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Clinical evidences of immunodeficiency in cirrhosis

Bacterial infection in . . Response to vaccines in cirrhosis
rhosi Bacterial infection in ACLF P _
CIITNOSIS HBV vaccine HAV vaccine
; , (Hepatovax) (Havrix)
Study (publication year) Odds ratio (9% Cl) % Weight 100 100
Strauss (1993) ACLF 93% 92%
Terg (1987) - 2.96 (1.84, 4.75) 16.0 o
Sharma (1987) L P 5.00 (1.23, 20.24) 2.2
Wang (1991 pr -y 381014639 e 80 801
0599(1(993) : — 5.07 (2.20, 11.69) 59 74%
Toledo (1993) - 7.29 (2.62, 20.22) 4.0 :
BAC (1993) —— 6.52 (251, 16.95) 46 g
Bernard (1995) {—a— 2.40 (0.86, 6.70) 40 v 60 5206 60
Wang (2000) — 5.35 (1.62, 17.60) 3.0 E °
Vivas (2001) — 5.33 (1.79, 15.86) 35 . Povalug < 0.001 L
Borzio (2001) ———— 23.00 (4.35, 121.73) 1.6 »
Yoneyama (2002) —- 2.60 (1.35, 5.00) 9.2 = 401 401
de Mattos (2002) . 2.79 (1.47,5.27) 96 g
Plessier (2003) —a— 3.50 (1.51, 8.14) 5.8 g
Cholongitas (2006 " 2.22 (0.40, 12.29) 1.5 s
Fasolato (2007) —— 10.11 (3.01, 33.92) 2.9 Acute
Piekarska (2008) —— 2.12(1.00, 4.51) 7.1 i ] 20 20
——— 5.78 (1.27, 26.26) 19 decompensation
0,
Overall (95% Cl) B p——
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V Arvanity et al. Gastroenterology 2010
J Bajaj et al. Hepatology 2012
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Cirrhosis-associated immune dysfunction (CAID):

the impairment of the immune system in cirrhosis 107 (rienidnd

Etiopathogenesis

Immunodeficiency
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Cirrhosis-associated immune dysfunction: Phenotypes

Dissociation in fooN

decompensated cirrhosis : Systeml_c
\l/ inflammation
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""" Bacterial infection threshold response

Coordination in 2
health Immune exhaustion
(endotoxin Immunodeficiency
talerance)
V] Health Compensated De ACLF Time
Cirrhosis progression
Predominant CAID
phenotypes
Pro-inflammatory cytokines (e.g. TNFa, IL-6, IL-1b) " 1
Anti-inflammatory cytokines (e.g. IL-10, TGFb) i "
Phagocytosis (e.g. dendritic cells) 1 l

HLA-DR/co-stimulatory molecules expression

Py
4’]‘!%?; on monocytes/macrophages f !
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Cirrhosis-associated immune dysfunction (CAID):

dynamics and phenotypes 1) [oiversidad
Compensated Decompensated ACLF _ .
A PEnSE : mpen: | Cirrhosis-associated
cirrhosis : cirrhosis | . :
| | immune dysfunction
I
Low-grade High-grade S)’Stﬂmlﬂ inflammation
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|
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|
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| Time course :
| A Albillos, R Martin et al. NRGH 2021
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Evidences of systemic inflammation in cirrhosis &'&i%EkYS
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Compensated and 05 de Alcals
decompensated ACLF
cirrhosis*
Acute p_hase {CRP, 1LBP
proteins
Soluble Pro-inflammatory TTNF, IL-1b, IL-6,
molecules cytokines IL-17, MCP-1, MIP-1b
(serum)
Endothelial T11CAM-1, VCAM, VEGF
activation TNitrates/nitrites
Neutrophil TRespiratory burst
activation 1CD11b
Monocvte THLA-DR expression
nocy 1CD80/CD86 expression
Immune activation TTNF production
cells o
T-lymph Th1 polarization
activation T1FNy production
BBl THLA-DR expression
activation
4 * Intensity of the abnormalities correlates with the severity of cirrhosis
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Endotoxin
(EU/ml)

sCD14
(ng/ml)

TNF-a
(pg/ml)

IL-6
(pg/ml)

sTNF-RI
(pg/ml)

Healthy
controls
(n=30)

0.29+0.04

1384 + 138

1.74+0.4

3.1+0.5

818 + 56

* P<0.01 vs. controls
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The intensity of systemic inflammation parallels
cirrhosis progression

Cirrhotic

Pro-inflammatory cytokines in serum
of patients with compensated and decompensated cirrhosis

Cirrhotic patients

_ with ascites
patients (n=71)

w/o _
ascites Normal High
(n=31) LBP LBP

(n=41) (n=30)
0.34+0.03 0.37+0.03 0.68£0.06*
1498 + 132 = 1552 +98 2676 = 104*
3.81+0.3*  5.34+04* 85x0.5*
11.2+£09* 16.3x15* 31.6%1.6*
1158 £ 68 = 1510 £88* 2442 + 354*

