INTERNATIONAL JOURNAL OF PHARMACEUTICAL RESEARCH AND BIOMEDICAL ANALYSIS | ISSN: 2278 –2664
| JUL-SEPT 2014| VOLUME 3 | ISSUE 3| 01-10
Available Online Through: www.ijprba.com

Research Article
1, 25(OH2)D3 INDUCE CATHELICIDIN BUT REDUCED ESCHERICHIA COLI KILLING IN
NEUTROPHILS OF SYSTEMIC LUPUS ERYTHEMATOSUS PATIENT
Elvira Sari Dewi*1, Sumarno Reto Prawiro2, Kusworini Handono3
1Biomedical

Sciences Master Program, Faculty of Medicine Brawijaya University, Malang,
Indonesia
2Departement of Microbiology, Faculty of Medicine Brawijaya University, Malang,
Indonesia
3Departement of Clinical Pathology, Faculty of Medicine Brawijaya University, Malang,
Indonesia
*Corresponding author E-mail: vira_008@yahoo.co.id

ABSTRACT
1,25 (OH)2D3 as an active form of vitamin D3 can induce the human antimicrobial peptide cathelicidin in
the keratinocytes, respiratory epithelium, monocytes, and bladder. The main objective of this study was
to examine the effect of 1,25 (OH)2D3 in increasing Escherichia coli (E. coli) killing via cathelicidin
induction in neutrophils of systemic lupus erythematosus (SLE) patient. We used six groups of
neutrophil culture of hypovitamin D SLE patient that treated with 1,25(OH) 2D3 dose 0, 10-10M, 10-9M, 108M, 10-7M, and 10-6M, respectively, then induced with phorbol 12-myristate 13-acetate (PMA) to form
neutrophil extracellular traps (NETs) as the last defense of neutrophil toward bacteria. Intracellular
flow cytometry showed that 1, 25 (OH)2 D3 increasing cathelicidin expression, although statistically was
not significant. And after infected with E. coli, the colony forming unit (CFU) counting was showed
significant reducing of E. coli killing at the dose of 10-9M, 10-7M, and 10-6M (p<0.05). This reduced killing
was linked with interaction of cathelicidin and DNA inside NETs (r=-0.541, p<0.05) so we can conclude
that 1, 25 (OH)2D3 induced cathelicidin quantitatively but reduced cathelicidin qualitatively in
neutrophils of SLE patient. This result may reveal the possibility of side effect of administering
1,25(OH)2D3 in SLE patient.
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INTRODUCTION

highest cause of death in patients with SLE

Systemic lupus erythematosus (SLE) is a

[4]. About 80% of SLE infection caused by

chronic systemic autoimmune disease that is

bacteria with the highest incidence was by

more

Immune

Escherichia coli (E. coli) [2, 5, 6]. E. coli is a

dysregulation and therapeutic factors in SLE

gram negative bacteria that lives profitable in

can cause immunocompromised conditions so

the human gut, but sometimes can be

SLE patients are more susceptible to infection

pathogenic and lethal [7]. The level of

[2, 3]. Infection can induce flare and it is the

antibiotic

often

encountered

[1].

resistance

to

E.

coli

in
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community is rapidly increasing, especially

immunosuppressive agent of lymphocytes,

with

third-

decrease proinflammatory cytokines, inhibits

generation of cephalosporins, and fourth-

the production of immunoglobulin on B cells,

generation of cephalosporins [8].

retain dendritic cells in immature condition,

Neutrophil are sometimes called "soldier of

improve tolerogenesis, suppress excessive

the body" because it is the first cell that is

neutrophil

deployed

forming by neutrophil [10, 15, 18-22]. In

regard

to

to

fluoroquinolones,

the

site of

infection

[9].

response,

phagocytosis and extracellularly by form

administration of vitamin D in humans can

neutrophil extracellular traps (NETS) [10].

induce

The neutrophil function of SLE patients was

keratinocytes,

disrupted because the phagocytosis function

monocytes, and bladder as a broad-spectrum

related to cathelicidin was decrease and the

antimicrobial

number of NETs was increase excessively so

expression in mice can mediate neutrophil

killing bacteria become inefficient [2, 4, 11,

defense against Staphylococcus aureus by

12].

increasing intracellular antimicrobial activity

To date, there are over a hundred studies on

of the oxygen-independent pathway [24].

