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Abstract. - INTRODUCTION: Mononeuritis
multiplex (MM) is an unusual form of peripher-
al neuropathy involving at least two noncontig-
uous peripheral nerve trunks. The pure sensory
form of MM occurs rarely. Inmunoglobulin (1g)G
subclass deficiency is a clinically and genetical-
ly heterogeneous disorder. Up to 50% of adults
with selective subnormal IgG1 levels or selec-
tive IgG1 deficiency have a concomitant auto-
immune disorder. Herein, we report the case of
a patient with MM and selective IgG1 deficiency
who showed remarkable clinical improvement
after 2-year combination therapy with the DPP-
4 inhibitor sitagliptin plus vitamin D3.

CASE REPORT: A 49-year-old man devel-
oped numbness in right hand and forearm. Af-
ter 6 months, the patient developed left fore-
foot numbness. Approximately 8 years later,
the patient started to develop numbness also
in the right forefoot, along with symptoms of
evening fatigue and occasional orthostatic hy-
potension. The patient also reported recurrent
candidiasis in glans and intergluteal areas since
adolescence. Electromyoneurography of lower
and upper limbs revealed the presence of mul-
tiple mononeuropathies. Protein electrophore-
sis showed hypogammaglobulinemia and low
serum IgG1 levels. Sural nerve biopsy showed
the presence of perineuritis. The patient was
diagnosed with MM due to perineuritis probably
secondary to IgG1 deficiency. We, then, pro-
posed combination therapy with sitagliptin and
vitamin D3 in the attempt to achieve immuno-
modulation. At the last follow-up visit (2 years),
the patient showed persistent clinical improve-
ment, increase in IgG1 levels and normalization
of protein electrophoresis.

CONCLUSIONS: To the best of our knowledge,
this is the first case showing a remarkable clin-
ical improvement of MM and selective IgG1 de-
ficiency achieved through a combination thera-
py with sitagliptin and vitamin D3.
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Introduction

Mononeuritis multiplex (MM), also known as
mononeuropathy multiplex, is an unusual form of
peripheral neuropathy, which consists of a pain-
ful, asymmetrical, asynchronous sensory and
motor neuropathy afflicting at least two non con-
tiguous peripheral nerve trunks'. The disease can
affect multiple peripheral nerves in random areas
of the body. Although MM is necessarily a sen-
sory neuropathy?, the pure sensory form of MM
occurs rarely.

The electrophysiological diagnosis of MM
requires a side-to-side asymmetry (greater than
50%) in the amplitudes of motor and somatosen-
sory evoked potentials of two or more peripheral
nerves. The nerve conduction velocity must be at
least 75% lower than the normal values or no more
than 25% above the upper limit of the normal
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range*®. MM is typically associated with various
underlying systemic disorders, including vascu-
litis (either systemic or isolated to the nerves),
diabetes mellitus, amyloidosis, inflammatory
rheumatic diseases (e.g., rheumatoid arthritis,
systemic lupus erythematosus), infectious diseas-
es, malignancies, paraneoplastic syndromes’'’.
In some instances, perineuritis can present with
clinical patterns of MM'""2, In cutaneous nerve
and sural nerve biopsies, the perineuritis appears
as a marked thickening of the perineurium sur-
rounded by a mononuclear cell infiltrate and asso-
ciated with axonal degeneration and/or prominent
axon loss, which is particularly evident at the lev-
el of large and small myelinated fibers".

Other causes of neuropathy must be exclud-
ed to establish the diagnosis of MM, such as in-
fection caused by acid-fast bacilli or interstitial
immunoglobulin (Ig), complement, albumin or
amyloid deposition'*". Bourque et al'® observed
the presence of focal immunoglobulin G (IgG)
and IgM deposits in the perineurium of the sural
nerve from a patient with sensorimotor perineuri-
tis, thus suggesting an autoimmune origin of the
disease.

