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Dipeptidyl peptidase 4 (DPP-4) is a serine protease, which has enzymatic activity to selectively clean the N-
terminal dipeptide of peptides and proteins with proline or alanine in the second position. DPP-4 inhibitor has
been widely used for the treatment of type 2 diabetes by increasing the level of the glucagon-like peptide-1 and
decreasing the glucose level. DPP-4, also known as lymphocyte cell surface protein CD26, plays a core role of T
cell immunity. Many roles of CD26 in other immune cells have been found. As a “moonlight protein”, the effect
of CD26 in autoimmune diseases has attracted more and more attention. The paper reviewed the function and

potential effect of CD26 in autoimmune diseases, which shows CD26 may be a new target of autoimmune

diseases deserved further study.

1. Introduction

Dipeptidyl peptidase 4 (DPP-4) is a serine protease, belonging to the
type II transmembrane glycoprotein family. It has enzymatic activity to
selectively clean the N-terminal dipeptide of peptides and proteins with
proline or alanine in the second position [1]. The soluble form of DPP-4
exists in serum, plasma, urine, semen, cerebrospinal and synovial fluid
[1]. DPP-4 is also known as lymphocyte cell surface protein CD26,
which is expressed on the surface of T cells, NK cells, B cells and
myeloid cells and involved in T cell development and stimulation [2].
The effect of CD26 in the immune system gets more and more attention
in the recent years. The change of expression and activity of CD26 in
serum has been observed in several autoimmune diseases, including
rheumatoid arthritis (RA), type 1 diabetes, systemic lupus er-
ythematous (SLE) and inflammatory bowel disease (IBD) [3], which
suggests it might be involved in the pathogenesis of autoimmune dis-
eases. The complex role of CD26 in the pathogenesis of autoimmune
diseases has not been elucidated until now. In this article, we review the
recent research progress of CD26 in autoimmune diseases, exploring the
potential effect of CD26 in the pathogenesis of autoimmune diseases.

CD26 is found on the surface of many cell types, such as lympho-
cytes, endothelial cells and epithelial cells. Among rat lymphocytes,
about 78-85% spleen cells and 80-87% lymph node cells have CD26
expression [2]. CD26 involves in the development, maturation, differ-
entiation and activation of T cells, and participates in immune regula-
tion. Zhao et studied the effect of CD26 in T cell differentiation and
activation in vitro [4]. He found that after antigen stimulation, the
percentage of CD26 + CD4 + cells and CD26 + CD8 + T cells increases
significantly and CD26 high expression is associated with the
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differentiation of Thl and Th17 cells [4]. DPP-4 inhibitor suppresses
the proliferation of CD4 + T and CD8 + T cells in a dose dependent
manner [5]. DPP-4 inhibitors have the effect to suppress antigen-sti-
mulated CD4 + T cell clones to produce IFN-y, TNF-a and IL-4 in a
dose-dependent manner, which suggests the regulative effect of CD26
in autoimmune diseases [6]. DPP-4 inhibitor (sitagliptin) inhibits the
proliferation of phytohemagglutinin stimulated peripheral blood
mononuclear cells (PBMC) from healthy volunteer, decreases CD26
expression and reduces the percentage of Thl (CD4 + IFN-y + T),
Th2(CD4 + IL-4 + T) and Th17(CD4 + IL-17 + T), which suggests its
immunosuppressive effect of T cell differentiation [7]. CD26 is con-
sidered to involve in B cell activation. After stimulation with mitogen,
the expression of CD26 on human B cells increases significantly [8].
Further DPP-4 inhibitors suppress DNA synthesis in mitogenic active B
cells, which confirms CD26 involves in B-cell activation [8]. CD26 de-
ficiency leads to the number of B cells decreased in older age mouse
(after 6 months) [9]. These studies suggest CD26 is involved in B cell
activation as a positive regulator, oppositely, DPP-4 inhibitor or CD26
deficiency suppresses B cell activation.

