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Abstract

Sepsis is a clinical syndrome of organ dysfunction caused by a dysregulated host response to infec-
tion, with high morbidity and mortality worldwide. Inmunosuppression is a critical stage contrib-
uting to the poor prognosis of sepsis patients, leading to increased susceptibility to secondary in-
fections and increased ICU stay and total hospitalization time. Assessing immune status is an im-
portant prerequisite for identifying immunosuppression and clarifying the timing of immunome-
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odulatory therapy in sepsis patients. mHLA-DR is one of the best biomarkers for monitoring im-
mune function. In this article, we review the role of mHLA-DR in assessing immune status in sepsis
and the mechanism and treatment options of sepsis immunosuppression.
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1. 5]

Ji F9iE (Sepsis) f& 4= Bk HLE M 47 % (Intensive Care Unit, ICU) S5 WL, HiGy7 i B mils B oK
IZGE AR [L] o MRERIE B IROR 8 ST 0 IR L 1) G928 s 2 2 T 5 | S ) e S AR A ) 2 B Dh e Rl ,

ik

[2]-[4].

P B R EERE 1A R ML DA G ISR B N RRAE, 5 350 B SORE SO G e 4k, I EL G e A i 7E Rk
P OEWIRIT 2 Ja U n] DARRSEAEAE[S] . WREFIE 51 S 1) S e #2017 B gk R . 23 E )
e Bt £ &1 (multiple organ dysfunction syndrome, MODS)IKHLEE,  [A]s G2 1] 5 T N Bt R AN K 9 48
IR EE UIAEOC[6] . [RIUth, R VPAh IR B S SRS IR B AR AR ) b B AR Ik B R 28 2 S e 30 )R
Al ShASHN . B VR T LR EEANME . MR EE S W AR T A OC 1) SRR AL A
A F 41455 -DR (Monocyte human leukocyte antigen-DR, mHLA-DR)/& H i i 25 28 W 0 ) BEAR A5 &
YT [8]2 o 4f L, ASCHE S mHLA-DR ST IR EE B S ThRERIVPAl, IR I8 B 350 S e 41
LDV IWE

2. BREGAE e A IHI B9 ML

HUARHRARI JEAR N AR B G028 S S BT 43 A [ G G 28 FISR A I a2, 19 38 240 e e e 4 AN 40 28 2 T4
Il 5 G, 28 200 PR R4S P S T2 0 M IS R T A L S JORE IR B AE o 81 P R G LA K s Jad A
(IEE—E B4R, o Hb AT Gy 4 M 4 fe B A5 S0 AHE o S A4 R 5 A A DG 1 43 A 2 DA R AR A A
KIIEREAT T o [EA G BoE vl DU i 70 S5 A F o WA A= 103 1 o0+ L2 5| R R IR 8 i 4% S B,
oY 5] 38 A B iR L 3 4T B (Antigen-presenting cells, APC)E /S HISR 1S S [ M [9]. fEAEFIRES R,
WU I8 A2 98 S RLANT 2 e 2 (A I B A T AR AERf ey Aads o (HAERRERIE B3, R 98 BRI 28 IR
A BN AT B AT R, S MR MR T 12 28 P 400 B R 7 1) b Y Rk DL AR MACRT g Il R e R0, 323
b B JORE SN, 3T B M R T R R R MODS . TEIEHATA], 4T 98 4 IR R0 A ] o RO i,
AN HLA-DR RIE ™, Az difai e, 5 R 4e iy 38 2280 1 Sl [10].

3. MHLA-DR M BRBAE S IR ST B9ER

FUAZ AN PR THI 2R IA T HLA-DR 2 FAx B 4 i AT R S T kS i 2 TR i 22, I mHLA-DR
TP S B R SR> TSR G I S BOF R [11] . AT W, mHLA-DR 2% [ 2 1A 0T [ A 4 s Ak
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FRHIE G R G REHR BAT H LI R L
3.1. BREAESEHNHIEHEERA