Antibody deficiency disorders may be idio-
pathic or may occur due to several causes, such as
T-lymphocyte inability to signal B-lymphocytes
or genetic defects in B-cell development resulting
in immature B cells that are unable to prolifer-
ate into mature Ig-producing B cells. Deficiency
of one of the IgG subclasses is a clinically and
genetically heterogeneous disorder characterized
by frequent or severe bacterial infections of the
upper and lower respiratory tract'®2!, Up to 50%
of adults with selective subnormal IgGl levels
or selective IgG1 deficiency may have concomi-
tant autoimmune diseases®>?. IgGl deficiency is
usually associated with hypogammaglobulinemia
because IgG1 antibodies constitue about 70% of
the total serum IgG pool. Therefore, most of the
patients with IgGl deficiency will be classified as
patients affected by common variable immuno-
deficiency (CVID) if IgA levels or IgM levels (or
both) are also reduced. IgGl1 deficiency is consid-
erably more frequent in adults than children®.

Dipeptidyl peptidase 4 (DPP-4) inhibitors
(which are used as oral hypoglycemic agents for
the treatment of type 2 diabetes) and vitamin D3
(cholecalciferol) have both been shown to exert
anti-inflammatory and immunomodulatory ef-
fects in vitro*>2¢, as well as in different autoim-
mune diseases like type 1 diabetes mellitus, auto-
immune encephalomyelitis and multiple sclerosis
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in vivo and in clinical settings?”?°. Our group has
recently published a review article on the possible
synergistic immunomodulatory effects exerted by
a combination therapy based on DPP-4 inhibitors
plus vitamin D3, which may have a remarkable
therapeutic potential in autoimmune diabetes®’.
DPP-4, also known as CD26, is a serine exopep-
tidase expressed as a cell surface antigen (DPP-4/
CD26) on several immune cells including T and
B-lymphocytes, macrophages, and natural killer
cells and appears to have an important role in the
activation and differentiation of these cells®'.

Herein, we report the case of a patient with
MM and selective IgGl deficiency who expe-
rienced remarkable clinical improvement after
2-year combination therapy with the DPP-4 in-
hibitor sitagliptin plus vitamin D3.

Case Report

A 49-year-old man developed numbness in right
hand and forearm in May 2008. The numbness
was more pronounced in thumb, second finger, and
third finger. After 6 months, he also developed left
forefoot numbness, which was more pronounced in
the toes. The patient did not report pain or muscle
weakness. Physical examination and laboratory
tests excluded the presence of diabetes, viral infec-
tions or autoimmune and rheumatic diseases. The
patient had previously undergone electromyogra-
phy, but the results were not available in this time.
The symptoms remained stable until July 2016,
when the man started to develop numbness even
in the right forefoot. During the same period, the
patient also experienced evening fatigue and occa-
sional orthostatic hypotension. He also complained
of sporadic electric-shock-like pain episodes in
the same areas affected by numbness, which last-
ed only a few seconds. Moreover, he reported that
numbness, fatigue, and symptoms of orthostat-
ic hypotension worsened substantially when he
consumed alcoholic beverages. Additionally, he
reported recurrent candidiasis in glans and inter-
gluteal areas since adolescence. However, he did
not report recurrent respiratory infections, erectile
dysfunction or fecal incontinence. There was no
family history of autoimmune diseases. His parents
are first cousins and both are affected by hyperten-
sion. His father was diagnosed with type 2 diabe-
tes mellitus 40 years ago and has been affected by
diabetic peripheral and autonomic neuropathy for
the past 20 years. The patient has one brother, one
sister, and two children, who are healthy.
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Physical examination revealed: body weight 96
kg, height 181 cm (body mass index 29.3 kg/m?),
blood pressure 110/70 mmHg, heart rate 96 bpm.
Orthostatic hypotension was not observed during
the physical examination. Neurological examina-
tion revealed the presence of hypoesthesia in the
aforementioned areas. Nerve hypertrophy was not
identified, and Tinel’s sign could not be elicited
from any nerve trunk percussion. Impairment of
postural or vibration sense was not observed at any
time. There were no signs of muscle atrophy or re-
duced muscle strength. Tendon reflexes were de-
creased and plantar reflex was normal bilaterally.

Electromyoneurography of lower and upper
limbs revealed the presence of multiple mononeu-
ropathies involving the sensory fibers of the right
radial, median, and ulnar nerves, along with the
sensory fibers of sural nerve and superficial fibu-
lar nerve bilaterally. Electrophysiological analysis
of the left radial, median, and ulnar nerves was
normal. No signs of impaired motor unit control
were observed. Magnetic resonance imaging of
the cervical and lumbar spine was normal. The
patient refused to undergo lumbar puncture.

