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ABSTRACT

AIM. To explore the effects of advanced glycosylation
end products (AGEP) on monacyte chemoattractant pro-
teinrl (MCP-1) gene expression in buman peripheral
blood monocytes/macrophages {PBMC). METHODS .
Expression of MCP-1 mRNA in PBMC incubated with
AGEP-bovine serum albumin ( AGEP-BSA) was exam-
ined by semi-quantitative reverse transcription- polymerase
chain reaction (RT-PCR) with B-actin as an internal stan-
dard. Sequencing of RT-PCR products was performed to
confirm the specificity of amplification for MCP-1 gene.
RESULTS; AGEP-BSA stimulated monocytes (o express
MCP-1 mRNA in a glucose-concentration-related fashion.
The levels of MCP-1 mRNA were increased slightly when
monocytes were exposed to AGEP-BSA 200 mg/L (gly-
cosylated with glucose 20 mmol/L ), and increased
markedly when exposed to AGEP-BSA 200 mg/L (gly-
cosylated with glucose 50 mmol/L )}, but decreased
slightly when exposed to AGEP-BSA 200 mg/L { glyco-
sylated with glucose 80 mmol/L). Expression of MCP-
1 mRNA was undetectable in freshly isolated monocytes,
but was induced at 12 h and reached a maximal level at
24 h and was almost undetectable at 36 h after the mono-
cytes were incubated with AGEP-BSA 200 mg/L (P <
0.01). CONCLUSION: AGEP enhanced MCP-1
mRNA expression in human PBMC.

INTRODUCTION
The principal cause of morbidity and mortality in
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diabetes is the vascular complications.  Accelerated
atherosclerosis is a major vascular complication of this
disorder. Advanced glycosylation end products ( AGEP)
are ultimately formed as the result of proteins exposed to
aldoses and play an important role in the pathogenesis of
diabetic complications'”. It was demonstrated that
AGEP was accumulated and deposited in vascular wall
expressing its specific receptor, especially in atheroscle-
rotic lesions’?!.  The intimal recruitment of peripheral
blood monocytes (PBMC) to the lesion-prone areas of
the arterial wall is one of the earliest events in atherogene-
sist™, It was reported that AGEP accumulated in the
vessel wall played a role in attracting blood monocytes in-
1o the intima through the endothelium'*’. Monocyte
chemoattractant protein-1 {(MCP-1) is a recently charac-
terized protein of 76 amino acids with high specificity for
monocytes. MCP-1 is an important mediator which
plays a tole in host responses and in human diseases,
such as atherosclerosis®® . It has been found that many
types of cells such as endothelial cells, smooth muscle
cells, monocytes/macrophages could produce MCP-1 at
mRNA and protein levels, and the production of MCP-1
in monocytes could be increased by oxidized lipopro-
wins'® . The present study was designed to demonstrate
whether the expression of monocyte MCP-1 gene was
stimulated by AGEP.

MATERIALS AND METHODS

Reagents AGEP-BSA was prepared by incubating
BSA in phosphate-buffered saline { PBS) with glucose
20, 50, and 80 mmol/L at 37 C for G weeks. AGEP-
BSA was dialyzed extensively against PBS 10 mmoj/L
pH 7.4 before experiments. Non-glycosylated BSA was
treated identically as AGEP-BSA except that no glucose
was present in the reaction mixture. AGEP-BSA exhib-
ited characteristic yellow-brown pigment and fluores-
cence .
Isolation and culture of monocytes Mono-
cytes were isolated from heparinized blood sampies, taken
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from young healthy volunteers as described before!” .
Following incubation with hypertonic NaCl thrice, Ficoll
1.077 kg/1. gradient centrifugation and adherence, the
cells were incubated in RPMI-1640 culture medium at a
concentration of 5x 10° L~! with the groups AGEP-BSA
or BSA for the indicated period of time.

