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Although depression is a common psychiatric disorder that negatively affects individuals and societies,
its exact pathogenesis is not well understood. Stress is a major risk factor for depression and is known
to increase susceptibility by triggering inflammation. Indeed, many preclinical and clinical studies
have suggested a strong link between depression and inflammation. Depression is associated with
increased levels of pro-inflammatory cytokines, such as interleukin (IL-)1B, IL-6, IL-12, tumor necrosis
factor-o, and interferon-y, and decreased levels of the anti-inflammatory IL-4, IL-10, and transforming
growth factor-p. Administering pro-inflammatory cytokines causes depression-like behaviors in rodents.
Conversely, administering anti-inflammatory drugs appears to ameliorate depressive symptoms.
Although the importance of inflammation as a mediator of depression has been demonstrated, the
mechanisms by which inflammation is activated in depression remain unclear. To address this issue,
recent studies have focused on the importance of stress-induced sterile inflammation. Sterile in-
flammation refers to the activation of inflammatory processes due to physical and/or psychological
stress in the absence of pathogens. Stress promotes the release of endogenous factors known as dam-
age-associated molecular patterns (DAMPs), thereby triggering sterile inflammation. In turn, DAMPs
are recognized by pattern recognition receptors, leading to the production of pro-inflammatory
cytokines. Here, we review the role of DAMPs in depression based on preclinical and clinical evidence

on the dysregulation of sterile inflammation.
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Fig. 1. Stress-evoked sterile inflammation in depression. Physical
and psychological stress promotes the release of endog-
enous factors known as damage-associated molecular
patterns (DAMPs) to activate sterile inflammation. Ori-
ginal illustration created by MK Seo using BioRender
(biorender.com).
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Fig. 2. DAMP signaling pathway activated by stress. Stress releases several DAMPs including HMGB1, S100B, HSP, ATP,
and uric acid. DAMPs binds to pattern recognition receptors (PRRs; TLRs, RAGE, and P2X7R) leading to the activation
of NF-kB, which increases expression of NLRP3 and several pro-inflammatory cytokines (IL-1B, IL-6, and TNF-a).
Sequently, NLRP3 interacts with the adaptor protein ASC and pro-caspase 1. This proteins complex is considered the
NLRP3 inflammasome. The NLRP3 inflammasome triggers the activation of pro-caspases 1. Mature active caspase-1
cleaves pro-IL-1f into the mature IL-1B protein. Original illustration created by MK Seo using BioRender (biorender.com).
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Fig. 3. The role of sterile inflammatory processes by DAMPs released after stress. DAMPs released by stress bind their receptors
on microglia leading to the synthesis and secretion of IL-1p through inflammation activation. The secreted form of IL-1
may cause the induction of indoleamine 2,3-dioxygenase (IDO). IDO catabolizes tryptophan into kynurenine. Thus, trypto-
phan available for serotonin synthesis was reduced. Reduction of serotonin may affect sickness or depression-like behaviors.
Original illustration created by MK Seo using BioRender (biorender.com).
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W 2Ed 2~ 7170 §¢ 93 P2X7 234 BBG
(brilliant blue G)2} A438079F 2 FAF W&S dwstsd
o8] §AFSE AT AF{E, P2X7-null A E &2 By}
T Y 2EH AR 5 F Pl g A3

- Yl = A T2 ©1# 3 ITFES ATP-P2X7
AP & BT SN E AARRI ol Ao}
+ WEH OS2 Cao T[14]9 ATA Tl of3tH, T 2~

Ef 2 =& 35 AX 9 ATPE 7”*121210?] HAWE

ATPE FYUE B3l 2E#H 22 fidd & FAF d50]

A=At o] F FEEHE AFd= slar, kA

o7 »~Ef 27} ATP-P2X7E U7 8t %& 435S 3

71823 5o FFS vHoka Agksta T &5l
I3 .