T e BEAE o 8 M I K VA 9T B R IR [7]3 8 mHLA-DR & B £ 8 0 2 Th g W I A0 = (46
W o 2 T 9 KR R FEAE JE 35 (1) mHLA-DR 7K PAEAE 12 N BFAL 2 AT A7 d AR R N B4 [12] [13]. Al
PRI FEH mHLA-DR RIAZ 30%(F Jy ik B3 £ H I e RO (1 FLBRE[14] . Monneret %5 A [12]8F 5%
RO BE AL WG 4 3~4 RIET-H) mHLA-DR RKILEAEEE B E K, I H5 3~4 K mHLA-
DR FIA R <30%X FET- R [ T B A B A . RIS iZHF 7 8 mHLA-DR 7K P 0] 7 A k25 e 2 1)
BFTFUR AT S R ELIE T KR o

32. RBIERZFIIDEK

ZOUGART IR, EEIEGL T, mHLA-DR [7K-FyE Ry 15,000 50 FE T 4/40 i (Ab/c) % 60,000
Ab/c, 2% mHLA-DR [ FFE Ny 15,000 Ab/c, %R mHLA-DR [k 60% [15]-[17]. 23
23 K H mHLA-DR >4 8000 Ab/c Xf . mHLA-DR {13 1A% Ny 45%3 7~ H FE G B2 41|, mHLA-DR “A4 5000
Ab/c XN mHLA-DR H#35 %y 30% % 7 F L FRIE[18] [19]. K, 4 mHLA-DR KT 60%E# 15000
Ab/c $ER YT REZEIRA IEH, mHLA-DR 4T 45%%] 60%5# 8000 Ab/c % 15000Ab/c $&7x & # H B
FE 4], mHLA-DR 40T 30%%)] 45%5%# 5000 Ab/c | 8000 Ab/c $7m & &b T th B S e mdPIR A
24 mHLA-DR /)T 30%E}7# 5000 Ab/c #7~ B & e Dife ™ B 24, AT R REDIRE .

3.3. REEREIG B E G

MHLA-DR R IA 7K T B IRt fie #3E A8 28 95 15 7™ B R 1 A T90 3 (0 Vil LA B 0 1 5 a1 g 1 Rl PR A1
[20]. Leijte %5 N[13]HF7C A EL: BEAEI E]OHERS mHLA-DR ik T ) 3 4k o JBCUL ) UG ANE T 5 . 3
THE o MHLA-DR ik i I RFEATTE PR M B0 28 38 (1) G B RIS S S 08 B A S [12] [21] o — TRURIT RS
PEASERT 7L [22] 3 B FIE B A ISR 04 3. 7 =AML A, WA mHLA-DR kK, SRSk &
HE 3 RIEE 7RI mHLA-DR FRIAZ 55 0 RIZEE £ TN ™ IR EEE B 28 KA T R H A R I
TRERfR P FIRE S BE(AUC 433100 0.919, 0.938), & RTEEMITRINEE 1. BRIk, LRI mHLA-DR [3hs42 4
Eb BN 18] AR I mMHLA-DR B8 RGP T AE TR, X PP IR ERE J o I TS AT S 3e 3 .

3.4. REERZIGTT R A MEaT IS

MHLA-DR & I EERE 16T 1o F2 rh e Il 3 S R G DR (1 B8 2248 AR [23] . 7E—TURTHETE . BEHLAUE X
R 22 Hhoo i PRATE 98 [24] h e B 4E 2 K mHLA-DR < 8000 Ab/c, f71E A Be b Mk EEAE B, T LAk
YD — 1 4 R 4 75 ) 3 X1 (granulocyte-macrophage colony-stimulating factor, GM-CSF)#EAT S il 414
JT R RIATT 8 K, 1RYT I HFRLE N mHLA-DR > 15,000 Ab/c, HATEIZNAS K H4H ) mHLA-DR 3%
K. ST R IUE R GM-CSF [ FT4L7E 24 /N J§ mHLA-DR RIAZ B35, IFH4550 7 AUk
N (] (B 22 R AR AP B 45 59.3 /M)y ICU NI ] S SRR ] o [, mHLA-DR %} J- il it 25
S 1) S8 B PR VR T IR SN LA e

4. RBIEMRXREBEGTT

GRS TiE H R R e T Re, IR ERSURIREAE 1S, DL 48 A g, AT B
MR REAE AR IIZE T2 FR[25] 0 $2 N R MG IR A e . SRAFE Sy L2 S ORI IR & BT ARG YT 1 3 ik 75 A
RPN IR T RERE -
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4.1 HBEHRE

