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DPP-1V (CD26)-mediated immune and inflammatory responses

Dae Ho Lee

Depariment of Internal Medicine, Jeju National University Schoo! of Medicine, Jeju, Korea

Dipeptidy! peptidase IV (DPP—V; also known as CD26) is a 110 kDa surface glycoprotein with dipeptidyl peplidase activity,
with its expression on endothelial, epithelial, and T cells. It has a high setectivity for peptides with a proline or alanine at the
second position and cleaves off dipeptides al the amino—terminus of such peptides, including GLP-1, GIP, neuropeptides, and
cylokines. It also has a muiltitude of biclogical functions except for its intrinsic enzymatic activity, Especially, DPP—V's immune
regulation has been studied for several decades about T cell activation betore the introduction of DPP-IV inhibiter as an anti-
diabetic agent. However, further researches are required to undersiand the function of the molecule in relation with metabolic
syndrome and inflammation. This article describes our current understanding of the biological involvement of DPP-IV enzyme
family. (J Med Life Sci 2010;7:4-10)
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Table 1, Substrates of dipeptidyl peptidase [V: important
biclogically active peptides of relevance to diabetes therapy

Glucagon. GLP-1., GLP-2. GIP. vasoactive
intestinal polypeptide {VIP), pituitary adenylate
cyclase activating peptide-27 (PACAP-27),
PACAP-38, growth hormone releasing hormone
(GHRH). peptide hisiidine methionine (PHM)

Neuropeptide Y (NPY), peptide YY (PYY),
substance P, endomorphin

Glucagon
Superfamily

Neuropeptides

Regulated upon activation. normally T-cell
expressed and secreted (RANTES). stromal-
derived factor (SDF=-1), cotaxin, monocyte-
derived chemokine (MDC), interferon-inducible
T-cell chemoattractant {I-TAC), growth-regulated
protein  (CXCLZ2). LD78 (CCL3/L1). granutocyte
chemotactic protein 2 {CXCL6), monokine-
induced interferon—(CXCL9).

interferon-—inducible protein (IP-10 / CXCL1D)

Chemokines

DPP-IV (CD26}-mediated immune and inflammatory responses

DPP-1ve] 7]&o] & 4= ¢lEtl(Table 1), glucagon superfamily,
neuropeptides, chemokines % growth factorge] I ofo|n]
cioHe] wan 758 Y of J2ln Pd AEAQ
DPP-IvelAlde] oHE TEjd ©f of £712 @7} Hojof &
HEo|ch?, B3] Neuropeptide Y {NPY), substance P, 12|12
Yrrel chait Axof di3iH chemoatractant® ZHE3H=
SDF-1 {stromal cell-derived factor-1} ¥ SDF-1% DPP-Ive]
aafja ghdo| E&jEs|, DPP-IV KO micedlAEz 1 =7t
F7igctn RuEchs SpF-1-2 o] chemotaxisS
&218M= proinflammatory chemokineo]o], AEAY)H L=
DPP-1vel 2J3jA SDF-19} ofm|iofgio] EEH £
CXCR4 signaling® lymphocyte chemotaxis?} ZrAgiThe),
ol claFgt Z|AHEY Tt MM R DPP-1V HAjA| Fof
of #A Frtsh=A] o3 FAA| YUt NPY: 4224,
ofuiz|gtaty, #Y §o ZHo} Folsl DPP-Ivell 2f3jA
gtte] tiAlEl NPY & Yi8Alol 2%t etz +2 vt
Y5 f=galo] ZA§sto angiogenesis®t H3uhgo] adflichiz
BnET gep 2 NPY: A¥ZIdMde F2 Y1 237}
ZA81 Gi proteins: Fole] F2 AuREa|A| =Hg-& 7t
Bi2A8 28 2o DPP-1V=adenosine deaminase
(ADA). gpl20 protein, fibronectin, collagen, chemokine
receptor CXRC4 23! tyrosine phosphatase CD45, IGFII
receptor, caveolin-1, CARMAL, fibronectin [II, plasminogen
2. Na+-H+ exchanger isoform 3. glypican-3 & W2 gz
e Ast ATEASS $ot Woripad AE o 713
A 9 A Al fedgich? 14,212, DPP-IV family2)
vhedt 28 kst 1S sk, £28A Figure 10
Fol aoksiE 4= oo A JEEo] AR FolAU AEel
DPP-IvAlA digt chekgt Ayt A Hag Aoy
G AEAZA AMEES sitagliptin®t vildagliptin®] 79
=YAE g2y Jded &y 51 geig dabzd Aned
& 7iel 2o disiM= 7Rzt Ao gl Aot
Figure 1, The multiple functions of DPP-IV gene family.
The DPIV gene family is associated with a variety of

