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Abstract

Proline-specific dipeptidyl peptidases are emerging as a protease family with important roles in the regulation of signaling by peptide
hormones related to energy balance. The treatment of neonatal rats with monosodium glutamate (MSG) is known to produce a selective damage
on the arcuate nucleus with development of obesity. This study investigates the relationship among dipeptidyl peptidase IV (DPPIV)
hydrolyzing activity, CD26 protein, fasting, and MSG model of obesity in 2 areas of the central nervous system. Dipeptidyl peptidase IV and
CD26 were, respectively, evaluated by fluorometry, and enzyme-linked immunosorbent assay and reverse transcriptase polymerase chain
reaction in soluble (SF) and membrane-bound (MF) fractions from the hypothalamus and hippocampus of MSG-treated and normal rats,
submitted or not to food deprivation (FD). Dipeptidyl peptidase IV in both areas was distinguished kinetically as insensitive (DI) and sensitive
(DS) to diprotin A. Compared with the controls, MSG and/or FD decreased the activity of DPPIV-DI in the SF and MF from the hypothalamus,
as well as the activity of DPPIV-DS in the SF from the hypothalamus and in the MF from the hippocampus. Monosodium glutamate and/or FD
increased the activity of DPPIV-DI in the MF from the hippocampus. The monoclonal protein expression of membrane CD26 by enzyme-linked
immunosorbent assay decreased in the hypothalamus and increased in the hippocampus of MSG and/or FD relative to the controls. The
existence of DPPIV-like activity with different sensitivities to diprotin A and the identity of insensitive with CD26 were demonstrated for the
first time in the central nervous system. Data also demonstrated the involvement of DPPIV-DI/CD26 hydrolyzing activity in the energy balance

probably through the regulation of neuropeptide Y and S-endorphin levels in the hypothalamus and hippocampus.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

In obesity and fasting, there is an imbalance in energy
homeostasis, altering the synthesis and release of a variety of
peptides [1-3] susceptible of hydrolysis by dipeptidyl
peptidase IV (DPPIV). The treatment of neonatal rats with
monosodium glutamate (MSG) results in a selective damage
to the arcuate nucleus and constitutes a model of obesity
[4-7]. Dipeptidyl peptidase IV enzyme activity is widely
expressed in most mammalian tissues. Canonical DPPIV has
been considered the serine type protease activity in the
extracellular region of the cell surface CD26 glycoprotein
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(EC 3.4.14.5) [8,9]. In addition to its membrane form, a
soluble form of DPPIV/CD26 has been described in plasma
and recognized as the extracellular domain of the molecule,
thought to be cleaved from the cell surface [9,10]. Canonical
DPPIV preferentially cleaves N-terminal dipeptides from
polypeptides with proline or alanine in the penultimate
position, thereby regulating the activities of a number of
cytokines, chemokines, neuropeptides, and peptide hor-
mones [11]. It is also known as adenosine deaminase (EC
3.5.4.4) binding protein [12]. Several biological functions
have been attributed to DPPIV/CD26, including involve-
ment in T-cell activation, cell adhesion, digestion of proline
containing peptides in the kidney and intestines, its role in
HIV infection and apoptosis, and regulation of tumorigenic-
ity in certain melanoma cells [8,13]. The hydrolysis of the
insulinotropic hormone, a glucagon-like peptide type 1
(GLP-1), has been recognized as one of its most important
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activities [14]. Over the past few years, several related
enzymes with similar DPPIV activity have been discovered,
raising questions on their molecular structure and function-
ality [15]. Growing evidence suggests that soluble and
membrane-bound DPPIV activity has important physiopath-
ologic functions [16-18]. However, the characterization and
relationship between soluble and membrane-bound DPPIV
in the central nervous system (CNS) with metabolic
disorders have not yet been investigated. This study
investigates the relationship among DPPIV hydrolyzing
activity, CD26 protein, fasting, and MSG model of obesity in
soluble (SF) and membrane-bound (MF) fractions of the
hypothalamus and hippocampus.

