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Immunological strategies for the detection of Nε-(carboxymethyl)lysine (CML), one of
the major antigenic structures of advanced glycation end products (AGE), are widely
applied to demonstrate the contribution of CML to the pathogeneses of diabetic com-
plications and atherosclerosis. Recent studies have indicated that methylglyoxal
(MG), which is generated intracellularly through the Embden-Meyerhof and polyol
pathways, reacts with proteins to form MG-derived AGE structures such as Nε-(car-
boxyethyl)lysine (CEL). In order to accurately measure the CML contents of the pro-
teins by means of an immunochemical method, we prepared CML-specific antibodies
since conventionally prepared polyclonal anti-CML antibody and monoclonal anti-
CML antibody (6D12) cross-reacted with CEL. To prepare polyclonal CML-specific
antibody, CML-keyhole limpet hemocyanin (CML-KLH) were immunized with rabbit
and CEL-reactive antibody was removed by CEL-conjugated affinity chromatogra-
phy. Monoclonal antibody specific for CML (CMS-10) was obtained by immunization
with CML-KLH, followed by successive screening according to CML-bovine serum
albumin (CML-BSA)–positive but CEL-BSA-negative criteria. Both polyclonal CML-
specific antibody and CMS-10 significantly reacted with CML-proteins but not with
CEL-proteins. It is likely therefore that these antibodies can recognize the difference
of one methyl group between CML and CEL. Moreover, CMS-10 significantly reacted
with BSA modified with several aldehydes and its reactivity was highly correlated
with the CML content, which was determined by high performance liquid chromatog-
raphy, whereas 6D12 showed a low correlation. These results indicate that CMS-10
can be used to determine the CML contents of modified proteins in a more specific way.

Key words: advanced glycation end products (AGEs), anti-CML antibody, Nε-(car-
boxymethyl)lysine (CML), Nε-(carboxyethyl)lysine (CEL), diabetic complications.

Abbreviations: CML, Nε-(carboxymethyl)lysine; CEL, Nε-(carboxyethyl)lysine; AGE(s), advanced glycation end
products; BSA, bovine serum albumin; AGE-BSA, glucose-modified AGE-BSA; CPC, conventional polyclonal anti-
CML antibody; ELISA, enzyme-linked immunosorbent assay; GO, glyoxal; GA, glycolaldehyde; MG, methylgly-
oxal; 3-DG, 3-deoxyglucosone; PBS, phosphate-buffered saline.

Proteins exposed to reducing sugars such as glucose
undergo nonenzymatic glycation, leading to the progres-
sive formation of advanced glycation end products
termed AGE. AGE show such physicochemical properties
as fluorescence, a brown color and intra- or inter-molecu-
lar cross-linking. Monnier et al. (1) demonstrated that
fluorescent pigments, which show similar fluorescence
spectra to AGE, accumulate in the human dura mater in
an age-dependent manner and increase during in the
pathogenesis of diabetes, suggesting that AGE formation
progresses in vivo. However, measurement of AGE by
means of fluorometric analysis is limited due to its low-
specificity. To investigate the histological localization of
AGE in vivo, we previously prepared a monoclonal anti-

AGE-modified bovine serum albumin (AGE-BSA), fol-
lowed by successive screening for AGE-BSA–positive but
BSA-negative clones (2). Our subsequent study demon-
strated that 6D12 recognizes CML and CML-proteins
adducts (3). CML is generated through several pathways,
such as oxidative cleavage of the Amadori product by the
hydroxyl radical (4) and peroxynitrite (5). In addition to
these pathways, CML formation also takes place through
glyoxal, which is generated through autoxidation of
glucose (6), oxidative cleavage of Schiff bases (7), and
unsaturated fatty acids (8). Since CML formation
requires oxidation in all pathways, CML is thought to be
the important biological markers of oxidative stress in
vivo. Recent immunological studies involving 6D12 dem-
onstrated that CML modification is involved in normal
aging (9), as well as in the pathogeneses of several age-
enhanced diseases such as diabetic nephropathy (10),
atherosclerosis (11), diabetic retinopathy (12), hemodial-
ysis-associated amyloidosis (13), chronic renal failure
(14), and Alzheimer’s disease (15). Furthermore, CML
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accumulates in hippocampal neurons, neurofibrillary
tangles, peripheral nerves, atherosclerotic lesions in rat
aortas, atherosclerotic coronary arteries, murine amy-
loid, the peritoneum in patients on continuous ambula-
tory peritoneal dialysis (16), human skin elastin in
actinic elastosis (17), cardiac tissues of renal transplant
patients (18), and pulmonary fibrosis (19).

