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Expression of receptor for advanced glycosylation end products { AGEP)
and inhibition of AGEP-induced cytosolic calcium elevation
by diltiazem in cultured rat aortic smooth muscle cells?
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ATM: To stidy whether there is a high affinity
receptor for advanced glycosylation end product
{ AGEP) on thoracic aorta smooth muscle cells
{ ASMC) and to test effect of diltiazem on elevation of
cytosolic free calcium induced by AGEP.
METHODS: Interactions of AGEP-bovine serum
albumin ( BSA) with ASMC were studied with
radioligand binding assay and cytosolic free calcium
{[Ca** ];) was examined in cultured ASMC with Fura
2-AM. RESULTS: AGEP-BSA was specifically
bound to cells at 4 T and was taken up and degraded
al 37 C. ‘These processes were concentration-
dependent and saturable. Scatchard analysis indicated
that the receptor was with dissociation constant of 65.3
+1.5 nmol- L~ and its maximal binding capacity of
1.5720.04 nmol/g cell protein. Early glycated low
density lipoprotein (LDL) was pot recognized by this
receptor.  AGEP-BSA elevated cytosolic free calcium
in a concentration-dependent manner.  Pretreatment
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with diltiazem inhibited AGEP-BSA-induced elevation
in concentration- and time-dependemt manners.
CONCLUSION: There was 2 high affinity receptor
for AGEF on ASMC, which mediated intemalization
and degradation of AGEP.  Preteatment with
diltiazemn inhibited the AGEP-induced elevation of
cytosolic free calcium,

Advanced glycosylation end product ({ AGEP )
resulted from the prolonged exposure of proteins to
aldoses, such as glucose and ribose, as time and high
glucose concentration function'!’.  Accumulation of
AGEP on long-lived proteins in vive has been found to
increase linearly with age and is accelerated in patients
with diabetes. AGEP can form cross-links io and
between proteins and interact with a class of binding
sites on endothelial cell'”, macrophage™, and
mesangial cell'¥.  Patients with diabetes are
predisposed to atherosclerosis.  AGEP may contribuie
to the pathogenesis of proliferative vascular lesion,
Receptors for AGEP expressed on mesangial cell'®’ and
macrophage™ play a potential role in removal of
senescent macromolecules and tissue remodeling.  The
discovery of this receptor on vasculature'® reasonably
link the progressive accumulation of AGEP in patient
with diabetes and vascolar complication. Expression
of receptor for AGEP was increased in endothelial cells
in patients with diabetes or extensive peripheral
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atherosclerotic vascular disease'”). We proposed that
AGEP might interact with aortic smooth muscle cells
{ASMC) and modulate their cellular functions. In
present study, the interactions of ASMC with AGEP-
bovine serum albumin ( BSA) were characterized and
the effect of diliazem on AGEP-BSA-induced
elevation [ Ca®* |, was tested.

MATERIALS AND METHODS

Culture of smwoth muscle cells ASMC was cultured
with thoracic aorta excised from Sprague-Dawley rats by
substrate-attached explants and incubated in Dulbecco's wodified
Eagle's medium (DMEM). ASMC was identified by typical
growth pattemn of “hills and valleys™ under the phase-contrast
microscope. Cells available for experiments were 6 — 1B
passages and were counted and seeded in the plastic 24 wells
dish.

Preparation and radiolabeling of AGEP-BSA
AGEP-BSA was prepared by incubating BSA in PBS buffer 10
mmol+L~", tH 7.4, with glucose 50 mmol-L™? at 37 T for 6
wk in the presence of phenylmethylsulfonyl flueride 1.5 mmol -
L-!. edetic acid 0.5 mmeol+L~! and antibiotics { benzylpenicillin
1° U+ L' and gentamicin 40 mg + L™') as described
previously'*) .  AGEP-BSA exhibited characteristic yellow-brown
pigment and fluorescence.  Aliquots of AGEP-BSA were
dialyzed extensively against PBS. Radiolabeling of AGEP-BSA
was accomphished by the chlormine-T method with carrier
["®I]-Nal. Samples were dialyzed against a 1000-fold excess
PBS 10 mmel - L7! pH 7.4 untl at least 95 % of the
radioactivity was trichloroacetic acid precipitable and the samples
were iodide free. Protein concentrations were determined® .
Specific activity of labeled AGEP-BSA was 16.67 GBq-g~'.