2. Experimental procedures

2.1. Animals

Immediately after birth, male Wistar rats were housed
with a lactant female in a polypropylene box (inside length x
width X height, 56 cm x 35 cm x 19 c¢m), with food (com-
mercially available ration; Nuvilab CR-1, Nuvital, Colombo,
PR, Brazil; composed of 22% protein, 55% carbohydrate,
4% lipids, 8% fibers, 10% vitamins and minerals; total of 3
kcal/g) and tap water ad libitum, in a ventilated container
(Alesco Ind Com, Monte Mor, SP, Brazil), with a controlled
temperature (24°C + 2°C), relative humidity (65% + 1%),
and 12:12-hour light/dark photoperiod (lights on at 6:00 AMm).
Twenty-four hours after birth, the animals received a daily
subcutaneous bolus injection of L-glutamic acid monoso-
dium salt (Sigma, St Louis, MO) in saline 0.9% (4 mg/g
body weight) in the cervical region between 7:30 AM and
9:00 AM of the light period, at a maximum volume of 0.2 mL
(MSG animals), until they were 10 days old. At 22 days, the
animals were weaned; and the female was removed from the
cage [19]. At 90 days, obesity was determined by the Lee
index, calculated by body mass (in grams)’**/nasoanal
length (in centimeters) [4,20]. These animals were then
subdivided into 2 groups: MSG (obese = Lee index >0.300)
and MSG-FD (obese fasted for 72 hours). Rats of the same
age and strain, receiving 0.9% NaCl under the same
experimental conditions, were subdivided into 2 groups: C
(normal = Lee index <0.300 = control) and FD (normal =
Lee index <0.300 animals and fasted for 72 hours). Food
deprivation was performed by transferring pairs of animals,
between 7:30 AM and 9:00 Am of the light period, into
metabolic cages without food and with drinking water ad
libitum for 72 hours. Except during this period, all
experimental groups had access ad libitum to the same
ration of Nuvilab CR-1.

2.2. Statement of ethics

We certify that all applicable institutional and govern-
mental regulations concerning the ethical use of animals
were followed during this research and that the animal care

and handling procedures used were in accordance with the
guidelines of the Brazilian College of Animal Experimen-
tation (COBEA, Brazil) and approved by the Ethics
Committee of the Butantan Institute (291/06).

2.3. Brain collection

The animals were anesthetized with a solution containing
ketamine hydrochloride (Konig, Buenos Aires, BA, Argen-
tina) (100 mg/mL) and xylazine chloridrate (Vetbrands,
Paulinia, SP, Brazil) (100 mg/mL) by intraperitoneal injection
(0.2 mL/100 g of body mass) between 4:00 AM and 6:30 AM
during the light phase and subsequently received intracardiac
bolus injection of 0.1 mL of sodium heparin solution (Roche,
Rio de Janeiro, RJ, Brazil) (1000 TU/mL of saline). Cardiac
perfusion was then performed with 0.9% NaCl plus 50
mmol/L phosphate buffer, pH 7.4, over a period of 5 to 10
minutes at a flow rate of 12 to 15 mL/min, with a circulatory
circuit opened by an incision in the right atrium to ensure the
elimination of blood and to avoid the interference of its
enzyme activities. The descending aorta was then clamped
to ensure better perfusion of brain structures. After
perfusion, the animals were decapitated with a guillotine;
and the brains were removed for immediate enzyme activity
and protein content measurements, and enzyme-linked
immunosorbent assay (ELISA) and reverse transcription
and polymerase chain reaction (RT-PCR) procedures.

2.4. Preparation of soluble and solubilized
membrane-bound fraction

After manual dissection, whole hypothalamic (HT) and
hippocampal (HC) tissues (HT: 0.24-5.04 mm posterior to
the bregma; HC: 1.56-6.84 mm posterior to the bregma)
[21] were homogenized in 10 mmol/L Tris-HCI buffer
(pH 7.4) (3 minutes, 800 rpm) (4 mL buffer per gram wet
weight) with a pestle mixer (Tecnal model Te-099,
Piracicaba, SP, Brazil) and ultracentrifuged (Hitachi
model HIMAC CP60E, Tokyo, TYO, Japan) (100 000g,
35 minutes). The resulting supernatants correspond to SF
and were used to measure the DPPIV activity, CD26
(ELISA), protein content, and markers for the fraction-
ation procedure. To avoid contamination with SF, the
resulting pellet was washed 3 times with the same buffer.
The pellet was then homogenized (3 minutes, 800 rpm) in
10 mmol/L Tris-HCI buffer, pH 7.4, plus 0.1% Triton X-
100 (Calbiochem, San Diego, CA) and ultracentrifuged
(100 000g, 35 minutes). The supernatants corresponded to
MF and were used to measure the DPPIV activity, CD26
(ELISA), protein content, and markers for the fraction-
ation procedure. To evaluate the influence of Triton X-100
on the peptidase activity under study, MF pools of HT and
HC of 4 control animals were divided into 2 parts: one
that was submitted to incubation for 2 hours with Bio-
beads (Bio-Rad Laboratories, Hercules, CA) (100-mg/mL
sample) and subsequently submitted to enzyme assay, and
another that was immediately used for enzyme assay.
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Protein content was also measured in both parts. All steps
were carried out at 4°C.