Recent studies demonstrated that methylglyoxal (MG)
is generated through the Embden-Meyerhof and polyol
pathways, and rapidly reacts with proteins to form MG-
derived AGE such as CEL. CEL is detected in human
lens proteins at a concentration similar to that of CML,
and its accumulation increases with age in parallel with
that of CML (20). Degenhardt et al. (21) have also demon-
strated that CEL increases in lens proteins and skin col-
lagen with age. These reports clearly demonstrate that
CEL is an important AGE that is derived through meta-
bolic pathways.

The purpose of the present study is to determine
whether 6D12 and conventionally prepared polyclonal
anti-CML antibody cross-react with CEL because of its
structural similarity to CML. The results demonstrate
that these antibodies significantly reacted not only with
CML but also with CEL. These results strongly suggest
that some of the CML detected by 6D12 and conventional
polyclonal anti-CML antibody (CPC) might have been
CEL, and that CML specific antibody could be an impor-
tant tool for demonstrating the pathological significance
of CML.

MATERIALS AND METHODS

Chemicals—β-D-Glucose and MG were purchased from
Sigma (St. Louis, MO). Upon analysis with the Hantzsch
reaction, the amount of formaldehyde in the MG solution
was found to be less than the minimum detectable level.
Fatty acid-free bovine serum albumin (BSA), glyoxylic
acid and sodium pyruvate were purchased from Wako
(Osaka, Japan). Tissue culture medium was from Gibco.
All other chemicals were of the best grade available from
commercial sources.

Modification of BSA with Aldehydes—Aldehyde-modi-
fied BSA was prepared as described in previously (22).
Briefly, 2 mg/ml of BSA (1.5 mM lysine residues) was
incubated at 37°C for 7 days with 33 mM MG, glyoxal
(GO), and glycolaldehyde (GA). 3-Deoxyglucosone (3-
DG)–modified BSA was prepared by incubating 200 mM
3-DG with 2 mg/ml of BSA at 37°C for 7 days (23). Glu-
cose-modified AGE-BSA (AGE-BSA) was prepared under
sterile conditions by incubation of 50 mg/ml BSA with 1
M glucose at 37°C for up to 40 weeks, and aliquots were
removed from the reaction mixture on days 5, 13, 20, 27,
35, 42, 52 and 40 weeks and dialyzed against phosphate-
buffered saline (PBS) (pH 7.4).

Preparation of CML-Modified BSA (CML-BSA) and
CEL-Modified BSA (CEL-BSA)—CML-BSA with differ-
ent CML contents was prepared as described previously
(3). Briefly, BSA (50 mg/ml) was incubated at 37°C for 24
h with 0.4–100 mM glyoxylic acid and 100 mM sodium
cyanoborohydride (NaBH3CN) in 1 ml of 0.2 M sodium
phosphate buffer (pH 7.8), followed by dialysis against
PBS. CML-KLH was prepared by incubating KLH (5 mg/
ml) with 50 mM glyoxylic acid and 100 mM NaBH3CN at

37°C for 24 h in 1 ml of 0.2 M sodium phosphate buffer,
followed by dialysis against PBS. CEL-BSA and CEL-
RNase were prepared by incubating RNase (40 mg/ml)
with 90 mM pyruvate at room temperature for 12 h in the
presence of 5 mM NaBH3CN in 1 ml of 0.2 M sodium
phosphate buffer (pH 7.4), followed by dialysis against
PBS (20). Hippuryl-CML (3) and hippuryl-CEL (24) were
prepared as described previously.