=
A ATP-P2X7 A E Ao A&

o AFAI3] 8] 7] 984
= 5 2o AN A7 S o & HoE BT
/M 22
F gAEESl g4k 48l Al ksl g39E JER AL
glon, 71-eA AEe AAstE e 2T 4 NLRP3
JAEZnE EAAE 7 A €438H417]= DAMPZ
a2 A QItHe0]. S4ko] AZ 9] F1o 2 WEEH a4t
UEF AR 02 AFE =, NLRP37} o] 2RSS A s
of <l

ZohrtE E3AE g4t &4E f=sA ©
[58]. &= 3l AA o] AEY] A JFE{AH QA HEEE
o} &4 4FAF(reactive oxygen species; ROS)S] A S
W3] NLRP3S] 4 & sty &= 3],

a4k FAE 28U 9 FF5AH A E HES oAy A
’\]@fﬂ"’ﬂ 3t vlo] @mpA R A b gko7, 75], -+
=5 829 84k £ Wslel gt FAE thA dRA
B3 A0 Bt Aad &5 dd AFE
Bl =% Aado] izl s A a4k X7}
FreJatAl F7hste] 84t #2192 AE ekl RS

HAFA O], ThE ATl 84 FA9 2 F
o] BAAG ABAS BAFUTHT, 69]. I, ¥
T A} 95 FAY F AFA T E
d a4t FRE HAFE THEE A7 RaEdEd,
o] AFE 84k 29 #avt %%%0 EAolgr| B}
&3 AEE JeERita Akt gloh7]

22k Oig &5 FERY AT 94 AT
N7 2 dEEE A9E Rasgn. 2EY s 2
&3 BdollA 8 O 24 FAIF FEstE L ole
IL-1B % IL-18 22 Ate] E7kRIe] F7kel #rdo] AT
[59]. ¥H¥, 2Eg 2= Qs & P& Bole T3 F
of AoA 4F FAI7F A= A THES]. L4t
DAMPE Z-&3tA| 5k 43 AsiAl 2 = 2H-g-3h=t o
23k 7Hdol A, 2EHAE e FHo BEE e
2|9 g4k A8l 2EHYAE FEsle] Mo dF Als
A ARE GAAI= o2 AT & Uvh21]

2 E

A 2 Ay 2E#f 2o =% HMGBI, S100B,
HSP, ATP @ Q4k3} 7+ DAMP Q1A o) Al & X2
Z7A )12, EE DAMP AAFEC] ul Aol A o Q)
+ F T8A PPRsol| Ao ZH AEFetulE EjHA
o A FH o= ooz T dF AEE LT

o2 DMAP A5 B8 Aol o 220 WPSA
ARl EAR G FTMAIA $25E o) Bt o8 Aol
At @) W) DAMPs 2 Aol E7LGl e 9F NEE
2% 3 A8 ol oA Aekata Qow, of

(
—~

= TNF-09} 22 1934 A ETRIY 871 392
2ES doitts SA o dS sHET Yo
ATP7} A&3hE P2X7 8AE B2 8= P2XT &
SA AgA7L olm M Fol doH, W £ F HEF
T HAF AEE A SIS S B R e
AR fe ok std Fn B %4_01 AHE FolAY A
Zoll Atk NLRP1& EMAl 2 3= 53837} vl-g-2of

A HES F T2 AaARE BT o EH19], ASC
T 8 HEGL R A IFEE S
Aanzion 45 v EY AR 20 ol @
Hopgol op a3 fA A ATEHA FAA T, Fit
d59 DAMP Az g IEevtE B3t $2 5
B vl TS AT o, ol5& B RE &
FroFE MAL F2To] MR A EA T =2
< E Zlor Ay
ZAe =

o] A= AR (FHr|eGdRnEAT)] AU 2 =
AFAE] XYPs o} FPHE  AFU(2023R1A2C
2005016 2 2022R1F1A1064272).
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