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Abstract: Innate immunity constitutes the first line of immune defense. As a part of the body’s
innate immunity, the antimicrobial peptide LL-37 plays a crucial role in maintaining
homeostasis, with two primary functions: direct antimicrobial activity and immunomodulation.
Currently, research on LL-37 mainly focuses on its function, while its induced expression in
vivo has rarely been studied. However, understanding the induced expression of LL-37 is
essential for delving into the body’s immune defense mechanisms. Therefore, this paper briefly
reviewed the research progress on the synthesis and functions of LL-37, the factors inducing its
secretion, and the regulatory pathways involved in its induced expression. The aim is to offer
new insights into the regulatory pathways and immune defense functions of LL-37 in the

human body.

Keywords: antimicrobial peptide LL-37; in vivo induction; regulatory pathways

$T 1# BK (antimicrobial peptides, AMPs)/& H
SRA P ILT e A e X2 L ny—Fh i o
XHE R R I R B R T, 1] R HLIA
T2 S E IR e LS iR, &
e = 25PU R BR K%, B 1H % (defensins) K
W ZUE BT 2 (cathelicidin) KW A& &
21 2 % 75 1 (histatins) % . FE AR, B K
LL-37 J& HEi & BLME—Y cathelicidin ZZEHT
BRK , 75 AR I 56 R S B il v A #5 36 E B 1)
REP), LL-37 EZHEMGANNE . TPk an s
P2 240 LR b Bz A MR 3K, VT B DR AR S A
WA ENRIFFRE, FEGZgEAER
D; LR IR, SR, B TR
BRET LL-37 A B Yi6e, MHB R RIB R4

P4 actamicro@im.ac.cn, 7 010-64807516

FHLHI A Z L I, AR SCEELER LL-37
FITHRE . P W IIR R | 175 R0 1Y R i B
ENE, BIENIE—H R LL-37 76 AR 7
2 38 1 B 2 95 0 ) R AL S B

1 LL-37 8y A fn 7y ot

1.1 LL-37 £ 4Rk

TENR, A —FPOLF 3 S el KA
1 963 bp AYBHE T4 ik (cathelicidin antimicrobial
peptide, CAMP)JE[K . CAMP &K 45— Fh G 1%
PERETIARZE T, BRI KR 170 2 S50 1 A FPHES
FHi W & 18 (human cationic antimicrobial
protein-18, hCAP-18), hCAP-18 Hi 4 I~4h i T-4H
B ANEF 12 3 4t N-3 (155 77 51 Fll cathelin
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ZERER, MANEF 4 S PUERL LL-37; H,
{55 BCAN cathelin Z5#305 51t 30 4~ 104 4>
RIEMRFRILA AL, T LL-37 W A& A 37 A
FERRFRIE H O N-Ui A 2 Mo & PRI 424 ) A 40
&, hCAP-18 [ E & N B M 1. L Bx
N-Ui {52 Bk, f 19.3 kDa 25k 18 kDa, W5,
PR (AN SR (-3 . OB LG S)RITERR
5 IRTE AN A K A, DT T 1A T 1
PURIK LL-37 (B 1), W4Tk 4.5 kDal”),
1.2 LL-37 B9ThaE

LL-37 HAZFIhRE, FEaHEEEm
TR B 1 SO s RGETEATRE ST . VB KSR A
PEMRON &, R LL-37 & @R )
TERBUM A DT, AR S RPN .
ZRBAMEAN R . ER R e B e R AR
R 25403 D B o R A A BH B - e, 5
BT BT R IR 2 A el AR BV I 4 A R R
AR ANMOE, SRR . ST, Mk F|
PURRCORIO, [FIEE, LL-37 ©F W RE a4 i 5
SR AR, AR IR T . TR . & X
B AU S o B R L R 4N B 1 e R

\ Proteolysis

e

E1 LL-37 8RR

Figure 1 LL-37 synthesis flowchart.

oA R 3 1 D R R T 7 A SR R S &
2 U ) R 00 1 R Ay SRR B R Uk
Yo XFFREEEE A HIV, LL-37 W EA — &0
FAEhae! . [FE, LL-37 ] L3 i 38 S e 40
1) Ak LA R 175 S 5 S 20 g IR 7 1) 7= A e — 25
WA AR e B EE MY, Bildn, LL-37 2
AR T 1AM %2 -8 (interleukin-8, IL-8)
7, IIMHES) SAE R ERE , fefT G 40 i 7E %
FEFROLRAEN S B EibERSN, LL-37 AT LA
T S I R A R B AR A 1 e R A
PERM™,