The combination of CD26 and factor Xa activates inflammatory
signaling in macrophages [10]. Hepatocyte-specific CD26 silence sup-
presses visceral adipose tissue inflammation [10], which suggests he-
patocyte-specific CD26 in obesity promotes pathological adipose in-
flammation. DPP-4 inhibitor prevents the growth of intracranial
aneurysms by inhibiting macrophage infiltration and activation [11].
Sitagliptin reduces the serum soluble CD163 (a marker for activated
macrophage) in patients with type 2 diabetes [12]. Sitagliptin has the
effect to decrease inflammation by regulating macrophage M1/M2
polarization in ob/ob mice [13]. DPP-4 inhibitor attenuates obesity-
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related inflammation by regulating M1/M2 macrophage polarization
[14]. CD26 is found to express on the surface of a restricted dendritic
cells (DC) subpopulation [15]. The CD26 expression enhances during
monocyte differentiation to DC [16]. Knockdown of CD26 in human
DCs significantly attenuated the ability to activate T cells [16], which
suggests the potential role for dendritic-expressing CD26 in adipose
inflammation. CD26 is also a well-known activation marker of natural
kill (NK) cells. The proportion of CD4 + NKT lymphocytes is sig-
nificantly decreased in CD26°/" mice [17]. CD26 expresses on the sur-
face of different kinds of immune cells and involves in their function,
which suggests its role in autoimmune diseases.

2. CD26 in rheumatoid arthritis

CD26 plays a crucial role in T cell immunity, however the exact role
of CD26 in RA has not been defined. Plasma CD26 is significantly de-
creased in patients with RA, compared with controls, and CD26 cor-
relates negatively with inflammatory markers [18]. Serum CD26 is
significantly decreased [19,20] and correlated inversely with disease
activity in patients with RA [21], which suggests that CD26 not only
initiates but also participates in the maintenance of RA.

In RA, CD26 activity is considered to be a contributing factor. CD26
activity in both serum and synovial fluid is significantly decreased in
patients with RA, compared with osteoarthritis [22]. In another study,
it shows that serum CD26 activity is decreased in patients with RA,
although its levels are not elevated compared with normal control [23].
Masatoshi Kamori et al. found that CD26 activity of synovial membrane
decreases in patients with RA compared with osteoarthritis [24], which
suggests this peptide may play some role in immunological disorders in
patients with RA. Nathalie Busso et al. found that plasma CD26 activity
decreases in murine antigen-induced arthritis, which probably influents
the regulation of stromal cell-derived factor-1(SDF-1)/SDF-1 receptor
(CXCR4) axis [25]. Rats resistant to collagen-induced arthritis are
characterized by increased CD26 activity in plasma, on the other hand,
decreased CD26 activity in membrane-bound fractions of PBMCs prone
to develop arthritis [26]. Regulation of CD26 activity is considered to
affect signal transduction, chemokines, proliferation and recruitment of
immune cells [27], which suggests that decreased CD26 activity might
involve in the pathogenesis of RA [26].

Decreased plasma CD26 concentrations and activity are observed in
patients with active RA compared to osteoarthritis, however, CD26
expression and activity in blood mononuclear cells show no significant
difference between the RA and OA patients [28]. Compared with
healthy controls, patients with RA show significantly increased per-
centage of CD3 + CD26 + cells [29]. CD26 expression on PB T cells is
increased in patients with active RA, but not inactive RA [30]. Patients
with active RA show higher percentages of peripheral blood
CD26 + CD4 + T cells, compared with inactive RA and control subjects
[31]. The percentage of CD4 + CD45R0 + CD26-cells is significantly
decreased in patients with RA, accompanied with decreased serum
CD26 activity [32].

Many studies show decreased levels of circulating DPP-4 in RA,
however, the expression of CD26 on the surface of PBMC or T cells is
increased. One of reasonable hypothesis is that the process of shedding
CD26 from the cell surface is blocked in inflammatory response [33].
RA is considered a chronic autoimmune disease which is initiated by an
antigenic peptide derived from an autoantigen or exogenous antigen.
The arthritogenic peptide is presented by RA-associated MHC II mole-
cule, which leads to the expansion of pathogenic CD4 + T cells. Col-
lagen (especially type II collagen) is considered the most important
candidate autoantigen for RA [34]. CD26 is a binding receptor for
collagen [35]. From collagen recognized and binding to regulation of
extracellular adenosine deaminase [36], CD26 probably plays sub-
stantial effect in the progress of RA. Except for collagen, CD26 also can
bind with fibronectin [37]. Considering the effect of fibronectin in the
pathogenesis of RA [38], CD26 probably involves in the pathogenesis of
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RA via bypass way. All the studies above points to CD26 might involve
in the pathogenesis of RA and play an important role. However, the
detailed mechanism is still unknown, which deserved further study.
Owing to the probable role of CD26 in RA, it implies CD26 to be a
potential target to understand the pathogenesis of RA and novel treat-
ment [26]. Anti-CD26 Igs levels are significantly increased in patients
with RA compared to healthy donors [39]. High sensitivity and speci-
ficity of serum anti-CD26 levels was observed as diagnostic indicator in
patients with RA, which suggests that it may involve in the pathogen-
esis and be a useful biomarker for early diagnosis of RA [39]. Injection
of recombinant human CD26 reduces inflammation and attenuates the
severity of arthritis in mice with collagen-induced arthritis [40]. RA
patients have increased anti-CD26 levels compared with controls,
which suggests its participation in pathogenesis and the potential as
markers for diagnosis and target for treatment [39]. Some cases re-
ported that DPP-4 inhibitor induced arthritis. The possible mechanism
probably includes immunological effects, such as role of cytokines,
chemokines and inflammatory cells, and genetic mechanism [41].