Heat-map of systemic inflamation biomarkers in
patients with cirrhosis and acute decompensation
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Mechanisms of inflammasome activation in EJ&%%E&YS
compensated and decompensated cirrhosis A48 Ui
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Endotoxin
(EU/ml)

sCD14
(ng/ml)

TNF-a
(pg/ml)

IL-6
(pg/ml)

sTNF-RI
(pg/ml)
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Enteric bacterial products drive low-grade systemic inflammation
In decompensated cirrhosis: Role of activated monocytes

Healthy
controls
(n=30)

0.29+0.04 0.34+0.03

1384 + 138

1.74+0.4

3.1+0.5

818 + 56

Pro-inflammatory cytokines in serum
of patients with compensated and decompensated cirrhosis

Cirrhotic patients

Cirrhotic with ascites
patients (n=71)

w/o _
ascites Normal High
(n=31) LBP LBP

(n=41) (n=30)
0.37+£0.03 0.68 + 0.06*
1498 + 132 = 1552 +98 2676 = 104*
3.81+0.3* 5.34+04* 85+0.5*
11.2+0.9* 16.3+1.5* 31.6+1.6*
1158 + 68 1510 + 88* 2442 + 354*

A Albillos et al. Hepatology 2003
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Pathogenesis and consequences of low-grade systemic inflammation

Pathogenesis

Cirrhosis

—

Gut bacterial Liver
translocation damage

S

Systemic inflammation
spillover

[ 1serum pro-inflammatory }

cytokines/ROS

| v

Circulating activated
Immune system cells

! !

Tissue injury ]

o h 4

e VASTER EN Systemic clinical manifestations

Vessels e
Kidney _
Muscle —

‘Muscle/
adipose tissue

Bone _

Liver —

Central nervous
system
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Endothelial dysfunction ]

Acute kidney injury ]

Sarcopenia/Frailty ]

Insulin resistance ]

Osteopenia ]

p
CRP & acute-phase proteins
Anemia

-

~

Fatigue, depression ]

.

A Albillos et al. NRGH 2021
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Portal hypertension, circulatory dysfunction and systemic inflammation
as drivers of cirrhosis progression gﬁumvemdad
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Cirrhosis ]
I PAMPs
DAMPs

Portal hypertension
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cirrhotic Splanchnic arterial """ % systemic
LS dilati T inflammation
| cardiac output vasodilation
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Acute decompensation in cirrhosis: three clinical courses
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PREDICT study

1071 patients with cirrhosis with acute decompensation (w/o organ failure)

Density curves of events
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Follow-up 3 months and 1 year after the event

Density curves of C-reactive protein
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Pathogenesis of non-HRS-AKI in ACLF D.GEST.VO
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Cirrhosis 105 Jriverida

Gut bacterial translocation 1t DAMPs
1 PAMPs

Precipitating event—
Hepatic inflammation

11 PAMPs 1 1 DAMPs

High-grade
systemic inflammation
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High-grade systemic inflammation in ACLF: g{@iﬂ&

relationship with the number of organ failures (ACLF grade) gnzer?dad
Relationship between ACLF and Relationship between ACLF and
inflammatory markers inflammatory markers
KLF KL KL
14 . N=128 N=8 N=2 P Volugt
Leukocyte count (x109/L)
Markers of SCD
12+ B CRP (mgidL) Plasma renin (oot 169 (10360 114 (830 81 33259 i
0 | RCC (omoll) %66 17 (1345) 47011134) 02
Py cyes

8 | TN (pgi) 04 26 (15-39) 32 (17149) 0029
L6 (pynl) 3(89%) 43(13-106) 111 (3235 0018
6 18 (. 62 (3112 07 (68190) 144 (80-29) 000
[FARGITN T 05%) TE T CIRANIE) Y
4 - P-10 (sgi) 213( 17,05 1162 (617-1,946) 1,689 (699-2,728) 0267
P15 pgi) 77(1849) 26 (19:55) 45 (2061) 0112
2 | 605F (o) 20570 29 (1441) 3915209 0673

. BUHCSF (g/ml) 68 (37-150) 15270)) 113 (5.-296)

No ACLF-1 ACLF-2 ACLF-3 L LTS

ACLE 110 (gL 130179 153 (55415) 124 (66408) 000
L1 (pynl) 17(1045) 26 (863) 19 (24-13) 0019
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Renal dysfunction is associated with
markers of systemic inflammation in ACLF

Relationship between
plasma renin concentration and IL-8
in AKI of ACLF

1

Plasma
renin concentration

v

%)
o
o
S 2,00
©
o
1,001 ¥
o : e & ‘.:
00~ o * Non-AKI
- e AKI
IL-8-T1 IL-8-T2 [T
-1,00F
00 700 7,00 3.00 7,00
log 10(IL-8)
Interleukin-8

Normal plasma renin concentration
in 15% of AKI in ACLF

J Claria et al. Hepatology 2017
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Expected probability of response after treatment
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Relationship between