411 FREy

FHE y (interferon y, INF-y)id ik $2 5 WG 20 M 00 75 W R R B AR 77, 2 7 389 St b1 A4 V7 ok s DAk 1)
[26]. HHFFLRM[27]6H 1IFN-y 1697 FREERE /N B AT LA E IR S8R0 i (dendritic cells, DC)Z [l CD 86 15
ik, 8> DCIET, MRS S 5 | R S 4] 59— TlE KA 72 [28] #6235 T 9 44 mHLA-DR fik&ix
B, 4T IFN-y 1BI7EE%E LT mHLA-DR HIRIAKT, H HANSCAAZ A0 A o 3 R SR SE R -
(tumor necrosis factor-a, TNF-a), MIM#EBIHEBREBURE .« (H2, IFN-y [ & —F {2 % AR E1, FImmRN
P77 ZRETT 25 FAT A R i — DR S RAIE

4.1.2. RI4AHE - EREHAREERIBE F(GM-CSF)

OLZH M - I 4 ik 5 9% 1 9 K] - (granulocyte-macrophage colony-stimulating factor, GM-CSF) & —
T G % A0 AT S BE AT AR AR DR, T DE e S R e R A A A 4 A M A i 7 i R RE B
V1) ) A5 I R 2% T BB 77 R B4 35 e % ThE[29]. B WEFTIEBI[30]45 T GM-CSF n] {i ik P 5 25 7 s B A% 4 i
HLA-DR (3R IEF] TNF-o [17=4E, $&78 GM-CSF A& 38 SR ALk G125 ) R 30 8 G 2 RO IR S FE IR 7. — i
I AR IRIR[31]HRkIE, A JF MODS Ik EEAE & ) L322 GM-CSF J897 )5, TNF-o 3900, 12 B 4k & 1 B G 11
AR FEAG . PRI, GM-CSF A 1 38 i o 1R 40 B IR A R 8 77, AT /b 4k R L kA2 . (R, BT
WHUEH GM-CSF 0T MREERE B ¥, WA B IG R UEYE SCREAE bR iR )T, e Tk — P Is KK
IOAESE .

4.2. HIBIRIGMRE

42.1. B4R ER-7

FI4H A/ 27 (interleukin-7, IL-7) IL-7 J2& Ik EL4H B A7 7% R4 19 it 75 A6 Ao o4 B iR 7, Bt i
71 tHHOOT e FEE R IOV AE 2R AL [32] o XIDABE FCAN N 1 27 (9B 7™ 2 ik EE 4 i k2D 1) Bk B PR AR o S8
FEH R E EAN -7 EREEAE 3 8 F 6 22 A 1t R Rtk A s /D (R Re ) o 45 R R
IL-7 V&7 1) B e 0 IR A bR ES A e ot 1+ 8 DL K. CDA+AI CD8+ T 4l i+ 4y & & 1 hn[32]. % Evl4n,
IL-7 AT E i bk E 4 i (g B4 5, 3 48 o o b bk R B O R, (EUR TS e I B R RE 5| S Y
25 JII ) R BT FE 2638 TR a3k — AP A T UE 52

422 REBEKEB

S BR & H (Immunoglobulin, 19) 1 B 4 - i I RSRER BT, ETP AN TR . S 5m FRAZ AH i AT R
Y f 7RI e TR R PEOCEREVE . Akatsuka £8 A [33]IF LR, 5 19G (Immunoglobulin G)7K~F I 1) i
FAHLG, 109G AKTARKI IR ERAE B (RT3 By, HIREEAE B 1) 19G KPR N 5 3 =i i) 28 RAET:
FAAK o X R BAERIKIE S S 3R E E (VIG) AT et — M MBI G 5T ivE . Boli — Il 31 /NpEL
X RIS A T[4 KL, IVIG AT 35 ol ik B B (1 St AR B 598 4@ B 1T (Acute Physiology
And Chronic Health Evaluation II, APACHE I)¥F-45, 4% EFemf[a], FRARAEToE, JUHAERRIR N IR EEAE
BEFCT R R REEA . REEZFESITHAANRIGIRRIATE B Z R T, AR ARRE. 4
24575 % U BRI BT B0 M 2 5, DA TSR R 22 5%, (BRI, IVIG JR7 R n]
BTG i B hE AR IR AE T 3R

