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Research progress in the relationship between vitamin D and depression”
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[Abstract] Depression is the most common mental disorder,and its pathogenesis is unclear. Currently,

there are no biomarkers that can predict the onset of depression and assess the severity of depression. Vitamin

D deficiency may affect the severity of depression. The article reviews the effects and possible mechanisms of

vitamin D on depression,in order to provide the basis for the evaluation and treatment of depression.

[Key words] Vitamin D; Depression; Review
FAISAE & DL 35 T e A B9 18 45 IR L 2% B AR Ry

FERAMOEES, S MK KA 2. 64 ¢
N AR A Bk A A5 B R KU R 2 A A
AT 2 T BB = RN 22— SR AE B9 ] A2
AW A AR B R o O BB A AL R
T B 1l 2% 338 AR UL S 8- AR R 1B U L L 9RK MR 0 4
LI ¥4 TG 6 9 1 PR A 0 3 b 35 1 AT L T 40 A A
A4 A0 5 DA AR AE A AR, B R 2 5006 19
B GIRIT IR AT AR AR . IRk A BT T
A2 D SHARAE HY 5 & LU A AR AE 093 Al 12 36
JY B . AR SCREYE R R D 5 AR AE 9 A1 SCBE 5T
HEAT T ZRA
1 #EEDHR

iR D R AR FHRYEFRILR e —Fi IR iE
YR EEORIET R A ., 44 D
e F A R D2 K 4EEF D3 BiF IR U7
TEHEE R D3 29 AMR4EE R D MR 900 ~

95% . NRWN . 4B EK D2 f4EE R D3 Y2 LAY
PERY 75 ZEAE R N 282 JF R B R 7 — ik R Ak B Ak
W 1,25- " 4EEE D2.1,25- 8 4i4E R D3 i &
HEHAEYER, 25-RREEAZD ZELEZ DM E
TG 3L IF 0T T ARG A D PR,

EAESK iR D Bz B — > A Bk vk 04 fa 5 0]
B, AR T 10 (L N Z B Yk 2 D Bz iyt L
MAEAEZE D ZRME B XE., #EEDAMIS
A P A AR SR R B R SR e Y
WA Z 55 2 KMok 72, AL 46 & e I8 gl
TR TP A e ] Rk K &
e D 5o A5 M R GEBE A 1Y AR DG PR A 5T L Bk ok
Wiz, AR LMY R DBz SHhshEe A
I RE AT A5 A OEE Y g D 5 AR E AH G Y
W 5T bk OR Bk 22 (R A5 I 250 H 0F R o8 & — 3L,
2 H®AEZED SHERRERIHEEME

HAr. B AR Z I A4 &R D k= 5 A0 AE

x BB WAL =i A ¥ B H (6833452,83587216) ; Tl 4644 BURF 9% B I IR B2 2= 0 75 A A 15 32 00 B (B W 41 . 2019-139-5) syl 4t 24 Bt
A0 A BB B H (BB 2020-9 5 5-2) 3L 51 3 H (LR L 86 2 2020-19-2)

2 E1E1E# . E-mail: peiyuanlu2@163. com.



. 2268 PRELT A 20234 7 A% 39 %% 138 ] Mod Med Health,July 2023, Vol. 39,No, 13

FEAEA 6, RONALDSON 45550 % 3 [ A 9y g vh
1) 127 244 B AR N AT A BE VRO ST N & B 44 R
D AR KR D=3 5 kR ARAE . B4k 4
F D= FIAS 2 W] 82 AR B K AR AE B A8 B
%, BRIGGS %" %} 3 965 Z4E IR TE 50 % LU F Y4
X B AT Bl 1 B & B Bk = 44 E D (<C30 nmol/
LS5 E kA WA T getE B E TH & . 7E 186
9 AU B AT FE H L 32 B (17 2 96) i KU 3 B2
HAARAE » 5 JC AR 14 8 AR L, AR B 255
Sl F D K B E WA L AR 2 0 B
R B R LAY B ) A, THEE 5 % 533 i 18
PG R AT AT A B, A T AT RE TR e I &R
Ja . AAERDEZ SMAE R EMX, SXHEAEE D
B2 AR S R A A L R R D s = i AR
18P G SR A A AR AARRE (4 ARE S I W T v, FLAE AR R
D ik = & AR E /4 2 7 50 5

