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N-Epsilon-carboxymethyllysine (CML), one of the main compounds in advanced glycation end products
(AGEs), has been thought to be a high bioaffinity ligand of the receptor for AGEs (RAGE), and is involved in
the pathogenesis in endothelial dysfunction in diabetic vascular complications. However, some researchers
believed that CML was unable to bind to RAGE and could not induce endothelium damage. In our present
experiment, the role of CML in inducing endothelial dysfunction, preventing AGEs-induced damage and
binding to RAGE was explored in human umbilical vein endothelial cells (HUVECs). The treatment with
CML could not induce the endothelial dysfunction by itself, including upregulation on transforming growth
factor-�1 (TGF-�1), intercellular adhesion molecule-1 (ICAM-1) and RAGE proteins expressions, apoptosis
and cell viability in HUVECs. However, pretreatment with CML could attenuate AGEs-induced endothelial
dysfunction. Fluorescence polarization assay showed that CML had a bioaffinity to RAGE. The IC50 of CML
binding to RAGE (10 ng and 100 ng) were 7.133 × 10−8M and 1.563 × 10−6M, respectively. Our findings
indicate that CML has no cytotoxic injury to endothelium but has a bioaffinity for the binding to RAGE.

1. Introduction

N-Epsilon-(carboxymethyl)lysine (CML, Fig. 1), one of the
most abundant products of advanced glycation end products
(AGEs), is formed in the glycation and oxidation of protein
products, and amino acids by non-enzymatic glycation reac-
tion (Anderson et al. 1999; Kislinger et al. 1999). CML was
commonly considered as a contributer for endothelial dys-
function which might lead to diabetic vascular complications
(Matsumoto et al. 2010; Singh et al. 2001). Accumulating evi-
dence shows that CML is significantly increased in patients with
diabetes mellitus and has been used as biochemical marker for
the onset or progression of diabetic complications (Ghanem et al.
2010; Semba et al. 2009; Franke et al. 2003). Moreover, a signifi-
cant increase of CML levels was associated with the aggravation
of diabetic vascular complications (Tochino et al. 2007). Stud-
ies have revealed that the underlying mechanism is to bind
specifically to the receptor for AGEs (RAGE) and then trigger
inflammatory response in the vascular complications (Kislinger
et al. 1999). It has also been found that the accumulation of CML
upregulates RAGE expression on podocytes (Tanji et al. 2000).

Abbreviations: CML, N-epsilon-(carboxymethyl)lysine; AGEs,
advanced glycation end products; RAGE, receptor for advanced glycation
end products; ICAM-1, intercellular adhesion molecule 1; TGF-�1, trans-
forming growth factor-�1; HUVECs, human umbilical vein endothelial
cells; BSA, bovine serum albumin; AO, acridine orange; EB, ethidium bro-
mide; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;
PBS, phosphate buffer solution; FBS, fetal bovine serum; OD, optical den-
sity; DAB, 3,3’-diaminobenzidine; SABC, StreptAvidin-Biotin-enzyme;
SABC-AP, StreptAvidin-Biotin- enzyme-alkaline phosphatase.

Fig. 1: Chemical structure of N-epsilon-(carboxymethyl)lysine (CML), chemical
formula: C8H16N2O4, molecular weight = 204.23

However, the role of CML has been argued in the activation
of pro-inflammatory pathways and the pathogenesis of vascu-
lar complications. Some researchers believed that CML might
not form the necessary structure to interact with RAGE and
then activate an inflammatory signaling cascade in RAGE-
expressing cells (Buetler et al. 2008). Research also showed that
no proinflammatory cytokine Intercellular Adhesion Molecule-
1 (ICAM-1) expression was found on endothelial cells with
incubation of CML (Lieuw-a-Fa et al. 2006). Valencia et al.
(2004) also supported this overview, namely, CML is not
sufficient to induce inflammatory signals based on the lack
of activity. Accordingly, what is the role of CML in the
AGEs-RAGE axis in vascular complications? Could it bind to
RAGE and then activate a series of pathological signal cas-
cade?
Therefore, the aim of the present study was to investigate the role
of CML in AGEs-endothelial dysfunction including apoptosis,
inflammation and RAGE expression in human umbilical vein
endothelial cells (HUVECs) and explore its possibility to bind
to RAGE.
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Fig. 2: Effect of CML on cell viability in HUVECs. Cells were incubated with
DMEM medium, 200 �g/mL non-glycated BSA, 200 �g/mL AGEs and
10−10−10−4 �M CML for 48 h. **p < 0.01, AGEs vs BSA group; # p < 0.05
AGEs vs normal group; no significance was observed between CML and
Normal or BSA. Measurements were taken in triplicate and the data were
expressed as means ± standard deviation (SD)

