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Renin-angiotensin-aldosterone system
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Figure 3. cAMP-PKA pathway. (a) Signalling in a juxtaglomerular cell in absence of 1,25(0H),-vitamin
D;; (b) Signalling in presence of 1.25(0H};-vitamin Dy, cAMP: eyelic adenosine monophosphate,
CBP: CREB-binding protein, CRE: cAMP-dependent response element, CREB: ¢cAMP response
element-binding protein, Ge: Gg-protein alpha subunit, I phosphate, PKA: protein kinase A, Pol II:
RNA polymerase II, VDR: vitamin D receptor. The “+” stands for *|G in presence of”.

O399 Laads o duxtaglomerular) Jg,055 o3 sla Jokw jo JUiSw s, CAMP-PKA JLSs e -V S

D osling joa> 50 IS jonn (@) D bty 5



cardiac o_» SHL eccl losartan ss,ls L doxercalciferol U paricalcitrol _asl L,
353 3l o L yd 4 Cd (550 (6,108 1 5510 b 00 Ko o dllus (] 00,5 o hyper trophy
I RAS i negative endocrine regulator G e 4 D slng colys o 1 ams oyl
Bi> el vitamin D endocrine giwaw a5 1> aas o olis 093 511 coge Jlns (So590g0
fel o (BEL l5ee b D ey 09005 99,500 RAS Jlow 25k 5l (B0 (o sl s (g5lemg0n
0 55 D by ST 005 (o (Bype (b slo (s lom 4 o131 (Dl jlas al33l g RAS pus Jlad
il ey g0l ol an a8 hle sl 1y (ke Sloyo Josly creNin ouiS Cles lgie

23,5
G095 )0 omiid s Cigac 9D (poling o

e i gl gie 4y Wl (LSl D sl g 05aS a8 ams o ot i lises lallas
Syl a4 05>g0 sla ool .ams o al38l |, RTIs L RESPIRATORY TRACT INFECTIONSs
actue , pediatric tuberculosis | o ola glen 4 Mol ils aS vas o ol D ol
Sl 0 D ol g it ol jiio D creling 09ueS b (601,81 j0 ol 9 auals Cniiig p ¢ Otitis media
S5y (=l gl Jolow 5l (5l j0. T Cenl B 518 4z g5 0 )50 (a3 Shos 00t ity
s B -defencin 4 cathelicidin sla U L Jlog, Koo 5T anin 98 Gl el oo o D pelig

oo D ey T ke e Lasl chemotactic action g pgew g5lw (i3 anl 8 0 ege

sdee Vo 5l S0 55055 j0 omiiS sla Cighe s oo w3 ¥ g9 4 ) g9 cuigid 5l |, cytokine

\ .’ & &
sl o led 4 e 9 S e

3,18 8525 bl 5555 ;o RTIS Cigae g SUD (polig oyl oy a5 Cawl ools ylis 00 s Slallas
Jlesl U aolydl el calcitriol o, clale  pals a8 coul ool aseine 41sd8 Jlo Cus b M

T 505 o TB (slo cigac

Oli=o i |38 bl o ACE2Z LSg S wyyg olaisl o s aCul aazgi' b
0d puS dy g =9 Joail I ACE2 —olais| g owipS o 5l LD ol g
Cighe a Myl 9 591y Cighe (ylimo AL Azl 0 9 00903 (5 S el 395 (olaiS]
00 550 (AL o (6 yaSilny Jole S5 (ylgie 4 woyg



(lipopolysaccharide induced acute lung injury) jsil

5 Loges il ad 8 )18 o fiome 5l (6 b (o2 9590 o ol pl oS 50 D i g (6,138 51
acute 4acute lung injury (ALl) s—Me g0 b piaw Soludl )Ll g 59, o (slou]
Sl 38l 50 e i a,le g0 opl s 5 e ,ells respiratory distress syndrome (ARDS)
5! a5 4 wlg oo el as Sl LD aeliyg a5 el o Sl 03,0l aslores Lyl ol Lo lals
increased alveolar ale> ;I plin sla Sihgasle 90,0 0 .00k ,l35 Skl ool g9,
s pulmonary edema pulmonary microvascular endothelial permeability . epithelial
Olgie a e 05 slo 655U )15 sliae 10 dg3ge o 0Bl (gd Y 0gi o oayo fibrosis
sacute lunginjury (ALl) ale> ;1 asas Sldl slo ul sl cels g 00g0s Joe oled! J5g0 S
o L onbine JSCi 4 allws ol 00,5 s @cute respiratory distress syndrome (ARDS)
25,5 = pulmonary microvascular endothelial cell L, PMVECS 4 &)Lz ce b gt
aliwg 4 a5 08 X inflammatory cytokines oJg 5l s 55l b interleukin -2 ¢ D palig
loss 53 mote 95 Shee D alnys bawss TREG CELL 5oi oS, o liles 993 (o ol T (slo Jsbo