2 LL-37 Rk#EWFESFEE

LL-37 fESe KA e 4, anrhvokiuit .
GEMR AN ML . BAAZ 20 LI 5 I 200 o 5 0 i s 3R
ik, FFPARTARBRIE XA A . B2, LL-37
T HTE AT R i 20 D A A 4 7 2 B S AR
WKk, k. WmiE . "PgiE | IR R e
T 1) R 20 ok e A7 57 B AR B YL i) 23 5T
Bme ., T RTRRK hCAP-18 i FL s A P
IR R B LL-37, T BRI Y B 2285 4k -
[FIE, LL-37 AYRIKER T 52 20 s i =
Gh, o Z BN Z AR W, AR HCE DA
7N ISRV T =€ i
21 TRIEWE

WS AE AR PR A 2R B I F AN 25 1k
PR LL-37 KA BT, A 28 e B e 0 2
T, A 21 AR Y b R 20 B AR K R Y
LL-37, M3 PTG, T8 R o w
ANRBFE—TEPTLU, Nk, 400 . k5N
JEBUE YRS E RN A LL-37 AR B
BRHER.

WFFEHE A S5 BT A549 (iR
Jor 200 L 2R ) P S g LA AR L S s (R SR 1
A FJH LL-37 mRNA Kk, Jfifl Western

http://journals.im.ac.cn/actamicrocn



3650

ZHANG Mengjie et al. | Acta Microbiologica Snica, 2024, 64(10)

blotting 73 HT45 % 0 BT RIRIEGE A9 A549 21 i
(&AM, AR T LL-37 el
XA S AR T AR SR S RO TR AT 5 5 AS49 4
fgrh LL-37 mRNA FIE AL AR
WAAUESE A iR A5 R A B LL-37 (R
RS R, AR F A A 1 R
MRS R R, 25 2 M 5 AR N e
WK BRI, I ELBERE SR gL ][] 1) 4 2 T 7
6 KA PE B A8 B 34k . s I B
(155 T 1 F B0 KR IR B BARY) B AE 2 P i
PRGBS | 700 2 2 IR Y
20 7 410 i e 149 g 22 B (lipopolysaccharide, LPS)
I 2% G PH P B %) K SR A (peptidoglycans, PGN)
YR SRR Ay, By rCRAMP Ll
IB(LL-37 TER BN R [FTEY), [R5 R
B At 85 7 T LA PR . A4
W bRz AR, AR A RUEE RNA R R
iR [polyinosinic-polycytidylic acid, poly(I:C)] %
LPS ¥y rf LA o0 LL-377Y, [Flf, 4
AT ER A NG & s BOE Toll HEAZ{AR 2 (Toll
like receptor 2, TLR2)fiil & 1 & i 6 K S8 S
VAN LL-37 S5 B0 kg A,
HIGFEE, —Se8oiEtai iy T BRI,
STERATE F LR RS £ LL-37 %
ik, Bergman SR, & IR B4 FHE
b R 2 R I e 2 SR TR 2 TS R AR B T 2 i v
LL-37 HJZRIX(ERFNEE 7 KF E13 2 0ESD),
X R k2% BT AT B A FEIR LL-37 B3R
IR AE A M A B TR RS AR AE LR e Ah,
e LI ™ 1 B 2% R A ot 3 e 0 0 B L
BERMARERE RS ENED, RN S0
7 b Bz A LL-37 45 AMPs 932350 [},
5 R TR AT R G 1 AR I A v A [ A U 25 3
LL-37 [ AI], AE DR T RRER s (—Fh4h
WA LL-37 75 S50 Al LA o Pk A2 50T KA
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TR 4 T M i B G PR IR AR Y

ZE ERTR, AR 2) %% 2% EE LL-37
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AEYI N LL-37 Rk 2R Y e g ik it
SR, ASTR] B A AN [ 11 s 1k 3R S ek o it
AN, AR A B3t LL-37 #3568 S vl BEAEAE 2
5, XA S AT R BEREE A K
22 HEMRKE=

B T RAEI HEREON, i b — e
YIRS i 25155 LL-37 5. sk
JE Wit (short-chain fatty acids, SCFAs), UNZ. Rk .
NEREL N T RER , Sl T4 AR TH ARG &
LFYERAN B K1) e RN R T PR AR
W, SERAANRE AT I LR A 9 A5 A Y B2
Hp, TRREhEHE RS R4 LL-37 /Y
PSP, SCFAs Y55 LL-37 ik ISR imia 55
A e B AR, X A B T4l iE
RAEREAT, B A FERMEAK, Fidg
B F 85 532 RGEFA, B RAE SN
2.3 ABEEF