SLE and vitamin D [13]. The serum levels of

There has been no previous study that

vitamin D {1,25(OH)2D3} of SLE patients in

describes the effects of vitamin D on

Indonesia

when

neutrophil of patients with SLE, especially

compared with healthy controls [1]. Although

those associated with bacterial killing effect

Indonesia is located on the equator that

via induction of cathelicidin. So in this study

exposed to the sun throughout the year, SLE

we want to examine the effect of 1,25(OH)2D3

patients should not be exposed to sunlight and

in increasing E. coli killing via cathelicidin

thus indirectly the synthesis of vitamin D in

induction in neutrophils of SLE patient.

lower

cathelisidin

noted

NETs

another

significantly

also

reduce

Neutrophil kill bacteria intracellularly by

are

study

and

expression

respiratory
peptides

that

[23].

the

on

epithelium,
Cathelicidin

the body is reduced. Low levels of vitamin D in
the

SLE

patients

associated

with

MATERIALS AND METHODS

increased disease activity [14-17].
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Neutrophils isolation

Neutrophils treatment

Neutrophils was isolated from peripheral

Isolated

venous blood of female hypovitamin D

haemocytometer and @5x105 cells/ml was

{25(OH)2D3 serum level < 30 ng/ml} SLE

seeded in 24-well plate that contain @500 ul

patient in active disease state (SLEDAI score >

culture medium. We divided our 24 wells into

3). 7 ml fresh blood was drawn from median

six

cubital vein and directly put into vacutainer

1,25(OH)2D3: M1 (0), M2 (10-10M), M3 (10-9M),

tubes containing EDTA anticoagulant, then

M4 (10-8M), M5 (10-7M), and M6 (10-6M). The

brought to room temperature. We made a

confluence of culture tested under an inverted

layer of 3.5 ml blood in the top of 3.5 ml

microscope then incubated in 5% CO2

polymorphprep within 15 ml centrifuge tube,

incubator at 37ᵒC overnight (18-24 h).

then centrifuge of 1400 rpm for 33 minutes.

NETs induction

After that, the plasma and mononuclear ring

To make this in vitro condition like in vivo, we

at

and

put 20 nM phorbol 12-myristate 13-acetate

polymorphonuclear (PMN) ring at the bottom

(PMA) into each well to stimulate NETs

were harvested. PMN put in a new 15 ml

forming after incubation overnight then

centrifuge tube and washed twice with 5 ml of

incubated again for 2 h.

PBS. Then centrifuge 1200 rpm for 10 minutes

Intracellular flow cytometry of cathelicidin

and resuspension with culture medium (RPMI

After 2 h incubation, 4x105 cell of neutrophil

1640 + FBS 10%). The purity of neutrophils

was harvested and put into eppendorf. Into

was tested by flow cytometry and detected in

each eppendorf we added 0.5 ul LL-37

CD14lo and CD10.

primary antibody (sc-166770 Santa Cruz) and

Actually we isolated neutrophils from 4

0.5 ul scundair flow antimouse FITC antibody

female SLE patients with hypovitamin D in

(KPL, 02-18-06) then measured with flow

active disease state, but we failed to get their

cytometer and detected in LL-37.