3. CD26 in type 1 diabetes

Increased serum CD26 activity is observed in type 1 diabetes (T1D)
children [42]. Patients with latent autoimmune diabetes express higher
CD26 levels compared to type 1 and type 2 diabetes, meanwhile, there
is no difference of CD26 activity between type 2 diabetes and healthy
controls [43]. CD26 activity elevates in patients with T1D compared
with control subjects [44], which is correlated with diabetic duration
[45]. Increased CD26 activity in type 1 diabetes is probably related to
autoimmune process and a possible hormonal feedback mechanism
[44]. Like RA [46], the correlation between CD26 expression and type 1
diabetes probably owes to the CD26 mediated T cell costimulation in
autoimmune process. Serum CD26 activity increases and CD26 ex-
pression on lymphocyte decreases in patients with T1D, which indicates
the potential effect of DPP-4 inhibitor in patients with T1D [44]. Serum
CD26 activity is inversely correlated with plasma glucagon-like peptide
(GLP)'7-3¢ Jevels in patients with T1D [47].

The potential role of CD26 in type 1 diabetes is mainly actualized by
the observation of DPP-4 inhibitor treatment in experimental animal
studies. Vildagliptin, a DPP-4 inhibitor, ameliorates oxidative stress and
preserves islet beta-cell function in type 1 diabetic rats [48]. In alloxan-
induced diabetes rat model, vildagliptin treatment induced f cell neo-
genesis and increased insulin secretion in a later phase of T1D [49],
which suggests that DPP-4 inhibitor is capable of improving B cell
function even in deterioration phase of disease. However, the detailed
mechanism of B cell neogenesis is still unknown. In the non-obese
diabetic mouse (a classical mouse model, which spontaneously de-
velops T1D), DPP-4 inhibitor reduces the incidence of T1D and at-
tenuates the insulitis, furthermore, it increases CD26 expression on
CD8+ effector memory T lymphocytes from spleen and pancreatic
lymph nodes in NOD mice [50]. MK626, a DPP-4 inhibitor, modifies
expression of immune-related genes in the thymus of NOD mice [51].
NVP-DPP728, a DPP-4 inhibitor, reverses new on-set diabetes by at-
tenuating insulitis, increasing CD4 + CD25 + FOXP3 + Treg cells and
stimulating islet beta-cell replication in NOD mice [52]. The D41-IP, a
DPP-4-based epitope vaccine prevents T1D probably by inhibition of T
cell proliferation and reduction of insulitis in streptozotocin-induced
diabetes mice [53]. Immunization with a DPP-4 based multi-epitope
vaccine induces the streptozotocin treated mice to produce specific
anti-CD26 antibody, induces splenic T cell proliferation and decreases
diabetic and insulitis incidence [53]. DPP-4 inhibitor exerts anti-in-
flammation effect via inhibiting macrophages infiltration and down-
regulating inflammatory molecules in a rat model of T1D [54].

Recently few clinical studies pay attention to the effect of DPP-4
inhibitors on T1D. Sitagliptin (a DPP-4 inhibitor) treatment preserves 3
cell function in patients with autoimmune diabetes, which is probably
due to the immune regulatory effect of DPP-4 inhibitor [55]. DPP-4
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inhibitor has been demonstrated to preserve {3 cell function in patients
with latent autoimmune diabetes, possibly owing to its immune mod-
ulatory effect [56].

These studies indicate that CD26 involves in the pathogenesis of
T1D, and DPP-4 inhibitor may be a potential drug to protect B cell
function by immunoregulation.