Preparation of Polyclonal Anti-CML Antibody—The
experimental protocol was approved by the local ethics
review committee for animal experimentation. To pre-
pare a polyclonal antibody against CML, 1.0 mg of CML-
KLH in 50% Freund′s complete adjuvant was injected
intradermally into 10 skin sites on a rabbit, followed by
four booster injections of 0.5 mg of CML-KLH in 50% Fre-
und′s incomplete adjuvant. Serum obtained 10 days after
the final immunization was subjected to further affinity
purification. Formyl-cellulofine gel was coupled to CML-
BSA as described previously (3). The anti-CML-KLH
antiserum (5 ml) was passed over a column (1.2 × 9.0 cm)
of formyl-cellulofine-CML-BSA gel. The fraction adsorbed
to CML-BSA was eluted with 0.1 M citric acid buffer (pH
3.0). The pooled antibody fraction was neutralized, dia-
lyzed against PBS, and used as CPC. CPC was further
applied to Formyl-cellulofine-CEL-BSA gel to obtain an
antibody specific for CML.

Preparation of Monoclonal Antibody Specific for CML—
Splenic lymphocytes obtained from CML-KLH–immu-
nized BALB/c mice were fused to myeloma P3U1 cells in
the presence of polyethylene glycol as described previ-
ously (25). The hybrid cells were screened, and one cell
line, named CMS-10, positive for CML-BSA but negative
for CEL-BSA was selected through successive subclon-
ing. This cell line was inoculated into the peritoneal cavi-
ties of Balb/c mice and antibody was purified from ascitic
fluid by protein G affinity chromatography to IgG1. CMS-
10 thus prepared was used for the ELISA studies
described below.

Enzyme-Linked Immunosorbent Assay (ELISA)—For
non-competitive ELISA (3), each well of a 96-well micro-
titer plate was coated with 100 µl of the indicated concen-
tration of sample in PBS, followed by incubation for 2 h.
The wells were washed three times with PBS containing
0.05% Tween 20 (buffer A). The wells were then blocked
with 0.5% gelatin in PBS for 1 h. After triplicate washing
with buffer A, the wells were incubated for 1 h with 100
µl of the indicated concentration of antibodies. After trip-
licate washing with buffer A, the wells were incubated
with horseradish peroxidase (HRP)–conjugated anti-
mouse IgG antibody (Kirkegaard & Perry Laboratories,
Maryland, USA), followed by reaction with 1,2-phenylen-
ediamine dihydrochloride. The reaction was terminated
with 100 µl of 1.0 M sulfuric acid, and the absorbance was
read at 492 nm with a micro-ELISA plate reader. For
competitive ELISA (3), each well of a 96-well microtiter
plate was coated 2 h with 100 µl of the indicated concen-
tration of antigen in PBS. The wells were washed three
times with buffer A and then blocked for 1 h with 0.5%
gelatin in PBS. After triplicate washing with buffer A, 50
µl of the sample to be tested and the same volume of anti-
body was added to each well, followed by 1 h-incubation.
The antibodies bound to the wells were detected with
HRP-conjugated anti-mouse or anti-rabbit IgG antibod-
J. Biochem.
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ies in a manner similar to that described above for non-
competitive ELISA.

Determination of CML Contents by HPLC—The CML
contents of modified BSA preparations were determined
by amino acid analysis after acid hydrolysis with 6 N HCl
for 24 h at 110°C with an amino acid analyzer (L-8500A,
Hitachi) (Tokyo, Japan) equipped with an ion exchange
column (#2622 SC, 4.6 × 80 mm, Hitachi), as described
previously (24).

Preparation of human Lens Proteins—Human lenses
from normal subjects (non-diabetic, non-cataractous)
were purchased through the National Disease Research
Interchange and were stored at –80°C until use. The
lenses were homogenized as described previously (9).
Briefly, each lens was homogenized in PBS, followed by
centrifugation at 10,000 × g for 30 min at 4°C, and then
the protein concentration of the supernatant was meas-
ured with bicinchoninic acid protein assay reagent
(Pierce, Rockford, IL).

