra-
performance liquid chromatography tandemmass spectrometry: presentation of
a dietary AGE database. Food Chem 2016;190:1145–50.

4. Takeuchi M, Takino J-I, Furuno S, Shirai H, Kawakami M, Muramatsu M, et al.
Assessment of the concentrations of various advanced glycation end-products in
beverages and foods that are commonly consumed in Japan. PLoS One 2015;10:
e0118652.

5. Rabbani N, Thornalley PJ. Advanced glycation end products in the pathogenesis
of chronic kidney disease. Kidney Int 2018;93:803–13.

6. Semba RD,Nicklett EJ, Ferrucci L. Does accumulation of advanced glycation end
products contribute to the aging phenotype? J Gerontol A Biol Sci Med Sci 2010;
65:963–75.

7. Ott C, Jacobs K, Haucke E, Navarrete Santos A, Grune T, Simm A. Role of
advanced glycation end products in cellular signaling. Redox Biol 2014;2:411–29.

8. Riehl A, Nemeth J, Angel P, Hess J. The receptor RAGE: bridging inflammation
and cancer. Cell Commun Signal 2009;7:12.

9. Hsieh HL, Schafer BW, Sasaki N, Heizmann CW. Expression analysis of
S100 proteins and RAGE in human tumors using tissue microarrays.
Biochem Biophys Res Commun 2003;307:375–81.

10. Turner DP. Advanced glycation end-products: a biological consequence of
lifestyle contributing to cancer disparity. Cancer Res 2015;75:1925–9.

11. Yamagishi S, Matsui T. Soluble form of a receptor for advanced glycation end
products (sRAGE) as a biomarker. Front Biosci 2010;2:1184–95.

12. Ramasamy R, Yan SF, Schmidt AM. RAGE: therapeutic target and biomarker of
the inflammatory response–the evidence mounts. J Leukoc Biol 2009;86:505–12.

13. Duan Z, Chen G, Chen L, Stolzenberg-Solomon R, Weinstein SJ, Mannisto S,
et al. Determinants of concentrations of N(epsilon)-carboxymethyl-lysine and
soluble receptor for advanced glycation end products and their associations with
risk of pancreatic cancer. Int J Mol Epidemiol Genet 2014;5:152–63.

14. Prakash J, PichchadzeG, Trofimov S, LivshitsG.Age and genetic determinants of
variation of circulating levels of the receptor for advanced glycation end products
(RAGE) in the general human population. Mech Ageing Dev 2015;145:18–25.

15. Norata GD, Garlaschelli K, Grigore L, Tibolla G, Raselli S, Redaelli L, et al.
Circulating soluble receptor for advanced glycation end products is inversely
associated with body mass index and waist/hip ratio in the general population.
Nutr Metab Cardiovasc Dis 2009;19:129–34.

16. Moriya S, Yamazaki M, Murakami H, Maruyama K, Uchiyama S. Two soluble
isoforms of receptors for advanced glycation end products (RAGE) in carotid

atherosclerosis: the difference of soluble and endogenous secretory RAGE.
J Stroke Cerebrovasc Dis 2014;23:2540–6.

17. Maruthur NM, Li M, Halushka MK, Astor BC, Pankow JS, Boerwinkle E, et al.
Genetics of plasma soluble receptor for advanced glycation end-products and
cardiovascular outcomes in a community-based population: results from the
Atherosclerosis Risk in Communities study. PLoS One 2015;10:e0128452.

18. Salonen KM, Ryhanen SJ, Forbes JM, Harkonen T, Ilonen J, Laine AP, et al.
Circulating concentrations of soluble receptor for AGE are associated with age
and AGER gene polymorphisms in children with newly diagnosed type 1
diabetes. Diabetes Care 2014;37:1975–81.

19. Gaens KH, Ferreira I, van der Kallen CJ, van Greevenbroek MM, Blaak EE,
Feskens EJ, et al. Association of polymorphism in the receptor for advanced
glycation end products (RAGE) gene with circulating RAGE levels. J Clin
Endocrinol Metab 2009;94:5174–80.