4.2.3. BBREK al
BRI ol (Tad)se M fs ch % I B AR sr ik, 78 T Zf st fn oAk rp i SedE . — I, B
B BEHL RIS [23]3R1E, Tal ¥A77 ™ EMEEAE B35 7 _E 1 mHLA-DR MIEIE/KT, BT T At =
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PPt 743 (Sequential Organ Failure Assessment, SOFA) -7, 28 RALT-Z M 35.0%F4 %2 26.0%, K Tal 7f
g R R e DR, PR 28 RAPBETI R Li 5 A[35]4 12 IS Tal AHICH IR ARG 1
177 RGN, LW Tal 10977 AR ERE B E R BISET R B2, FERNATFI IR DL
NFEARKRR D, ol RN 75 #E

4.2.4. $ PD-L1 $i{k/PD-1 $utk

PD-1 Z & RGARK — RO IR 2 SR AL, BT CA 2 T 58 HAE o ikaghe S RS (VR T
BT TS . AEEFUH B PD-1 BuAA R T Ik EEAE R, R CD8+ T 41 i) 4t M i T /b AT IFN-y
FEAEREIN[36]. HEA, AP T[37] [38]WIAFUESE T Nivolumab (—Flt PD-1 il 7)) i 2 4 11 R 52 1
I HAEDT PD-LY JEY7HAME], B IR 2 4B M 4 ) TH HORM A% 40 i HLA-DR 221K 7K~ i B[] HEE 2 1T A~ 7 3
hne BRI, LR FT[38]H 480 mg Nivolumab ZH frf 2 5 bk EL 40 i o1 B0 A% 41 i HLA-DR RIE /K F 1
Pol, MIELZES 28 K, 20 WM 574/ul 1 17,652 Ab/c, 960 mg ZH4> I3 672/ul #1 6516 Ab/c. H
B, PLPD-1/PD-L1 VG775 2= RO M BRAE £ g R B YL FIBE T 3R 45 32 B PR 45 JSy 15 A A B E

4.3. REFTIRTT

Ao FEE FRY O S AN G BN P 3 R AR SRS A R K, A I8 R IR R P B A B R R A o TR,
—LERE SN SRR T PURAN BB AR LS & BRI U 5. — TR T 6 Tl ARG K 2 A A [39], R WK
8 P AN G B4 5 FT S535 5 ™ IR ERE I 2 R o 50— NS 8 TR LI PR 10562 Y 25 25 73 #r [40]3E
K, A R T IS Tad (0B 6 T R S0 IR AE A8 (0 28 B ThRE T R ARSE T3,

5 B&ERE

R AE 8 I R I R AN DR SRR S LR S e ThBEZ IR “ 21407, [RIIN 52 7 5 8 B JORE N
(57 H T S A BT R RS Z R A7 o 9 ARG R EE A i A R 2R, T 2 e B S M
S5 M KL 2 KB IR ERAE HE R (R DR BENL A o 1 22 I TR, G B S 1 T e 7 A B Y I A g
ABEHBETFR AN EEE K. R, KEZHEH ARG, 5= %R 5 HkEaE B K A4k
FIEGeZ 18] IR G R B IR, 31X 75 BEAREAK G AR it — DR SE

HAl, MR FIESE SRR, mHLA-DR AOIRRIE T 1 D T B R S e JRRBE BRI AS R I A= 404
B FIIVFZ W T SCRFAE ] CD14+HZ A U R I ) HLA-DR (19 SEFRBCR AT il R 3R ) Bk #0816 35 17
FES AN EVIAR W BEAh,  THREEE G 4] 1) 7™ BRAR R T DAEE e 32 B 39 1] M ) mHLA-DR FJ7KF
BEATVRAL . R, BORIKERAE S A w] LU mHLA-DR ik NG, (iS5 iz e
LR E M BHEHE R IR YT R A IE R EAE 5 (K G e, IXPHAS T mHLA-DR S8 EMbR S 2K
A

TR 2 A PR R 6 2 T LA S R G VAL A D g, DA S AR A IR, (IR k6 1Y
EREFRNK . BIH AL, IR A IR BT ¥ 3 2 AR R e T T8 7 RS AE 1 S BTk . AT
ook i 2 P, BIEEART: 1) B GG TR LA RN EbR SN, THR TR 1l
A, FFRBI B BN B TR 2) BEMORHIAIN 2 G RO E, SRlmun, ik, MiE T
ANEFERTAM; 3) #fE ey T RO 2, BT Sk Z: 251812 4) BESTZMHIR
VARG AR 2, DR DR AR 2 A7 ROt e