2.5. Markers for the fractionation procedure

For this purpose, lactate dehydrogenase (LDH) and
puromycin-insensitive neutral aminopeptidase (APM) activ-
ities were measured. The LDH was determined at 340 nm
with a spectrophotometer (Power Wave X, Bio-Tek,
Winooski, VT) by the method of Bergmeyer and Brent
[22], as follows. Samples of 3 uL of SF or MF, in triplicate,
were incubated with 297 ul of 100 mmol/L phosphate
buffer, pH 7.4, containing 200 mmol/L NaCl and 1.6 mmol/L
sodium pyruvate solution, plus 0.2 mmol/L of -nicotinamide
adenine dinucleotide, reduced form (NADH). Values of LDH
activity were obtained by subtracting the absorbance read at 0
time from that read at 10 minutes of incubation at 37°C and
extrapolated by comparison with a standard curve of NADH.
The LDH activity was expressed as millimoles NADH
oxidized per minute per milligram of protein. The APM was
determined at 460/40-nm emission wavelength and 360/
40-nm excitation wavelength with a fluorometer (Bio-Tek
FL600FA microplate fluorescence reader) as described by
Zambotti-Villela et al [16]. Briefly, samples of 50 uL. of SF or
MF, in triplicate, were incubated with prewarmed solution of
0.125 mmol/L L-Ala-B-naphthylamide (Sigma) (solubilized
in 0.012 N HCI) in 0.05 mol/L phosphate buffer, pH 7.4,
containing 1 mmol/L pL-dithiothreitol (Sigma), 0.1 mg/mL
bovine serum albumin (BSA), and 0.02 mmol/L puromycin
(Sigma). Values of APM activity were obtained by subtract-
ing the absorbance read at 0 time from that read at 30 minutes
of incubation at 37°C, and extrapolated by comparison with a
standard curve of f-naphthylamine (Sigma). The APM
activity was expressed as picomoles of hydrolyzed substrate
per minute per milligram protein.

2.6. Protein

Protein content was measured at 630 nm, in triplicates,
using a Bio-Rad protein assay kit (Bio-Rad Laboratories)
[23] in the Bio-Tek Power Wave X spectrophotometer
absorbance reader. Protein contents were extrapolated by
comparison with the standard curve of BSA (Sigma) in the
same diluents as the samples.

2.7. Quantification of catalytic activity of DPPIV

The DPPIV activity was quantified based on the amount of
4-methoxy-p-naphthylamine released [24] as the result of
incubation (30 minutes, 37° C), in 96-well flat-bottom
microplates, of 10 to 100 uL of SF and MF of the HT and HC,
in triplicate, with prewarmed solution of 0.2 mmol/L H-Gly-
Pro-4-methoxy-f-naphthylamide (Peninsula Laboratories,
San Carlos, CA) (solubilized in dimethyl-sulfoxide)
(Sigma) in 0.05 mol/L Tris-HCl, pH 8.3, containing
0.1 mg/mL BSA, in the presence and absence of 0.1 mmol/
L of diprotin A (H-Ile-Pro-Ile-OH) (Bachem Bioscience,
Torrance, CA). The methoxy-B-naphthylamine content was

estimated fluorometrically (with a Bio-Tek FL60OFA micro-
plate fluorescence reader) at 460/40-nm emission wavelength
and 360/40-nm excitation wavelength. The fluorescence
value obtained at zero time (blank) was subtracted, and the
relative fluorescence was then converted to picomoles of
methoxy-fB-naphthylamine by comparison with the standard
curve of methoxy-f-naphthylamine dissolved in the same
diluent used in the incubation (Sigma). Dipeptidyl peptidase
IV activity was expressed as picomoles of hydrolyzed
substrate per minute (UP) per milligram of protein. The
existence of a linear relationship between hydrolysis time and
protein content in the fluorometric assay was a prerequisite.

2.8. ELISA of CD26

CD26 content was spectrophotometrically measured at
450 nm, in triplicate of SF and MF pools of HT and HC of 4
animals per treated group, using the Human sCD26 Elisa kit
(Bender MedSystems, Vienna, VIE, Austria) with anti-CD26
(EC 3.4.14.5) monoclonal antibody. CD26 contents were
extrapolated by comparison with the standard curve of
purified human CD26 resuspended in the reaction buffer,
both as part of the commercial kit.