Laboratory tests revealed persistent mild leuko-
penia and decreased CD3"and CD8" T-cell counts
(Table I). Percentage and absolute count of B-cells
were 3,1% and 43/mm? (reference range: 6.3-20.8%
and 110-618/mm?, respectively). Serum vitamin
B12 levels were 332 pg/mL (reference range: 211-
991 pg/mL), blood glucose was 91 mg/dL, glycated
hemoglobin (HbAlc) was 5.6% (37.7 mmol/mol),
and serum 25-hydroxyvitamin D [25-(OH) D lev-
els were 20.7 ng/mL (indicative of hypovitamin-

osis D; reference range: 30-100 ng/mL). Electro-
lyte levels and markers of renal, liver and thyroid
function were within the normal range. Serological
tests for HIV, HBV, HCV, syphilis and HTLV-I/I1
were negative. The erythrocyte sedimentation rate
(ESR) was 2 mm/h and C-reactive protein (CRP)
levels were 1.13 mg/L. Additional laboratory tests
excluded the presence of antinuclear antibodies
(ANA), rheumatoid factor, lupus anticoagulant,
anticardiolipin IgG antibodies, anti-Ro/SSA and
anti-La/SSB antibodies, anti-DNA, p-ANCA and
c-ANCA antibodies, anti-beta-2 glycoprotein anti-
bodies (IgG/IgM), antibodies to myelin-associated
glycoprotein (IgG/IgM). Immunofixation electro-
phoresis was normal. Serum complement compo-
nents C3 and C4, total complement activity (CH-
100), aldolase and creatine phosphokinase (CPK)
were within the normal range. Protein electropho-
resis showed hypogammaglobulinemia (0.65 g/dL.
[percentage: 10.7%]; reference range: 0.66-1.5 g/dL.
[percentage: 11.1-18.8%)]). IgG1 levels were below
the normal range (2660 mg/L; reference range:
4050-10.110 mg/L) (Figure 1), while total IgG
levels were at the lower limit of the normal range
(554 mg/dL; reference range: 540-1822 mg/dL)
and IgG2, IgG3, IgG4, IgA, IgM, and IgE values
were normal (Table I). Serum albumin levels were
normal and urinalysis did not show proteinuria
or macro- and microalbuminuria. Therefore, pro-
tein-losing nephropathy was unlikely. Additional
viral serologic testing showed the presence of IgG
antibodies to rubella virus, Toxoplasma gondii,
measles virus and Streptococcus pneumoniae se-
rotypes 14 and 18c.

Table I. Complete blood count and serum levels of immunoglobulins and 25-hydroxivitamin D before and 2 years following the
initiation of combination therapywith sitagliptin plus vitamin D3. Reference range is indicated in brackets.

Test Before treatment After 2-year treatment
IgG (540-1822 mg/dL) 554 784
IgA (63-484 mg/dL) 94 110
IgM (22-240 mg/dL) 52 78
1gG2 (1690-7860 mg/L) 2540 3050
IgG3 (110-850 mg/L) 226 337
1gG4 (30-2010 mg/L) 362 429
Leukocytes (3600-11,000 cells/mm3) 3300 4700
Lymphocytes (1000-4500 cells/mm3) 1089 1363
Neutrophils (1700-7800 cells/mm3) 1881 2820
Monocytes (100-1,000 cells/mm3) 231 329
CD3+ cells (849-1963 cells/uL) 551 627
CD4+ cells (410-1590 cells/uL) 429 488
CD8+ cells (190-1140 cells/uL) 92 120
25-hydroxyvitamin D (30-100 ng/mL) 20.7 70.6
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Figure 1. Serum levels of immunoglobulin (Ig)G1 and IgG2 subclasses before (time 1) and after (time 2 = 3 months, time 3 =
6 months, time 4 = 12 months, and time 5 = 24 months) the initation of combination therapy with sitagliptin plus vitamin D3.

The patient underwent: i) a skin biopsy, which
was normal and did not show the presence of ac-
id-fast bacilli, and ii) a biopsy of the left sural
nerve, which showed nerve fascicles with fibrous
thickening of the perineural tissue and reactive
capillary proliferation. A mild lymphocytic in-
filtrate was observed in the vascular adventitia.
Electron microscopy revealed the presence of a
moderate to severe loss of myelinated nerve fi-
bers, accompanied by irregularities in the myelin

sheath with occasional tapering and some degree
of axon regeneration. Nerve biopsy did not reveal
the presence of acid-fast bacilli or abnormal de-
posits (Figure 2).