20. Lim SC,Dorajoo R, ZhangX,Wang L, Ang SF, TanCSH, et al. Genetic variants in
the receptor for advanced glycation end products (RAGE) gene were associated
with circulating soluble RAGE level but not with renal function among Asians
with type 2 diabetes: a genome-wide association study. Nephrol Dial Transplant
2017;32:1697–704.

21. Huang WH, Chen W, Jiang LY, Yang YX, Yao LF, Li KS. Influence of
ADAM10 polymorphisms on plasma level of soluble receptor for advanced
glycation end products and the association with Alzheimer’s disease risk.
Front Genet 2018;9:540.

22. Jiao L, Taylor PR, Weinstein SJ, Graubard BI, Virtamo J, Albanes D, et al.
Advanced glycation end products, soluble receptor for advanced glycation end
products, and risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev 2011;
20:1430–8.

23. Chen L, Duan Z, Tinker L, Sangi-Haghpeykar H, Strickler H, Ho GY, et al. A
prospective study of soluble receptor for advanced glycation end-products and
colorectal cancer risk in postmenopausal women. Cancer Epidemiol 2016;42:
115–23.

24. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European
Prospective Investigation into Cancer and Nutrition (EPIC): study populations
and data collection. Public Health Nutr 2002;5:1113–24.

25. Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day NE. Validity
and repeatability of the EPIC-Norfolk Physical Activity Questionnaire. Int J
Epidemiol 2002;31:168–74.

26. Wu F, Afanasyeva Y, Zeleniuch-Jacquotte A, Zhang J, Schmidt AM, Chen Y.
Temporal reliability of serum soluble and endogenous secretory receptors for
advanced glycation end-products (sRAGE and esRAGE) in healthy women.
Cancer Causes Control 2018;29:901–5.

27. Huyghe JR, Bien SA, Harrison TA, KangHM, Chen S, Schmit SL, et al. Discovery
of common and rare genetic risk variants for colorectal cancer. Nat Genet 2019;
51:76–87.

sRAGE and Colorectal Cancer

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 30(1) January 2021 191

on February 11, 2021. © 2021 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst October 20, 2020; DOI: 10.1158/1055-9965.EPI-20-0855 

http://cebp.aacrjournals.org/


28. Sessa L, Gatti E, Zeni F, Antonelli A, Catucci A, Koch M, et al. The receptor for
advanced glycation end-products (RAGE) is only present in mammals, and
belongs to a family of cell adhesionmolecules (CAMs). PLoSOne 2014;9:e86903.

29. Raucci A, Cugusi S, Antonelli A, Barabino SM, Monti L, Bierhaus A, et al. A
soluble form of the receptor for advanced glycation endproducts (RAGE) is
produced by proteolytic cleavage of the membrane-bound form by the sheddase
a disintegrin and metalloprotease 10 (ADAM10). FASEB J 2008;22:3716–27.

30. Schalkwijk CG, Stehouwer CDA. Methylglyoxal, a highly reactive dicarbonyl
compound, in diabetes, its vascular complications, and other age-related dis-
eases. Physiol Rev 2020;100:407–61.

31. ChocholatyM, JachymovaM, SchmidtM,Havlova K, KrepelovaA, ZimaT, et al.
Polymorphisms of the receptor for advanced glycation end-products and
glyoxalase I in patients with renal cancer. Tumour Biol 2015;36:2121–6.

32. Krechler T, Jachymova M, Mestek O, Zak A, Zima T, Kalousova M. Soluble
receptor for advanced glycation end-products (sRAGE) and polymorphisms of
RAGE and glyoxalase I genes in patients with pancreas cancer. Clin Biochem
2010;43:882–6.

33. Li T, Qin W, Liu Y, Li S, Qin X, Liu Z. Effect of RAGE gene polymorphisms and
circulating sRAGE levels on susceptibility to gastric cancer: a case-control study.
Cancer Cell Int 2017;17:19.

34. Adams JN, Raffield LM, Martelle SE, Freedman BI, Langefeld CD, Carr JJ, et al.
Genetic analysis of advanced glycation end products in the DHS MIND study.
Gene 2016;584:173–9.