2.9. RT-PCR assay for CD26

2.9.1. Extraction of total RNA

Immediately after removal, HT and HC were macerated
on ice and homogenized at room temperature (20°C) with
Trizol (Invitrogen Life Technologies, San Diego, CA) at a
ratio of 100:1 (milligram of tissue:milliliter of Trizol) (pestle
mixer Tecnal model Te-099) and subsequently transferred to
a polypropylene tube. Afterward, 1 mL of chloroform
(Synth, Diadema, SP, Brazil) was added for each 0.5 mL of
homogenate and mixed 20 times by inversion. This
suspension was cooled for 8 minutes at 4°C and then
centrifuged (microcentrifuge CT-14000R, Cientec, Piraci-
caba, SP, Brazil) at 12 000g for 20 minutes at 4°C. After
centrifugation, 3 layers were formed: the top, or aqueous
phase, composed of RNA; the intermediate phase, composed
of DNA; and the lower, or phenol, phase. The aqueous phase
was transferred to a new tube, mixed with 250 ul of
isopropyl alcohol (Merck, Darmstadt, HES, Germany), and
then placed at —80°C for 1 hour to precipitate the RNA. The
sedimentation was performed at 12 000g for 15 minutes; and
the resulting pellet was dissolved in 0.5 mL 75% ethanol,
homogenized, and centrifuged at 8500g for 5 minutes at 4°C.
The resulting supernatant was discarded, and the pellet was
dried at 20°C and resuspended in 0.015 mL autoclaved
water. The suspension was homogenized, heated to 55°C for
5 minutes, and stored at —80°C.

2.9.2. Analysis of total RNA

The total RNA isolated was quantified spectrophotomet-
rically (Bio-Tek Power Wave X spectrophotometer), and its
purity was evaluated by the ratio between the absorbance at
260 and 280 nm. The adequate quality of total RNA was
checked by the existence of bands corresponding to 25S and
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Table 1

Effect of diprotin A on the hydrolysis of synthetic substrate of DPPIV
(H-Gly-Pro-4-methoxy-b-naphthylamide) by SF and MF fractions of
hypothalamus and hippocampus of rats

Hypothalamus
SF MF SF MF
52.51+14.457(6) 73.67+11.287(6) 59.97+24.47% (6) 36.1+25.47(7)

Hippocampus

*P< 05 and TP < .01 in relation to values obtained for the same sample
without diprotin A (paired 2-side Student ¢ test).

Values are mean += SEM. Values are percentage relative to activity without
diprotin A = 100%. Final concentration of diprotin A in incubates = 0.016
mmol/L. Number of animals in parenthesis.

18S ribosomal RNA, obtained in 1% agarose (Amersham
Bioscience, Sdo Paulo, SP, Brazil) gel electrophoresis (wt/
vol), prepared in Tris/sodium acetate/EDTA 1x buffer, pH
8.0, under constant voltage (80 V), and stained with ethidium
bromide solution (0.5 ug/mL) under ultraviolet light.

2.9.3. RT and PCR

Reverse transcription and PCR were performed using
SuperScript One-Step RT-PCR with Platinum Taq (Invitro-
gen Life Technologies). Complementary DNA synthesis was
achieved by converting total (500 ng) (Thermocycler
PerkinElmer 2400, PerkinElmer, Waltham, MA), in cycles
of 55°C for 20 minutes and 94°C for 2 minutes, for an initial
complementary DNA denaturation. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) (control) was amplified by
PCR with 30 cycles of 15 seconds each at 94°C, 30 seconds
at 55°C, and 1 minute at 72°C; subsequently, a cycle of
7 minutes at 72°C was performed. CD26 was amplified with
30 cycles of 15 seconds at 94°C, 30 seconds at 50°C, and
1 minute at 72°C, and a final cycle of 7 minutes at 72°C.
The following primers were used: Rat CD26 (EC 3.4.14.5)
CD26 sense: 5'-GCACAAGAGCTAATAACACCACT’-3/,
CD26 anti-sense: 5'-TGAAGGAGAACTATGAT-
GCCCAGAATG-3’ (GenBank access no. NM_012789);

Table 2

GAPDH was used as positive control, and the following
primers were adopted: GAPDH sense: 5-TTCAACG-
GCACAGTCAAGGC-3’, GAPDH anti-sense: 5'-CACC-
AGCATCACCCCATTTG-3" [25] (GenBank access no.
NM_017008).

Band densities were determined by a GS 700 Densitom-
eter (Bio-Rad Laboratories) using the image analysis
software Molecular Analyst (Bio-Rad Laboratories) and
standardized with the GAPDH band densities.