On the basis of these findings, the patient was
diagnosed with MM due to perineuritis of auto-
immune etiology, which was probably secondary
to IgGl deficiency. MM due to perineuritis is
routinely treated with corticosteroids, while treat-
ment of IgG1 deficiency (if indicated) consists of

Figure 2. Sural nerve biopsy. A, Focal thickening
of the perineurium with neovascularization (hematox-
ylin and eosin staining, x20 magnification). B, Nerve
fascicle with moderate to severe loss of myelinated
nerve fibers (toluidine blue staining, semithin section,
x40 magnification).



Improvement of pure sensory mononeuritis multiplex and IgG1 deficiency

intravenous immunoglobulin infusion. Although
we proposed conventional treatment with cortico-
steroids, this was refused by the patient due to his
family history of type 2 diabetes. We, then, pro-
posed treatment with sitagliptin and vitamin D3
in the attempt to achieve immunomodulation. Af-
ter having given and signed informed consent, the
patient initiated a combination therapy with vita-
min D3 (at a dose of 7,000 IU/day) plus sitagliptin
at an initial dose of 300 mg/day for 1 month fol-
lowed by a maintenance dose of 200 mg/day. The
only self-limiting side effects reported by the pa-
tient were mild nausea and headache during the
first week of treatment.

After 3 months, the patient showed remarkable
clinical improvement. Fatigue and orthostatic hy-
potension disappeared, and the numbness mark-
edly improved. Also, numbness was no longer ex-
acerbated by consumption of alcoholic beverages.
At the time of the publication of this case report
(last follow-up visit: 2 years after treatment initi-
ation), the patient was still on sitagliptin 200 mg/
day plus vitamin D3 (5,000 IU/day), showing per-
sistent clinical improvement, no hypoglycemia,
stabilization of the electromyographic findings,
increase in IgGl levels (Figure 1), and normal-
ization of protein electrophoresis and white blood
cell count (Table I). Also, the patient did not re-
port the occurrence of episodes of candidiasis fol-
lowing the treatment initiation. Complete blood
count, markers of renal and liver function, as well
as serum levels of amylase, calcium, phosphorus
and parathyroid hormone (PTH) remained con-
sistently normal throughout the follow-up period.

Discussion

Herein, we reported the first case of a pure sen-
sory MM in a patient with selective IgGl1 deficiency
who responded positively to the immunomodula-
tory therapy with sitagliptin and vitamin D3. The
findings observed in this case report are promising,
considering the rare association between MM and
selective IgGl deficiency and the optimal clinical
and immunological response observed following the
initiation of the combination therapy. Furthermore,
sitagliptin plus vitamin D3 combination therapy
was well tolerated, even though we administered
sitagliptin at a dose that was two-three times greater
(200-300 mg/day) than the maximum recommend-
ed dose (100 mg/day) employed for the treatment
of type 2 diabetes. In this regard, it is worth noting
that previous studies’* investigated the safety and

efficacy of two different doses (100 mg and 200
mg/day) of once-daily oral sitagliptin adminsitered
as monotherapy in patients with inadequately con-
trolled type 2 diabetes. Although these studies did
not find significant differences between the low-dose
and the high-dose groups in terms of glucose-lower-
ing efficacy of sitagliptin, both treatments showed a
good short-term (up to 24 weeks) safety and toler-
ability profile*>*. In these studies®*, there was no
statistically significant difference between placebo
and sitagliptin (100 and 200 mg) groups in the inci-
dence of serious or drug-related clinical adverse ex-
periences, such as hypoglycaemia, abdominal pain,
diarrhoea, nausea, vomiting, nasopharyngitis, back
pain, osteoarthritis and pain in extremities. As it has
been shown in preclinical studies*, higher doses of
sitagliptin and/or other DPP-4 inhibitors may be re-
quired to achieve immunomodulatory effects even
in clinical settings.