Reverse transcription-polymerase chain reac-
tion (RT-PCR) Total cellular RNA was extracted
from the cultured cells using the method of guanidinium
isothiocyanate'® . After purity and integrity of total
RNA were conformed by measuring the absorbency ratio
of Ap/App(1.75 — 1.96) and electrophoresis, total
RNA was stored in DEPC-treated water at —30 C. The
first-strand ¢cDNA was synthesized from the total RNA us-
ing Avian myelo-blastosis virus {AMV) reverse transcrip-
tase and random Olio (dT) 15 primers. The reverse
transcription reaction was performed at 42 C for 55 min.
At the end of reverse transcription, the mixture was heat-
ed at 92 T for 5 min and immediately cooled on ice.
The second-strand DNA synthesis and 30-cycle amplifica-
tion were performed using DNA thermal cycler (Bio-
Rad). Direct and reverse oligo primers for MCP-1 (5’
TCA AAC TGA AGC TCG CAC TCT CG 3’ for sense

and 5' AGC TGC AGA TTC TTG GGT TGT GG 3’ for-

antisense] and B-actin (5" GGT CAG AAG GAA TCC
TAT GTG 3’ for sense and 5" ATT GCC AAT GGT GAT
GAC CTG 3' for antisense) were constructed to amplify
the full coding sequences according to the sequences
downloaded from the Gene Bank. A 50-pL reaction
mixture containing the first-strand ¢cDNA as a template
corresponding t0 0.5 ug total RNA, Tris-HCl! 10 mmol/
L, KCl 50 mmol/L, Gelatin 6.01 %, Triton-X 100
0.1 %, MgCl, 2.5 mmol/L, dANTP 0.2 mmol/L, each
of direct and reverse primer 50 pmol, and Taq poly-
merase 2.5 U (in a 50 pL reaction mixture) was applied
to the thermal cycler for amplification. Amplification
was performed for 30 cycles of denamration (45 s at
M T), annealing (120 s at 55 C) and elongation (120
sat 72 C). To ensure that the amounts of PCR prod-
ucts obtained were linear in respect to input RNA, a ki-
netic analysis was performed by varying numbers of am-
plification cycles as well as by varying the amounts of in-
put RNA, Then suitable cycle numbers of amplification
and amounts of input RNA located at the linear area were
selected. In all experiments, a template-free control
tube was amplified at the same time to monitor the accu-
racy of the PCR method. PCR products were elec-
trophoresed through a 2 % agar gel. The amounts of
MCP-1 mRNA were standardized relative to the amount

of P-actin mRNA vig denstiometric analysis. The results
were expressed a8 AU (Dyea* Dgengiry ) -

Nucleotide sequences of RT-PCR products
The sequencing of RT-PCR products was performed by
Takara Biotechnology Co, Ltd, Dalian.

Data analysis Data were expressed as x + s and

statistically compared by ANOVA.

RESULTS

Optimization of RT-PCR parameter Accord-
ing to kinetic analysis of RT-PCR, suitable amplification
cycle was selected as 30 cycles and amount of input RNA
as 0.5 pg.

Effects of AGEP-BSA on MCP-1 mRNA ex-
pression AGEP-BSA enhanced expression of MCP-1
mRNA in human PBMC (Fig 1,2). AGEP-BSA stimu-
lated monocytes to express MCP-1 mRNA in a glucose-
concentration-dependent fashion compared with BSA
group {Tab 1). The level of MCP-1 mRNA in PBMC
was slightly increased when PBMC were exposed to
AGEP-BSA 200 mg/L ( glycosylated with glucose 20
mmol/L), markedly increased in glucose 50 mmol/L,
and slightly decreased in glucose 8¢ mmol/L.. MCP-1
mRNA was undetectable in freshly isolated monocytes,
but was induced at 12 h and reached a maximal level at
24 h and was undetectable at 36 h during incubating
monoeytes with AGEP-BSA 200 mg/L { glucose 50
mmol/L, Tab 2},

Tab 1. Different effects of glucose-concentration-depen-
dent AGEP-BSA on expression of MCP-1 in cultured
monocytes for 24 h. n#=3. x=s. °P<0.01 vs control.

Glucose/mmol- 1,7 Ratio of MCP-1/3-actin mRNA

1.04£0.06

3.18+£0.25°

10.54+£0.85°
7.9+£0.5°

BEEo

The monocytes were incubated with AGEP-BSA 200
mg/L) forOh, 12 h, 24 h, or 36 h, and quantitated via
UVP densitometry .