Preparation of early glycated low density
lipoprotein {LDL) Human LDL was isolated from health
volunteer.  Early glycated LDL was prepared by ascptically
incubating LDL (2 g+L-!) in buffer PBS 10 mmol-L~!, pH
7.4, with glucose 80 mmol- L' at 37 T for 1 wk in the
presence of edetic acid 1 mmol*L~'.  Before experiments, the
sample were dialyzed against PBS.
degradation analysis  These studies were performed as
described?! with some meodifications.  All experiments were
performed in triplicate.

Binding experiments were camied out at 4 T. Afier 12-h
sceded in 24 wells linbro plastic dishes, 1.5 x 10° - 2.0 x 10°
cells in each well were washed 3 times and allowed to equilibrate
at 4 T in fresh DMEM. Binding was initiated by aspirating the
medinm and adding DMEM 1.0 mL in each well, containing
labeled AGEP-BSA 10, 50, 100, 150, 300, or 350 nmol-L~'.
Cells were incubated at 4 T for 4 b, The radioligand-
containing medium then was aspirated and cells were gently

washed 3 times with ice-cold Hanks' solution. Cells per well
were dissolved for 12 h in 1.0 mL NaOH 0.1 mol-L™'. Cell-
associated  radicactivity was  determined with Y counter
{SN-682B) . Total binding was defined as the amount of
labeled AGEP-BSA bound. Nonspecific binding was defined as
the radioligand bound in the presence of an 100-fold of unlabeled
AGEP-BSA (1, 5, 10, 15, 20, 25, 30, 35 pmol*L™'). The
difference between total and nonspecific binding was specific
binding, = Transformation of saturation binding data was
performed according to Scatchard 1o estimate the maximal binding
capacity and dissociation constant.

For the following experiments at 37 T, cell-associated
radioactivity was divided inte 2 pools: membrans-bound
radioligand. eluted by 2 min exposure of cells to buffer
containing heparin/edetic  acid soluton. and internalized
radioligand. ASMC internalization experiments were performed
at 37 T. Attached cells {2 x 10°) in each well were incubated
with ¥ [-AGEP-BSA 75, 150, 225, 300, 375, or 600 nmol -
L~! for 4 h. The cell monolayer then was gently washed 3
times with ice-cold Hanks' solution o remove extracethilar
radioligand and then was washed with heparin/edetic acid
solution o remove membrane-bound radioligand. Cells were
lysed by addition of NaOH 0.1 mol - L™!.  Cell-associated
radicactivity representing  intracellldar  accumulation  of
L labeled AGEP-BSA was measwred.  Competiion of
internalization was studied under the same condition in the
presence of B 1-AGEP-BSA 150 nmol- L~ in each well, added
glycated LDL 0.75, 1.5, 3, 4.5, 12 ymol-L71.

Degradation experiment was done as follows: Attached cells
{2 % 10°) in each well were incubated with 2 [-labeled AGEP-
BSA 150 nmol*L~ " at 4 T for4 h. Cells then were warmed at
37 T 1o continue incubating. The cell-associated radioactivity
representing  inracellular  accurmulation of radioligand  and
trichloroacetic acid soluble material radioactivity representing
metabolite of radioligand in the medium in each well during 1,
2,3, 4, and 5 h were determined .

The results were expressed as kBg g cell protein.

Measurement of cytosolic Ca®*  The experiments
were caried out as described® with modifications.  Briefly,
deattached cells {2 x 10° cells’well ) were incubated in DMEM
containing Fura-2 acetoxymethyl ester dissolved in Me,S0 5
pmol- L~ and BSA 0.1 % at 37 T in a dark compartment for
40 min. Cells then were washed 3 tmes with buffer medium
(NaCl 145, KCl1 5, MgCl, 1, glucose 5, CaCl, 1, NaH,PO,
0.5, HEPES 10 mmol-L~!, at pH 7.4) by centrifugation at 50
x g for 5 min and resuspended. Loaded cells were available for
[Ca’* ], measurement at 20 - 25 T in 2-h. Fluorescence was
measured using F-3000 spectrofluorometer ( Hitachi, Japan) at
Ay 340 nm and A, 500 nm.  Awtoflucrescence was measured
with unloaded cells. Cef* ],= Kp* (F— Fuin)/{ Frge = F).
The Fp,, and F,,, were determined by Triton-100 and egtazic
acid, respectively.
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Agents Fura-2 acetoxymethyl ester (Sigmm); Dulbeceo’s
mixdified Eagle’s medium ( Giboo ); Dilazem ( Sigma };
[BT)Nal { with carrier, China Institute of Atomic Energy):
Sprague-Dawley rats {(n =3 wt 180 - 200 g, & §, Clean
animal, Animal Center of Railway Department} .