processes in cell biclogy. immunology. metabolism and
disease.
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DPP-IV = T cell differentiation antigen, CD26 224 T &
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greloju} mitogen (eg. phyotohemaglutinin: PHA) 258 A= 4]
T-cell EH, 53] CD4+ T cellollA} DPP-IVS d¥o] 5-108]
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B o|Fsh= olpAlel A F7182), T-cell costimulation
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29l DPP-IVYAA2| AXME 2T Farvt qcks i
soluble CD26& ol83t 3 ATFERE HY DPP-IV Ak
4L 7} recombinant soluble CD26 (rsCD26M U= HIZ
ol ghelat Zro] tE YxFe) Haulge] Frisked
olf Az DPP-IVEAPAFo] gl rsCD26& AHoAols
ot ek, E8 FASE T cell®] DPP-IVE: Antigen—
Presenting cell(APC)2] caveolin-13} AF&Z2HE-8 Fdbo o]
Az CD86 WS FVHAIAM T cell®] CD282t 283}
2 Qe so] £ AEe) AHE o] Rt WS Hhcho. 0w

DPP-IVE 1 9ol ofil 7% Bald 432gg sk
th®E4e] E42o] adenosine deaminase (ADA)C|UH# ADAS
AZEtoltt WZel EAsHe DPP-1VSF A% £ ool
TCR/CD3E £3lo T cell?] #Ao] F713tH ADA%)
CD26/DPP-IVE FAlo] WHsk= T celld] 71 718t E§
Zb T cellellAl ADASE DPP-IVE] Wo]| Frlgicty RoEz
cha, ADAE T-YEFe| $4% 95K adenosined £
87| wWigo] DPP-Ivi: ADAS} 235te] ADAS AlZutol Wi
gomM T YEFO] Z4l3) cytokine2] TS F7HAH $
Aupsd, YAHez ADAZE oWl A AHHYE(SCID:
severe combined Immunodeficiency)e] S¥bect, T3 ADA
A2l pentostating T cell lymphoma@je] o] A} HF
CD26+ T-cells?t ZFAEHcho, 2 Azte] HHHAHE A 25
G 8o ADARMIS &% Axt {28k Frlsle]
AUS-E I3t 2 2o DPP-IVY] 729 sitagliptin 284
. 223t ADAZY Y ol WHAHA sitagliptin Foio
2|34 DPP-IVeF ADASE Zite] Bt ZHgAle wiAlEla gk
% s}k DPP-IVe ADAS) Z3E 1% ESESolA i)
2 FF ARCIAE B E7] ofY7] T ol 2Ue ol
Figure 2. Signalings involved in DPP-IV-mediated T-cell
activation. Celi-surface CD26 / DPP-1V interacts with
adenosine deaminase{ADA). CARMA-1 and caveolin-1,
Stimulation of CD26 alse causes the upregulation of CD86
expression. the ligand of which is CD28, CD26 also

mediates T-cell receptor-mediated co-stimulation of the
cells.
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7€} ulEo)d RRY 7lsA4E Qlrhs. 39,

e g o AWl DPP-IV YAAE w2
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infection) 227 A)ZIck= Bz} 9on ofX%x Ro| o7}
viohes-38), skAlqE A2 dArdale] 2lskE DPPs/9eiAie] oidt
gHZzoz oAHY B2kge] DPPE/OE YA £ = AR
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HEo|d AERIZ u &7t A7t GRsiche, Rrgoialg)
st GLP-12 GIP B3A] olo] =2 T cell AHAN
do)z DPP- IveAIH2] ATE By ofeljof ok,

