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— Abstract —

Background: The regulation of tyrosine phosphorylation/dephosphorylation is an important
mechanism in various intracellular metabolism. Also impaired insulin signal transduction is
important in pathogenesis of type 2 diabetes. It has been reported that PTP1B is a
negative regulator of insulin action, and Gig—protein is related to the regulation of PTP1B.
Herein we investigated the long-term effects of ramipril on PTP1B/insulin signal protein
interaction and the relation between Gip and PTP1B in animal model of type 2 diabetes
(OLETF rat).

Methods: OLETF rats and age—matched LETO rats were divided into two groups. One group
of rats received ramipril (10 mg/kg body weight) for 12 weeks, and another group did not.
Finally, each group was divided into 2 subgroups, with or without insulin injection
intravenously, before sacrifice. After sacrifice, tissues extracts of liver, hind limb muscle, and
epididymal fat were obtained for quantification of PTP1B, Gip, and several insulin signal
proteins by western blotting.

Results: In liver and muscle, the levels of basal PTP1B and activated PTP1B of OLETF rats
treated with ramipril and insulin were significantly decreased. The levels of Gip, activated
IRS-2, and activated p—85a were significantly increased in OLETF rats treated with ramipril
and insulin. In adipose tissue, the levels of Gie and activated p—85a of OLETF rats treated
with ramipril and insulin were slightly increased as in liver and muscle. But, the levels of
basal PTP1B and activated PTP1B were significantly increased. And, the levels of activated
IRS—-1 and activated IRS-2 were decreased.

Conclusion: These results suggest that the improvement of insulin sensitivity by treatment
with ramipril was related to the decreased level of activated PTP1B. Also, we could
suggest that the changes of activated PTP1B level was related with the changes of Gi,
>—protein. However, the results of adipose tissue were different from those of liver and
muscle. So it seemed likely that there would be various major modulators for regulation of
insulin signal pathway according to tissue (J Kor Diabetes Assoc 30:25~38, 2006).
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TEHESIAAL (Oral glucose tolerance test)
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3. 3l & CHEE MZF (Lysate precipitation

and protein assays)

A 7} 2AEL 2 KR 108 B2 27k 83
A= [150 mM NaCl, 50 mM Tris-HCI (pH 7.4), 2 mM
EDTA, 1% NP-40, 10 mM NaF, 1 mM NazVO,, 10 mM
sodium pyrophosphate, 1 mM PMSF, 10 mg/mL aprotinin,
10 mg/mL leupeptin, and 0.1 mg/mL soybean Inhibitor | <
231 Polytron homogenizer (Brinkmann Instrument,
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4, HAEAM™ (Immunoprecipitation)

WAL 95k 500 12/50 4.9 AEE Tris-5
(20 mM Tris, pH 7.4, 5 mM EDTA, 10 mM NazP207,
100 mM NaF, 2 mM NasVOs, 1% NP-40, 1 mM PMSF,
10 mg/mL aprotinin, 10 mg/mL leupeptin)ol] o] =<1 t}
S, Al&¢} 30 i1 sephadex protein A (Amersham
Bioscience, Piscataway, NJ) T+ protein G (Sigma
-Aldrich, St. Louis, MO)$} 2~4 mg/mL anti-PY99
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Cruz Biotechnology, Santa Cruz, CA)E & 4]& t}&- 4T
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5. Western blotting