7wl o led & acute lung injury (ALI)

Zighe 5| 236 G2y Sl Sl anl oo Sl 4 D (el ()15 51 (il a5 55 D sliyg sl g,
o=l aileie 655> TEK (ol jgin) (0 59 a4y atinls oy (55l 0 oy codled 5l Cailon (33,0
= 1 00 oS 4 JLail 092 9 COVID-19 (g9 5l 09290 wblgd b oo o
oS g RAS i pudadd 10 D ol g 3l o0l 353 Ol jd b yzon 9 ACE2
amy ¢y 01531 50 Dol g Joso B pucno vy (o0 15 49 (531 5 (Sl il oz
99 3= |y o0 Ol | (g ko Lol S j0 45 H0 B¢ ng/ml sYL cdale
sl L 1531 35 Loguas D ymolis g JoSeo & pucto cyizad il 5 g0 COVID-19

LgyS (oo g & Ml mudle g Lol Jlall Cua 5925 9 SoelS (P9 (8 65l

00,8 O Ao g



References

1.

10.

11.

12.

13.

14.

Bryce J, Boschi-Pinto C, Shibuya K, Black RE. WHO estimates of the causes of death in
children. Lancet. 2005;365:1147-52.

Burgaz A, Orsini N, Larsson SC, et al. Blood 25-hydroxyvitamin D concentration and
hypertension: a meta-analysis. J Hypertens. 2010.

Burgess ED, Hawkins RG, Watanabe M. Interaction of 1,25-dihydroxyvitamin D and
plasma renin activity in high renin essential hypertension. Am J Hypertens. 1990; 3:903-

905. [PubMed: 2081010].
Castrop H, Hocherl K, Kurtz A, et al. Physiology of kidney renin. Physiol Rev. 2010;
90:607-673. [PubMed: 20393195].

DAmbrosio D, Cippitelli M, Cocciolo MG, Mazzeo D, Di Lucia P, Lang R, et al.
Inibition of IL-12 production by 1,25-dihydroxyvitamin D3 involvement of NfkB
downregulation in transcriptional repression of the p40 gene. J Clin Invest.
1998;101:252-62.

D'Alessio FR, Tsushima K, Aggarwal NR, West EE, Willett MH, Britos MF, Pipeling
MR, Brower RG, Tuder RM, McDyer JF and King LS: CD4+CD25+Foxp3+ Tregs
resolve experimental lung injury in mice and are present in humans with acute lung
injury. J Clin Invest 119: 2898-2913, 20009.

Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular disease in
chronic renal disease. Am J Kidney Dis. 1998; 32:5112-119. [PubMed: 9820470].

He J, Klag MJ, Wu Z, et al. Stroke in the PeoplessRepublic of China. I. Geographic

variations in incidence and risk factors. Stroke. 1995; 26:2222-2227. [PubMed:

7491640].

Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B, Yang P, Sarao R, Wada T, Leong-Poi
H, et al: Angiotensin-converting enzyme 2 protects from severe acute lung failure. Nature
436: 112-116, 2005.

Kong J, Kim GH, Wei M, et al. Therapeutic effects of vitamin D analogs on cardiac
hypertrophy in spontaneously hypertensive rats. Am J Pathol. 2010; 177:622-631.

[PubMed: 20616348].

Kong J, Li YC. Effect of Angiotensin Il Type | Receptor Antagonist and Angiotensin-
Converting Enzyme Inhibitor on Vitamin D Receptor Null Mice. Am J Physiol Regul
Integr Comp Physiol. 2003; 285:R255-R261. [PubMed: 12637346].