290 i DR 2 — 24 92 40 L CAn B A A L
EWEANM . T 40H. B 4ifd . NK 4055 fiktst
A BE MO (N B A feL . REZ UMM . 2F e 40 g
SVARNBOT AR AT EA 2 AR
[ 7Ny~ 2 P 5 o A4 PR3 o ) 4 200 G2 i
RS LL-37 B3R, filin, IL-4 F11L-13
SRS IE F R4 LL-37 mRNA #)
Fk L LL-37 AP MR i
YL AR, AN 7Rl B e M R A I fE
A, 35S LL-37 SHwikm£is. i,
IL-27 B UERA AT LR XERR 15 S, AT i3
IKGE g LL-37 B4, Btk 2
ML FAENAK LL-37 WS Rk h A S E
BAEH, WA FiEES 5 E Rz
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24 EFE

MNENI—SE SRR, B4R oo
F RSP, ATLAEEE LL-37 950, i,
iR Dy MBERIIEECN AR E R R . X4
NFRATATLUE SR ST E TR RIEA,
PEiE AR LL-37, ISR LR SeE TIRE
241 #HHEZE

TEAMPUE K CAMP 3[R it 3 S B B v 5
1% 503 bp &b, FETELRSFIU4ELE R D [BocfF
(vitamin D responsive element, VDRE)F 41!
1,25- 334k 4 % D3 [1,25(0H), VDs[JE4i4: R
D; TERN IS EIE R, BRI LTS T CAMP
Ja 8 L) VDRE, W75 S 14 N 22 R 2 i 2 72
i CAMP 125350331 Schauber Z8HF 5720,
1,25(0H), VD5t AJ 38 52 sk 55 012 42 41 M A 1 F
T A i —2 B APUR AR LL-37 3k
KPS Al 4EE R A R4 R C Welfext
LL-37 [R5 A — s, (HLARBLG] i 5 2
— 454
242 WERTH

TR TG 2R A A P B R sl 4 A 2R 2 K
G3 FIEE LG VERR 73, TR . Sae iy rh &
FEE AT SR o AT PR R % 3 6 LA
R KR RE ST, AEFF AR IME AR AS . H
o, BN — R I PR R TR, EIE
SER] RS LL-37 BSE R s A i A L oA
W AACERT BAh, B AT LR i e 40
BTG, TR LL-37 20, iR o0 & Al fig
T 2L 5 T 240 B PN A5 B R DRI SR RN B S IR
2, W5 LL-37 ByRIB R4, IR AR 4
Y B BE = AL RE

3 EELL37T iz ERE

LL-37 7E4 I N 32 B N Z S, B
513 Toll #£3Z {4 (Toll-like receptors, TLRs) . NOD

FE3Z K (NOD-like receptors, NLRs)Z A5 2 H 152
KR NN 515 55 Sk e &, S E80T
e {5 5 @ B [ #% I F «B (nuclear factor
kappa-B, NF-xB) . 22 % il i& 1k & 11 ¥
(mitogen-activated protein kinases, MAPKs)% ]
PO, AR LL-37 Kk,

3.1 #RIR A Z R (PRRs)

155 20 51 32 {4 (pattern recognition receptor,
PRRs) /& — 28 A DL 42 U0 it 14 2 T R 2 43
TEE B LE ) R I3 F- 328 Sl A 0 e A A U A
454, PRRs A] DL AEAER SR RO HTG: . fi
A H A S PR E ] . 7 LL-37 Wi SRk
Hr, EZP K F TLRs Al NLRs Biff PRPs, H
H TLRs 7 = Hf
3.1.1 TLRs

TLRs J&f825 4 PRRs Rk, (i FAEkm
g N RREE EPY L B T RE S IR A I AR IR 5
26 K A 5 AH O 1 B PR 53 DL 5 1 R A 98 S v
TLRs AlEHZMEBCEY RS>, filin: TLR4 F
LU LPS. TLR2 HIREMERAEAK . TLRS
WHIMIEEN . TLRY HBIHEY) DNA 557,
W9 RB], TLRs fE5F LL-37 Rkt f i
HHEEAEH, Hrp TLR2 il TLR4 WA E 2
257 A8 TLRs WHIIFEE G 4N ) I+
J&i . TLRs RN B4 M U 40 55 S 3k S 4k
HEFE ML N F- 88 (myeloid differentiation factor
88, MyD88). Toll/ 14 & -1 Z KM X EMA
(Toll/interleukin-1  receptor related protein,
TIRAP) . iz % & BX B & F (translocation
associated membrane protein, TRAM)F B-TH#L &
TIR %% ¥4 3§ 75 4% % M (TIR-domain-containing
adapter-inducing interferon-f, TRIF) , = 5
NF-kB, MAPK. I BITHRFFE @M, I
A5 CAMP FEH (5 51,