AAAS AT F A2 AR ool T gk o
A5+ Lammlie sample $FgHo =2 =of 100CoA 5%t
2 TRt Ar)FEel ARt 71952 10%
SDS-PAGE 5= 8% SDS-PAGER 281, #7] 9%
3} A8 0.45 m nitrocellulose ]l oAz} Nitrocellu
lose BH 5% GRS RS Tris-¢5 219 (TBS; 2
0 mM Tris/HCl, 137mM NaCl, pH 7.5)% 1A} &2t 2}
A7 Ug, 2ol X} g 89l anti-IRS-1 polyclonal
antibody, anti-phospho—-IRS-1 polyclonal antibody, anti-PT
P1B polyclonal antibody (Upstate Biotechnology, Lake Pl
acid, NY), anti-IRS-2 polyclonal antibody, anti-p—85a poly
clonal antibody, anti-PY99 monoclonal antibody, anti-IR-£
polyclonal antibody, anti-Gie polyclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, CA)oll ¥o] 4Tl ¥+
A wijeel & TBST (TBS + 0.1% Tween 20)Z 33] Al
3}t) 1 ©0]% HRP-conjugated anti-rabbit or mouse ©]
2} g 89 (1:1,000 Aoz 1A7E Fet Ad2ollA vk
sigiom, A71et FYskAl thAl MA g F enhanced che-
miluminescence (Amersham Bioscience, Piscataway, NJ)
& ARgste] XA-gdEoR AT, wild wiE An
+ densitometer VSD (Amersham Bioscience, Piscataway,
NDE ARgate] S7d3i3ith
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Fig. 1. The changes of body weight (A), and the differences of oral glucose tolerance test (B) of LETO and OLETF rats with or without
ramipril treatment. Oral glucose tolerance tests were done at 12 weeks after ramipril treatment. Data were expressed as mean

+ SE. = 2 < 0.05

Alzro] A3l wat frolatAl S8tk Ramipirl #€]
T3} vl BTl A5 LETO #¢}F (502.3 + 14.0 vs.
532.1 + 15.8 g, 2 < 0.05) OLETF FHell4] (598.8 + 46.1
g vs. 6435 *+ 43.2 g, P< 0.05) 25 ramipril *2]¢]
Aol BIA el Hlste] At (Fig. 1A). Ramipril A2
125 & 3|4 Hol| Alslgt & §3} ZAF AoellA] LETO
Aol M= ramipril AT AT 2] {3 2fol&
HolA] YA OLETF FHollA & -8F §- 30, 60+, 90
B, 120%9] 89R| 257} ramipril *2lito] A 2]l
Hlg] vkt (Fig. 1B).

2. Ramipril M2|7} PTP1B2| &0l o|xl= &1}

(1 2+
A A QlEUS FARIA 92 OLETF FollA ramipril

At} v AjE]te] 714 Adefe] PTP1BS] &2 nlselal
oh 2y QlEYES AR OLETE FHellAd 714 A
PTP1B9] % ramipril el FJshAl 248kt
(Fig. 2A, left panel). "RVIX2 24d38lE PTP1BS] %=
Bk Ao A% QAEUS FABIA g2 OLETEFFH A
ramipril ol w2 Zol= Holx| FUARE Q& FoAL
3 OLETF oA ramipril A2litollA &43319 PTPIB
o] ool F2ol3HAl W) (Fig. 2A, right panel).

2 =%

3|4 Mol J1EHE FARHA| 282 OLETF #°] ¥4
(hind limb)ell = 714 ) PTP1BS} 243l9 PTP1BY]
ko % Q3|8 ramiprilS #2]d OLETF FellA] 2kt
7V e AES BAAT BAHY 2o ik 2y
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Fig. 2. Effects of ramipril on tyrosine phosphorylation of PTP1B in liver (A), muscle (B), and fat tissue (C) of OLETF rats with or
without ramipril treatment. The proteins were isolated with extraction buffer as described in methods and kept on ice. After
centrifugation, aliquots of the supernatant were immunoprecipitated (IP) with anti-IR- and immunoblotted (IB) with anti-PTP1B
antibodies (left panel of A, B, C), IP with anti-phosphotyrosine antibodies and IB with anti-PTP1B antibodies (right panel of A,
B, O). Data were expressed as mean * SE and represented by fold increase comparing with the control protein #) that were
normalized to 1. * P < 0.05

ol&US FAFSE OLETF FHolA+ 714 Aef PTP1BS & (3) xlgt
A3lE PTP1BY] %& B ramiprilg #2838t OLETF # old A ¢t Aglo] ramiprilS #8]dF OLETFE ol
ol Al wtktt (Fig. 2B). A 714 Ao PTP1BSF @43k PTPIB o] &5 <%
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Fig. 3. Effects of ramipril on Gia2-protein in live r (A), muscle (B), and adipose tissue (C) of OLETF rats with or without ramipril
treatment. The proteins were isolated with extraction buffer as described in methods and kept on ice. After centrifugation,
aliquots of the supernatant were immunoblotted (IB) with anti-Gia2 antibodies (upper blot), and were immunoprecipitated (IP)
with anti-phosphotyrosine antibodies and immunoblotted with anti-Gia2 antibodies (lower blot). Data were expressed as mean £
SE and represented by fold increase comparing with the control protein (#) that were normalized to 1. * 2 < 0.05

A=l elste] frefstAl 7kl (Fig. 20).