E&WH
VU J1145 B 2 RHF 35 H (S17069) -

DOI: 10.12677/acm.2024.14123221 1322 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.14123221

Wdde, ikt

SE

(1]

(2]

(3]

(4]

(5]
(6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Bauer, M., Gerlach, H., Vogelmann, T., Preissing, F., Stiefel, J. and Adam, D. (2020) Mortality in Sepsis and Septic
Shock in Europe, North America and Australia between 2009 and 2019—Results from a Systematic Review and Meta-
Analysis. Critical Care, 24, Article No. 239. https://doi.org/10.1186/s13054-020-02950-2

Singer, M., Deutschman, C.S., Seymour, C.W., Shankar-Hari, M., Annane, D., Bauer, M., et al. (2016) The Third Inter-
national Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). Journal of the American Medical Association,
315, 801-810. https://doi.org/10.1001/jama.2016.0287

Rudd, K.E., Johnson, S.C., Agesa, K.M., Shackelford, K.A., Tsoi, D., Kievlan, D.R., et al. (2020) Global, Regional, and
National Sepsis Incidence and Mortality, 1990-2017: Analysis for the Global Burden of Disease Study. The Lancet, 395,
200-211. https://doi.org/10.1016/s0140-6736(19)32989-7

Evans, L., Rhodes, A., Alhazzani, W., Antonelli, M., Coopersmith, C.M., French, C., et al. (2021) Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis and Septic Shock 2021. Intensive Care Medicine, 47,
1181-1247. https://doi.org/10.1007/s00134-021-06506-y

Gotts, J.E. and Matthay, M.A. (2016) Sepsis: Pathophysiology and Clinical Management. British Medical Journal, 353,
i1585. https://doi.org/10.1136/bmj.i1585

Chang, D.W., Tseng, C. and Shapiro, M.F. (2015) Rehospitalizations Following Sepsis. Critical Care Medicine, 43,
2085-2093. https://doi.org/10.1097/ccm.0000000000001159

Pei, F., Yao, R., Ren, C., Bahrami, S., Billiar, T.R., Chaudry, I.H., et al. (2022) Expert Consensus on the Monitoring and
Treatment of Sepsis-Induced Immunosuppression. Military Medical Research, 9, Article No. 74.
https://doi.org/10.1186/s40779-022-00430-y

P E R RER SR SRR ERS, FEANRBREERFEE:TWER S, EERETAMEL,
& MREPRE S M2 IE T FKILIR]. AR SRR 2, 2020, 32(11): 1281-1289.

Sun, L., Wang, X., Saredy, J., Yuan, Z., Yang, X. and Wang, H. (2020) Innate-Adaptive Immunity Interplay and Redox
Regulation in Immune Response. Redox Biology, 37, Article 101759. https://doi.org/10.1016/j.redox.2020.101759

Liu, D., Huang, S., Sun, J., Zhang, H., Cai, Q., Gao, C., et al. (2022) Sepsis-Induced Immunosuppression: Mechanisms,
Diagnosis and Current Treatment Options. Military Medical Research, 9, Article No. 56.
https://doi.org/10.1186/s40779-022-00422-y

Pfortmueller, C.A., Meisel, C., Fux, M. and Schefold, J.C. (2017) Assessment of Immune Organ Dysfunction in Critical
IlIness: Utility of Innate Immune Response Markers. Intensive Care Medicine Experimental, 5, Article No. 49.
https://doi.org/10.1186/s40635-017-0163-0

Monneret, G., Lepape, A., Voirin, N., Bohé, J., Venet, F., Debard, A., et al. (2006) Persisting Low Monocyte Human
Leukocyte Antigen-Dr Expression Predicts Mortality in Septic Shock. Intensive Care Medicine, 32, 1175-1183.
https://doi.org/10.1007/s00134-006-0204-8

Leijte, G.P., Rimmelé, T., Kox, M., Bruse, N., Monard, C., Gossez, M., et al. (2020) Monocytic HLA-DR Expression
Kinetics in Septic Shock Patients with Different Pathogens, Sites of Infection and Adverse Outcomes. Critical Care, 24,
Article No. 110. https://doi.org/10.1186/s13054-020-2830-x