TAIE 5B T H B A A 3 A B A5 EL AR A IR Y
7B R O O Bl L EIA A2 AR ) TR SR AEAE
AW LT 4R D XTI ARAE B & A T Re nd &2
Wi, A IR4EdE R D Bz AR B A 5 B
I REREAT 45 575, DO 5% ) £ AR i . A WE ST
91 41 0 B AR E A8 2 E A7 W 5T B & B G 4RI RE Y B
Al & AE B A R4 L £ D Bz i B4 5 H B B
BT FEXT SR 25 Y 91 {400 TS SE B HE AT B 5T
B PEgEA R D BT B AT IhREE 221,

HWFFEXT 15 695 fi 20 2 K LA I (14 32 % 647 1
BT KB AR AT B S AR AR AT R 25- R YA
ZDAKFTLREELRS . KAREN Zxf 378 {4 fil
iE FEH RN 132 5 AR 40 A RE B R AT O I 2 ARG BE U
EFE I & B, M3 25-FR L4 E 2R D AKSE XFHAR AR &
T, TOFFANELLO %52 f bt i 9 58 & 30
5%t A H L 4 R DK AR S 5 & & AR R
FEAR 09 XU IR 8 . GRUDET 280 % 48 51 5 IR 24
F1 T 0TS BR R 54 1) fe B ot R 3 a0 AT O g B
M2 W 25-FEFEERDKFELREES,
3 HEZEDEMBERTFHEXHR

EAFERR T 744 R D 5 WAL RE IR ok 3%
AR SE 56 2 L HAS A S5 IF A MR . CHENG %50
XF 25 TRHAIL XS B 50 1 ZE A Ay T R B, eh A AR R
D AJ LAy b G 1A 5 o E R AR RE SR A R i v
25-F AR DK/ T T 50 nmol/L #9321k
FAHEW, GLABSKA 5 0 AT 24 THHF 5T #E47 1]
JB5 53 Bt 5 99 AW 58 B AR A Sl 35~ 940 i, BiF 53 1 []
F2~3 N H . gAERKDRENEGR 25 pg ZHM

1 250 pg»2 WAFSE WoR 4k A 25 D X BUR 1/ 2% B 1 | &
FEPIARAE | 0> B g TC 2, 3 WA WoR 4k R D
AR 1 FE R AN M 2 ) LA 8 SR S e 4 2R 3 D A A
VER B R ik 2 D X e 4% 2 6 | 8, AL-
GHAMDI % 5 & B, 55 % B8 41 A1 [L, 5 K 4b 78
#e2 D 5 000 TUGESE 3 /4 A) Ry BE 55 B RN s
MASRE Lot B E L 44 2] D IRYT /5 DL e i AR & 2 01
O3 2 B AR A2 Wk B IR AE B T 1k R UL e
R A W ENE, g ERDE. B Lk
BT 5 (R K1 W3 TR LK, KA-
VIANI %2704 56 {51 52 v B 100 A1 9 28 & Bl AL 20 o 4t
AR D AR M R RR AL &5 SR WoR . &ad 8 T
B 1, 4E AR R D #b s g DL s AR & 2 P 43 T B B B
5, BAHRAMI %5 %F 940 {6 30 A8 KE 42 1 £ % #E 47
WF5E 55 8 25 F 50 000 TU 4E4E 2 D, Hr 4k 9 7, 44
TR BE AR RS B3 A