35. Daborg J, von Otter M, Sjolander A, Nilsson S, Minthon L, Gustafson DR, et al.
Association of the RAGEG82S polymorphismwithAlzheimer’s disease. JNeural
Transm 2010;117:861–7.

36. Yamaguchi K, IwamotoH,Horimasu Y,Ohshimo S, Fujitaka K,HamadaH, et al.
AGER gene polymorphisms and soluble receptor for advanced glycation end
product in patients with idiopathic pulmonary fibrosis. Respirology 2017;22:
965–71.

37. Miyashita M, Watanabe T, Ichikawa T, Toriumi K, Horiuchi Y, Kobori A, et al.
The regulation of soluble receptor for AGEs contributes to carbonyl stress in
schizophrenia. Biochem Biophys Res Commun 2016;479:447–52.

38. Peculis R, Konrade I, Skapare E, Fridmanis D, Nikitina-Zake L, Lejnieks A, et al.
Identification of glyoxalase 1 polymorphisms associated with enzyme activity.
Gene 2013;515:140–3.

39. Serveaux-DancerM, JabaudonM, Creveaux I, Belville C, Blondonnet R, Gross C,
et al. Pathological implications of receptor for advanced glycation end-product
(AGER) gene polymorphism. Dis Markers 2019;2019:2067353.

40. Jabaudon M, Berthelin P, Pranal T, Roszyk L, Godet T, Faure JS, et al. Receptor
for advanced glycation end-products and ARDS prediction: a multicentre
observational study. Sci Rep 2018;8:2603.

41. Kalousova M, Jachymova M, Germanova A, Kubena AA, Tesar V, Zima T.
Genetic predisposition to advanced glycation end products toxicity is related
to prognosis of chronic hemodialysis patients. Kidney Blood Press Res 2010;
33:30–6.

42. Ivancovsky-Wajcman D, Zelber-Sagi S, Fliss Isakov N, Webb M, Zemel M,
Shibolet O, et al. Serum soluble receptor for AGE (sRAGE) levels are associated
with unhealthy lifestyle and nonalcoholic fatty liver disease. Clin Transl Gastro-
enterol 2019;10:1–10.

43. WHO. Waist circumference and waist–hip ratio: report of a WHO expert
consultation. Geneva, Switzerland: World Health Organization; 2008; p. 39.

44. Leclerc E, Fritz G, Vetter SW,HeizmannCW. Binding of S100 proteins to RAGE:
an update. Biochim Biophys Acta 2009;1793:993–1007.

45. Ciccocioppo R,Vanoli A, Klersy C, Imbesi V, Boccaccio V,Manca R, et al. Role of
the advanced glycation end products receptor in Crohn’s disease inflammation.
World J Gastroenterol 2013;19:8269–81.

46. Kuniyasu H, Chihara Y, Kondo H. Differential effects between amphoterin and
advanced glycation end products on colon cancer cells. Int J Cancer 2003;104:
722–7.

47. Sakellariou S, Fragkou P, Levidou G, Gargalionis AN, Piperi C, Dalagiorgou G,
et al. Clinical significance of AGE-RAGE axis in colorectal cancer: associations
with glyoxalase-I, adiponectin receptor expression and prognosis. BMC Cancer
2016;16:174.

48. Yilmaz Y, Yonal O, Eren F, Atug O, Hamzaoglu HO. Serum levels of
soluble receptor for advanced glycation endproducts (sRAGE) are higher in
ulcerative colitis and correlate with disease activity. J Crohns Colitis 2011;5:
402–6.

49. ChenY, Yan SS, Colgan J, ZhangHP, Luban J, Schmidt AM, et al. Blockade of late
stages of autoimmune diabetes by inhibition of the receptor for advanced
glycation end products. J Immunol 2004;173:1399–405.

50. Moy KA, Jiao L, Freedman ND, Weinstein SJ, Sinha R, Virtamo J, et al.
Soluble receptor for advanced glycation end products and risk of liver cancer.
Hepatology 2013;57:2338–45.