Landelle, C., Lepape, A., Voirin, N., Tognet, E., Venet, F., Bohé, J., et al. (2010) Low Monocyte Human Leukocyte
Antigen-Dr Is Independently Associated with Nosocomial Infections after Septic Shock. Intensive Care Medicine, 36,
1859-1866. https://doi.org/10.1007/s00134-010-1962-x

Hagedoorn, N.N., Kolukirik, P., Nagtzaam, N.M.A., Nieboer, D., Verbruggen, S., Joosten, K.F., et al. (2021) Association
of Monocyte HLA-DR Expression over Time with Secondary Infection in Critically Il Children: A Prospective Obser-
vational Study. European Journal of Pediatrics, 181, 1133-1142. https://doi.org/10.1007/s00431-021-04313-7

Cajander, S., Tina, E., Backman, A., Magnuson, A., Stralin, K., Séderquist, B., et al. (2016) Quantitative Real-Time
Polymerase Chain Reaction Measurement of HLA-DRA Gene Expression in Whole Blood Is Highly Reproducible and
Shows Changes That Reflect Dynamic Shifts in Monocyte Surface HLA-DR Expression during the Course of Sepsis.
PLOS ONE, 11, e0154690. https://doi.org/10.1371/journal.pone.0154690

Zorio, V., Venet, F., Delwarde, B., Floccard, B., Marcotte, G., Textoris, J., et al. (2017) Assessment of Sepsis-Induced
Immunosuppression at ICU Discharge and 6 Months after ICU Discharge. Annals of Intensive Care, 7, Article No. 80.
https://doi.org/10.1186/s13613-017-0304-3

Pfortmueller, C.A., Meisel, C., Fux, M. and Schefold, J.C. (2017) Assessment of Immune Organ Dysfunction in Critical
IlIness: Utility of Innate Immune Response Markers. Intensive Care Medicine Experimental, 5, Article No. 49.
https://doi.org/10.1186/s40635-017-0163-0

Docke, W.D., Hoflich, C., Davis, K.A., et al. (2005) Monitoring Temporary Immuno-Depression by Flow Cytometric
Measurement of Monocytic HLA-DR Expression: A Multi-Center Standardized Study.

DOI: 10.12677/acm.2024.14123221 1323 I IR 22 it g


https://doi.org/10.12677/acm.2024.14123221
https://doi.org/10.1186/s13054-020-02950-2
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/s0140-6736(19)32989-7
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1136/bmj.i1585
https://doi.org/10.1097/ccm.0000000000001159
https://doi.org/10.1186/s40779-022-00430-y
https://doi.org/10.1016/j.redox.2020.101759
https://doi.org/10.1186/s40779-022-00422-y
https://doi.org/10.1186/s40635-017-0163-0
https://doi.org/10.1007/s00134-006-0204-8
https://doi.org/10.1186/s13054-020-2830-x
https://doi.org/10.1007/s00134-010-1962-x
https://doi.org/10.1007/s00431-021-04313-7
https://doi.org/10.1371/journal.pone.0154690
https://doi.org/10.1186/s13613-017-0304-3
https://doi.org/10.1186/s40635-017-0163-0

Wede, ks

[20]
[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

Chen, Y. (2017) Dynamic Monitoring of Monocyte HLA-DR Expression for the Diagnosis Prognosis and Prediction of
Sepsis. Frontiers in Bioscience, 22, 1344-1354. https://doi.org/10.2741/4547

Joshi, 1., Carney, W.P. and Rock, E.P. (2023) Utility of Monocyte HLA-DR and Rationale for Therapeutic GM-CSF in
Sepsis Immunoparalysis. Frontiers in Immunology, 14, Article 1130214. https://doi.org/10.3389/fimmu.2023.1130214

Wu, J., Ma, J., Chen, J., Ou-Yang, B., Chen, M., Li, L., et al. (2011) Changes of Monocyte Human Leukocyte Antigen-
Dr Expression as a Reliable Predictor of Mortality in Severe Sepsis. Critical Care, 15, Article No. R220.
https://doi.org/10.1186/cc10457