2.10. Statistics

The quantitative data were presented as mean + SEM
and statistically analyzed using the GraphPad Instat,
GraphPad Prism, and Prism 3.0 software packages
(GraphPad Software, La Jolla, CA). Regression analysis
was performed to obtain standard curves of albumin and
methoxy-f-naphthylamine. The Student 7 test was used to
compare pairs of values. Because the ¢ test assumes that the
means come from populations with equal standard devia-
tions, the F test was applied to verify that assumption.
In all the calculations, a minimum critical level of P < .05
was set.

3. Results
3.1. Efficiency of the fractionation procedure

The LDH activity was higher in SF than in MF of HT (SF:
1.1655 + 0.16, MF: 0.6185 + 0.08) and of HC (SF: 1.706 +
0.4, MF: 0.6407 = 0.1). The APM activity exists in MF but
was absent in SF of HT (MF: 670.7 + 131.52) and of HC
(MF: 615.41 +£262.31).

3.2. DPPIV activity in the MF adsorbed in Bio-beads

The activity of total DPPIV in the MF of HT adsorbed
(103.40 £ 3.5) in Bio-beads was lower than that of the

Kinetic parameters of DPPIV-DS and DPPIV-DI activities obtained by fluorometric measurements of hydrolysis of synthetic substrate H-Gly-Pro-4-methoxy-/-

naphthylamide by SF and MF fractions of HT and HC of rats

Tissue Fraction Enzyme Vinax (pmol min ! mg7l protein) Keat (sfl) Ky x 1070 (mol/L) KeadKin x 107° ([mol/L]71 sfl)
HT SF DPPIV-DS 72+3 12 15+12 0.8
DPPIV-DI 3330 + 153* 55.5% 252 422" 224
MF DPPIV-DS 1720 + 112 28.7 09+03 31.9
DPPIV-DI 5026 + 560" 83.8% 13.0 + 2.8* 6.4%
HC SF DPPIV-DS 16+5 0.3 1.0+03 0.3
DPPIV-DI 243 + 17° 4.1* 7.0 +0.6" 0.6%
MF DPPIV-DS 141 + 20 2.4 3.8+0.4 0.6
DPPIV-DI 445 + 185 7.4+ 1.7+ 0.2% 4.4*

Values are mean + SEM. Number of animals = 3. Values for K., (maximum amount of substrate [picomoles] converted per second per enzyme unit [UI]) were
calculated considering 1 Ul = amount of enzyme, in 1 mg of protein, which hydrolyzes 1 pmol of substrate per second. Kinetic analysis was performed by
Michaelis-Menten methodology, using GraphPad Prism software program. SEM = 0 for K, and K ./Kp,.

Comparisons of hydrolyzing activities on the same substrate by the same tissue and fraction with or without inhibitor (unpaired 2-side Student ¢ test):

* P< .05.
T P<.005.
£ P<.0001.
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Table 3

Effect of obesity and food deprivation on DPPIV-DS and DPPIV-DI activities (picomoles of substrate hydrolyzed per minute per milligram protein) in SF and

MF fractions from the HT and HC

Treatments Fractions DPPIV-DS DPPIV-DI
HT HC HT HC
C SF 55.81 £9.07 (5) 23.47 +8.73 (4) 39.88 = 8.38 (5) 37.51 +£8.73 (4)
MF 103.23 £23.7 (5) 86.07 + 23.54 (5) 288.78 + 44.23 (6) 7.96 £5.09 (6)
FD SF 47.02 £ 1091 (4) 51.77 = 10.79 (6) 28.73 £ 6.2 (5) 32.60 = 11.41 (4)
MF 174.33 +29.64 (5) 21 £9.81*% (4) 311.23 £90.78 (5) 34.61 £ 10.75* (4)
MSG SF 29.02 + 8.19 (4) 30 +£5.16 (5) 19.74 £ 2.75* (6) 255+5.7(4)
MF 61.53 £ 14.36 (6) 6.15 £ 1.47* (4) 49.88 £ 11.13* (4) 131.48 +33.15" 4)
MSG-FD SF 21.91 + 10.68* (4) 1513+ 1 (4) 11.75 £ 2.49* (5) 24.88 +4.07 (4)
MF 55.38 £12.74 (4) 51.03 £20.64 (4) 142.02 + 40.74* (4) 43.75 + 6.25% “4)

Values are mean + SEM. Number of animals in parenthesis. Comparisons between DPPIV-DS vs DPPIV-DI in C animals: HT-SF (P = .2331), HC-SF (P =

.2988), HT-MF (P < .005), HC-MF (P < .01) (unpaired 2-side Student ¢ test).