3.1.2 NLRs
NLRs 2R ET MR PRRs, T
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2445 NLRA . NLRB., NLRC A f&% NLRP %%
G, HoPZE RS S FERMAEWE 1
(nucleotide binding oligomerization domain
containing 1, NOD1)#1 NOD2 J& T NLRB V.ji%,

W EWFFEH M 12 B9 NLRs*™, NOD1 JH 51 # >~
FCRAE AN () MEBERR, 17 NOD2 F R BN
JER SR M e A Bt s e — K™, 5 TLRs 25481, NLRs
B8 B #2155 5 56 K f 0 0 28 S R 1) it
Pashenkov 257 A B, NODI1 ZEM &% A ff
RS 210 516 R B 928 PN AE S g Hh Rk 454 A
fERERE NODI J&, MHliE it % i NOD1 Fii#H
SRV RIP2 Fil NF-kB p65 HIZ k0855, [HAT
IL-6. IL-8 FlE A FEH F-a (tumor necrosis
factor-o,, TNF-o0) % 2 i R 1~ 1) 430t o =22 RAIG 5
HE B, NODI 6% fi AR5 240 At 470 2T Ak
hBD2 Il LL-37 HJFEEIE FEM, xatgm
NLRs 7E LL-37 Wi R APl g —EE .
SR, HATE T NLRs 355 LL-37 Rk Hf
D, BARME SALE S — &

32 [EE5%IEE

TAE YRR DG AT R ALY PRRs J5 , 23
1k —RINMEHNAE S FBE N, FEALHE
NF-«B 1 MAPKs i /% o X S5 f% 1Y s i — 20
Pa5 CAMP BER (5% 5%, DTS2 e 470 B ik LL-37
(43I F R,

3.2.1 NF-xB E54# 5@

CAMP J [K] 175 8 52 NF-xB {5538
PR, %05 5 B RS BT NF-«B il
7 IxBa A AR 762 B306 )5, IkBa &
I3EFF R NF-xB A4, NF-«xB 53
K ) sl 1 X Zh A, e S e 3 [H] () s 5
TR, ZIR 5 £ W], CAMP JER (9 357
& 24> NF-xB 254005 . [, 76 CRAMP (/)
KL CAMP 25 470) BE K i —282 {7 % 72 51| NF-xB
HI4EE 0 ; Fik, NF-xB 1E LL-37 S+
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ZEXTEEW, 4N, LPS AT LL#ET NF-«B it
P 2 45 1 R i s LL-372Y, 534k,
T [ Z Mli(astragalus membranaceus polysaccharides,
APS)WAL B R] DLk 5 NS B T R 40 IxBo )
BEMEM, S8 NFxB #5507 L& LL-37
PR 1) 2 s R R
322 MAPK ES#SBEK

22 34 5 36 Ak B 1 ¥ B (mitogen-activated
protein kinase, MAPK)fii 545 S ¢ I j% 25 5
N2 5 T A2 30 A4 PR A PR 1) i AL s o,
PRI S R FAH G B TG PR, = 5 2 B B
A SRTIRAT, IR 5 RAE . S 2 RN
(kAP B, S7EmFL sy ani
HRYOE T 3 MR MAPKSs i87% : dMiaSMS
SR B B (extracellular signal-regulated kinase,
ERK)i& 72, c-Jun 2 K i 4 fF (c-Jun N-terminal
kinase, INK)i&4Z Ml p38 2224 5ivhi1b 25 11 B4 il
(p38 mitogen-activated protein kinase, p38 MAPK)
AP,

5% 2 W MAPKSs 38 % 9 305 5 LL-37 #9i5
FRIIAEC 4N, RMER RS IL-27 174,
IL-27 it —25 0% JAK #f(janus kinase, JAK)
p38 MAPK FlIAEMENLEE 3-J i (phosphoinositide
3-kinase, PI3K )5 538 B JE 1 LL-37 B9 40l
A 43 BOAF R R A 1 38 2L s ERKL/2 A p38
MAPK, 7E A549 #iiffdrpj&—Fa %) LL-37 75
S, [FEF, Zhao WP AL, APS AbHE
$LE T HBE16 4l th p38 MAPK Fll INK A4 ik
b, PEMES LL-37 (RB17, X eeffsr ],
MAPKs 1555 Sl e LL-37 if5 3 Rk ol 72
HH R AH AN R AR B A R P