Induction of TGF-1 in activated T cells

T cell cycle arrest at G1/ S phase

Inhibition of DNA synthesis/proliferation of T cells
Suppression of production of inflammatory cytokines by
T cells
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CD26+ T-cellsE REHNT} rheumatoid synoviumol A S7F
Hepd DPP-IV YA|A= Fules @dg FERdes 28d
£ YA gt olAILA R SLE (systemic lupus
erythematosus)®} Inflammatory bowel disease (IBD) Ex}ollA
= W34 soluble CD26%= ¥ €34 DPP-IV #42 #HaFd
gloo [BDEHAY] T AFolAl= CD26+ T cellol F7HEIcta
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28] DPP-TV #97 o 283 4ol 9121 soluble CD26
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DPP-IV family += chofgh M=ol Alxe] 44 adhesion.
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[ DPP-IV knock—out (KO) 52 2¢
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3t Uit 5{glucose tolerance)o}l BH4ts]e) 210 high fat diet
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cj47. 48 B8 u|7bo] disjA A= PPAR-E 7= §F A4k
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So] AL HO, 29 DPP-TV deficient Dark Agouti (DA) rats
ol4] oe] 7hA] EFL wolo)l A4 FHofl vigjd @2 AF, W
e Gl @A GLP-1, bound leptin &7}, aminotransferases
9 riglyceride 74, stress—hormone level 7 (eg, ACTH,
corticosterone), anxiolytic—like responses, blunted immune
functions of NK and T-cells, -6 ¥% 4, differential
leukccyte subset compositions (Iymphocyte2l eosinophil 22|
Zhanyo)

x|t ofE HiolAE DPP-IV KO miced|A A=<l
gt maddkgo] ojibo] gl EE 5271 DEP-IV A4 Fofof
A E AAAG cytotoxic T cell ¥ =2eoluin B mEdc}
50)

ZHlL L

[ERRE ) t_ﬁ'

whzhA DPP-Tv7E Hedk-got o of F8
glot} KO mice BdolA= DPP-IVol &3t Eold AuE
of e dl= SalskA|gl DPP-TVe] &43 AR} r|E4F

e FEE ¢ ge FHo] glena A=9E DPP-IV 9AA
olgdl AuAYE, EBAY, J83 ARG Foted 27t
g&of g FEo|},

[s=ke13
Z

2
==

o w2

fu o

i)
fo
ras

al

Devaraj S, Torok N, Dasu MR, Samols D, Jialal 1.
Adiponectin decreases C-reactiveprotein synthesis and
secretion from endothelial cells: evidence for an adipose
tissue—vascular loop Endothelial lipase is increased in
vive by inflammation in humans. Arterioscler Thromb
Vasc Biol 2008,28:1368-74.

2} Pradhan AD, Everett BM, Cock NR, Rifai N, Ridker PM.
Effects of initiating insulin and metformin on glycemic
control and inflammatory blomarkers among patients with
type 2 diabetes: the LANCET randomized trial. Jama
2009:302:1186-94.

Shoelson SE, Lee J, Goldfine AB, Inflammation and
insulin resistance. J Clin Invest 2006;116:1793-801.

4) Donath MY, Storling J, Maedler K, Mandrup-Poulsen T.
Inflammatory mediators and islet beta—cell failure: a link
between type 1 and type 2 diabetes. J Mol Med
2003.81:455-70.

Verma B8, Devaraj 3, Jialal 1. Is C-reactive protein an

3)

5)
innocent bystander or proatherogenic culprit? C-reactive
protein promotes atherothrombosis. Circulation

2006:113:2135-50; digcussion 50.