GOWDA 5% X 13 357 3% Hr (9 28 2 301 55 0 3 5
HHEAT ) 52 JE A IESY , 5O IR AR LL L A 5T 4 Rh A
A R AEE B D S AR AR OE R S B W] W, A
2 [ — TR X 2 28 otk i BE AL SUE X IS b, R
BRAFTYEAEZE D 400 TU KFEILE 1 000 mg, FFLE 2
AF &5 R R 0L 3 AR R A B s . WANG
SEUY A RESE 6 FE B BEALRUE X IR e B, b 7S 4 A
Z D XHIAREE PF4 TG 5 R .
4 AR D ZNHANERIE B AT BE AL HI
4.1 4 E D ZE(VDRIER NG W14
SRR R AR AT AR 2 A OC B G X T g A2 B 5
M, 0 HE 2 R R B TR i gk DXL 3 IS A 2 T R
FEHL 1.25- BRI E D YA E I VDR
I %7 A T P AR ST B S IR A IS T 1 AR -
Rt R OA ZRB R, B 3% ~5% M ANk
S VDR 76 AR 28 R G b RO AF A T 1982 4E 8
WHAERSY . VDR JLEAE 1 T i A AR 4, 1
N TR A o 28 0 R R 28 SR L PR A A T L A
MG 2% 38 i e v A S T R B L B R )2
2 20000 S s R iR X 5 A A0 AR G o B A 2
AR e R D ATE R K A AR
4.2 HAEFR D ST MACE Al #8154 Rl 4
R T RE SR A OGO 5 Ak (5-HT) . 21
Pl 5 W B RRER . B ET AT 2 B I AL 2 A R AR
Fax —FHE . 5-HT J& 30 Al AE B 5% B 22 1 i 22
5, #E 5-HT 38 B P A7 78 AN R ek A2 (38 5-HT 22
PRA 5-HT B2 8 A 2 4k, AR Y 6 2 R T 51
(I35 2 A 2 0t 7T A S BOm AR ES T, EHE



HAREH T A 202347 A% 39%% 138 J Mod Med Health, July 2023, Vol. 39,No. 13 o 2269 -

R G TARRE FE I 2 R A T R A AR T
2 1 iz 7 [ Al RIS S TP & AR AL O VR L R PR
Bk mum o, ik D onl X 60 R % L
VR Sk 3 fm 5-HT K, 1. 25- T B s e i &
D3 1] P55 £ B BE pl e oct B 40k AN T B
M K i 35 KL 4R R D B BER R A &
BB Z W RS S KEW )5 484 R D sz nl
AU N Tl A Al AW | S | A
A FR D = RE 5| 2258 I 5 5 O 3 SO AR, 4
ASAE AR AT BEE AR R D B = B9 2% ff 1 203
4.3 AR D H5RBERMERN LN T4 M G
SRR SR Bl 2 R AR U A 10 A RE B 975 B BL R b A R
FAEFNY, HATE & PR 2 50 40 i R 7 5 30 40
()95 B A B 2 O A 4G A A 3 (TL)-18. 11-2,
1L-4 . 1L-6 . IL-8 IL-10, T4E & v.C K & 1 . e 3R
FEH T o (TNFo) Hl#a b B 7 B0 % 40 i 1k & (-
1HT SR ARRE R, 25- BB AE E D 5T A
R IEAR S (IL-6 . TNF-) &2 A 261, 7E 4%
FAAZ AN T bk U A0 B R S OIR A B RT E E AH  E N
W) Z P e RE AN B AT RN 2] T VDR MR8, 4i4
F D3 1T LSO /N e 5 A0 I 1 G 8 T B R T 4R
D3 A 4 /0N 5 S5 40 T I 9% RE 40 i R 1L
6.1L-12 Fl TNF-o B3 1K . 10 38 00 1L-10 B k5,
P, 2 42 28 D AJ ek 5 i S AR M R R & HE T
AR EVE .
4.4 HAERD HSWAERHET  MHABLE M P4 E 5
PR A U A Ay B R e 2 A PR R At o R I R
s /0 T Al S EAWARS L RTRIF 5T 3 22 0 R i T
ZEFNTMMEERE T, haE KK 7 EEA
6 T Ty R B 2 oL R B AR L L TR A S
ICIC AT D) RE 25 DI AH DG . TR i AB 2 i U5 4 i 22
BRENTFV MaEkHF K ES TR, 470
ARAERE R KRR 5 mg/kg #EA= K D 1] 34 i PPk w28
TR TR 208 R N F-3/4 By R KDTY L — TR Ak
WoE L T a2t 1.25- 344K D3 4
USR8 R MR R -3 Rk
B, TSR 2 4 A R D R 2 A KRR
FR A5 B A6 T BT BE i 28 0, 3F IE 1) 9 5 i 28 8 R
20 ZR AT A B R 2 3R T B A TR AT Y
T AL FmT B8, PRI, 4k A= 3 D Al i i 52 i
25785 3% - 1 0 AR RE IR 3 A 3 O b 22 R I T
5 M SR AE B A D RE
5 I &