PMN ring, so in this study we only use the

Escherichia coli infection

neutrophils isolation from 1 patient and

On the first day of the study, E. coli strain

divided it into 4 replication. This patient

O157 was grown in Luria-Bertani broth

characteristics are 25(OH)2D3 serum level =

overnight. The next day, an aliquots of

15.5 ng/ml, SLEDAI score = 17, age = 20 years

microorganisms cultured dissolved in Luria-

old, duration of illness = 4 years, current

Bertani broth, grown for 2-3 hours, and

medication = methylprednisolone, calcium,

measured with spectrophotometry λ = 625

folic acid, and chloroquine.

nm to determine the 103/ml of E. coli. 1x101

the

top

were

discarded

neutrophils

groups

and

was

treated

counted

with

with

dose

of

neutrophils in the well-24 plate was harvested
and put into eppendorf that contain 103 E. coli

3
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in 1 ml of 0.9% NaCl. Infected neutrophils

control in a dose of 10-10M (72.48+2.58% vs

were further incubated for 20 minutes in

67.66+1.52%, p = 0.85), 10-9M (73.00 +2.54%

waterbath with medium speed at 37ᵒC and

vs

plated into EMB medium to determine colony

(70.98+7.56% vs 67.66+1.52%, p = 0.965),

forming unit (CFU). The E. coli killing data was

and 10-6M (75.30+5.69% vs 67.66+1.52%, p =

obtained from subtraction of CFU of infected

0.467) (Figure 1). There were no significant

neutrophil (E. coli survival) and CFU of E. coli

difference between treatment groups and

without neutrophil and 1,25(OH)2D3.

control statistically, but we can see that in the

Statistics

dose of 10-8M have a significant different with

Data of cathelicidin expression from flow

dose of 10-6M (60.83+9.99% vs 75.30+5.69%,

cytometry and E. coli lysis were analyzed

p=0.026).

using SPSS 16.0 for Windows. The effect

1,25(OH)2D3 reduced E. coli killing in

differences among each treatment groups of

neutrophils of SLE patient

1,25(OH)2D3 analyzed with One-Way ANOVA.

Subtracted the number of E. coli survival from

And further, correlation and regression

the number of E. coli were plated without

between cathelicidin expression and E. coli

neutrophils and 1,25(OH)2D3, we obtained E.

lysis analyzed with Pearson and linear

coli

regresion. Statistical significance was taken as

administration of 1,25(OH)2D3 in neutrophils

p < 0.05.

of SLE patient even reduced E. coli killing and

67.66+1.52%,

killing

p

data.

=

0.79),

Unexpected,

10-7M

the

we found lower presentation of bacteria lysis

4

RESULTS

of treatment group than control in a dose of

1,25(OH)2D3 induce cathelicidin expression in

10-9M (54.17+6.00% vs 35.83+13.25%, p =

neutrophils of SLE patient Vitamin D has been

0.08),

shown to activate the antimicrobial peptide

35.83+13.25%,

cathelicidin in a range of human cell types.

(35.83+13.25% vs 35.83+13.25%, p = 0.00)

Therefore, we investigated if this process also

(Figure 2). In that diagram, we can see that

occur in the neutrophils of SLE patients. After

the pattern of E. coli killing inversely

6 doses of 1,25(OH)2D3 administration to

proportional with the pattern of cathelicidin

neutrophils of SLE patient, we found higher

induction after treated with six dose of

expression of LL-37 of treatment group than

1,25(OH)2D3.

10-7M

(55.92+12.49%
p

=

0.012),

and

vs
10-6M
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Figure 1 Expression of LL-37 in neutrophils of SLE patient after administration of six dose of
1,25(OH)2D3 (M1 = 0, M2 = 10-10M, M3 = 10-9M, M4 = 10-8M, M5 = 10-7M, M6 = 10-8M). There
were higher mean of LL-37 expression among M2 (10-10M), M3 (10-9M), M5 (10-7M), and M6 (106M)

compared to M1 (0). M6 was the highest trend compared to control (M1). There were

significant difference between M6 and M3. *significant (p < 0.05).