Venugopal SK, Devaraj 35, Jialal I. Macrophage

conditioned medium induces the expression of C-reactive

6)

protein in human aortic endothelial cells! potential for
paracrine/autocrine effects. Am J Pathol 2005,166:1265-
71,

7) Kim W, Egan JM, The role of incretins in glucose

homeostasis and diabetes treatment. Pharmacol Rev
2008,60:470-512.

8) Brubaker PL, Drucker DJ. Minireview: Glucagon-like
peptides regulate cell proliferation and apoptosis in the
pancreas, gut, and central nervous system. Endocrinclogy
2004:145:2653-9.

9) Holst JJ, Vilsholl T, Deacon CF. The incretin system and
its role in type 2 diabetes mellitus. Mol Ceil Endocrinol
2009.297:127-36.

10) Ohnuma K, Takahashi N, Yamochi T. Hosono O, Dang
NH, Morimoto C. Role of CD26/dipeptidyl peptidase IV
in human T cell activation and functicn. Front Bicsci
2008:13:2299-310.

11) Chen T, Ajami K, McCaughan GW. Gorreli MD, Abbott
CA. Dipeptidyl peptidase IV gene family, The DPIV
family. Adv Exp Med Bicl 2003;524:79-86,

12) Yu DM, Yao TW, Chowdhury S, Nadvi NA, Oshorne B,
Church WB et al. The dipeptidyl peptidase IV family in
cancer and cell biclogy. Febs JI201CG:13.

13) Lambeir AM, Durinx C, Scharpe 5. De Meester I.
Dipeptidyl-peptidase IV from bench to bedside: an
update on structural properties. functions, and clinical
aspects of the enzyme DPP IV, Crit Rev Clin Lab Sci
2003:40:209-94,

14) Gorrell MD, Gysbers V, McCaughan GW. CD26: a
multifuncticnal integral membrane and secreted protein
of activated lymphocytes. Scand J Immunol 2001;54:249-
64,

15) Gorrell MD. Dipeptidyl peptidase IV and related enzymes
in cell biology and liver disorders. Clin Sci (Lond)
2005;,108:277-92.

16} Kirby M, Yu DM, O'Connor 5. Gorrell MD. Inhibitor
selectivity in the clinical application of dipeptidyl
peptidase~-4 inhibition. Clin Seci {Lond) 2009:118:31-41,

17) McIntosh CH, Demuth HU, Pospisilik JA, Pederson R.
Dipeptidyl peptidase IV inhibitors! how do they work as
new antidiabetic agents? Regul Pept 2005:128:159-65,

18) Busso N, Wagtmann N, Herling C, Chobaz—Péclat V.
Bischof—Delaloye A, So A, et al. Circulating CD26 is
negatively associated with inflammation in human and
experimental arthritis, Am .J Pathol 2005:166:433-42.

19} Proost P, Struyf S, Schols D, Durinx C, Wuyts A,
Lenaerts JP, et al. Processing by CDZ26/dipeptidyl-
peptidase IV reduces the chemotactic and anti—-HIV-1
activity of stromal—cell-derived factor—lalpha, FEBS Lett
1998;432:73-6.

20) Dimitrijevic M, Stanojevic S, Mitic K, Kustrimovié N,
Vyjic vV, Miletic T, et al. The anti-inflammatory effect



of neurcpeptide Y (NPY) in rats is dependent on
dipeptidy] peptidase 4 (DP4) activity and age. Peptides
2008:29:2179-817,

21) De Meester I, Scharpe S, Lambeir AM. Dipeptidyl
peptidases and related proteins: multifaceted markers
and therapeutic targets. Clin Chem Lab Med
2009:47:245-7.

22) Tkushima H, Munakata Y, Ishii T, Twata S, Terashima M,
Tanaka H, et al. Internalization of CDZ6 by mannose 6-
phosphate/insulin—like growth factor II receptor
contribu.tes to T cell activation. Proc Natl Acad Sci U S
A 2000:97:8439-44.