VAR AE J2 S5 UL RS R A G R L LS B

i« FRIT 1 AR 9 2 s 5 g T L0500 00 A 114 e B
VA IIARAE A R . R AR R D Bk = Al AE R )
AR . HOAT. AT 4R A3 D 5 I ARAE 1 B T a8
FAAE—SEJmBRIE . B e 4R R D WS 2R O
W8 38 2l M BAE I R . LU, 4R R D YA S
R B b FER AR — B, Pk S X4 A2 R D 5408
SIE A O 5 R T EE— P WE T USRS IWAIRAE & 9 e
RSB 1]

2% 3k

[1] HOWARD D M,ADAMS M J,CLARKE T K,
et al. Genome-wide meta-analysis of depression
identifies 102 independent variants and high-
lights the importance of the prefrontal brain re-
gions[ ] ]. Nat Neurosci,2019,22(3):343-352.

[2] GBD 2017 Disease and Injury Incidence and Preva-
lence Collaborators. Global, regional, and na-
tional incidence, prevalence, and years lived
with disability for 354 diseases and injuries for
195 countries and territories,1990-2017: A sys-
tematic analysis for the global burden of disease
study 2017[J]. Lancet,2018,392(10159) :1789-
1858.

[3] FILATOVA E V,SHADRINA M I,SLOMIN-
SKY P A. Major depression: One brain,one dis-
ease,sone set of intertwined processes[J]. Cells,
2021,10(6) :1283.

[4] HAMZA R T,HAMED A I,SALLAM M T.
Vitamin D status in prepubertal children with
isolated idiopathic growth hormone deficiency:
Effect of growth hormone therapy[J]. ] Inves-
tig Med,2018,66(5) :1-8.

[5] HOLICK M F. The vitamin D deficiency pan-
demic; Approaches for diagnosis, treatment and
prevention [ J ]. Rev Endocr Metab Disord,
2017,18(2) :153-165.

[6] GIUSTINA A, ADLER R A,BINKLEY N, et
al. Controversies in vitamin D:Summary state-
ment from an international conference[]]. ]
Clin Endocrinol Metab,2019,104(2) ;234-240.

[7] KUMAR R,RATHI H,HAQ A.,et al. Putative
roles of vitamin D in modulating immune re-
sponse and immunopathology associated with

COVID-19[J]. Virus Res,2021,292.198235.



. 2270 -

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

PNREHTE 202347 A%394% 134

J Mod Med Health,July 2023, Vol. 39,No. 13

FILGUEIRAS M S,ROCHA N P,NOVAES ]
F,et al. Vitamin D status, oxidative stress,and
inflammation in children and adolescents: A
systematic review[ ] ]. Crit Rev Food Sci Nutr,
2020,60:660-669.

BIVONA G,AGNELLO L, BELLIA C,et al.
Non-skeletal activities of vitamin D: From
physiology to brain pathology [ J]. Medicina,
2019,55(7):341.

LT H H,SHAN L,WANG B,et,al. Serum 25-
hyroxyvitamin D level and tic serity in Chinese
children with tic disorders[]J]. Psychiatry Res,
2018,267:80-84.

BOND M,MOLL N,ROSELLO A,et al. Vita-
min D levels in children and adolescents with
chronic tic disorders: A multicentre study[]].
Eur Child Adolesc Psychiatry, 2021, 31 (8):
1-12.

LI H H,XU Z D, WANG B, et al. Clinical im-
provement following vitamin D3 supplementa-
tion in children with chronic tic disorders[]J].
Neuropsychiatr Dis Treat,2019,15:2443-2450.
LANDEL V,STEPHAN D, CUI X, et al. Dif-
ferential expression of vitamin D-associated en-
zymes and receptors in brain cell subtypes[J]. ]
Steroid Biochem Mol Biol,2018,177.:129-134.
MAYNE P E,BURNE T H ]J. Vitamin D in
synaptic,cognitive function,and neuropsychiat-
ric illness[J]. Trends Neuroscis 2019,42 (4)
293-306.