Statistic analysis Data were expressed as & &£ 5 and
compared by -test and AMNOVA,

RESULTS

Binding, internalization, degradation of
AGEP-BSA by ASMC  When ASMC wer
incubated at 4 T with increasing concentrations of
51.AGEP-BSA. specific binding increased in a
saturable fashion (Fig 1A}. Scatchard analysis ( Fig
1B} indicated that the high affinity receptor for AGEP-
BSA was with a dissociation constant of 65.3 £ 1.5
nmol + L~? and maximal specific binding of 1.57
0.04 nmol/g cell protein.
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Fig 1. Specific binding of “T-AGEP-BSA to cultured
rat ASMC and Scatchard anatysis. n#=3, x+ 5.

When ASMC were incubated at 37 T for 4 h with
increasing concentrations of ®I-labeled AGEP-BSA,
intracellular accumulation of radioligand increased in a

saturable fashion (Fig 2A). AGEP-BSA effectively
competed with labeled AGEP-BSA, suppressing
internalization to about 8 % of maximal accumulation.
The eary glycated LDL did not competed with labeled
AGEP-BSA (Fig 2B).
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Fig 2. ( A) Intacellular accumulation of
15T AGEP-BSA by cultured rat ASMC. (n=31 wells, %
% 8); {B) Internalization of 'SI.AGEP-BSA by ASMC
in the presence of wunlabeled competitors. The
intracellular radioactivity in each well containing
ISLAGEP-BSA 150 pmol - L~! and the indicated
concentrations of AGEP-BSA or gLlDL were measured
after 4 h incubation.

n=3 wells, £t 5.

When cells were incubated with ZI-labeled
AGEP-BSA (150 nmol - L™') at 4 C for 4 h and
warmed at 37 T to continue incubating, Cell-
associated radicactivity declined, while trichloroacetic
acid soluble radioactivity in the medium increased
concomitantly {Fig 3).

AGEP-BSA-induced [ Ca’* ]; elevation
The resting [Ca®* |; was 110 + 10 nmol+ L~ in buffer
medium containing Ca®* 1.0 mmol+L~'. AGEP-BSA
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Fig 3. Depradation at 37 T of ZI-AGEP-BSA
previously bound at 4 IC by ASMC. Cells mcubated
with Z*I-AGEP-BSA 150 nmeol- L' at 4 °C for 4 h were
then warmed at 37 °C. At indicated interval, cell
associated radicactivity and trichloroacetic acid soluble
radicactivity in the medium were determined in
triplicate samples. n=3 wells, xts.

increased the [ Ca®* ], in a concentration dependent
manner, from 110 + 10 nmol-L~! to 150 £ 10, 200 +
6.241+9, 260 + 18, 321 = 20 nmol-L~' at AGEP-

BSA 30, 75. 150, 200, 300 nmol-L~!, respectively
{Tab 1).

Tab1l. Effect of AGEP-BSA on cytosolic free calcium
in rat cultured ASMC. (n=3 wells, x+s. ‘P<0.01
vs control, F=66.22).

AGEP-BSA/mmol- L~ [C2* ], /nmol L~}
0 110+ 10
30 150 £ 1¢¢
75 200+ 6°
150 241 + 9
200 260 & 16
300 321 = 20°

Diltiazem on AGEP-BSA-induced [Ca®* ];
elevation Pretreatment with diltiazem 50 pmol-L~!
for 0, 10, 20, 30, 40 min inhibited the AGEP-BSA-
induced [ Ca®* ], elevation, rmespectively.  Afier
ASMC were stimulated by AGEP-BSA for 10 min,
dildazem had no effect on AGEP-BSA-induced
[Ca®* ], elevation ( Tab 2). Pretreatment with
diltiazem for 20 min inhibited the AGEP-BSA-induced
[ Ca’* ], elevation in a concentration-dependent
manner, from 321 +20 nmol*L "' to 284 + 9, 246 =
13, 222+7, 185+ 7, 152+ 9 nmol-L"! at 10, 25.
40, 50, 60 umol-L~!, respectively (Tab 3).