4 RZ

PEAESK , 2 F LL-37 fE AR NS AP
R S T — e iE R . Z20inF5Y 2 Uk, TLRs
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K HR i NF-xB fil MAPKs {553 B AF A
LL-37 RIS EEE R, P RS
HEVE o SR, H EDR s T 2 IR L A0 2L
VSAETEVT 228 JE T A DR Ay ]

G, BT LL-37 i 2 R IA (5 Sl R p ot
SEAAEARXTBRIA B BR =, BT A TLRs 4 75847
B SEUEMESE 4 48 NLRs 5 HIGE TRk A
XK, AHASCHI B SRR AN R o DMER LGt
R EW/NT 4L RNA (small interfering RNA,
SIRNA)EERIREREOR | BERGTHE AR (electrophoretic
mobility shift assay, EMSA)LA K Y €4, 5 S T VE
#:(chromatin immunoprecipitation, ChIP)%§4% R
BT CAMP 3% SR LA N LL-37 (43 ihRiA
PRt 7 RS T B G IRAR ; R A FRLAH A Y AR
PRI A S K AR B R ASZ R A DG 45
WK, LAoeE LL-37 Ml 5 RB LT RAEZR (K
Fo HIK, XF LL-37 IR H R MR W A7 e
WA B, HoLep A YIRERE i LL-37
HyeIk, o) — L EHA TR, 2 BOX
PG 0 ELR 22 S5 i TE IR 1 fe R . bk, T
LL-37 TEA[E 402 A v pyifs 2 Rk B
SRS N T N | R O IKE el e NP
Zi BJriR, LL-37 N85S 2B AIL i %) B9 S0k
U5 BRI & SR ET S f2s (0] . ARAE FEAS AR
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PUIAAK LL-37 R P35 S 2B AL ) B

SE M
[1] LAZZARO BP, ZASLOFF M, ROLFF J. Antimicrobial
peptides: application informed by evolution[J].

Science, 2020, 368(6490): eaau5480.

[2] LU F, ZHU Y, ZHANG G, LIU Z. Renovation as
innovation: repurposing human antibacterial peptide
LL-37 for cancer therapy[J].
Pharmacology, 2022, 13: 944147.

[3] PARK K, ELIAS PM, ODA Y, MACKENZIE D,
MAURO T, HOLLERAN WM, UCHIDA Y. Regulation
of cathelicidin antimicrobial peptide expression by an

Frontiers  in

[11]

endoplasmic reticulum (ER) stress signaling, vitamin D
receptor-independent pathway[J]. Journal of Biological
Chemistry, 2011, 286(39): 34121-34130.

van der DOES AM, BERGMAN P, AGERBERTH B,
LINDBOM L. Induction of the human cathelicidin
LL-37 as a
infections[J]. Journal of Leukocyte Biology, 2012,
92(4): 735-742.

CHEN JL, ZHAI ZY, LONG HR, YANG GM, DENG
BC, DENG JP. Inducible expression of defensins and
cathelicidins by nutrients and associated regulatory
mechanisms[J]. Peptides, 2020, 123: 170177.
MYLONAS A, HAWERKAMP HC, WANG Y, CHEN
J, MESSINA F, DEMARIA O, MELLER S, HOMEY
B, DI DOMIZIO J, MAZZOLAI L, HOVNANIAN A,
GILLIET M, CONRAD C. Type I IFNs link
skin-associated dysbiotic bacteria to

novel treatment against bacterial

commensal
pathogenic  inflammation and angiogenesis in
Rosacea[J]. JCI Insight, 2023, 8(4): ¢151846.
BANDURSKA K, BERDOWSKA A,
BARCZYNSKA-FELUSIAK R, KRUPA P. Unique
features of human cathelicidin LL-37[J]. BioFactors
(Oxford, England), 2015, 41(5): 289-300.

SHAI Y, MAKOVITZKY A, AVRAHAMI D. Host
defense peptides and lipopeptides: modes of action and
potential candidates for the treatment of bacterial and
fungal infections[J]. Current Protein & Peptide
Science, 2006, 7(6): 479-486.