RONALDSON A, ARIAS DE LA TORRE ],
GAUGHRAN F,et al. Prospective associations
between vitamin D and depression in middle-
aged adults:Findings from the UK Biobank co-
hort[ J]. Psychol Med, 2022, 52 (10): 1866-
1874,

BRIGGS R,MCCARROLL K,O’HALLORAN
A, et al. Vitamin D deficiency is associated with
an increased likelihood of incident depression in
community-dwelling older adults [J]. ] Am
Med Dir Assoc,2019,20(5):517-523.

ZHOU Q,SHAO Y C,GAN Z Q.et al. Lower
vitamin D levels are associated with depression

in patients with gout[J]. Neuropsychiatr Dis

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Treat,2019,15.:227-231.

JHEE ] H,KIM H,PARK S,et al. Vitamin D
deficiency is significantly associated with de-
pression in patients with chronic kidney disease
[J7. PLoS One,2017,12(2) :e0171009.
BELZEAUX R, ANNWEILER C. Association
between hypovitaminosis D and cognitive inhi-
bition impairment during major depression epi-
sode[J]. ] Affect Disord,2018,225:302-305.
PARK J I,YANG ] C,WON PARK T,et al. Is
serum 25-hydroxyvitamin D associated with de-
pressive symptoms and suicidal ideation in Ko-
rean adults? [J]. Int J Psychiatry Med, 2016,
51(1):31-46.

KAREN S,RADBOUD M,ROB H S,et al. Vi-
tamin D deficiency,depression course and mor-
tality: Longitudinal results from the nether-
lands study on depression in older persons
(NESDO) [J]. J Psychosom Res, 2016, 83;
50-56.

TOFFANELLO E D, SERGI G, VERONESE
N, et al. Serum 25-Hydroxyvitamin D and the
onset of late-life depressive mood in older men
and women: The Pro. V. A. Study[J]. ] Geron-
tol A Biol Sci Med Sci, 2014, 69 (12): 1554-
1561.

GRUDET C,WOLKOWITZ O M,MELLON S
H,et al. Vitamin D and inflammation in major
depressive disorder [ J ]. J Affective Disord,
2020,267.:33-41.

CHENG Y C,HUANG Y C, HUANG W L.
The effect of vitamin D supplement on negative
emotions: A systematic review and meta-analy-
sis[J ]. Depress Anxiety,2020,37(6) :549-564.
GEABSKA D,KOLOTA A,LACHOWICZ K,
et al. The influence of vitamin D intake and sta-
tus on mental health in children: A systematic
review[]]. Nutrients,2021,13(3) :952.
ALGHAMDI S, ALSULAMI N,KHOJA S,et
al. Vitamin D supplementation ameliorates se-
verity of major depressive disorder[]]. ] Mol
Neurosci,2020,70(2) :230-235.

KAVIANI M. Efects of vitamin D supplemen-

tation on depression and some involved neuro-



HAREH T A 202347 A% 39%% 138 J Mod Med Health, July 2023, Vol. 39,No. 13 . 2271 -

transmitters[ ] ]. J Affect Disord, 2020, 269,
28-35.

[28] BAHRAMI A,MAZLOUM S R,MAGHSOU-
DI R, et al. High dose vitamin D supplementa-
tion is associated with a reduction in depression
score among adolescent girls: A nine-week fol-
low-up study[J]. J Diet Suppl, 2018, 15(2):
173-182.

[29] GOWDA U,MUTOWO M,SMITH B J,et al.
Vitamin D supplementation to reduce depres-
sion in adults: Meta-analysis of randomized
controlled trials [ J ]. Nutrition, 2015, 31 (3):
421-429.

[30] BERTONE-JOHNSON E R, POWERS S I,
SPANGLER L,et al. Vitamin D supplementa-
tion and depression in the women’s health ini-
tiative calcium and vitamin D trial[J]. Am J
Epidemiol,2012,176(1) :1-13.

[31] WANG Y,LIU Y, LIAN Y, et al. Efficacy of
high-dose supplementation with oral vitamin
d3 on depressive symptoms in dialysis patients
with vitamin D3 insufficiency[J]. J Clin Psy-
chopharmacol,2016,36.:229-235.