23) Arkan MC:'; Hevener AL, Greten FR, Maeda 3, Li ZW,
Long JM et al. IKK-beta links inflammation to cbesity—
induced insulin resistance. Nat Med 2005;11:191-8.

24) Kintscher U, Hartge M, Hess K, Foryst—-Ludwig A,
Clemenz M, Wabitsch M et al, T-lymphocyte infiltration
in visceral adipose fissue: a primary event in adipose
tissue inflammation and the development of obesity—
mediated insulin resistance. Arterioscler Thromb Vasc
Biol 2008:28:1304-10,

25) Yan S, Marguet D, Dobers J, Reutter W, Fan H.
Deficiency of CD26 results in a change of cytokine and
Immunoglobulin secrefion “&fter stimulation by pokeweed
mitogen. Eur J Immunol 2003;33:1519-27,

26) Boonacker EP, Wierenga EA, Smits HH, Van Noorden
CJ. CD26/DPPIV signal transduction function, but not
proteolytic activity, is directly related to its expression
level on human Thl and Th2 cell lines as detected with
living cell cytochemistry, J Histochem Cytochem
2002;50:1169-77,

27y Iwata 8, Yamaguchi N, Munakata Y, et al.
CD26/dipeptidyl peptidase IV differentially regulates the
chemotaxis of T cells and monocytes toward RANTES:
possible mechanism for the switch from innate to
acquired immune response, Int mmunol 1999:11:417-26.

28) Tanaka T, Kameoka J, Yaron A. Schlogssman SF,
Morimoto C. The costimulatory activity of the CD28
antigen requires dipeptidyl peptidase IV enzymatic
activity. Proc Natl Acad Sci U S A 1993:90:4585-90,

29) Tanaka T, Duke-Cohan JS, Kameoka J, Yaron A, Lee [,
Schlossman SF, et al. Enhancement of antigen—induced
T—cell proliferation by soluble CD26/dipeptidy]l peptidase
IV. Proc Natl Acad Sci U S A 1994,91:3082-6.

30) Chnuma ¥, Yamochi T, Uchivama M, Nishibashi K,
Yoshikawa N, Shimizu N, et al. CD26 up-regulates
expression of CD86 on antigen—presenting cells by
means of caveolin—1. Proc Natl Acad Sci U S A

DPP-1V (CD26)-mediated immune and inflammatory responses

2004,101:14186-91. -

31) Chriuma K, Munskata ¥, Ishii T, Nishibashi K, Hosonc O,
Takahashi N. et al. Soluble CD26/dipeptidyl peptidase IV
induces T cell proliferation through CD&6 up-regulation
on APCs. J Tmmuncl 2001:167:6745-55.

32) Martin M, Huguet J, Centelles JJ, Franco R. Expression
of ecto—adenosine deaminase and CD26 in human T
cells triggered by the TCR-CD3 complex. Possible role
of adencsine deaminase as costimulatory molecule. J
Immunol 1995;155:4630-43.

33) Biftu T, Scapin G, Singh S, Feng D, Becker JW,
Fiermann G, et al. Rational design of a novel, potent,
and orally bioavailable cyclohexylamine DPP-4 imhibitor
by application of molecular modeling and X-ray
crystallography of sitagliptin, Binorg Med Chem Lett
2007;17:33847. '

34) Reinheld D, BRiton A, Goihl A, Pieper S, Lendeckel 1],
Faust J, et al. Dual inhibition of dipeptidyl peptidase TV
and aminopeptidase N suppresses inflammatory immune
responses. Ann N Y Acad Sci 2007;1110:402-9,

35) Lankas GR, Leiting B, Roy RS, Eiermann GJ, Beconi
MG, Biftu T. et al. Dipeptidyl peptidase IV inhibition for
the treatment of type 2 diabetes: potential importance of
selectivity over dipeptidyl peptidases 8 and 9. Diabetes
2005:54:2988-94,

36) Amori RE, Lau J, Pittas AG. Efficacy and safety of
incretin therapy in type 2 diabetes. systematic review
and meta—analysis. Jama 2007:298:194-206.