RESULTS

Immunoreactivity of 6D12 and CPC with CML- and
CEL-Proteins—The immunoreactivities of the mono-
clonal anti-CML antibody (6D12) and the polyclonal anti-
body were determined by competitive ELISA. The reac-
tivity of 6D12 with CML-BSA was significantly competed
for dose-dependently not only by CML-BSA but also by
CEL-BSA, indicating that 6D12 recognized both CML-
and CEL-protein adducts (Fig. 1A). These data strongly
suggest that the epitope of 6D12 is a structure common to
CML and CEL-protein adducts. CPC showed similar
reactivity with CML-BSA and CEL-BSA (Fig. 1B), indi-
cating that CPC might include an antibody population
recognizing CML-protein adducts specifically, and an
antibody population recognizing both CML- and CEL-
protein adducts. To test this possibility, CPC was further
subjected to CEL-BSA-conjugated affinity chromatogra-
phy to separate the CML-specific antibody population.
Application of CPC to the column resulted in separation
of non-adsorbed and adsorbed fractions (Fig. 2). The non-
adsorbed fraction reacted positively with CML-RNase,
but not CEL-RNase (Fig. 3A), whereas the adsorbed frac-

tion showed significant reactivity with both CML-RNase
and CEL-RNase (Fig. 3B). These results clearly indicated
that the polyclonal antibody obtained on immunization
with CML-KLH included at least two antibody popula-
tions, such as one recognizing CML but not CEL, and one
recognizing both CML and CEL.

Preparation of Monoclonal Antibody Specific for CML—
Since the non-adsorbed fraction obtained with the CEL-
BSA–conjugated affinity column contained an antibody
recognizing CML exclusively (Fig. 3A), an attempt was
made to prepare a monoclonal antibody recognizing CML
but not CEL. Spleen lymphocytes immunized with CML-
KLH were fused with myeloma cells and then subjected
to successive subcloning according to CML-BSA–positive
but CEL-BSA–negative criteria. One cell line named
CMS-10 was obtained. Non-competitive ELISA showed
that CMS-10 significantly reacted with CML-BSA in a
dose-dependent manner, whereas its reactivity with
CEL-BSA was negligible (Fig. 4A). Consistent results
were obtained on competitive ELISA; the reaction of
CMS-10 with CML-BSA was significantly competed by

Fig. 1. Immunoreactivity of
6D12 and CPC with CML-
and CEL-proteins. Immunore-
activity was assayed by competi-
tive ELISA. Each well was
coated with 100 µl of 1 µg/ml
CML-BSA and then blocked with
0.5% gelatin as described under
“MATERIALS AND METHODS.” Fifty
microliters of CML-BSA (open
circles) (12.9 mol CML/mol BSA)
or CEL-BSA (closed circles) (8.9
mol CEL/mol BSA) and the same
volume of 0.1 µg/ml 6D12 (A) or 1
µg/ml CPC (B) were added to
each well. The wells were then
washed with buffer A, and the
antibodies bound to wells were
detected with HRP-conjugated
anti-mouse IgG (A) or anti-rab-
bit IgG (B).

Fig. 2. Separation of polyclonal CML-specific antibody from
CPC by CEL-BSA–conjugated affinity chromatography. CPC
(6.1 mg) purified with CML-BSA–conjugated column was further
applied to a CEL-BSA–conjugated column, which was washed with
50 ml of PBS to obtain the non-adsorbed fraction. The adsorbed
fraction was eluted with 30 ml of 0.1 M citric acid (pH 3.0) and each
fraction (1.0 ml) was monitored for absorbance at 280 nm. Both the
non-adsorbed fraction (1.6 mg) and the adsorbed fraction (2.2 mg)
were pooled, concentrated and dialyzed against PBS.
Vol. 136, No. 6, 2004
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hippuryl-CML, but not by hippuryl-CEL (Fig. 4B). It is
likely therefore that CMS-10 can recognize the difference
between CEL and CML.