Wu, J., Zhou, L., Liu, J., Ma, G., Kou, Q., He, Z., et al. (2013) The Efficacy of Thymosin Alpha 1 for Severe Sepsis
(ETASS): A Multicenter, Single-Blind, Randomized and Controlled Trial. Critical Care, 17, Article No. R8.
https://doi.org/10.1186/cc11932

Meisel, C., Schefold, J.C., Pschowski, R., Baumann, T., Hetzger, K., Gregor, J., et al. (2009) Granulocyte-Macrophage
Colony-Stimulating Factor to Reverse Sepsis-Associated Immunosuppression. American Journal of Respiratory and
Critical Care Medicine, 180, 640-648. https://doi.org/10.1164/rccm.200903-03630c

Hotchkiss, R.S., Monneret, G. and Payen, D. (2013) Sepsis-Induced Immunosuppression: From Cellular Dysfunctions
to Immunotherapy. Nature Reviews Immunology, 13, 862-874. https://doi.org/10.1038/nri3552

Guo, Y., Patil, N.K., Luan, L., Bohannon, J.K. and Sherwood, E.R. (2017) The Biology of Natural Killer Cells during
Sepsis. Immunology, 153, 190-202. https://doi.org/10.1111/imm.12854

Fu, X. and Wang, Y. (2023) Interferon-y Regulates Immunosuppression in Septic Mice by Promoting the Warburg Effect
through the PI3K/Akt/mTOR Pathway. Molecular Medicine, 29, Article No. 95.
https://doi.org/10.1186/5s10020-023-00690-x

Ddcke, W., Randow, F., Syrbe, U., Krausch, D., Asadullah, K., Reinke, P., et al. (1997) Monocyte Deactivation in Septic
Patients: Restoration by IFN-T" Treatment. Nature Medicine, 3, 678-681. https://doi.org/10.1038/nm0697-678

Borriello, F., Galdiero, M.R., Varricchi, G., Loffredo, S., Spadaro, G. and Marone, G. (2019) Innate Immune Modulation
by GM-CSF and IL-3 in Health and Disease. International Journal of Molecular Sciences, 20, Article 834.
https://doi.org/10.3390/ijms20040834

Flohé, S., Lendemans, S., Selbach, C., Waydhas, C., Ackermann, M., Schade, F.U., et al. (2003) Effect of Granulocyte-
Macrophage Colony-Stimulating Factor on the Immune Response of Circulating Monocytes after Severe Trauma. Crit-
ical Care Medicine, 31, 2462-2469. https://doi.org/10.1097/01.ccm.0000089640.17523.57

Hall, M.W., Knatz, N.L., Vetterly, C., Tomarello, S., Wewers, M.D., Volk, H.D., et al. (2010) Immunoparalysis and
Nosocomial Infection in Children with Multiple Organ Dysfunction Syndrome. Intensive Care Medicine, 37, 525-532.
https://doi.org/10.1007/s00134-010-2088-x

Francois, B., Jeannet, R., Daix, T., Walton, A.H., Shotwell, M.S., Unsinger, J., et al. (2018) Interleukin-7 Restores Lym-
phocytes in Septic Shock: The IRIS-7 Randomized Clinical Trial. JCI Insight, 3, €98960.
https://doi.org/10.1172/jci.insight.98960

Akatsuka, M., Tatsumi, H., Sonoda, T. and Masuda, Y. (2021) Low Immunoglobulin G Level Is Associated with Poor
Outcomes in Patients with Sepsis and Septic Shock. Journal of Microbiology, Immunology and Infection, 54, 728-732.
https://doi.org/10.1016/j.jmii.2020.08.013

Pan, B., Sun, P., Pei, R., Lin, F. and Cao, H. (2023) Efficacy of IVIG Therapy for Patients with Sepsis: A Systematic
Review and Meta-Analysis. Journal of Translational Medicine, 21, Article No. 765.
https://doi.org/10.1186/s12967-023-04592-8

Li, C., Bo, L., Liu, Q. and Jin, F. (2015) Thymosin Alphal Based Immunomodulatory Therapy for Sepsis: A Systematic
Review and Meta-Analysis. International Journal of Infectious Diseases, 33, 90-96.
https://doi.org/10.1016/j.ijid.2014.12.032