Figure 2 Colony Forming Unit (CFU) of bacteria (E. coli) after administration of six dose of
1,25(OH)2D3 (M1 = 0, M2 = 10-10M, M3 = 10-9M, M4 = 10-8M, M5 = 10-7M, M6 = 10-8M). There
were significant lower mean of bacteria lysis among M3 (10-9M), M5 (10-7M), and M6 (10-6M)
compared to M1 (0). M6 was the lowest trend compared to control (M1). *significant (p < 0.05)
**significant (p < 0.01)

5
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Reduced killing of E. coli had negative

be stored in fat cells and are released from the

moderate correlation with increasing of

cell. Vitamin D in the circulation is bound to

cathelicidin expression

vitamin D binding protein (VDBP), which is

Linked

E.

coli

killing

with

increased

then taken to the liver, where vitamin D is

cathelicidin expression on neutrophils of SLE

converted by vitamin D-25-hydroxylase to 25-

patient, we found a negative moderate

hydroxyvitamin D {25(OH)D}. This form of

correlation among them (r=-0.541, p<0.05). It

25(OH)D in the circulation is what is used to

means that if the cathelicidin expression were

determine the vitamin D status [25].

increased, the E. coli killing will be reduced,

Experts agree that the levels of 25(OH)D in

conversely.

the body if less than 20 ng/ml is said

Cathelicidin induction predicted 29.3%

deficiency and if the levels are 21-29 ng/ml is

cause E. coli lysis in neutrophils of SLE

said insufficiency. The level of vitamin D in

patient

children and adults should be kept at levels

The linear regression results showed that the

above 30 ng/ml in order to obtain the

lysis of E. coli in neutrophils of SLE patient

maximum benefit of vitamin D on health [26].

predicted 29.3%

caused by cathelicidin

In this study, the vitamin D level of SLE

induction. It was mean that 70.7% of E. coli

patient is less than 20 ng/ml, so it must be

killing by neutrophils of SLE patient was

increase to obtain the maximum benefit of

predicted to be caused by other factors.

vitamin D on health, consider that low levels
of vitamin D in SLE patients was associated

6

DISCUSSION

with increased disease activity [14].

There are two forms of vitamin D (calciferol),

Biologically, 25(OH)D is inactive form and

vitamin D2 (ergocalsiferol) and vitamin D3

must be converted in the kidney into the

(cholecalsiferol). Both can be found in foods

active

or supplements, but only vitamin D3 is

[1,25(OH)₂D] by 25-hydroxyvitamin D-1α-

produced in the skin. Vitamin D2 and vitamin

hydroxylase (1α-OHase). The cells in the

D3 have different structures, but these

immune system may express the 1α-OHase

differences did not affect the metabolism

enzyme so they can hydroxilate 25(OH)D from

(activation) in the body and they both

the circulation into 1,25(OH)2D. 1,25(OH)2D

function as a prohormone [25].

on immune cells will work autocrine or

Vitamin D from food are absorbed along with

paracrine. Furthermore, 1,25(OH)2D from the

fat absorption in the intestine, joined with

circulation into target cells will bind to the

chylomicrons, and transported through the

vitamin D receptor (VDR) in the cytoplasm

lymphatic system into the venous circulation.

and enter the nucleus then act as the

Vitamin D in the skin or derived from food can

transcription

form

1,25-dihydroxyvitamin

factors,

and

D

experienced
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heterodimerization

7

with

the

retinoid

X

DNA reduced the antimicrobial activity of

receptor (RXR). Complex of 1,25(OH)2D-VDR-

cathelicidin [24].

RXR binds to vitamin D response elements

The administration of 1,25(OH)2D3 is able to

(VDRE) located in the DNA [27].

cause inhibition of genes transcription of

When complex 1,25(OH)2D-VDR-RXR binding

encoding proteins gp91 phox (Cybb) which is

to the VDRE in the CAMP (cathelicidin gene

the component of the PHOX. PHOX itself is a

expression in humans) the synthesis of

key enzyme in the formation of the NETs so

cathelicidin will increase. Cathelicidin are

that the PHOX inhibition can reduce the

small cationic peptides that measuring 12-100

spending

amino acids and has a broad-spectrum

1,25(OH)2D3 is also capable to inhibit the

antimicrobial activity. Cathelicidin is referred

mammalian target of rapamycin of (mTOR)

to as the body's natural antibiotic and mature

through its interaction with VDR, increasing

form in human known as LL-37 [23].