Sequence of RT-PCR products It was found
that the first six base sequence of PCR products was dif-
ferent from the sequence of MCP-1 mRNA from Gene
Bank, all other coding were identical to the reported se-
quence which may be due to machine error reading, and
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Fig 1. Expression of MCP-1 mENA by monocytes incu-
bated with BSA 200 mg/L or AGEP-BSA. A: Molecu-
lar marker; B: non-ghycosylated-BSA; C: AGIP-DSA
{glucose 20 mmol/L1; D: AGEP-BSA ([ glucose 50
mmal’L ) E: AGEP-BSA | glucnse 80 mmal/L}; F:
AGEP-BSA (glucose 50 mmwl/’L), 0 h; G: AGEP-BSA
{ glucose 50 mmol/L), 12 h; H: AGEP-BSA { glucuse 50
mmol/L}, 24 h; I: AGHEP-ESA (glucose 50 mmel/L},
36 h.

A BC DETFGHII

Fig 2. pfActin mRNA expression by monocytes incu-
bated with BSA 200 mg/L or AGEP-BSA. A; Molecu-
lar marker; B: nonglycated-BSA, 24 h; C: AGEP-BSA
| glucose 20 mmal/L), 24 h; D: AGEP-BSA | glucose 50
mimol/L), 24 h; E: AGEP-BSA (glucose B0 mmal L],
24 h; F: AGEP-BSA [ glucose 50 mmol L}, 0 h; G:
AGEP-BSA (ghirose 50 menol/L), 12 h; H: AGEP-BSA
| glucose 50 unal /L), 24 h; 1: AGEP-BSA (glucose 50
mmol/L), 36 h.

Tah 2. Dxpression of MOP-1 gene in monocytes induced
hy AGEP-RSA for various incubation perinds. n=3.
v g "WP<0.05, P00 us control.

Incubaticn timeh Ratioy of MCP-1/(-actin mRNA

0 (13 +0.08

12 [ S o
24 0.5 0.4
B 0,70 01

nol due o the non-specific amphification.  When the ma-
ching reads the base sequence of PCR products, it usually
cannot clearly read the first [0 — 0 bhases after the
primers, The error bases were at the end of PCR prod

ucts with the non-amplification for the gradually decreas-

ing capacity of the enzyme,

DISCUSSION

The movement of specific populations of monocytes
into the tssue s mediated by MOP-1, which is a recenily
described cytokine specifically chemotactic for mono-
cytes, and which is also a potent activator of monocytes
macrophages, inducing a respirtory burst in monocytes,”
marcophages  and e release of lysosomal enzymes.
MCP-1 15 expressed in macrophages-rich arsas of huwman
atherosclerotic lesions but not in normal blood vessels.
The monocyte/macrophage  plays  an important role
throughout all stages of atherogenesis, from the lnitial
events ( increased vascular permeability, increased mono-
cyte adherence, and intimal recriitment) o the advanced
lesions { monocyte-macrophage-derived foam cells, cell
necrosis, and formation of a necrotic lipid core ).
MCP-1 may mediate its chemotactic effecis on PBMC
through specific high-affinity meeptors on cell surface,
including further intimal monocyte recruitment and the re-
lease of hydrolytic enzymes, ROS, and other mediators
of tissue damage.

Tt his been suggesied that AGEP is involved direetly
in the early development of atherosclerosis in diabetic pa-
tients as well as in non-diabertic disorders. 'The vascular
cell alterations induced by AGEP or AGEP hearing blowd
cells may result in various vascular dysfunctions.  We
demonstrated previously that AGEP-BSA could enhance
SMC prohferation associated with elevated cytosolic free
caleium™ . Tt is reported that MCP-1 is a mitogen for
cultured rat vascular smooth muscle cells' ™™ Expression
of MCP-1 in vascular smooth muscle cells could result in
SMC differentiation w synthetic phenolype in the process
of atherogenesis '"'.  Moreover, MCP-1 has an autoin-
ductive effect on its own production by monocytes after
heing exposad (o initial stimulation,  and this process
could be regulated by TL-100"7,  Therefore, our results
thar monocytes/ macrophages expressing MCP-1 mENA
induced by AGEP are of great significance for pathopene-
sis of atherosclerosis in diabeic patients.  Recently,
demonstration that expression of MCP-3 mRNA in rat
vascular SMC and in carotid artery after balloon angio-
plasty suppests a potential mle of MCT-3 in the pathogen-
cais of restenosis and atherosclerosis ™ | Tt is reasonable
to suggest that specific, ewly interventions directed to
MCP-1 expression and inhibition of glycosvlation might
he a promiving new approach to atherosclerctic disorders,
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