[32] PANDYA M,ALTINAY M,MALONE D A,et
al. Where in the brain is depression? [J]. Curr
Psychiatry Rep,2012,14(6) :634-642.

[33] CHRISTAKOS S, DHAWAN P, VERSTUYF
A, et al. Vitamin D. Metabolism, molecular
mechanism of action, and pleiotropic effects
[J7]. Physiol Rev,2016,96(1) :365-408.

[34] STUMPF W E,SAR M, CLARK S A, et al.
Brain target sites for 1, 25-dihydroxyvitamin
D3[J]. Science,1982,215:1403-1405.

[35] MORETTI R, MORELLI M E, CARUSO P.
Vitamin D in Neurological diseases: A rationale
for a pathogenic impact[J]. Int J Mol Sci,
2018,19(8) :2245.

[36] ALBERT P R, BENKELFAT C, DESCARR
1IES L. The neurobiology of depression:Revisi-
ting the serotonin hypothesis. 1. cellular and
molecular Mechanisms[ ] ]. Philos Trans R Soc
B Biol Sci,2012,367(1601):2378-2381.

[37] DELL” OSSO L,CARMASSI C,MUCCI F, et

al. Depression, serotonin and tryptophan[]].

Curr Pharm Des,2016,22(8) :949-954.

[38] FAKHOURY M. Revisiting the serotonin hypoth-
esis;: Implications for major depressive disorders
[J]. Mol Neurobiol,2016,53(5) :2778-2786.

[39] MORET C,BRILEY M. The importance of norepi-
nephrine in depression [ ] ]. Neuropsychiatr Dis
Treat ,2011,7.:9-13.

[40] BELUJON P,GRACE A A. Dopamine system
dysregulation in major depressive disorders[]].
Int J Neuropsychopharmacol, 2017, 20 (12):
1036-1046.

[41] SABIR M S,HAUSSLER M R,MALLICK S,
et al. Optimal vitamin D spurs serotonin:1,25-
dihydroxyvitamin D represses serotonin re-

uptake transport ( SERT ) and degradation
(MAO-A) gene expression in cultured rat se-
rotonergic neuronal cell lines[ J]. Genes Nutri-
tion,2018,13:19.

[42] CUI X,PERTILE R, LIU P, et al. Vitamin D
regulates tyrosine hydroxylase expression:
N-cadherin a possible mediator [ J ]. Neuro-
science,2015,304:90-100.

[43] EYLES D W,BURNE T H,MCGRATH ] J.
Vitamin D effects on brain development, adult
brain function and the links between low levels
of vitamin D and neuropsychiatric disease[ ] ].
Front Neuroendocrinol,2013,34(1) :47-64.

[44] GAN J,GALER P,MA D,et al. The effect of
vitamin D supplementation on attention-defi-
cit/hyperactivity disorder: A systematic review
and meta-analysis of randomized controlled
trails[ ] ]. J Child Adolesc Psychopharmacol,
2019,29(9) :670-687.

[45] WANG Y L,HAN Q Q,GONG W Q,et al. Mi-
croglial activation mediates chronic mild stress-
induced depressive- and anxiety- like behavior
in adult rats[J]. ] Neuroinflammation,2018,15
(1).21.

[46 ] JESULOLA E,MICALOS P,BAGULEY I J. Un-
derstanding the pathophysiology of depression:
From monoamines to the neurogenesis hypothesis

model: Are we there yet? [J]. Behav Brain Res,
2018,341:79-90. CREEE 2277 5O



AREHTLE 2023457 A% 3945 134

J Mod Med Health, July 2023, Vol. 39,No. 13

[30] CHEN H,CHENG C,LIN H,et al. Multifunc-

tions of excited gold nanoparticles decorated ar-
tificial kidney with efficient hemodialysis and
therapeutic potential[J]. ACS Appl Mater In-
terfaces,2016,8(30):19691-19700.

[31] TSUGE M, TAKAHASHI K, KURIMOTO

[32]

[33]

[34]

R, et al. Fabrication of water absorbing nanofi-
ber meshes toward an efficient removal of ex-
cess water from kidney failure patients[]J]. Fi-
bers,2019,7(5) :39.