Tab 2. Time-dependent effect of diltiazem (50 pmol -
L'} on AGEP-BSA-indured [ Ca’* ]; elevation in
ASMC. (n=3 wells, ¥+ 5. 2P>0.05, "P<0.05,
‘P <0.01 vs control, F=51.30) (negative mark of time
indicated pretreatment with dildazem before stimilated
by AGEP-BSA; zero meaned diltiazem and AGEP-BSA

were added concomitantly}.

Time of treatment/ min [Ca* ],/mmol-L~!

Control 21+N
- 40 170+ &
- 30 175+ 6°
-20 185 + 3¢
-10 03 +7°

0 276+ 7

10 322+ 6°

Tab3. Concentration-dependent effect of pretreatment
for 20 min with diltazean on AGEP-BSA-induced
[Cat* ], elevation in ASMC. (n =3 wells, x + s.
P <0.01 vs contol, F=79.88}.

Diltiazemy pemol =L~ [Ca** ],/omol-L~?
Control 321+ 20
10 984+ 9°
25 246 + 13°
4 222+ 7°
50 185+ 7°
ol 159 £ 6¢
DISCUSSION

In this work, it has been demonstrated that there
is a specific high affinity receptor for AGEP-BSA on
ASMC. That intracellular accumulation of radioligand
increases in a saturable fashion and is inhibited by
unlabeled AGEP-BSA show that this process is
receptor-mediated , Meanwhile, appearance of
irichloroacetic  acid soluble material shows that
internalized radioligand will gradually degraded.
These facts suggest that AGEP-BSA is taken up and
degraded by ASMC through this kind of receptor.
Some experts discovered that early glycated LDL
induced oxidant stress on endothelial cells!"” . Our
result showed that early glycated LDL was not taken up
by this kind of receptor. The mechanism that glycated
LDL exerts its cellular effect remains further
investigation. In this work, it is also showed thar
receptors for AGEP on ASMC have similar dissociation
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constant with that on macrophage. This receptor
expressed on ASMC may play some role in removal of
excess accumulation of AGEP in patients with diabetes
and contribute to atherogenesis. The identification and
isolation of two AGEP binding proteins on animal and
human macrophage and vascular endothelial cell further
support the concept that the receptor for AGEP plays a
central role in specific effects of AGEP on target
cells!"', But the physiological significance of the
receplor for AGEP on ASMC remains elucidated.
Further investigations are needed to isolate and analyze
the receptor on ASMC.

AGEP-BSA induced [ Ca®* ], elevation. AGEP
interacting with their endothelial receptor could induce
expression of vascular cell adhesion molecute-1'!,
which has been associated with ecarly stage of
atherosclerosis, and their interaction could also induce
increased  vascular permeability!™,  which s
characteristic of diabetic vasculopathy. Overload of
[C2* ], is involved in atherosclerosis. It is
reasonable to propose that AGEP-induced [ C2* ],
elevation in ASMC at least partially contribute 1o
patients  with  diabetes being  predisposed 10
atherosclerosis. Pretreatment  with  dildazem
significantly, but not completely, inhibited AGEP-
induced [ Ca®* J; elevation, suggesting that calcium
channel is involved in AGEP-induced [ Ca** ],
elevation. How calcium channel is stirnulated remaing
unclear. Intracellular mechanisms involved in AGEP-
induced [ Ca?* J; elevation are being investigated. But
the effect of diltiazem shows a new light into
prevention of diabetic vascular complication, It is
much better to bear the mind that this is in vitro
information. Further iz vivo studies remain w0 be
performed.

Our observations suggest that there is a specific
high affinity receptor for AGEP-BSA on ASMC which
not only mediates intemalization and degradation of
AGEP-BSA. but alsp mediates AGEP-BSA-induced
[Ca®* ], elevation. Diltiazem significandy, not
completely, inhibits AGEP-BSA-induced [ Ca* ]
elevation.
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