ALAGARASU K, PATIL PS, SHIL P, SEERVI M,
KAKADE MB, TILLU H, SALUNKE A. In-vitro
effect of human cathelicidin antimicrobial peptide
LL-37 on dengue virus type 2[J]. Peptides, 2017, 92:
23-30.

WANG GS. Structures of human host
cathelicidin LL-37 and its
peptide KR-12 in lipid micelles[J]. Journal of
Biological Chemistry, 2008, 283(47): 32637-32643.
MEMARIANI M, MEMARIANI H. Antifungal
properties of cathelicidin LL-37: current knowledge
and future research directions[J]. World Journal of
Microbiology and Biotechnology, 2023, 40(1): 34.
VERA-CRUZ A, TANPHAICHITR N, ANGEL JB.
Antimicrobial peptide, LL-37, and its potential As an

defense
smallest antimicrobial

anti-HIV agent[J]. Clinical and Investigative Medicine
Medecine Clinique et Experimentale, 2021, 44(3):
E64-E71.

WONG JH, YE XJ, NG TB. Cathelicidins: peptides
with antimicrobial,
anti-inflammatory,

immunomodulatory,
angiogenic,  anticancer  and
procancer activities[J]. Curr Protein Pept Sci, 2013,

14(6): 504-514.

http://journals.im.ac.cn/actamicrocn



3654

ZHANG Mengjie et al. | Acta Microbiologica Snica, 2024, 64(10)

[15]

[16]

[17]

[18]

[19]

(21]

[22]

ZUYDERDUYN S, NINABER DK, HIEMSTRA PS,
RABE KF. The antimicrobial peptide LL-37 enhances
IL-8 release by human airway smooth muscle cells[J].
The Journal of Allergy and Clinical Immunology, 2006,
117(6): 1328-1335.

SIGURDARDOTTIR SL, THORLEIFSDOTTIR RH,

GUZMAN AM, GUDMUNDSSON GH,
VALDIMARSSON H, JOHNSTON A. The
anti-microbial peptide LL-37 modulates immune

responses in the palatine tonsils where it is exclusively
expressed by neutrophils and a subset of dendritic
cells[J]. Clinical Immunology, 2012, 142(2): 139-149.
BERGMAN P, JOHANSSON L, ASP V, PLANT L,
GUDMUNDSSON GH, JONSSON AB, AGERBERTH
B. Neisseria gonorrhoeae downregulates expression of
the human antimicrobial peptide LL-37[J]. Cellular
Microbiology, 2005, 7(7): 1009-1017.
MENDEZ-SAMPERIO P, MIRANDA E, TREJO A.
Expression and secretion of cathelicidin LL-37 in
human  epithelial cells after infection by
Mycobacterium bovis Bacillus Calmette-Guérin[J].
Clinical and Vaccine Immunology, 2008, 15(9):
1450-1455.

HASE K, MURAKAMI M, IIMURA M, COLE SP,
HORIBE Y, OHTAKE T, OBONYO M, GALLO RL,
ECKMANN L, KAGNOFF MF. Expression of LL-37
by human gastric epithelial cells as a potential host
defense mechanism against Helicobacter pylori[J].
Gastroenterology, 2003, 125(6): 1613-1625.

R, 23 5 il T R AT SR B Y i K s ik
NS HE N BT RE[D]. #0500 L~ 7 8
3, 2014.

SHANG YW. Establishment of a rabbit model infected
by Campylobacter jejuni and screening of inducible
genes in animals[D]. Yangzhou: Master’s Thesis of
Yangzhou University, 2014 (in Chinese).
BRANDENBURG LO, VAROGA D, NICOLAEVA N,
LEIB SL, PODSCHUN R, WRUCK CJ, WILMS H,
LUCIUS R, PUFE T. Expression and regulation of
antimicrobial peptide rCRAMP after bacterial infection
in primary rat meningeal cells[J].
Neuroimmunology, 2009, 217(1/2): 55-64.
KUSAKA S, NISHIDA A, TAKAHASHI K, BAMBA
S, YASUI H, KAWAHARA M, INATOMI O,
SUGIMOTO M, ANDOH A. Expression of human
cathelicidin peptide LL-37 in inflammatory bowel
disease[J]. Clinical and Experimental Immunology,
2017, 191(1): 96-106.

LI Q, KUMAR A, GUI JF, YU FS X. Saphylococcus
aureus lipoproteins trigger human corneal epithelial

Journal of

<l actamicro@im.ac.cn, & 010-64807516

(23]

[25]

[26]

[27]

[29]

innate response through toll-like receptor-2[J].
Microbial Pathogenesis, 2008, 44(5): 426-434.