ORTEGA A,FARAH S, TRANQUE P,et al.
Antimicrobial evaluation of quaternary ammo-
nium polyethyleneimine nanoparticles against
clinical isolates of pathogenic bacterial J]. IET
Nanobiotechnol,2015,9(6) :342-348,

MAC Q D,MATHEWS D V,KAHLA ] A,et
al. Non-invasive early detection of acute trans-
plant rejection via nanosensors of granzyme B
activity[J]. Nat Biomed Eng,2019,3(4):281-
291.

UEHARA M,BAHMANI B, JIANG L,et al.
Nanodelivery of mycophenolate mofetil to the

organ improves transplant vasculopathy [ ] ].

[35]

[36]

[37]

[38]

. 2277 -

ACS Nano,2019,13(11):12393-12407.

CHEN Y,HAN X,SUN Y,et al. A circulating
exosomal microRNA panel as a novel biomark-
er for monitoring post-transplant renal graft
function[JJ. J Cell Mol Med. 2020, 24 (20) .
12154-12163.

KIM Y A,CHUN S Y,PARK S B.et al. Scal-
fold-supported extracellular matrices preserved
by magnesium hydroxide nanoparticles for re-
nal tissue regeneration[ ] ]. Biomater Sci, 2020,
8(19) :5427-5440.

KO K W,PARK S Y,LEE E H,et al. Integrat-
ed bioactive scaffold with polydeoxyribonucle-
otide and stem-cell-derived extracellular vesi-
cles for kidney regeneration[]J]. ACS Nano,
2021,15(4) :7575-7585.

KHUNMANEE S,CHUN S Y,HA Y S,et al.
Improvement of IgA nephropathy and kidney
regeneration by functionalized hyaluronic acid
and gelatin hydrogel [J]. Tissue Eng Regen
Med,2022,19(3) :643-658.

e Fs B .2022-12-20 & H#Y.2023-04-10)

(E3EE 2271 50D
(477 ALVAREZ-MON M A, GOMEZ-LAHOZ A

[48]

[49]

[50]

[51]

M, OROZCO A, et al. Expansion of CD4 T
lymphocytes expressing interleukin 17 and
tumor necrosis factor in patients with major
depressive disorder[ ] ]. J Pers Med, 2021, 11
(3):220.

GRUDET C,WOLKOWITZ O M,MELLON S
H,et al. Vitamin D and inflammation in major
depressive disorder[ J]. J Affect Disord, 2020,
267:33-41.

BOONTANRART M,HALL S D,SPANIER ]
A, et al. Vitamin D3 alters microglia immune
activation by an IL.-10 dependent SOCS3 mech-
anism [ ] ]. J Neuroimmunol, 2016, 292. 126-
136.

AMIDFAR M,REUS G Z,DE MOURA A B,
et al. The role of neurotrophic factors in patho-
physiology of major depressive disorder [ ] ].
Adv Exp Med Biol,2021,1305:257-272.
YOUSSEF M M, UNDERWOOD M D, HU

[52]

[53]

[54]

ANG Y Y, et al. Association of BDNF
Val66Met polymorphism and brain BDNF lev-
els with major depression and suicide[J]. Int ]
Neuropsychopharmacol,2018,21(6) :528-538.
ERBAY L G,KARLIDAG R,ORUC M,et al.
Association of BDNFEF/TrkB and NGF/TrkA
levels in postmortem brain with major depres-
sion and suicide[ ] ]. Psychiatr Danub, 2021, 33
(4):491-498.

KOSHKINA A,DUDNICHENKO T,BARAN
ENKO D, et al. Effects of vitamin D3 in long-
term ovariectomized rats subjected to chronic
unpredictable mild stress: BDNF, NT-3, and
NT-4 implications[ J]. Nutrients, 2019,11(8)
1726.

WACKER M, HOLICK M F. Vitamin D: Effects
on skeletal and extraskeletal health and the need
for supplementation[ J]. Nutrients,2013,5(1);
111-148.

Wk HH#H.2022-10-27 & [E A #7.2023-03-18)