Chang, K., Svabek, C., Vazquez-Guillamet, C., Sato, B., Rasche, D., Wilson, S., et al. (2014) Targeting the Programmed
Cell Death 1: Programmed Cell Death Ligand 1 Pathway Reverses T Cell Exhaustion in Patients with Sepsis. Critical
Care, 18, R3. https://doi.org/10.1186/cc13176

Hotchkiss, R.S., Colston, E., Yende, S., Crouser, E.D., Martin, G.S., Albertson, T., et al. (2019) Immune Checkpoint

Inhibition in Sepsis: A Phase 1b Randomized Study to Evaluate the Safety, Tolerability, Pharmacokinetics, and Pharma-
codynamics of Nivolumab. Intensive Care Medicine, 45, 1360-1371. https://doi.org/10.1007/s00134-019-05704-z

Watanabe, E., Nishida, O., Kakihana, Y., Odani, M., Okamura, T., Harada, T., et al. (2019) Pharmacokinetics, Pharma-
codynamics, and Safety of Nivolumab in Patients with Sepsis-Induced Immunosuppression: A Multicenter, Open-Label
Phase 1/2 Study. Shock, 53, 686-694. https://doi.org/10.1097/shk.0000000000001443

Han, D., Shang, W., Wang, G., Sun, L., Zhang, Y., Wen, H., et al. (2015) Ulinastatin and Thymosin A1-Based Immuno-
modulatory Strategy for Sepsis: A Meta-Analysis. International Immunopharmacology, 29, 377-382.
https://doi.org/10.1016/j.intimp.2015.10.026

DOI: 10.12677/acm.2024.14123221 1324 I IR 22 it g


https://doi.org/10.12677/acm.2024.14123221
https://doi.org/10.2741/4547
https://doi.org/10.3389/fimmu.2023.1130214
https://doi.org/10.1186/cc10457
https://doi.org/10.1186/cc11932
https://doi.org/10.1164/rccm.200903-0363oc
https://doi.org/10.1038/nri3552
https://doi.org/10.1111/imm.12854
https://doi.org/10.1186/s10020-023-00690-x
https://doi.org/10.1038/nm0697-678
https://doi.org/10.3390/ijms20040834
https://doi.org/10.1097/01.ccm.0000089640.17523.57
https://doi.org/10.1007/s00134-010-2088-x
https://doi.org/10.1172/jci.insight.98960
https://doi.org/10.1016/j.jmii.2020.08.013
https://doi.org/10.1186/s12967-023-04592-8
https://doi.org/10.1016/j.ijid.2014.12.032
https://doi.org/10.1186/cc13176
https://doi.org/10.1007/s00134-019-05704-z
https://doi.org/10.1097/shk.0000000000001443
https://doi.org/10.1016/j.intimp.2015.10.026

Wdde, ikt

[40] Liu,D., Yu,Z.,Yin,J., Chen, Y., Zhang, H., Xin, F., et al. (2017) Effect of Ulinastatin Combined with Thymaosin Alphal
on Sepsis: A Systematic Review and Meta-Analysis of Chinese and Indian Patients. Journal of Critical Care, 39, 259-
266. https://doi.org/10.1016/j.jcrc.2016.12.013

DOI: 10.12677/acm.2024.14123221 1325 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.14123221
https://doi.org/10.1016/j.jcrc.2016.12.013

	mHLA-DR在脓毒症免疫抑制中的作用
	摘  要
	关键词
	The Role of mHLA-DR in Sepsis Immunosuppression
	Abstract
	Keywords
	1. 引言
	2. 脓毒症免疫抑制的机制
	3. mHLA-DR对脓毒症免疫状态评估的作用
	3.1. 脓毒症免疫抑制患者的识别
	3.2. 脓毒症免疫抑制的分级
	3.3. 脓毒症免疫抑制患者预后的评估
	3.4. 脓毒症免疫治疗反应性的监测

	4. 脓毒症相关免疫调理治疗
	4.1. 增强固有免疫
	4.1.1. 干扰素γ
	4.1.2. 粒细胞–巨噬细胞集落刺激因子(GM-CSF)

	4.2. 增强获得性免疫
	4.2.1. 白细胞介素-7
	4.2.2. 免疫球蛋白
	4.2.3. 胸腺肽α1
	4.2.4. 抗PD-L1抗体/PD-1抗体

	4.3. 免疫调节治疗

	5. 总结与展望
	基金项目
	参考文献