Emerging evidence™?* suggests that both
DPP-4 inhibitors and vitamin D exert pleiotropic
effects beyond their well-known role in the regu-
lation of glucose and bone homeostasis, respec-
tively. Mahabadi-Ashtiyani et al*’ have recently
shown that the combined use of sitagliptin and
vitamin D3 in patients with type 2 diabetes sig-
nificantly reduces the levels of IL-6 and TNF-a
(produced by peripheral blood mononuclear cells)
compared to sitagliptin or vitamin D3 used alone.
The same combination therapy used in patients
with type 2 diabetes has been shown to exert syn-
ergic anti-inflammatory effects on immune sys-
tem through upregulation of FOXP3 and IL-37,
along with downregulation of RORyt and BCL6
and reduced IFN-y, IL-17 and IL-21 production®.

We have recently suggested that the immu-
nomodulatory effects of the combination thera-
py with sitagliptin plus vitamin D3 occur upon
adminsitration of higher doses than those tested
in previous clinical studies*®*. Additionally, our
group and other authors showed that immuno-
modulatory effects of DPP-4 inhibitors occur in
a dose-dependent manner, even in experimental
autoimmune encephalomyelitis***4*4 Higher
doses of sitagliptin have been shown to increase
plasma concentrations of glucagon-like peptide-1
(GLP-1) in humans*. Importantly, animal stud-
ies** have shown that GLP-1 is able to exert
neuroprotective effects in central and peripheral
nervous system. Also, a possible direct neuro-
protective activity of sitagliptin via reduction of
neuroinflammation (beyond the incretin effect)*
could partly account for the beneficial effects ob-
tained from its usein this case report. Interesting-
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ly, experimental studies**® showed that DPP-4
inhibitors can exert beneficial effects in diabetic
peripheral neuropathy, reducing nerve fiber loss
and counteracting the nerve conduction velocity
deficit. In particular, sitagliptin (alone or in com-
bination with metformin or amitriptyline) exert-
ed neural protection and reversed the alteration
of biochemical parameters in rats with strepto-
zotocin-nicotinamide induced type 2 diabetes®.
Recently, Shigematsu et al*® demonstrated the in
vitro and in vivo efficacy of the DPP-4 inhibitor
alogliptin in preventing oxaliplatin-induced pe-
ripheral neuropathy.

Additionally, neuropeptide Y (NPY) one of the
main substrates of DPP-4°!, has been shown to se-
lectively mobilize “Bl-like” B cells in a dose-de-
pendent manner, thus suggesting the existence of
a strict relationship between the effects of DPP-4
inhibition on nervous system and immune cells®".
However, the increase in IgGl levels observed in
our patient cannot be explained by the known ef-
fects of DPP-4 inhibitors on immune system?®>2,

Biihling et al® investigating the function-
al role of DPP-4 on human B lymphocytes have
demonstrated that, upon activation, up to 50% of
B-cells express CD26/DPP-4. Selective suppres-
sion of DPP-4 activity reduces B-cell activation
and synthesis of DNA in a dose-dependent man-
ner>. Also, it has been demonstrated> that DPP-
4/CD26 knockout mice (CD26[-/-] mice) show de-
creased immunoglobulin production. In addition,
Yan et al** showed that immunization with poke-
weed mitogen in vivo is associated with markedly
lower serum levels of total IgG, IgGl, IgG2a, and
IgE in CD26(-/-) mice compared to CD26(+/+) an-
imals, while no difference was found in IgM pro-
duction. These results indicate that CD26/DPP-4
contributes to the regulation of T cell-dependent
antibody production and immunoglobulin isotype
switching of B cells*. Another in vivo study con-
ducted in rats investigated the long-term conse-
quences of DPP-4 deficiency, showing that this
deficiency resulted in markedly decreased num-
bers of B cells in later life’>. Overall, these studies
indicate that DPP-4 is involved in B-lymphocyte
activation and modulation and are of critical im-
portance to better elucidate the effects of DPP-4
and DPP-4 inhibition on signaling pathways relat-
ed to B-lymphocyte development, activation and
maturation.

DPP-4 can also modulate immune respon-
siveness by influencing cell adhesion, cell-cell
communication, peptide transport, migration and
chemotaxis of immune cells*. In addition to its im-
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munomodulatory function, DPP-4 is a serine exo-
peptidase that binds to fibronectin and can inactivate
specific chemokines, incretin hormones and neuro-
peptides®*. Vitamin D has been shown to exert
anti-inflammatory and immunomodulatory effects
by acting on antigen-presenting cells, T-lympho-
cytes and B lymphocytes®**®7, As previously men-
tioned, the increase in IgGl levels observed in our
patient cannot be explained by the known mecha-
nisms of vitamin D3 on the immune system. In fact,
1,25(0OH)2D3 (also referred to as calcitriol, which is
the active form of vitamin D) inhibits differentiation
of B cells to plasma cells and immunoglobulin pro-
duction®, which is the opposite effect compared to
that observed in our case.