* P < .05 and TP < .003 in relation to C in the same fraction (unpaired 2-side Student ¢ test).

nonadsorbed (226.72 + 14.7). In HC, there was no influence
of adsorption on DPPIV activity (adsorbed: 31.15 + 1.7,
nonadsorbed: 92.88 + 28.28).

Table 1 shows the effect of diprotin A on hydrolytic
activity on H-Gly-Pro-4-methoxy-f-naphthylamide sub-
strate (total DPPIV). In SF and MF of HT and HC, the
diprotin A decreased the hydrolysis of the substrate. Based
on the results of the substrate hydrolysis in the presence
of diprotin, the following nomenclature was adopted in
the present study: DPPIV-DS for diprotin A-—sensitive
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DPPIV activity and DPPIV-DI for diprotin A—insensitive
DPPIV activity.

The kinetic features distinguishing these peptidases
activities are shown in Table 2.

Table 3 shows that, in HT and HC, the DPPIV-DS and
-DI activities in the SF did not differ in C. Table 3 also shows
that DPPIV-DS activity was about 3 times lower than
DPPIV-DI in HT-MF of C, whereas in HC-MF of C, the
inverse occurred; that is, DPPIV-DS activity was about 10
times higher than DPPIV-DI. Furthermore, Table 3 shows

800+ B

C  FD  MSG MSG-FD

MF

Fig. 1. CD26 (microgram per milligram protein) (mean + SEM) quantified by ELISA in triplicates of pools of SF and MF fractions from the hypothalamus (A and
B) and hippocampus (C and D) of 4 animals of each of the following groups: normal control (C), normal submitted to food deprivation (FD), MSG treated
(MSG), and MSG treated and food deprived (MSG-FD). *P < .04, **P < .003, and ***P < .0005 relative to C in the same fraction (unpaired 2-side Student ¢
test). Comparisons between SF vs MF in C animals: HT (P <.05), HC (P <.0001) (unpaired 2-side Student ¢ test).
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Fig. 2. Expression of CD26 mRNA detected by RT-PCR in the HT and HC of normal control animals (C), normal animals submitted to food deprivation (FD),
MSG-treated animals (MSG), and MSG-treated and food-deprived animals (MSG-FD). A and B, Agarose gel electrophoresis of the products of RT-PCR. The
products obtained by PCR were viewed by incorporation with ethidium bromide. C and D, Quantification by densitometry of the bands of products of the
expression of mRNA, standardized from the band of GAPDH. Number of animals in parenthesis. *P < .05 relative to C in the same brain area (unpaired, 2-side
Student ¢ test). Comparisons between HT vs HC in C animals (P = .1637) (unpaired 2-side Student ¢ test).

that MSG-FD animals had significant reduction of DPPIV-
DS activity in HT-SF, compared with C. The DPPIV-DI
activity was lower in SF and MF in HT of MSG and MSG-
FD in relation to C. In MF, DPPIV-DS activity was lower
in FD and MSG in relation to C. The DPPIV-DI activity
increased in HC-MF of FD, MSG, and MSG-FD in relation
to C.

3.3. ELISA of CD26

Fig. 1 shows that CD26 content (microgram of CD26 per
milligram of total protein) in HT of C was 3 times higher in
MF than in SF and that in HC of C was about 7 times higher
in SF than in MF. Fig. 1 also shows the reduced content of
CD26 in MSG (54 +2.08) and MSG-FD (152.12 £+ 10.08) in
HT-SF in relation to C (239.46 + 27), whereas in HT-MF,
CD26 content was reduced in FD (83.48 = 27.11) in relation
to C (594.10 = 111.82). Fig. 1 also shows that CD26 content
increased in HC-SF of FD (212.44 + 7.14) and decreased in
MSG-FD (61 £ 4.32) in relation to C (118.40 + 2.87),
whereas in MF, the CD26 content increased in FD (260.88 +
3.01), MSG (701.06 + 11.40), and MSG-FD (581.82 +
41.64) in relation to C (17.96 + 4.44).

3.4. Gene expression of CD26

Fig. 2 shows that the CD26 gene expression did not differ
in HT and HC of C. The bands of messenger RNA (mRNA)

expression of DPPIV in HT and HC are illustrated in
Figs. 2A and B, respectively. As illustrated in Fig. 2C,
densitometric analysis of these bands shows the increase of
mRNA expression of CD26 in HT of FD (0.653 + 0.066) in
relation to C (0.466 + 0.015). Compared with C (0.896 +
0.252), there was no statistical difference in mRNA
expression of CD26 in HC for all the groups of animals
examined (Fig. 2D).