2. Investigations and results

2.1. Effects of CML on cell viability in HUVECs

In order to examine the effect of CML on cell viability, MTT
assay was performed according to the method described previ-
ously (Feng et al. 2010). As shown in Fig. 2, the OD value of
AGEs group decreased significantly compared with the normal
(p = 0.004) and non-glycated BSA groups (p = 0.042). However,
no statistical difference on cell viability of CML group (from
10−10 to 10−4 �M) was observed compared with normal and
BSA. Therefore, the results indicated that CML might not reduce
the cell viability in HUVECs.

2.2. CML attenuated AGEs-induced apoptosis

To further demonstrate the effect of CML on endothelial
dysfunction, acridine orange (AO)-ethidium bromide (EB) flu-
orescence staining was performed to evaluate the apoptosis of
CML in HUVECs in this experiment. As depicted in Fig. 3A, the
representative apoptosis characteristics including nuclear con-
densation, membrane blebbing and nuclear fragmentation were
observed in cells which expose to 200 �g/mL AGEs (p < 0.01,
AGEs vs. BSA), whereas no apoptosis characteristics were
shown in CML-treated HUVECs. Surprisingly, CML (10 �M)
could not induce significantly endothelium apoptosis. Compared
with AGEs, the incubation with CML alone could not induce
apoposis in HUVECs (p < 0.01). More interestingly, a signifi-
cant reduction of the pretreatment with CML on apoptosis was
observed as compared with AGEs or AGEs + CML (p < 0.01,
CML + AGEs vs. AGEs; CML + AGEs vs. AGEs + CML). Thus,
cells in the AGEs + CML group did not show this appearance
and were not significantly different, from the AGEs group. These
findings demonstrated that CML could block the interaction
between AGEs and HUVECs while could not induce endothelial
dysfunction by itself.

2.3. CML down-regulated AGEs-induced ICAM-1 and
TGF-β1 protein expression

ICAM-1, as a cell adhesion molecule, has been recognized
increasingly as an important pro-inflammation factor in the ini-
tiation and the progression of vascular diseases (Sprague and
Khalil 2009). In this experiment, we observed AGEs enhanced
positive expression of ICAM-1. However, no obvious posi-
tive expression was observed in CML-treated HUVECs. More
importantly, pretreatment with CML could significantly reduce
AGEs-induced ICAM-1 expression (p < 0.01, CML + AGEs vs
AGEs group, Fig. 4B). Furthermore, there is a significant

Fig. 3: Effect of CML on the apoptosis in HUVECs by AO/EB fluorescence staining.
(A) AO/EB fluorescence staining. Cells were incubated with DMEM medium
(Aa), 200 �g/mL non-glycated BSA (Ab), 200 �g/mL AGEs(Ac), 10 �M
aminoguanidine (AG) + 200 �g/mL AGEs (Ad), 10 �M CML (Ae),
200 �g/mL AGEs + 10 �M CML (Af) and 10 �M CML + 200 �g/mL AGEs
(Ag) for 48 h. And then cells were stained with 5 �L AO/EB and observed
under fluorescence microscopy. Brown deposits represent positive expression
(purple arrow). (B) The relative apoptosis ratio. **p < 0.01, AGEs vs BSA;
##p < 0.01, CML vs AGEs; $$ p < 0.01, AGEs + CML vs BSA;++p < 0.05,
CML + AGEs vs AGEs + CML. Bars in all graphs represent means ± SD of
three individual experiments per group. Magnification: 200 ×

statistical difference between CML + AGEs and AGEs + CML
(p < 0.01, Fig. 4B). The results indicated that CML was not suf-
ficient to upregulate ICAM-1 expression whereas could prevent
the induction of AGEs.
TGF-�1, a cytokine associated with inflammation response,
plays a pivotal role in the initiation and the aggravation of
diabetic vascular complications (Gerhardinger et al. 2009; Fu
et al. 2008). Herein, we observed AGEs enhanced the positive
expression of TGF-�1 (p < 0.01, vs. normal and BSA, Fig. 5A).
However, CML of 10 �M did not upregulate significantly
TGF-�1 positive expression as that of AGEs. Furthermore,
pre-treatment of CML could attenuate AGEs-induced TGF-�1
protein expression (p < 0.01, vs AGEs group, Fig. 5B). Interest-
ingly, there was a significant difference between AGEs + CML
and CML + AGEs (p < 0.01). The results also supported the
assumption that CML was unable to induce endothelial dys-
function in HUVECs, but could prevent the damage of AGEs.