MOTYKA NI, STEWART SR, PORRETTA CP,
HOLLIFIELD IE, BAUER DL, BITOUN JP.
Enterotoxigenic Escherichia coli enterotoxins regulate
epithelial to immune relay of IL-33 and IL-1Ra

cytokines[J]. Infection and Immunity, 2022, 90(3):
e0063721.
XU D, LIAO C, XIAO J, FANG K, ZHANG W, YUAN

W, LU W. Human enteric defensin 5 promotes Shigella
infection of macrophages[J]. Infection and Immunity,
2019, 88(1): e00769-19.

LIU PY, WANG YB, YANG G, ZHANG QH, MENG
LB, XIN Y, JIANG X. The role of short-chain fatty
acids in intestinal barrier function, inflammation,
oxidative stress, and colonic carcinogenesis[J].
Pharmacological Research, 2021, 165: 105420.

ZENG H, UMAR S, RUST B, LAZAROVA D,
BORDONARO M. Secondary bile acids and short
chain fatty acids in the colon: a focus on colonic
microbiome, cell proliferation, inflammation, and
cancer[J]. International Journal of Molecular Sciences,
2019, 20(5): E1214.

SCHAUBER J, SVANHOLM C, TERMEN S,
IFFLAND K, MENZEL T, SCHEPPACH W,
MELCHER R, AGERBERTH B, LUHRS H,
GUDMUNDSSON GH. Expression of the cathelicidin
LL-37 is modulated by short chain fatty acids in
colonocytes: relevance of signalling pathways[J]. Gut,
2003, 52(5): 735-741.

ZUYDERDUYN S, NINABER DK, SCHRUMPF JA,
van STERKENBURG MA, VERHOOSEL RM, PRINS
FA, van WETERING S, RABE KF, HIEMSTRA PS.
IL-4 IL-13

differentiation of bronchial epithelial cells increases

and exposure during mucociliary
antimicrobial activity and expression of antimicrobial
peptides[J]. Respiratory Research, 2011, 12(1): 59.
CAO J, WANG D, XU F, GONG Y, WANG H, SONG
7, L1 D, ZHANG H, LI D, ZHANG L, XIA Y, XU H,
LAI X, LIN S, ZHANG X, REN G, DAI Y, YIN Y.
Activation of IL-27 signalling promotes development
of postinfluenza pneumococcal pneumonia[J]. EMBO
Molecular Medicine, 2014, 6(1): 120-140.

MORIO KA, STERNOWSKI RH, BROGDEN KA.
Induction of endogenous antimicrobial peptides to
prevent or treat oral infection and inflammation[J].
Antibiotics (Basel, Switzerland), 2023, 12(2): 361.
WHITE JH. Emerging roles of vitamin D-induced
antimicrobial peptides in antiviral innate immunity[J].
Nutrients, 2022, 14(2): 284.



TkFEHE AF | AR, 2024, 64(10)

3655

[32]

[33]

[35]

[36]

[37]

[39]

[41]

ISMAILOVA A, WHITE JH. Vitamin D, infections and
immunity[J]. Reviews in Endocrine and Metabolic
Disorders, 2022, 23(2): 265-277.

KHOO AL, CHAI LYA, KOENEN HJPM, OOSTING
M, STEINMEYER A, ZUEGEL U, JOOSTEN 1,
NETEA MG, van der VEN AJAM. Vitamin D3
down-regulates proinflammatory cytokine response to
Mycobacterium
recognition

tuberculosis through pattern

while inducing protective

2011, 55(2):

receptors
cathelicidin production[J].
294-300.

LOWRY MB, GUO CX, BORREGAARD N,
GOMBART AF. Regulation of the human cathelicidin
antimicrobial peptide gene by 10,25-dihydroxyvitamin
D3 in primary immune cells[J]. The Journal of Steroid
Biochemistry and Molecular Biology, 2014, 143:
183-191.

LEE WJ, CHA HW, SOHN MY, LEE SJ, KIM DW.
Vitamin D increases expression of cathelicidin in

Cytokine,

cultured sebocytes[J]. Archives of Dermatological
Research, 2012, 304(8): 627-632.