3. Ramipril M2|7} Gip THiS| ghsdof| o|x|= &2}

AENE FARIA 2 OLETF 9| 11} 5ol A=
ramipril Aell ©J& Gip T FAQ AT zlol= ¢l
Ao} AHA M= Gie B0l S7HE s BT
T3 21E91E A OLETE FH ol A& ramipril *2]ol
olate] 7h} 53} AR BEelA QlAkslE Gip T
o] ol freJsiAl F7H=IT (Fig. 3A-0).

>
Ir

4. Ramipril Azlo 2|8+ IR-8 IRS-1, IRS-2,
p-85a (PI-3 kinase) A Eo| His}

(1) 2t
adl AT HIAE A7) Slske] e
OLETF FellA #dshe IR-2F IRS-19] &2 23]

ramipril g]irolA 29t} (Fig. 4A & B) 22 43}
3 IRS-29} p-85a2] %& ramipril Ag)itollA] 7=k
(Fig. 4C & D).

2 25

B4 Aol Qe FARE OLETF 7ol 2435 IR-6
o] gko 04*}71] B R A R (P < 0.05) B4d3ke IRS-1
7} p-85a9] ¥ ramiprile X2|g OLETFE FHollA| 7}
Atk (Fig. 5A-C).

(3) x|
ol&adl FAlek A FAdshd IR-2F IRS-10] BF
F FellM sttt (Fig. 6A-C). 1

£ ramiprilS *2J3F OLETF

ramiprilS *2]%F OLET
2} 243k p-85a0] Y
oA F7FEAT (Fig. 6D).
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Fig. 4. Effects of ramipril on insulin-induced tyrosine phosphorylation of IR—, IRS-1, IRS-2, and p—85 in liver of OLETF rats with or
without ramipril treatment. The proteins were isolated with extraction buffer as described in methods and kept on ice. After
centrifugation, aliquots of the supernatant were immunoprecipitated (IP) with anti-IR- and immunoblotted (IB) with anti-IR~-
antibodies (A, upper blot), IP with anti-IR- and IB with anti-phosphotyrosine antibodies (A, lower blot), IP with
anti-phosphotyrosine and IB with anti-IRS1 antibodies (B), IP with anti-phosphotyrosine and IB with IRS-2 antibodies (C), IF
with anti-phosphotyrosine and IB with anti- p-85 antibodies (D). Data were expressed as mean £ SE and represented by fold
increase comparing with the control protein (#) that were normalized to 1. * P < 0.05
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Fig. 5. Effects of ramipril on insulin-induced tyrosine phosphorylation of IR-, IRS-2, and p—-85 in muscle of OLETF rats with or without
ramipril treatment. Other procedures were similar in figure 4. Data were expressed as mean = SE and represented by fold increase
comparing with the control protein(#) that were normalized to 1. * 2 < 0.05
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Fig. 6. Effects of ramipril on insulin—induced tyrosine phosphorylation of IR, IRS—-1, IRS-2, and p—85 in adipose tissue of OLETF rats
with or without ramipril treatment. Other procedures were similar in figure 4. Data were expressed as mean + SE and represented
by fold increase comparing with the control protein (#) that were normalized to 1. * P < 0.05
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Fig. 7. Schematic representation of molecular mechanisms for insulin resistance (A) and improvement of insulin sensitivity by ramipril
treatment (B). IR insulin receptor, PI3-K: phosphatidylinositide-3 kinase, PTP1B: protein tyrosine phosphatase, IRS-1/-2: insulin
receptor substrate—1/-2, PKA: protein kinase A.
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