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Novel Therapeutic Role for Dipeptidyl Peptidase III in
the Treatment of Hypertension
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Hypertension is one of the major metabolic syndromes, and usually causes lethal cardiovascular
diseases, such as myocardial or cerebral infraction. Although there are many drugs available for
treatment of hypertension, substantial population of patients has still difficulty for controlling blood
pressure. Angiotensin II (Ang II} plays an essential role in the progression of hypertension. Thus, Ang II
could be a main target for exploring novel anti-hypertensive therapeutics.

Dipeptidyl peptidase III (DPP 111, EC 3.4.14.4) was reported to cleave Ang 1l (Lee CM, et al. J
Biol Chem. 1982). However, little had been understood for the enzymatic property of DPP III for Ang II
cleavage, and for the in vivo activity of DPP IIl. The purposes of the applicant on this study were to
investigate these unrevealed issues, potential use of DPP III in hypertension, and its protective effects
on hypertension-sensitive organs, such as the heart and kidney.
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First, we generated and purified the recombinant protein of DPP III from the lysates of E. coli
transformed with pGEX-DPP III plasmid. The enzymatic activities and properties of DPP 1II against
Ang II were examined and confirmed by reversed-phase liquid chromatography and mass spectrometry.
C57BL/6J mice, 8-10 weeks of age, were used as a hypertensive mouse model by subcutaneously
implanting a micro-osmotic pump containing Ang II (400 ng/kg/min) or noradrenalin (4 ug/kg/min) for
2-4 weeks. Blood pressure was measured in conscious acclimatized mice using a tail cuff method.
DPP 111, an angiotensin receptor blocker candesartan, or saline were injected via the tail vein. Prior to
injection, blood pressure elevation by Ang Il-infusion was confirmed (systolic blood pressure >130
mmHg). Ang Il concentration in plasma was measured with the Angiotensin II ELISA kit according to
the manufacturer's protocol. Histological analyses were performed for paraffin-embedded samples from
hearts and kidneys. Cardiac function was evaluated by echocardiography. Transmission electron
microscopy observation was employed for morphological analysis of kidney podocytes. To assess
kidney injury, RT-qPCR for inflammatory markers and SDS-PAGE followed by CBB staining for
detection of urinary albumin were performed.
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We finely determined the enzymatic activity of DPP III for Ang II digestion with K, = 3.7 x 107
mol/L and Vmax = 3.3 x 10~ mol/L/sec. In the in vivo experiments, DPP IIT remarkably reduced blood
pressure in Ang Il-infused hypertensive mice without alteration of heart rate. Serum Ang]Il
concentration was actually decreased by DPP III administration. DPP III did not affect hemodynamics
in noradrenalin-induced hypertensive mice or normotensive mice, suggesting its specificity for Ang IL
When DPP III was intravenously injected every other day for 4 weeks just after Ang I micro-osmotic
implantation in mice, Ang II-induced cardiac fibrosis and hypertrophy were significantly attenuated.
Furthermore, administration of DPP III dramatically reduced the increase in urine albumin excretion,
and kidney injury and inflammation markers caused by Ang II infusion without tissue morphological
changes in the kidney. These DPPIII effects were similar to that observed by administration of
candesartan.
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In in vitro analysis, the K, and V.« values for DPP IlI-cleaved Ang II to Ang IV shown above are
different from a previous report. Because the reaction mixture in the previous report was indicated to
technically contain contaminated peptides derived from the rat brain during the purification process,
such peptides could act as uncompetitive inhibitors to lower Ky, and V. In the in vivo experiments, we
showed that administration of DPPIIl dramatically lowered blood pressure in Ang Il-infused
hypertensive mice, suggesting the potential of DPP III as an anti-hypertensive drug. We also showed
that DPP III had cardioprotective effects by preventing cardiac hypertrophy and fibrosis, and that
DPP III administration showed inhibition in the albumin excretion in Ang II-infused mice. These results
were mediated by direct degradation of Ang II by DPP III, and provide a novel insight that the mode of
inhibition of the renin-angiotensin II system (RAS) by DPP III, which is different from that by any
conventional anti-hypertensive drugs. This novel mechanism for inhibition of the RAS by DPPIII
appears to contribute to the protection from Ang Il-initiated cardiac and renal damages.
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The in vitro enzymatic activity against Ang Il and in vivo pressure-lowering effect of DPP 1II were
precisely characterized in this study. DPP III showed tissue protection in the heart and kidney to a
similar extent as candesartan in Ang Il-infused hypertensive mice. Because DPP III is endogenously
produced in humans, its administration is considered to be relatively safe. Taken together, the results
demonstrated in this study suggest a new therapy for hypertension, focusing on DPP III.




AIMEREC 8 (RRERI A - G STt

PN SCHE A DO R D EH

P 787 K 22 i MEEy
mCERER

AR SR OB OETF) KAFPAEL 1K1 > b, 6 0 0 FLINTHERD Z &

7oA T N (Ang 1) E@EMERIEORY - TH D05, OIS LTwn
BIRTF AT FZ—EN (DPP III) DEENZ DWW TIIARHD WAL -T2, £ T
Rk, DPP3 OB E] & il Eiaie & U ConiEME A2 Mitd 2 72912, in vitro

KO in vivo OWME S, Ang THCKIETRE, i E2EB) & I3RS S0 T
L. BUFOAEH BHIC Lk,

1) DPP Ik Ang 1T %4 Km=3.7 umol/L., Vmax=3.3 nmol/L/sec C/3fif L 7=,

2) Ang UFFREEIME~ Y AZBWT, DPP INTLAEIZEEELZ KT ST, i+ & i
i Ang TTHEZ KT W7,

3) DPP Mix., /A7 R T U Ui AmMIEIC R Z RIT S Rho Tz,

4) DPP i, Ang T X » THl&# 2 S 25 0o flHE e <2 O I8 K & i) L 7=,

5) DPP Iix, Ang NI k- THlIEEZIND, RPETAT I APt BEOHE M &
PERE R 2 B L 72,

6) EFREOMEIX, Ang ISAFEKRBETIETHL I T A& o EHEL TV,

AL, DPP I o0 i i e 1R B - 2 B e ek ool fg I’ TOWVWTH LW R A 5
ZT=bDTHY, REHBRE L TRIXNAICHEE L M EZZIEKR LT, it (E
) OFEMBXIET 260 LB LN,

(M4 545 F°)

CERE 2941 H 24 B)