SCHAUBER J, DORSCHNER RA, YAMASAKI K,
BROUHA B, GALLO RL. Control of the innate
epithelial antimicrobial response is cell-type specific
and dependent on relevant microenvironmental
stimuli[J]. Immunology, 2006, 118(4): 509-519.
OHASHI W, HARA T, TAKAGISHI T, HASE K,
FUKADA T. Maintenance of intestinal epithelial
homeostasis by zinc transporters[J]. Digestive Diseases
and Sciences, 2019, 64(9): 2404-2415.

CHEN F, ZOU L, WILLIAMS B, CHAO W. Targeting
toll-like receptors in sepsis: from bench to clinical
trials[J]. Antioxidants & Redox Signaling, 2021,
35(15): 1324-1339.

ODENDALL C, KAGAN JC. Host-encoded sensors of
bacteria: our windows into the microbial world[J].
Microbiology Spectrum, 2019, 7(3): 10.1128/microbiolspec.
BAI-0011-2019.

HOPFINGER A, KARRASCH T, SCHAFFLER A,
SCHMID A. Regulation of CAMP (cathelicidin
antimicrobial peptide) expression in adipocytes by
TLR 2 and 4[J]. Innate immunity. 2021;27(2):184-191.
ZHANG Y, BHARATHI V, DOKOSHI T, DE ANDA J,
URSERY LT, KULKARNI NN, NAKAMURA Y,
CHEN J, LUO EWC, WANG L, XU H, COADY A,
ZURICH R, LEE MW, MATSUI T, LEE H, CHAN LC,
SCHEPMOES AA, LIPTON MS, ZHAO R, et al. Viral

afterlife: =~ SARS-CoV-2 as a  reservoir of
immunomimetic peptides that reassemble into
proinflammatory supramolecular complexes[J].

[46]

[47]

[50]

Proceedings of the National Academy of Sciences of
the United States 2024, 121(6):
€2300644120.

TING JP, LOVERING RC, ALNEMRI ES, BERTIN J,
BOSS JM, DAVIS BK, FLAVELL RA, GIRARDIN
SE, GODZIK A, HARTON JA, HOFFMAN HM,
HUGOT JP, INOHARA N, MACKENZIE A,
MALTAIS LJ, NUNEZ G, OGURA Y, OTTEN LA,
PHILPOTT D, REED JC, et al. The NLR gene family:
Immunity, 2008, 28(3):

of America,

a standard nomenclature[J].

285-287.
TRINDADE BC, CHEN GY. NOD1 and NOD2 in
inflammatory and infectious diseases[J].

Immunological Reviews, 2020, 297(1): 139-161.
PASHENKOV MV, MURUGINA NE, BUDIKHINA
AS, PINEGIN BYV. Synergistic interactions between
NOD receptors and TLRs: Mechanisms and clinical
implications[J]. Journal of Leukocyte Biology, 2019,
105(4): 669-680.

PETKOVIC M, MOURITZEN MV, MOJSOSKA B,
JENSSEN H. Immunomodulatory properties of host
defence peptides in skin
Biomolecules, 2021, 11(7): 952.
LI G, DOMENICO J, JIA Y, LUCAS JJ, GELFAND
EW. NF-kappaB-dependent
cathelicidin-related antimicrobial peptide in murine
mast cells by lipopolysaccharide[J]. International
Archives of Allergy and Immunology, 2009, 150(2):
122-132.

PESTONJAMASP VK, HUTTNER KH, GALLO RL.
Processing site and gene structure for the murine
CRAMP[J]. 2001,

wound  healing[J].

induction of

antimicrobial peptide
22(10): 1643-1650.
ZHAO L, TAN S, ZHANG H, LIU P, TAN YZ, L1 JC,
JIA D, SHEN XF. Astragalus polysaccharides exerts
anti-infective activity by inducing human cathelicidin
antimicrobial peptide LL-37 in respiratory epithelial
cells[J]. Phytotherapy Research, 2018, 32(8): 1521-1529.
BARBOSA R, ACEVEDO LA, MARMORSTEIN R.
The MEK/ERK network as a therapeutic target in
human cancer[J]. Molecular Cancer Research, 2021,
19(3): 361-374.

NANDI I, AROETI B. Mitogen-activated protein
kinases (MAPKs) and enteric bacterial pathogens: a

Peptides,

complex interplay[J]. International Journal of
Molecular Sciences, 2023, 24(15): 11905.

XU B, WU X, GONG Y, CAO J. IL-27 induces
LL-37/CRAMP expression from intestinal epithelial
cells: implications for immunotherapy of Clostridioides

difficile infection[J]. Gut Microbes, 2021, 13(1): 1968258.

http://journals.im.ac.cn/actamicrocn