4. CD26 in systemic lupus erythematosus

In the New Zealand Black mouse, an animal model of SLE. CD26
activity in plasma and spleen is decreased, compared with the control
mice [19]. Likewise, decreased serum CD26 activity was observed in
patients with SLE compared with controls, which indicates the potential
effect of CD26 in the pathogenesis of SLE [19,57]. PTY Wong et al.
found that there is no significant difference of plasma soluble CD26
between SLE patients with control subjects, however, decreased cell
surface expression of CD26 on iNKT cells in SLE patients was observed,
compared with controls [58]. In this study, no difference of plasma
soluble CD26 between SLE and control is probably due to the narrow
distribution of disease activity and small number of active patients.
However, in another study, Valizadeh M et al. found that CD26 gene
expression of peripheral blood cells increases significantly in SLE pa-
tient compared with the healthy controls, which is not related to the
disease activity [59]. In this study, the CD26 mRNA was tested using
peripheral blood cells, however, other studies tested the plasma levels
and activity of CD26, which probably explained the difference of CD26
expression. Until now, the studies of CD26 in SLE are limited in the
expression of CD26 in patients with SLE. There is no relatively me-
chanism study in vivo or in vitro. It is still unclear that the effect of
CD26 in the pathogenesis of SLE, which deserved further study.

5. CD26 in multiple sclerosis

Multiple sclerosis (MS) is a T-cell mediated autoimmune disease,
determined by genetic and environmental factors. Plasma DPP-4 con-
centration and activity is significantly decreased in MS patients com-
pared with healthy control, inversely, the frequency of CD8 + CD26"T
cells is increased in MS patients [60].

CD26 plays a pivotal role in autoreactive T cell activation. Gene
deletion of CD26 downregulates Thl immune responses in CD26°/" mice
[61]. Thl and Th17 lymphocytes involvement in the pathogenesis of
MS has been certified by numerous sources. Inhibition of CD26 and
CD13(APN) increases TGF-1 production and modulates T cell function
and autoimmunity in central nervous system, which suggests its po-
tential therapeutic effect in MS [62]. PETIR-001, a dual inhibitor of
DPP-4 and aminopeptide N, has the effect to delay and ameliorate EAE
in SJL/J mice, which suggests its therapeutic effect on CNS inflamma-
tion [63]. DPP-4 inhibitor decreases the clinical symptoms of adoptive
transfer EAE and increases the concentration of TGF-31 in plasma and
spinal cord tissue [64]. DPP-4 inhibitor increases TGF-p secretion and
suppresses TNF-a secretion and autoreactive T cell proliferation in
autoimmune encephalomyelitis [64]. Many studies showed the pro-
tective effect of DPP-4 inhibitor in MS models, possibly due to increase
TGF-p secretion. However, the detailed effect of CD26 in the patho-
genesis of MS is still unclear, which deserves further study.

6. CD26 in inflammatory bowel disease

The patients with Crohn's disease (CD) and ulcerative colitis have
significantly lower serum DPP-4 activity compared to healthy control,
which correlates inversely with disease severity [65]. Serum CD26 le-
vels decreases in patients with CD, compared with controls, besides,
CD26 levels are relevant to the severity of CD [66]. It indicates DPP-4 to
be a potential target for the treatment of IBD [67].

The effect of CD26 in inflammatory events of IBD is still unknown.
Lara Baticic et al. found that CD26 deficiency affects the immune
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response during the process of colitis development in CD267/ mice
[68]. Increased percentage of splenic CD8 + T cells is observed in the
acute phase of dextran sulfate sodium-induced colitis, accompanied
with increased expression of NF-kB p65 subunit in the colon in CD26-
deficient mice [69], which suggests CD26 deficiency involves in im-
munophenotypic changes during the development of colitis. Compared
with healthy mice, colonic CD26 activity is decreased in dextran sulfate
sodium-induced colitis in C57BL/6 mice [70]. CD26 deficiency sig-
nificantly increases infiltration of macrophages in the colonic mucosa in
dextran sulfate sodium —induced CD26-/- mice [71].

DPP-4 inhibitor treatment alleviates disease activity, decreases
histological score and increases the Ki67-positive rate and insulin-like
growth factor-1 gene expression in experimental murine colitis [71].
DPP-4 inhibitors alleviate neutrophil infiltration and maintain reg-
ulatory T-cells population in dextran sulfate sodium colitis, which
proposes its potential therapeutic effect in IBD [72].