the gene transcription of phosphatase and

In this study, the effect of administering

tensin homolog (PTEN), and increasing the

1,25(OH)2D3 on neutrophils of SLE patient can

gene transcription of DNA-damage-inducible

induce the cathelicidin expression as the

transcript 4 (DDIT4) so the formation of NETs

body’s natural antibiotic, although statistically

can be derived. This is cause bactericidal

was not significant between treatment groups

effect of the NETs also be decreased [20, 21].

and control. The pattern of cathelicidin

The optimal vitamin D level in serum was > 30

expression in this research were increase,

ng/ml (> 75 nM). It means that dose 1 nM

decrease in the dose of 10-8 M, then increase

equals with 0.4 ng/ml [28]. Previous studies

again

of

described that 1,25(OH)2D3 at physiological

1,25(OH)2D3. Dose of 10-6M was the highest

concentration (0.1 nM) is inactive and has less

trend compared to control and there was a

potential effect on the immune response

significant difference between dose 10-8M and

regulation of SLE patients. 1,25(OH)2D3 at 10

10-6M. This probably caused by something

nM (4 ng/ml) is effective at physiological

matter in the dose of 10-8M and further study

concentration and at 100 nM (40 ng/ml) give

is needed.

a toxic effect on the immune response

After infected with E. coli, the bacterial killing

regulation of SLE patients because the

were reduced and showed the opposite

nutrient response threshold has been reached

pattern with the cathelicidin induction. This

[29].

was possible caused by the formation of NETs

Current study showed that at a dose of 10 nM,

as the last defence of neutrophils. The

which should provide an optimal effect on the

cathelicidin

when

immune response regulation of SLE patients,

associated with NETs. Indeed, the presence of

did not cause a significant decrease in

along

with

activity

increasing

was

dose

reduced

of

NETs

[10].

In

addition,
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bacterial lysis. This decreasing lysis of

of care for Lupus Parahita Malang who

bacteria was significant at physiological dose

participated in this study. Unforgetfuly thank

and toxic doses. This means that the use of

Mrs. Bunga, Mr. Yudha, and Mr. Slamet for

optimal dose (10 nM) of vitamin D on SLE

their technical asssistance as well as the chief

patient will not cause adverse effects in

of Laboratory, Faculty of Medicine Brawijaya

reducing bacterial lysis or in other words safe

University, for giving us permission to work in

to use.

the Laboratorium.

This study showed that the lysis of E. coli in
neutrophils of SLE patient predicted 29.3%

REFERENCES

caused by cathelicidin induction. It was mean

1.

Handono K., Daramatasia W, Pratiwi, Sunarti S,

that 70.7% of E. coli killing by neutrophils of

Wahono S, and Kalim H. Low Level of Vitamin

SLE patient was predicted to be caused by

D Increased Dendritic Cell Maturation and
Expression of Interferon-γ and Interleukin-4 in

other factors, like ROS from NADPH oxidase,

Systemic Lupus Erythematosus, IOSR Journal

α-defencin, β-defencin, lyzozim, lactoferin,

of Pharmacy and Biological Sciences, 2012, 2

ROI, proteolytic enzyme, cathepcin G, cationic
protein, etc.

Cathelicidin localization in

(4): 37-43.
2.

Cucacovich R and Gedalia A. Pathophysiology

response to bacteria was independent of the

and Clinical Spectrum of Infections in Systemic

NADPH oxidase, whereas killing was partially

Lupus Erythematosus, Rheum Dis Clin N Am,

dependent on a functional NADPH oxidase [9,

2009, 35: 75-93.
3.

24].

Bertsias G, Cervera R, and Boumpas DT. Eular
Texbook on Rheumatic Diseases. London: BMJ,
2012, p. 476-505.