4. Discussion

4.1. Validation of the procedure to obtain the soluble and
solubilized membrane fractions and interference of Triton
X-100 in the quantification of DPPIV activity

Lactate dehydrogenase is a recognized cytosolic marker
[26,27]. Therefore, its higher activity in soluble than in
membrane-bound fraction of both structures under study
reflects the efficiency of the fractionation procedure adopted.
Another important indicator of the efficiency of fractionation
was the existence of detectable APM only in membrane-
bound fraction because this enzyme is known to be restricted
to the membrane fraction of brain tissue [28-30]. Given that,
after reducing the presence of Triton X-100 by adsorption
in Bio-beads, a significant decrease of DPPIV activity was
detected in the hypothalamus, this procedure was not
adopted throughout this study. This reduction of enzyme
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activity can be attributed to denaturation and/or proteolysis
of DPPIV during the additional time required by the
adsorption protocol (2 hours), which retarded the storage
of the membrane fraction at —80°C.

4.2. Characterization of the DPPIV activity and its
hypothalamic and hippocampal levels in soluble and
membrane-bound fractions

The use of inhibitors to distinguish enzymes with similar
catalytic activity is a standard practice. For example, the
neutral aminopeptidase insensitive to puromycin (APM),
the neutral aminopeptidase sensitive to puromycin, and
Ap200 were distinguished using inhibitors [31-33]. Diprotin
A has been regarded as the canonical inhibitor of DPPIV
activity, which was the condition to choose this inhibitor in
the present study. Nowadays, however, it is known that
there are several proteins with DPPIV catalytic activity [15]
that are also inhibited by diprotin A, such as DPP§ and
DPP9 [34]. The existence of the activities of DPPIV
sensitive (DPPIV-DS) and insensitive (DPPIV-DI) to
diprotin A was recently reported in rat plasma [33]. In the
present study, the sensitivity to diprotin A and different
kinetic properties also distinguished, for the first time in the
hypothalamus and the hippocampus of rats, 2 DPPIV
activities: DPPIV-DS and DPPIV-DI. In general, DPPIV-DI
was more active than DPPIV-DS (as shown by the V.«
values) and the affinity of DPPIV-DS was higher (lower
K., than that of DPPIV-DI (except in the membrane-bound
fraction of the hippocampus). Furthermore, the K., of
DPPIV-DI was higher than that of DPPIV-DS. However, in
general, the catalytic efficiency (K../Kp,) of DPPIV-DI was
higher than that of DPPIV-DS (except in the membrane-
bound fraction of the hypothalamus). In humans, the CD26
gene is located in chromosome 2 (2q24.2), whereas the
DPP8 gene is located in chromosome 15 (15q22) [35]; and
thus, the present data are related to the gene expression of
CD26 (NM_012789.1). The CD26 protein (EC 3.4.14.5) is
known to be structurally homologous with DPP8 and DPP9
(not classified by the Enzyme Nomenclature Commission)
and with the fibroblast activation protein-o (EC 3.4.21.B28)
[10,35]. However, only the DPP8 has been found in CNS
[35]. In the present study, the anti-CD26 (anti EC 3.4.14.5)
used in ELISA is a monoclonal antibody that should react
with the canonical CD26.

In the control animals, the CD26 protein content
(ELISA) and DPPIV catalytic activity in the membrane
fraction were higher in the hypothalamus than in the
hippocampus. Furthermore, in the hypothalamus, the CD26
(ELISA) levels in membrane-bound fraction were higher
than in the soluble fraction, whereas the opposite occurred
in the hippocampus. Therefore, the CD26 gene expression
does not correspond exactly to its complete protein
expression in the hypothalamus. In the control animals,
the DPPIV-DI catalytic activity was predominant in
relation to DPPIV-DS in the hypothalamus and hippocam-

pus. In addition to suggesting different prevalences for each
form of DPPIV catalytic activity (soluble, membrane,
diprotin A sensitive and insensitive), these data also
strongly suggest that CD26 protein in these 2 brain areas
is responsible for DPPIV-DI catalytic activity. Some
divergences regarding the changes between gene and
protein expressions of CD26 and DPPIV catalytic activity
observed here in the hypothalamus and hippocampus from
different treated animals are in agreement with the known
receptor intracellular signal transduction function of
proteins homologous to CD26 [36-38]. For example, the
differences between the protein content of CD26 and
DPPIV-DI activity in soluble fraction of the hippocampus
and in membrane-bound fraction of the hypothalamus in
food-deprived rats did not change compared with the
control group; but an increased amount of CD26 protein
without a necessary increase of DPPIV catalytic activity
could be due to this aforementioned receptor function of
CD26 protein and/or to different sensitivities between the
measurement techniques used; that is, the ELISA is more
sensitive than fluorometric detection of enzymatic activity.