2.4. CML reversed the effect of AGEs on RAGE
expression

The accumulation and stimulation of AGEs could up-regulate
RAGE protein expression and then elicit a series of signal trans-
duction cascaded (Goldin et al. 2006). As depicted in Fig. 6A,
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Fig. 4: Effect of CML on ICAM-1 expression in HUVECs by immunocytochemistry
assay. (A) Immunocytochemistry images of ICAM-1 protein expression. The
treatment of agent was same as the drug treatment of apoptosis. Primary
antibody was replaced by PBS for negative control (Aa). In addition, cells
were treated with DMEM medium (Ab), non-glycated BSA (Ac), AGEs
(Ad), AG + AGEs (Ae), CML (Af), AGEs + CML (Ag) and CML + AGEs
(Ah). (B) The relative ICAM-1 protein expression (%). **p < 0.01, AGEs vs
BSA; ##p < 0.01, CML vs AGEs; $$ p < 0.01, AGEs + CML vs
BSA;++p < 0.05, CML + AGEs vs AGEs + CML. Bars in all graphs represent
means ± SD of three individual experiments per group. Purple arrows
represent positive expression. Magnification: 200×

Fig. 5: Effect of CML on TGF-�1 expression in HUVECs by immunocytochemistry
assay. (A) Immunocytochemistry images of TGF-�1 protein expression. The
treatment of agent as described previously. Primary antibody was replaced by
PBS for negative control (Aa). Additionally, cells were treated with DMEM
medium (Ab), non-glycated BSA (Ac), AGEs (Ad), AG + AGEs (Ae), CML
(Af), AGEs + CML (Ag) and CML + AGEs (Ah). (B) The relative TGF-�1
protein expression (%). **p < 0.01, AGEs vs BSA; ##p < 0.01, CML vs AGEs;
$$ p < 0.01, AGEs + CML vs BSA;++p < 0.05, CML + AGEs vs AGEs + CML.
Bars in all graphs represent means ± SD of three individual experiments per
group. Purple arrows represent positive expression. Magnification: 200 ×

AGEs up-regulated the expression of RAGE whereas CML
did not show this ability. Moreover, the pre-incubation with
CML (10 �M) might attenuate AGEs-induced RAGE protein
expression as compared with post-incubation of CML (p < 0.01,
Fig. 6B). All these findings suggested that CML was not suf-
ficient to upregulate RAGE protein expression whereas could
attenuate that of AGEs-motivated.

Fig. 6: Effect of CML on RAGE expression in HUVECs by immunocytochemistry
assay. (A) RAGE protein expression. Primary antibody was replaced by PBS
for negative control (Aa). And then cells were treated with DMEM medium
(Ab), non-glycated BSA (Ac), AGEs (Ad), AG + AGEs (Ae), CML (Af),
AGEs + CML (Ag) and CML + AGEs (Ah). (B) The relative RAGE protein
expression (%). **p < 0.01, AGEs vs BSA; ##p < 0.01, CML vs AGEs; $$

p < 0.01, AGEs + CML vs BSA;++p < 0.05, CML + AGEs vs AGEs + CML.
Bars in all graphs represent means ± SD of three individual experiments per
group. Black arrow represents positive expression. Magnification: 400 ×

2.5. Binding property of CML to RAGE by fluorescence
polarization

In order to evaluate the binding ability of CML to RAGE, a
fluorescence polarization method was used for the determina-
tion of the polarization of RAGE in this experiment. As shown
in Fig. 7, an increasing on the polarization of RAGE (10 ng
and 100 ng) was observed with the increasing concentration of
CML (form 10−12 M to 10−4M). The IC50 of CML binding
to RAGE (10 ng and 100 ng) were IC50 = 7.133 × 10−8M and
IC50 = 1.563 × 10−6M, respectively. The results indicated that
CML has a significant binding ability to RAGE.