Correlation of CML Contents of Aldehyde-Modified
Proteins and Their Immunoreactivities—Recent studies
have clarified that several intermediate aldehydes, such

as GA, GO, MG and 3-DG, are involved in the formation
of AGE-structures (22, 23). BSA was modified with these
aldehydes and the CML content of each modified-protein
was determined by HPLC after hydrolysis. The CML con-
tent of GO-modified BSA (14.5 mol CML/mol BSA) was
similar to those of AGE-BSA (12.5 mol CML/mol BSA)

Fig. 3. Immunoreactivity of the
non-adsorbed fraction and ad-
sorbed fractions obtained from a
CEL-BSA–conjugated column. The
immunoreactivities of the non-ad-
sorbed and adsorbed fractions with
CML- and CEL-RNase were deter-
mined by non-competitive ELISA.
Each well was coated with 100 µl of 1
µg/ml CML-RNase (closed circles) or
CEL-RNase (open circles), and then
blocked with 0.5% gelatin. After trip-
licate washing with buffer A, the
wells were incubated for 1 h with 100
µl of the indicated concentration of
non-adsorbed fraction (A) or adsorbed
fraction (B). The wells were washed
with buffer A, and then the antibod-
ies bound to the wells were detected with HRP-conjugated anti-rabbit IgG.

Fig. 4. Reactivity of monoclonal anti-
body specific for CML. The immuno-
reactivity of CMS-10 was determined by
non-competitive and competitive ELISA.
(A) Non-competitive ELISA: Each well
was coated with 100 µl of the indicated
concentration of CML-BSA (closed cir-
cles) or CEL-BSA (open squares), and
then blocked with 0.5% gelatin. After
triplicate washing with buffer A, the
wells were incubated for 1 h with 100 µl
of 1 µg/ml of CMS-10. (B) Competitive
ELISA: Each well was coated with 100 µl
of 0.5 µg/ml CML-BSA and then blocked
with 0.5% gelatin. Fifty microliters of
hippuryl-CML (closed circles) or hip-
puryl-CEL (open circles) and the same
volume of 1 µg/ml CMS-10 were added to
each well. The wells were then washed
with buffer A, and then the antibodies bound to wells were detected with HRP-conjugated anti-mouse IgG.

Fig. 5. Correlation of CML contents of aldehyde-modified pro-
teins and their immunoreactivities. (A) The CML content of
each aldehyde-modified BSA was determined by HPLC after acid
hydrolysis and was expressed mol/mol of BSA. The reactivity of alde-

hyde-modified BSA with CMS-10 (B) and 6D12 (C) was determined
by non-competitive ELISA. Each well was coated with 100 µl of 1 µg/
ml each antigen, and 1 µg/ml CMS-10 (B) and 0.1 µg/ml 6D12 (C)
were used as primary antibodies.
J. Biochem.

http://jb.oxfordjournals.org/


Detection of CML with Specific Antibodies 835

 at Peking U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

and CML-BSA (16.7 mol CML/mol BSA), but higher than
those of GA-BSA (2.1 mol CML/mol BSA) and 3-DG-BSA
(2.0 mol CML/mol BSA) (Fig. 5A). The CML content of
MG-modified BSA was less than detectable level (Fig.
5A). The immunoreactivities of these aldehyde-modified
BSAs with CMS-10 were measured by non-competitive
ELISA (Fig. 5B). The extents of their immunoreactivity
with CMS-10 were closely similar to their CML contents
(Fig. 5A), indicating that the reactivity with CMS-10
reflected their CML contents. However, when we meas-
ured the immunoreactivities of these modified proteins
with 6D12, a monoclonal antibody recognizing both CML
and CEL, the immunoreactivities of GA-modified BSA, 3-
DG–modified BSA and MG-modified BSA were signifi-
cantly as high as that of GO-modified BSA (Fig. 5C). The
extents of the immunoreactivity of 6D12 (Fig. 5C) did not
show any similarity to those of the immunoreactivity of
CMS-10 (Fig. 5B) or the CML contents of these modified
proteins (Fig. 5A), suggesting that CML quantification
with CMS-10 should be much more accurate than that
with 6D12.