4.3. Hypothalamic changes of DPPIV in MSG obesity and
food deprivation

The DPPIV activity levels in the hypothalamus decreased
in MSG obese animals (in both forms, soluble and
membrane), with similar changes in the CD26 protein
detectable in soluble fraction of MSG and fasted MSG, as
well as in membrane-bound fraction of normal fasted animals
compared with the controls. Changes in DPPIV-DS in relation
to the controls were much less significant, with a decrease
occurring only in the soluble fraction in animals submitted to
2 of the stimuli under study (fasted MSG). The decrease in
catalytic activity of DPPIV (mainly of the DI type) in the
hypothalamus should promote changes in the levels of
neuropeptide Y (NPY), GLP-1, and S-endorphin [10,35,39].
It is noteworthy that DPPIV-DI also decreases in the plasma
of fasted MSG [33]. Neuropeptide Y and f-endorphin are
known to increase in obese individuals [40-43], whereas
hydrolysis of NPY 1-36 by DPPIV generates the product NPY
3-36, which has higher affinity to the Y2 receptor [44] and
mediates the inhibition of NPY 1-36 release [45,46]. Thus,
decreased DPPIV activity in the hypothalamus may contrib-
ute to disrupting the energy balance by promoting increased
levels of NPY and f-endorphin.

4.4. Hippocampal changes of DPPIV in MSG obesity and
food deprivation

Whereas the hypothalamus is the brain structure related
to the sense of satiety, adiposity, and hunger, the final
processing of these signals depends on the regions of the
brain involved with behavioral control, such as the
hippocampus [47]. The hippocampus receives signals of
the energy status from the periphery via the vagus nerve
[47] and has a high density of NPY [48] and opioid [49,50]



R.F. Alponti et al. / Metabolism Clinical and Experimental 60 (2011) 234-242 241

receptors. It should be noted that changes in DPPIV-DI
catalytic activity and membrane CD26 protein were fully
coincident in the hippocampus and in the opposite direction
to that observed in the hypothalamus, which showed a
significant increase in normal fasted and fasted and
nonfasted MSG animals. However, DPPIV-DS catalytic
activity decreased in these situations, mainly in the
membrane-bound fraction, together with a drop of CD26
only in the soluble fraction of fasted MSG animals.
Therefore, the pathophysiologic significance of changes in
DPPIV-DS activity levels in the hippocampus seems to be
difficult to interpret; but these changes serve to reinforce the
hypothesis that DPPIV-DS activity does not correspond to
CD26. For the same reason, considering the identity of the
DPPIV-DI with CD26 and the correspondence with their
known natural substrates, the increase of DPPIV-DI
catalytic activity should induce decreased levels of NPY
in the hippocampus. The NPY has an important anxiolytic
role in the limbic structures, and stress increases its
expression and release [42,51,52]. The increase of hippo-
campal DPPIV-DI catalytic activity could be related to
increased anxiety in the situations studied here, which are
readily recognized as stressful [53,54]. The apparent
paradox is that the membrane fraction from the hippocam-
pus changes to the opposite direction under each treatment,
depending on the presence of diprotin; that is, hippocampal
membrane-bound DPPIV-DI increased in normal fasted,
MSG, and fasted MSG animals, whereas DPPIV-DS
decreased in normal fasted and MSG (compared with
control) animals. Besides corroborating the fact that these 2
enzyme activities should be attributed to different proteins,
this finding also suggests a substitutive physiologic
relationship of these hippocampal enzymes in certain
situations; that is, increased DPPIV-DI activity offsets the
reduction in DPPIV-DS activity, and vice versa. This
intriguing possibility may be related to the need for a
refined and redundant 2-way metabolic control of DPPIV
substrates in this critical area of the CNS. In this sense,
recent report has demonstrated that the phenotype of
neurogenin 3—specific DPP2 knockdown mice is opposite
that of DPP4 knockout mice, respectively, with regard to
the presence of normal GLP-1 with glucose intolerance and
the increased GLP-1 with increased glucose tolerance [55].

5. Conclusions

This study evidenced the existence of DPPIV catalytic
activity with distinct sensitivities to diprotin A in the CNS
(the insensitive identified as the CD26 protein), as well as the
involvement of CD26 catalytic activity of DPPIV in the
endocrine regulation of the energy balance in the hypothal-
amus (in the soluble and membrane-bound forms), and
probably in anxiety in the hippocampus (in the membrane-
bound form), through its action on f-endorphin and
NPY, respectively.
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