Kong J, Zhu X, Shi Y, Liu T, Chen Y, Bhan I, Zhao Q, Thadhani R and Li YC: VDR
attenuates acute lung injury by blocking Ang-2-Tie-2 pathway and renin-angiotensin
system. Mol Endocrinol 27: 2116-2125, 2013.

Lemire JM, Archer DC, Beck L, Spielberg HL. Immunosuppressive actions of 1,25-
dihydroxyvitamin D3: prefential inhibitions of Thl functions. J Nutr. 1995;125:1704-8.
Li YC, Kong J, Wei M, et al. 1,25-Dihydroxyvitamin D(3) is a negative endocrine
regulator of the renin-angiotensin system. J Clin Invest. 2002; 110:229-238. [PubMed:
12122115].



15.

16.

17.

18.

1,98

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Li YC, Qiao G, Uskokovic M, Xiang W, Zheng W and Kong J: Vitamin D: A negative
endocrine regulator of the renin-angiotensin system and blood pressure. J Steroid
Biochem Mol Biol 89-90: 387-392, 2004.

Li YC. Inhibition of renin: an updated review of the development of renin inhibitors. Curr
Opin Investig Drugs. 2007; 8:750-757.

Matute-Bello G, Frevert CW and Martin TR: Animal models of acute lung injury. Am J
Physiol Lung Cell Mol Physiol 295: L379-L399, 2008.

Najada AS, Habashneh MS, Khader M. The frequency of nutritional rickets among
hospitalized infants and its relation to respiratory diseases. J Trop Pediatr. 2004;50:364-8.
Resnick LM, Muller FB, Laragh JH. Calcium-regulating hormones in essential
hypertension. Relation to plasma renin activity and sodium metabolism. Ann Intern Med.
1986; 105:649-654.

Rostand SG. Ultraviolet light may contribute to geographic and racial blood pressure
differences. Hypertension. 1997; 30:150-156. [PubMed: 9260973].

Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G and Turner AJ: A human homolog
of angiotensin-converting enzyme. Cloning and functional expression as a
captopril-insensitive carboxypeptidase. J Biol Chem 275: 33238-33243, 2000.
Underwood MA, Bevins CL. Defensin-barbed innate immunity: clinical associations in
the pediatric population. Pediatrics. 2010;125:1237-47.

Van Etten E, Mathieu C. Immunoregulation by 1,25-dihydroxyvitamin D3: basic
concepts. J Steroid Biochem Mol Biol. 2005;97:93-101.

Wilkinson RJ, Llewelyn M, Toossi Z, Patel P, Pasvol G, Lalvani A, et al. Influence of
vitamin D deficiency and vitamin D receptor polymorphisms on tuberculosis among
Guijarati Asians in west London: a case-control study. Lancet. 2000;355:618-21.

Williams B, Williams AJ, Anderson ST. Vitamin D deficiency and insufficiency in
children with tuberculosis. Pediatr Infect Dis J. 2008;27:391-6.

Xiang W, Kong J, Chen S, et al. Cardiac hypertrophy in vitamin D receptor knockout
mice: role of the systemic and cardiac renin-angiotensin systems. Am J Physiol
Endocrinol Metab. 2005; 288:E125-132. [PubMed: 15367398].

Yuan W, Pan W, Kong J, et al. 1,25-Dihydroxyvitamin D3 Suppresses Renin Gene
Transcription by Blocking the Activity of the Cyclic AMP Response Element in the
Renin Gene Promoter. J Biol Chem. 2007; 282:29821-29830. [PubMed: 17690094].
Zittermann A, Schleithoff SS, Tenderich G, et al. Low vitamin D status: a contributing
factor in the pathogenesis of congestive heart failure? J Am Coll Cardiol. 2003; 41:105-
112. [PubMed: 12570952].

Xu J, Yang J, Chen J, Luo Q, Zhang Q, Zhang H. Vitamin D alleviates
lipopolysaccharide-induced acute lung injury via regulation of the renin-angiotensin
system, Mol Med Rep. 2017 Nov;16(5):7432-7438.



30. Xu, H., Zhong, L., Deng, J. et al. High expression of ACE2 receptor of 2019-nCoV on
the epithelial cells of oral mucosa. Int J Oral Sci 12, 8 (2020).

AR