Correlation of CML Contents of AGE-Modified Proteins
with Their Immunoreactivities with CMS-10—To deter-
mine the correlation between the CML contents of the
AGE-BSAs and their immunoreactivities with CMS-10,
nine AGE-BSA samples with different CML contents
were prepared. The immunoreactivities of CMS-10 with
these samples were plotted against CML-content. The
immunoreactivity gradually increased up to 4.5 mol
CML/mol BSA. Upon a further increase in CML content,
however, it increased proportionally with the CML con-
tent of BSA (Fig. 6). In contrast, the immunoreactivity of
6D12 with these AGE-BSA samples increased rapidly up
to approximately 5 mol CML/mol BSA and then appeared
to reach a plateau (data not shown).

The Immunochemical Reactivity of CMS-10 with
Human Lens Proteins—We also used CMS-10 to measure
the CML contents of human lens proteins. CMS-10 sig-
nificantly recognized lens proteins and its reactivity

increased steadily with lens age (Fig. 7), indicating that
this antibody could detect CML in biological materials.

DISCUSSION

AGE research has enormously been expanded to the
medical field since the 1990s because of the development
of polyclonal and monoclonal antibodies against AGE-
modified proteins. Our immunochemical approaches
involving 6D12 have greatly contributed to understand-
ing of the biological significance of AGE in the pathogen-
eses of age-enhanced diseases (9–19, 26). Our subsequent
study demonstrated that 6D12 recognizes CML and
CML-protein adducts (3). In this connection, our group
(3) and Reddy et al. (27) also demonstrated that CML is a
major antigenic AGE structure. Schmidt et al. demon-
strated that CML is recognized as a ligand structure by a
cell surface receptor for AGE (RAGE), and the CML-
RAGE interaction activates the cell signaling pathway
via NF-κB and enhances the expression of vascular cell
adhesion molecule-1 (VCAM-1) in human umbilical vein
endothelial cells (28). Therefore, CML is now widely
accepted as one of the most important structures gener-
ated through post-translational modifications that con-
tribute to the pathogeneses of age-related disorders such
as diabetic complications and atherosclerosis.

MG rapidly reacts with proteins to form MG-derived
AGEs such as CEL (20, 21), imidazolone (29), argpyrimi-
dine (30), and imidazolium salt cross-link like methylgly-
oxal-lysine dimer (MOLD) (31) in vivo. Oya et al. (30) pre-
pared a monoclonal antibody, named mAb6B, against
MG-modified proteins and identified its epitope as argpy-
rimidine. Immunohistochemical analysis with mAb6B
revealed the localization of argpyrimidine in the intima
and media of small arteries in renal tissues from diabetic
patients. Nagaraj et al. (32) quantified MOLD in human
plasma proteins by reverse phase high performance liq-
uid chromatography (RP-HPLC), and showed that cross-
linking of plasma proteins by MOLD was increased in
diabetes. The amounts of MOLD in serum proteins from
non-diabetic uremic patients determined by electrospray
ionization/mass spectrometry/mass spectrometry (ESI/
MS/MS) were about 3-fold higher than those in age-

Fig. 6. Correlation of CML contents of AGE-BSA samples
with their immunoreactivities. The reactivity of CMS-10 with
AGE-BSA preparations with different incubation periods was deter-
mined by non-competitive ELISA in the same way as in Fig. 5. Each
well was coated with 100 µl of 1 µg/ml each AGE-BSA, and 1 µg/ml
CMS-10 was used as primary antibodies. Immunoreactivity was
plotted against CML-content.