51. WhiteDL,HoogeveenRC, Chen L, RichardsonP, RavishankarM, ShahP, et al. A
prospective study of soluble receptor for advanced glycation end products and
adipokines in association with pancreatic cancer in postmenopausal women.
Cancer Med 2018;7:2180–91.

52. Mukherjee TK, Reynolds PR, Hoidal JR. Differential effect of estrogen receptor
alpha and beta agonists on the receptor for advanced glycation end product
expression in human microvascular endothelial cells. Biochim Biophys Acta
2005;1745:300–9.

53. Lin J, ZuoG-Y, Xu Y, Xiong J, Zheng Z,Wang S, et al. Estrogen reduces advanced
glycation end products inducedHUVEC inflammation viaNF-kappaBpathway.
Lat Am J Pharm 2014;33:93–100.

54. Pouwels SD, Klont F, Kwiatkowski M, Wiersma VR, Faiz A, van den Berge M,
et al. Reply to Biswas: acute and chronic effects of cigarette smoking on sRAGE.
Am J Respir Crit Care Med 2019;199:806–7.

55. Pouwels SD, Klont F, Kwiatkowski M, Wiersma VR, Faiz A, van den Berge M,
et al. Cigarette smoking acutely decreases serum levels of the chronic obstructive
pulmonary disease biomarker sRAGE. Am J Respir Crit Care Med 2018;198:
1456–8.

56. Biswas SK. Acute and chronic effects of cigarette smoking on sRAGE. Am J
Respir Crit Care Med 2019;199:805.

57. Xu Y, Lu Z, Shen N, Wang X. Association of RAGE rs1800625 polymorphism
and cancer risk: a meta-analysis of 18 case-control studies. Med Sci Monit 2019;
25:7026–34.

58. Przemyslaw L, Boguslaw HA, Elzbieta S, Malgorzata SM. ADAM and ADAMTS
family proteins and their role in the colorectal cancer etiopathogenesis. BMBRep
2013;46:139–50.

59. Huang Q, Mi J, Wang X, Liu F, Wang D, Yan D, et al. Genetically lowered
concentrations of circulating sRAGE might cause an increased risk of
cancer: meta-analysis using Mendelian randomization. J Int Med Res
2016;44:179–91.

60. Rebholz CM, Astor BC, GramsME, HalushkaMK, LazoM,Hoogeveen RC, et al.
Association of plasma levels of soluble receptor for advanced glycation end
products and risk of kidney disease: the Atherosclerosis Risk in Communities
study. Nephrol Dial Transplant 2015;30:77–83.

Cancer Epidemiol Biomarkers Prev; 30(1) January 2021 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION192

Aglago et al.

on February 11, 2021. © 2021 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst October 20, 2020; DOI: 10.1158/1055-9965.EPI-20-0855 

http://cebp.aacrjournals.org/


2021;30:182-192. Published OnlineFirst October 20, 2020.Cancer Epidemiol Biomarkers Prev 
  
Elom K. Aglago, Sabina Rinaldi, Heinz Freisling, et al. 
  
European Prospective Cohort

Control Study Nested within a−and Colorectal Cancer Risk: A Case
 Soluble Receptor for Advanced Glycation End-products (sRAGE)

  
Updated version

  
 10.1158/1055-9965.EPI-20-0855doi:

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://cebp.aacrjournals.org/content/suppl/2020/10/20/1055-9965.EPI-20-0855.DC1

Access the most recent supplemental material at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/30/1/182.full#ref-list-1

This article cites 59 articles, 6 of which you can access for free at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cebp.aacrjournals.org/content/30/1/182
To request permission to re-use all or part of this article, use this link

on February 11, 2021. © 2021 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst October 20, 2020; DOI: 10.1158/1055-9965.EPI-20-0855 

http://cebp.aacrjournals.org/lookup/doi/10.1158/1055-9965.EPI-20-0855
http://cebp.aacrjournals.org/content/suppl/2020/10/20/1055-9965.EPI-20-0855.DC1
http://cebp.aacrjournals.org/content/30/1/182.full#ref-list-1
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/30/1/182
http://cebp.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