37) Richter B, Bandeira—-Echtler E, Bergerhoff K. Lerch CL.
Dipeptidyl peptidase—4 (DPP-4) inhibitors for type 2
diabetes mellitus. Cochrane Database Syst Rev
2008:16:CDO0GT30. '

38) Williams—Herman D, Round E, Swern AS, Musser B,
Davies MJ, Stein PP, et al. Safety and tolerability of
sitagliptin in patients with type 2 diabetes: a pooled
analysis. BMC Endocer Disord 2008:8:14,

39) Kim SJ, Nian C, Doudet IJ, McIntosh CH. Dipeptidyl
peptidase IV inhibition with MK0431 improves islet graft
survival in diabetic NOD mice partially via T-cell
modulation, Diabetes 2009:58:641~51.

40) Cordero QJ, Salgade FJ, Mera—Varela A, Nogueira M,
Serum interleukin—12, interleukin—15, soluble C1326, and
adenosine deaminase in patients with rheumatoid
arthritis. Rheumatol Int 2001;21:69-74,

41) Mavropoulos JC, Cuchacovich M, Llanos C, Aguillon
JC, Gatica H, Pizzo SV, et al. Anti-tumor necrosis
factor—alpha therapy augments dipeptidyl peptidase IV
activity and decreases autoantibodies to GRP78/BIP and



Dae Ho Lee

phosphoglucose isomerase in patients with rheumatoid
arthritis. J Rheumatol 2005:32:2116-24,

42) Chnuma K, Inoue H. Uchiyama M, Yamochi T, Hosono
O, Dang NH, et al. T—cell activation via CD26 and
caveolin—1 in rheumatoid synovium. Mod Rheumatol
2006,16:3-13.

43) Tanaka S, Murakami T, Horikawa H, Sugiura M,
Kawashima K, Sugita T. Suppression of arthritis by the
inhibitors of dipeptidyl peptidase IV, Int J
Immunopharmacol 1997,19:15-24. '

44) Buhling F, Junker U, Reinhold D, Neubert K, Jager L,
Ansorge S. Functional role of CDZ26 on human B
Iymphocytes. Immunol Lett 1995;45:47-51,

45) Stohlawetz P, Hahn P, Koller M, Hauer J, Resch H,
Smolen J, et al. Immunophenotypic characteristics of
monocytes in elderly subjects. Scand J Immunol
1998:48:324 -6,

46) Alijagic S, Moller P, Artuc M, Jurgovsky K, Czarnetzki
BM, Schadendorf D. Dendritic cells generated from
peripheral blood transfected with human tyrosinase

- 10 -

induce specific T cell activation. Eur J Immunol
1995:25:3100-7.

47) Marguet D, Baggio L, Kobayashi T, Bernard AM, Pierres
M, Nielsen PF, et al, Enhanced insulin secretion and
improved glucose tolerance in mice lacking CD26. Proc
Natl Acad Sci U S A 2000:97:6874-9,

48) Conarello SL, Li Z, Ronan J, Zhu 1, Jiang G, Liu F, et
al. Mice lacking dipeptidyl peptidase IV are protected
against obesity and insulin resistance. Proc Natl Acad
Se1 U S A 2003;100:6825-30.

49) Frerker N, Raber K, Bode F, Skripuletz T, Nave H,
Klemann C, et al. Phenotyping of congenic dipeptidyl
peptidase 4 (DP4) deficient Dark Agouti (DA) rats
suggests mmvolvement of DP4 in neurc—, endocrine, and
immune functions. Clin Chem Lab Med 2009;47:275-87.

50) Vora KA, Porter G, Peng R, Cui Y, Pryor K, Eiermann
G, et al. Genetic ablation or pharmacological blockade of
dipeptidyl peptidase IV does not impact T cell-dependent
immune responses, BMC Immunol 2009;10:19.