Fig. 7. Immunochemical reactivity of CMS-10 with human
lens protein. Each well was coated with human lens proteins (10
µg/ml) and then blocked with 0.5% gelatin, followed by triplicate
washing with buffer A. Each well was incubated for 1 h with 100 µl
of 10 µg/ml of CMS-10. The amount of the antibody bound to each
well was determined with HRP-conjugated anti-mouse IgG.
Vol. 136, No. 6, 2004
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matched controls (33). We previously measured CEL, one
of the MG-derived AGE structures, by HPLC to investi-
gate the involvement of MG in AGE formation. However,
detection of CEL in AGE-proteins with our HPLC system
was unsuccessful due to co-elution of CEL with CML.
This co-elution is because of the similar chemical struc-
tures of CEL and CML, which makes separation of these
compounds difficult (3). We, therefore, developed a new
HPLC system in which CEL and CML are measured
simultaneously in a single HPLC run and found that glu-
cose-derived AGE-proteins contain not only CML but also
CEL (24), indicating that MG plays a role as a reactive
intermediate for AGE formation during the incubation of
a protein with glucose. Based on our analytical experi-
ence, we examined the possibility that anti-CML anti-
body might recognize the CEL as well as CML due to
their structural similarity.

In the present study, we demonstrated that CPC and
6D12 recognize not only CML but also CEL. Further-
more, since CPC was separated into two fractions, non-
adsorbed and adsorbed ones, on CEL-BSA–conjugated
affinity chromatography, and the non-adsorbed fraction
showed high specificity for CML (Fig. 2), we also pre-
pared a monoclonal CML-specific antibody named CMS-
10. The reactivity of CMS-10 with aldehyde-modified
BSAs was highly correlated with their CML contents,
which were determined by HPLC (Fig. 5B), whereas
6D12 showed significant reactivity with all of the modi-
fied-BSA preparations without any correlation with their
CML contents (Fig. 5C), indicating that determination of
the CML content with CMS-10 is much more accurate
than that with 6D12 and CPC.

We previously prepared polyclonal mono-specific anti-
CML antibody by immunization with CML-BSA, followed
by purification by CML-BSA–conjugated affinity chroma-
tography (34). This antibody significantly reacted with
thickened vascular walls in diabetic retinas. Degenhardt
et al. demonstrated that CML is the major epitope of pol-
yclonal anti-AGE antibody obtained by immunization of
rabbit with AGE-RNase, and that the CML contents in
the sera of continuous ambulatory peritoneal dialysis
and hemodialysis patients are higher than those in con-
trol subjects. Schleicher et al. (35) also originally pre-
pared polyclonal anti-CML antibody by immunization of
rabbit with CML-KLH, followed by purification by CML-
BSA–conjugated affinity chromatography. This antibody
significantly reacted with atherosclerotic plaques and
foamed macrophages. Kato et al. prepared polyclonal
anti-CML antibody by immunizing rabbit with CML-
KLH and detected CML in copper-oxidized low density
lipoprotein (36). Hamelin et al. also prepared polyclonal
anti-CML antibody by immunization with CML-BSA and
demonstrated that the CML level in the serum of a 27-
month-old rat was 50% higher than in that of a 3-month-
old rat (37). However, since they did not measure the
cross-reaction of their antibodies with CEL, some of the
CML detected with their antibodies might have been CEL.

As described in the introduction, CML is formed
through several pathways such as oxidative cleavage of
Amadori products (4, 5), Schiff base (7), autoxidation of
glucose (6), and unsaturated fatty acids (8) via glyoxal.
Since CML formation is inhibited by antioxidants and
antioxidative conditions (38), reactive oxygen species are

believed to be involved in CML formation. In contrast,
most MG, a precursor for CEL formation, is generated
through a metabolic pathway through the degradation of
triosephosphate, and CEL formation progresses inde-
pendent of oxidation chemistry, demonstrating that the
pathway for the formation of CML is obviously different
from that for CEL. Therefore, specific detection of CML
and CEL is fundamental for determining which path-
ways are involved in the pathogeneses of diseases and for
developing therapeutic strategies.

In conclusion, our study clearly demonstrated that a
conventionally prepared anti-CML antibody recognizes
not only CML but also CEL. We also used CMS-10 to
measure the CML contents of human lens proteins. The
antibody significantly reacted with lens proteins
obtained from a 25-year-old and the reactivity increased
in an age-dependent manner (Fig. 7), suggesting that
immunochemical detection involving CML-specific anti-
body is an excellent tool for determining the CML con-
tent. Further studies will be important to demonstrate
the localization of CML in pathological tissues with spe-
cific antibodies.
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