7. CD26 in other autoimmune diseases

In a population-based study, the rate of Hashimoto's thyroiditis is
significantly higher in patients received DPP-4 inhibitors treatment
than diabetic control subjects [73]. Compared with healthy people, the
HT patients have lower plasma sCD26 concentration, accompanied with
lower CD26 expression on the surface of CD8 + T cells [74]. Admin-
istration of the DPP-4 inhibitor remarkably suppresses cardiac fibrosis
and reduces inflammatory cytokine gene expression in experiment au-
toimmune myocarditis mice [75]. Thus the agents present in DPP-4
inhibitors may be useful to treat and/or prevent clinical myocarditis.

Selective decrease of CD26 expression was found in patient with
HIV-1 infection [76]. CD26 is considered as a key adhesion molecule for
HIV peptide binding [77], which suggests the key role of CD26 in the
pathogenesis of AIDS. CD26 is also considered to be involved in tumor
immunity, acute graft-versus-host disease and other immune-mediated
disorders.

8. Conclusion

CD26 exists on the surface of many immune cells and involves in
their functions, such as T cells, B cells, macrophages and dendritic cells
(Table 1). Except its enzyme activity, CD26 involves in the pathogenesis
of many autoimmune diseases. Serum CD26 is significantly decreased in
RA, SLE, MS and IBD, however, increased serum CD26 expression and
activity is observed in T1D, likewise, CD26 expresses differently in
immune cells in autoimmune diseases, which suggests CD26 acts in
different ways in different autoimmune diseases (Table 1).

The effect of DPP-4 inhibitors in autoimmune diseases has two sides,
on one side, they have the effect to block T cell proliferation and inhibit
cytokine production; on the other side, they were found to trigger in-
flammatory arthritis, inflammatory bowel disease (Table 1) and bullous
pemphigoid.

As a multiple function protein, CD26 plays an important role in
immune response and autoimmunity. Natural substrates of CD26 are
involved in the process of immunomodulation. Targeting CD26 prob-
ably has many therapeutic potentials. Thus, we need to pay attention to
the complex role of CD26, known as “moonlight protein”, in auto-
immune diseases, which deserves our further research.
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Table 1

CD26 expression and effect on different cell types in different autoimmune diseases.
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CD26 expression

Immune cells

Serum DPP-4 level and
activity

The effect of DPP-4 inhibitor/anti-CD26

Rheumatoid arthritis

Type 1 diabetes

Systemic lupus erythematosus

Multiple sclerosis

Inflammatory bowel diseases

CD3 + T:

CD3 + CD26 + T increasing [29]
CD4 + T: CD4 + CD45R0 + CD26-T
decreased [32]

CD4 + CD26 + T increasing [31]
CD26 on lymphocytes

decreased [44]

CD26 expression on PB increasing [59]
CD26 expression on iNKT cell decreased
[58]

CD8 + CD26" 8" T cell increased
[60]

Serum DPP-4 level decrease
[18] [21]

DPP-4 activity decreased
[19]1[20]1[22] [23] [24]1[28]

DPP-4 level activity increases
[42] [45,44]

Serum sCD26 levels were
decreased [81]

DPP-4 activity decreased
[19] [81] [57]

DPP-4 level and activity
decreased [60]

CD26 activity decreases [70]
[65]

CD26 level decreased [66]
Tissue and plasma DPP-4 was
decreased [67]

Anti-CD26 increased [39]
DPP-4 inhibitor induces arthritis [41]

DPP-4 inhibitor alleviates T1D [48] [50] [56]

DPP-4 inhibitor increases CD26 expression on CD8 + T [50]
DPP-4 inhibitor increases CD4 + CD25 + Foxp3 + Tregs [52]
Vildagliptin increases B-cell neogenesis in a rat model of T1D [49]
Sitagliptin treatment decreases insulin doses and alleviates
diseases in a patient with T1D [78]

Combined DPP-4 inhibitor with anti-CD3 antibody alleviates T1D
in NOD mice [79]

DPP-4 inhibitor increases islet neogenesis and f-cell survival in a
type 1 diabetic rat model [80]

Gene deletion of CD26 downregulates Th1l immunity [61]
DPP-4 inhibitor alleviates EAE [63] [64]

CD26 deficiency increases CD8 + T cells [69]

CD26 deficiency increases macrophage infiltration [70]
DPP-4 inhibitor alleviates disease activity
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