3. Discussion

The accumulation of CML has been implicated in the patho-
genesis of vasculopathy in diabetic vascular complications (Vay
et al. 2000). There is a growing body of evidence that CML is
a ligand that has high affinity for binding to RAGE (Penfold
et al. 2010; van Deutekom et al. 2008). However, the oppos-
ing view is that CML is unable to bind to RAGE and cannot
activate a pathological response (Buetler et al. 2008). In this
study, we provided confirmatory evidence to demonstrate that

Fig. 7: Binding curves of CML and RAGE proteins by fluorescence polarization.
RAGE of 10 ng or 100 ng was incubated for 4 h in absence or presence of
CML (10−12 to 10−4 M). Fluorescence polarization of sample was
determined at excitation/emission wavelengths of 295 nm/350 nm
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CML could bind to RAGE but was not able to induce endothelial
dysfunction. Moreover, pretreatment with CML might attenuate
AGEs-induced cell damage in HUVECs under our experimental
conditions.
AGEs was found to reduce cell viability (Bigl et al. 2007).
Several reports also demonstrated that CML contributed to extra-
cellular matrix dysfunction and led to the decreasing of cell
viability (Semba et al. 2009; Franke et al. 2003). Although the
argumentation on whether CML had cytotoxic effect in cells was
present, we found that AGEs could reduce the cell viability of
HUVECs, whereas CML did not show cytotoxicity in HUVECs
at a concentration of 10−10–10−4 g/mL. These results indicated
that CML might not be a risk factor for endothelial dysfunction
in diabetic vascular complications.
The effect of CML on cell viability in HUVECs may be cor-
related with many possible mechanisms, such as apoptosis
response (Fu et al. 1996). Apoptosis was also regarded as one
of underlying mechanisms on cellular damage contributing to
diabetic vascular complications via activating RAGE (Gasic-
Milenkovic et al. 2001). In previous studies, CML has been
shown to induce apoptosis and reduce cell proliferation (Lee
et al. 2010). However, CML could not induce the typical apo-
ptosis in HUVECs as compared with normal and BSA groups
under our experimental conditions (Fig. 3). Interestingly, CML
could significantly reduce the apoptosis degree of AGEs. It may
be related with the blockade of CML on interaction of AGEs
with its receptor.
Inflammation response plays a crucial role in AGEs-induced
endothelial dysfunction (Kneyber et al. 2009). ICAM-1, a
characteristical marker of the development of diabetic vas-
cular complications, is responsible for inflammation response
(Boulanger et al. 2004). It has been shown that CML-modified
adducts also could enhance the levels of mRNA and antigen for
ICAM-1 (Matsui et al. 1996). However, Sjögren et al. (2007)
found that CML was not a risk factor for endothelial activation
and didn’t increase the level of ICAM-1. In our present experi-
ment, CML could not significantly increase ICAM-1 expression
in HUVECs as AGEs (Fig. 5A). Additionally, ICAM-1 expres-
sion stimulated by AGEs was significantly decreased after being
pre-treated with CML. All of these results were in agreement
with the report of Lieuw-a-Fa et al. (2006).
TGF-�1 is regarded as an important factor in the development
of diabetic vascular complications. Studies have shown that the
accumulation of AGEs can up-regulate TGF-�1 protein expres-
sion and promote the pathogensis of endothelial dysfunction
(Aronson 2002). However, the positive protein expression of
TGF-�1 in HUVECs after being stimulated by CML was not
observed in our experiment (Fig. 6). Additionally, the AGEs-
induced TGF-�1 protein expression could also be attenuated
significantly by the pretreatment with CML. These results indi-
cated that CML could not induce TGF-�1 protein expression but
rather prevent the interaction between AGEs and its receptor.
RAGE is a single-transmembrane and multiligand member
receptor. Recent attention has been focused on the interaction
of RAGE with AGEs and CML in that they activate signal
transduction for diabetic complications (Collison et al. 2002).
The activation of RAGE can induce oxidative stress, apoptosis
and inflammation responses. It has been shown that ligands of
RAGE can induce sustained activation of RAGE and upregulate
RAGE expression on the surface of the cell membrane as a result
of endogenous negative feedback mechanisms (Bierhaus et al.
2001). However, this upregulation of CML on RAGE protein
expression was not observed under our experimental conditions.
It might be associated with the insignificance of mediating signal
transduction in that the structure of CML.
Why CML can attenuate AGEs-induced apoptosis, ICAM-1,
TGF-�1 and RAGE protein expressions in HUVECs, but not