CONCLUSION
Administration of 1,25(OH)2D3 in neutrophils
of

SLE

patient

quantitatively,

but

induce

cathelicidin

reduced

cathelicidin

4.

Abed UA, Brinkmann V, Herrmann M, Voli RE,
and Zychlinsky A. Impairment of neutrophil
extracellular trap degradation is associated

qualitatively (reduced E. coli killing). This

with lupus nephritis, PNAS, 2010, 107 (21):

result may reveal the possibility of side effect
of administering 1,25(OH)2D3 in SLE patient,

Hakim A, Fümrohr BG, Amann K, Laube B,

9813.
5.

Irastorza GR, Olivares N, Arruza IR, Berriotxoa

especially on physiologic dose and lethal dose

AM, Egurbide MV, and Aaguirre C. Predictors

of 1,25(OH)2D3.

of

major

infection

erythematosus,

Allergy (Aura) Study Center for facilitating our
research. Also thank all patients in community

8

Arthritis

systemic
Research

lupus
and

Therapy, 2009, 11 (4): 1-8.

ACKNOWLEDGEMENTS
We thank Autoimun, Rheumatology, and

in

6.

Danza A and Irastorza GR. Infection risk in
systemic

lupus

erythematosus

patients:

Elvira Sari Dewi * et al: 1, 25(OH)2 D3 INDUCE CATHELICIDIN BUT REDUCED ESCHERICHIA COLI ………………

susceptibility

7.

factors

and

preventive

strategies, Lupus, 2013, 22 (12): 1286-1294.

(SLE), Proceedings of the 8th Global Arthritis

Miskinyte M, Sousa A, Ramiro RS, Moura de

Research Network (GARN) Meeting and 1st Bio-

Sousa JA, and Kotlinowski J. The Genetic Basic

Rheumatology International Congress (BRIC),

of

Arthritis Research & Therapy, Tokyo, 2012, p.

Escherichia

coli

Pathoadaptation

to

Macrophages, PLoS ONE, 2013, 9 (12): 1.
8.

9.

31.

Collignon P. Resistant Escherichia coli – Are

15. Handono K, Puspitasari L, Rudijanto A,

What We Eat, Clin Infect Dis, 2009, 49 (2): 202.

Wahono S, and Kalim H. Vitamin D Serum

Baratawidjaya KG and Rengganis I. Imunologi

Level And Disease Activity In Patients With

Dasar. Jakarta: Balai Penerbit FKUI, 8th Edition,

Systemic Lupus Erythematosus, International

2009, p. 76-78.

Journal of Pharmaceutical Science Invention,

10. Brinkmann V and Zychlinsky A. Neutrophil

2013, 2 (2): 35-40.

extracellular traps: Is immunity the second

16. Attar SM and Siddiqui AM. Vitamin D

function of chromatin? The Journal of Cell

Deficiency in Patients with Systemic Lupus

Biology, 2012, 198 (5): 773-783.

Erythematosus, Oman Medical Journal, 2013,

11. Villanueva E, Yalavarth, S, Berthier CC, Hodgin

28 (1): 42-47.

JB, Khandpur R, Lin AM, Rubin CJ, Zhao W,

17. Hasanah D, Handono K, Kalim H, and Mawarti

Olsen SH, Klinker M, Shealy D, Denny MF,

H. The associations among serum levels of

Plumas J, Chaperot L, Kretzler M, Bruce AT,

vitamin D, TGF-β/IL-6 balance and Treg/Th17

and Kaplan MJ. Netting neutrophils induce

balance in systemic lupus erythematosus

endothelial damage, infiltrate tissues and

patients in Indonesia, International Journal of

expose

Biochemistry and Biotechnology, 2013, 2 (9):

immunostimulatory

molecules

in

systemic lupus erythematosus, J Immunol,
2011, 187 (1): 538-552.