A possible explanation for theses results relies
on the fact that combination therapy with sitagliptin
and vitamin D3 may regulate T-cell function and
cytokine abnormalities, and enhance the interaction
between CD4" T cells and B cells, thus leading to
more efficient B-cell activation and antibody pro-
duction. DPP-4 inhibition with sitagliptin in combi-
nation with vitamin D3 increased the serum levels of
immunoglobulins and restored the class switching
to IgGl, probably by partly reversing a likely defect
in lymphocyte migration to the proper microenvi-
ronment, where B cells proliferate and differentiate
into immunoglobulin-producing cells. Finally, this
study indicates that the pharmacological inhibition
of DPP-4 activity in combination with vitamin D3
supplementation may indirectly modulate stress-in-
duced B-cell redistribution®® and composition of B
cell reservoirs, resulting in improved maturation
and activation of immunoglobulin-producing cells
and immunoglobulin production.

Moreover, our patient did not report episodes
of candidiasis following the initiation of combina-
tion therapy with sitagliptin and vitamin D3, fur-
ther suggesting beneficial effects of this therapy
on immune function. Genitourinary tract infec-
tions represent the most common adverse event
related to the use of sodium-glucose cotransport-
er-2 (SGLT2) inhibitors, which are a new class of
anti-hyperglycemic agents. Of note, combination
therapy with DDP-4 inhibitors has been shown to
reduce the risk of genitourinary tract infections
associated with SGLT2 inhibitors®®. Therefore,
DPP-4 ihibitors may play a beneficial role in the
prevention of genitourinary fungal infections.

Although we did not perform specific tests
to assess cell-mediated immunity in our patient,
CD8" T cell count remained below the normal
range and normalization of total white blood cell
count also occurred. In adults, selective deficien-



Improvement of pure sensory mononeuritis multiplex and IgG1 deficiency

cy of IgGl is characterized by low serum levels of
IgGl, hypogammaglobulinemia and normal levels
of other IgG subclasses, IgA, and IgM; this disease
can cause recurrent candidiasis of the skin, mouth,
glans, and vulvovaginal area’. Our patient met di-
agnostic criteria for selective IgGl deficiency. Of
note, Lacombe et al*> documented that only 16,8%
of a cohort of 119 patients with selective IgGl de-
ficiency did not report infections; 2.5% of patients
reported candidiasis, and 19 patients (15.9%) dis-
played concomitant autoimmune diseases. These
results further confirm our patient diagnosis. The
parallel increase in serum levels of IgG1 and IgG2
observed in our patient (Figure 1) strengthens the
hypothesis that sitagliptin and vitamin D3 combi-
nation therapy may have played a role in improving
immunoglobulin production and isotype switch-
ing. Despite the low B-cell count observed in our
patient, detectable levels of IgG antibodies against
rubella virus, Toxoplasma gondii, measles virus
and Streptococcus pneumoniae serotypes 14 and
18c suggest normal B-cell function and potentially
account for the absence of respiratory infections.

Conclusions

To the best of our knowledge, this is the first
case showing the safety and efficacy of sitagliptin
and vitamin D3 combination therapy in MM as-
sociated with selective IgGl deficiency. Of note,
2-year combination therapy with sitagliptin and
vitamin D3 markedly improved symptoms re-
lated to perineuritis and increased serum levels
of IgGl. This therapy was safe and well tolerat-
ed, even if the administered sitagliptin dose was
greater than that commonly used to treat type
2 diabetes. Importantly, safety of the same sita-
gliptin dose has been previously shown** also
in patients with type 2 diabetes. Future clinical
studies are therefore needed to further investigate
the safety and efficacy of the combination therapy
with sitagliptin and vitamin D3 in MM, autoim-
mune diseases and immunodeficiency disorders.
Further mechanistic investigation to better eluci-
date the exact mechanisms of action of sitagliptin
and vitamin D3 combination therapy in immune
system is also warranted.
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