by itself? There are two possibilities for this phenomenon: on
one hand, CML may competitively bind to RAGE with AGEs
and block AGEs-RAGE interaction. Thus, being pretreated with
cells, CML may have priority to bind to receptor to prevent
the binding of toxic AGEs to RAGE. On the other hand, CML
cannot induce endothelial dysfunction, including apoptosis and
proinflammatory responses, according to its chemical structure.
It has been well shown that CML modification, such as the
glycation proteins containing CML, alters its biological prop-
erties for mediating pathological signaling cascades in that its
larger chemical structure (Yoshinaga et al. 2011). However, non-
modified CML, not containing glycation proteins, is a small
molecule compound. The pathological signaling required for
endothelial dysfunction might not be generated even if the bind-
ing of CML to RAGE because of its small structure.
Previous reports indicated that CML could bind to RAGE
and lead to diabetic complications and inflammatory disorders
(Southern et al. 2007; Anderson et al. 1999). However, Buetler
et al. (2008) proposed a contrary view that CML-modified bLG
or HAS were unable to bind to RAGE in a cell-free assay sys-
tem. Our results showed that incubation of CML with RAGE
increased mP at a concentration of 10−4−10−12 g/mL (Fig. 7).
Combined with the above results, we believe that CML had
a bioaffinity for binding to RAGE on the surface of the cell
membrane in HUVECs.
AGEs are also highly specific binding ligands for RAGE (Nien-
huis et al. 2009). The structure of argpyrimidine, pyrraline,
CML, OP-lysine, glyoxal–lysine dimer, pentosidine and glu-
cosepane in AGEs all have common carbonyl groups which
may be responsible for the binding to RAGE (Xu et al. 2010).
The structure of CML contains two negatively charged car-
boxyl groups at both ends of the chemical structure determining
the polarity of the carbonyl group and the binding to RAGE.
Recently, accumulating evidence showed that RAGE was a
pattern recognition receptor. Namely, all ligands contain one
or more net negative charge tail responsible for the recogni-
tion of RAGE (Fritz 2011). For a RAGE ligand HMGB1, its
COOH-terminal motif was responsible for the binding to RAGE
(Huttunen et al. 2002). Taken together, these findings strongly
support our view that CML could bind to RAGE. However, more
experiments need to be performed further to prove this view.
In conclusion, the present results suggested that CML could
not induce the endothelial dysfunction in HUVECs, but could
attenuate the AGEs-induced endothelium damage. Our study
also supported that CML has a bioaffinity for binding to RAGE.
However, this property may be innocuous for the pathogenesis
of diabetic complications.

4. Experimental

4.1. Materials

Receptor of advanced glycation end products peptide (RAGE) was
obtained from Santa Cruz Biotechnology, Inc. (USA). N-Epsilon-
(carboxymethyl)lysine (CML) was ordered from Toronto Research Chem-
icals Inc. (North York, Canada). Bovine serum albumin (BSA), d-glucose,
acridine orange (AO), ethidium bromide (EB) and 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained from
Sigma-Aldrich (USA). StreptAvidin-Biotin-enzyme (SABC); StreptAvidin-
Biotin-enzyme-alkaline phosphatase (SABC-AP) were obtained from
Boster Biological Engineering Co., Ltd. (Wuhan, P.R. China). All other
materials were analytical reagent grade and from commercial sources.

4.2. AGEs preparation

AGEs was prepared as described previously with minor modifications
(Takeuchi et al. 2000; Sheikpranbabu et al. 2010). BSA of 5 g was incubated
in 100 ml phosphate buffer (0.2 M, pH 7.4) under sterile conditions with
d-glucose of 9 g for 12 weeks. At the end of the incubation period, unincorpo-
rated sugars were removed by dialysis overnight against phosphate-buffered
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saline. In addition, non-glycated BSA was prepared in the same conditions
for 12 weeks with the exception of the absence of reducing sugars for blank
control. The obtained AGEs and non-glycated BSA were determined for
the content control at excitation/emission wavelengths of 370 nm/440 nm.
Finally, AGEs and non-glycated BSA were stored at 4 ◦C for further exper-
iments.