9

patients with Systemic Lupus Erythematosus

490-496.
18. Helming L, Bӧse J, Ehrchen J, Schiebe S, Frahm

12. Wu SA, Yeh KW, Lee WI, Yao TC, Kuo ML,

T, Geffers R, Kepper MP, Balling R, and

Huang B, and Huang JL. Impaired phagocytosis

Lengeling A. 1α,25-dihydroxyvitamin D3 is a

and susceptibility to infection in pediatric-

potent suppressor of interferon–mediated

onset systemic lupus erythematosus, Lupus,

macrophage activation, Blood, 2005, 106 (13):

2013, 22: 279.

4351-4358.

13. Sakthiswary R, and Raymond AA. The Clinical

19. Hirsch D, Archer FE, Kale MJ, Vetrano AM, and

Significance of Vitamin D in Systemic Lupus

Weinberger B. Decreased Anti-Inflammatory

Erythematosus: A Systematic Review, PLoS

Responses

ONE, 2013, 8 (1): 1.

Neutrophils, Hindawi, 2011, 2011: 1-7.

to

Vitamin

D

in

Neonatal

14. Kalim H, Wahono S, Suryana P, Puspitasari L,

20. Kim TH, Choi SJ, Lee YH, Song GG, and Ji JD.

Wijayanto FH, and Handono K. Association

Combined therapeutic application of mTOR

between serum level of Vitamin D with

inhibitor and vitamin D(3) for inflammatory

autoantibodies expression, disease activity

bone destruction of rheumatoid arthritis,

(SLEDAI) and bone mineral density (BMD) in

Medical Hypotheses, 2012, 79 (6): 757-760.

Elvira Sari Dewi * et al: 1, 25(OH)2 D3 INDUCE CATHELICIDIN BUT REDUCED ESCHERICHIA COLI ………………

21. McInturff AM, Cody MJ, Elllott EA, Glenn JW,
Rowley JW, Rondina MT, and Yost CC.

associated cathelicidin, Journal of Leukocyte
Biology, 2009, 86: 1-10.

Mammalian target of rapamycin regulates

25. Ross AC, Taylor CL, Yaktine AL, and Valle HBD.

neutrophil extracellular trap formation via

Dietary Reference Intakes Calcium and Vitamin

induction of hypoxia-inducible factor 1 α,

D. Washington DC: The National Academies

Blood, 2012, 120: 3118-3125.

Press, 2011, p: 75-111.

22. Singh A and Kamen DL. Potential benefits of

26. Holick MF. Vitamin D status: measurement,

vitamin D for patient with systemic lupus

interpretation and clinical application, Ann

erythematosus, Dermato-Endocrinology, 2012,

Epidemiol, 2009, 19 (2): 73-78.

4 (2): 146-151.

27. Kamen DL and Tangpricha V. Vitamin D and

23. Hertting O, Holm Å, Lüthje P, Brauner H,

molecular actions of the immune system:

Dyrdak R, Jonasson AF, Wiklund P, Chromek

modulation of innate and autoimmunity, J Mol

M, and Brauner A. Vitamin D Induction of the

Med (Berl), 2010, 88 (5): 441-450.

Human Antimicrobial Peptide Cathelicidin in

28. Hewison M. An update on vitamin D and

the Urinary Bladder, PLoS ONE, 2010, 5 (12):

human immunity, Clin Endocrinol, 2012, 76:

1-8.

315-325.

24. Jann NJ, Schmaler M, Kristian SA, Radek KA,

29. Wahono CS, Rusmini H, Soelistyoningsih,

Gallo RL, Nizet V, Peschel A, and Landmann R.

Hakim R, Handono K, Endharti AT, Kalim H,

Neutrophil

and Widjajanto E. Effects of 1,25(OH)2D3 in

antimicrobial

Staphylococcus

aureus

defense
is

against

mediated

by

immune response regulation of systemic lupus

phagolysosomal but not extracellular trap-

erythematosus (SLE) patient with hypovitamin
D, In J Clin Exp Med, 2014, 7 (1): 22-31.

10