4.3. Cell culture

Human umbilical vein endothelial cells (HUVECs) line was obtained from
ATCC (Manassas, VA, USA). Cells were maintained in low-glucose DMEM
medium supplemented with 5% fetal bovine serum, 100 units/mL of peni-
cillin/streptomycin according to the manufacturer’s instructions (Clonetics
Corp., San Diego, CA). Cells were maintained in 5% CO2 at 37 ◦C and the
medium was renewed every 2 days. After 80–90% confluent, cells were used
for the further experiments.

4.4. MTT assay for cell viability

HUVECs was seeded into 96-well plates with 100 �L/well and incubated at
37 ◦C and 5% CO2 for 24 h. After being starved for 12 h, cells were treated
with agents for 48 h. The cells were treated with final concentration 5 mg/mL
MTT and maintained at 37 ◦C for 4 h. Formazan was dissolved with DMSO
of 100 �L. The optical density (OD) value in wells was read at 450 nm with
a microplate reader.

4.5. Fluorescence detection with acridine orange-ethidium bromide
staining

In order to observe the effect of CML on apoptosis, HUVEC cells
were stained with acridine orange/ethidium bromide (AO/EB) accord-
ing to method as previously described (Li et al. 2010). In brief, cells
were exposed to DMEM medium, non-glycated BSA (200 �g/mL), CML
(10 �M), AGEs (200 �g/mL), CML (10 �M) + AGEs (200 �g/mL) and
AGEs (200 �g/mL) + CML (10 �M). The concentration of CML was chosen
in this study as previously described (Buetler et al. 2008). Aminoguani-
dine (AG) of 10 �M was used for the positive control. After incubation
for 48 h, cells were treated with 5 �L prepared AO/EB solution contain-
ing 100 �g/mL AO and 100 �g/mL EB in PBS and then observed under
a fluorescence microscope (Olympus IX71 inversion microscope, Japan).
The difference in cells was calculated according to green (normal cells)
or jacinth (apoptosis cells) color area with Image-Pro Plus picture analysis
software.

4.6. Immunocytochemistry staining for ICAM-1, TGF-�1 and
RAGE expression

Immunocytochemistry staining was performed as described previously for
the evaluation of ICAM-1, TGF-�1 and RAGE expression (Xu et al. 2010).
In brief, HUVECs were seeded on glass coverslips in 24-well plates. After
being incubated with agents, the cells were washed with PBS and fixed
with fresh 4% paraformaldehyde for 90 min. Then 10% primary antibody-
origin serum or 5% BSA (for RAGE detection) was used to block the cells
for 20 min at room temperature. The blocked cells were incubated with
ICAM-1 (1:200), TGF-�1 (1:400) and RAGE (1:200) antibodies at 37 ◦C,
respectively. After being incubated for 20 min, cells were incubated with
biotin-conjugated secondary antibody and StreptAvidin-Biotin-enzyme
(SABC) or StreptAvidin-Biotin-enzyme-alkaline phosphatase (SABC-AP)
at 37 ◦C. 3,3’-Diaminobenzidine (DAB) or BCIP/NBT (for RAGE) was
used for colarization. Finally, the coverslips were counterstained with hema-
toxylin or nuclear fast red (for RAGE) and observed under microscope.

4.7. Fluorescence polarization assay

Samples were conducted in black 96-well plates (Corning, Inc., USA) and
fluorescence polarization assay was performed in a darkdrawer of LJL
biosystems (AnalystTM AD, Sunnyvale, CA, USA). RAGE was incubated
with CML for 4 h at 37 ◦C. Fluorescence polarization of RAGE (10 ng
and 100 ng) in the presence or absence of CML (10−12 to 10−4 M) was
determined at excitation/emission wavelength of 295 nm/350 nm accord-
ing to the punlished detection wavelength of RAGE (Gospodarska et al.
2011).

4.8. Data analysis

Fluorescence polarization data were expressed as millipolarization units
(mP). The total change of polarization, which represents bound fraction
of CML to RAGE, was calculated according to the following equation as
previously described:

P = Pmax − Pmin

where Pmax is measured polarization of samples, and Pmin is the polarization
of RAGE in the absence of CML. In all analyses, statistical differences
were evaluated by one-way ANOVA with SPSS 16.0 software. The level of
significance was set at p < 0.05.
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