ACLF grade and response to terlipressin in HRS

ACLF at baseline

“Grade |
Grade |l
“——Grade Il

T T T T T
4 5 =] 7 8

(=
) =

Basal serum creatinine (mg/dl)

S Piano et al. CGH 2019
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Pathogenesis of non-HRS-AKI in ACLF D.GEST.VO
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Gut bacterial translocation

1 PAMPs T DAMPs

Precipitating event —»

Hepatic inflammation

11 PAMPs 1 1 DAMPs

High-grade
systemic inflammation

Immunopathology ‘/\ Immunometabolism
Switch to catabolic

Immune-mediated

tissue damage programs in tissues
ROS o :
Cytokines Immune cell activation entails

Microvesicles intense anabolic processes

PAMPs/DAMPs

Cell death (non-, -apoptosis)
Microthrombosis (coagulation activation)
Cell (mytochondrial) dysfunction

Kidney tubular (ATN) and
parenchymal damage

A 4

p Kidney (organ) failure
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A distinctive blood metabolite fingerprint in ACLF
uncovers inflammation-associated mitochondrial dysfunction 1) riversidad
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Portal hypertension, circulatory dysfunction and systemic inflammation D,GEST,VO

as drivers of cirrhosis progression
=& Universidad
de Alcald
Clrrh05|s ] [ Cirrhosis ]
PAMPs
Portal hypertensmn DAMPs Bacterial translocation Injured hepatocytes
1 PAMPs 1 DAMPs

Cirrhotic ~ TNitric oxide
Splanchnlc arterial«—

cardiomyopathy
l cardiac Output Vasodllatlon

L, Effective arterial
hypovolemia

Activation of
vasoconstrictors
RAA, NE, AVP

Renal vasoconstriction

| GFR
A

[ Hepatorenal syndrome ]
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Systemic
inflammation

|

1
|
1
I
I
1
1
I
1
I
)
I

)

Kidney tissue
injury

[ Low-grade systemic inflammation ]

<+

Precipitating event
111 PAMPs \L 11 1 DAMPs

[ High-grade systemic inflammation ]

Immunopathology Immunometabolism
Immune-mediated <;—> Energetic switch to
tissue damage catabolic programs

l

Cell death (apoptotic and no apoptotic)
Mitochondrial dysfunction
Microthrombosis (coagulation activation)

Kidney tubular and
parenchymal damage

[ Kidney (organ) failure ]
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Drivers of cirrhosis progression
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cirrhosis

Acute
hepatic
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Portal hypertension
Splanchnic vasodilation
Renal sodium retention
Portosystemic shunting

Systemic
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Acute-on-chronic

liver failure
(organ failure)

Tissue injury
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Cirrhosis-associated immune dysfunction (CAID): g;goﬁsm
dynamics and phenotypes
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M Universidad
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*

Time course
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: : immune dysfunction
|
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Aummme:w;aﬁm —— |
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I
I
| Immunodeficiency
|
|
|
i
I
I
!

A Albillos, R Martin et al. NRGH 2021
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Dysfunctional immune response in ACLF

High-grade systemic inflammation

Peripheral innate

DAMPS immune cell

PAMPs
®

TLR
NLR I :

®
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PGE2
LPS

Monocytes \—a j”
| antigen presenting capacity

| TNFa production by LPS
} IL-1, IL-6, IL-8 and IL-12
Defective oxidative burst

4, 1 MERTK

=4

| HLA-DR expression

ML-10 Neutrophils
/ Impaired phagocytic activity
| chemotaxis
1 respiratory burst > 1 1 ROS release
tPro-inflammatory Cytokines p
TNFa, IL-8, IL-6, IL-18
tAnti-inflammatory Cytokines
IL-10 > 1+ CXCR1/2
Neutrophil activation
. and recruitment T- cells
Mechanisms
} IFN-y

— Exhaustion of immune system cells
— Excessive immunosuppressive response
teract systemic inflammation

1 immune inhibitory receptors

\

Hyperammonemia
Hyponatremia

R Martin et al. Front Immunol 2020



“Immunoparesis” of monocytes from patients with ACLF:
relationship with increased monocytes expressing the tyrosine kinase receptor, MERTK

HLA-DR _TNFa progluctio_n IL-10 positive
with LPS stimulation monocytes
. P=.0012 ~ £=.0009 7
10000 — o' — P-.0027 __ <
— 0] P =.0005 e
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MERTK+ LPS induced TNFa MERTK+
negatively correlates with correlates with prognosis
P < .0001 MERTK+
757 P =.0020
2 ’ 8001
8 e s r=-0.502 P =.001 ns
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S 501 ___ 240001 . 600 - Dav 3-5
() i ay o-
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o v T A O’Brien et al. Nat Med 2014
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Phagocytosis (%)

Pharmacological regulation of metabolic programs partially
restores dysfunction of monocytes in ACLF 3} Univensidd

dC Alcalé

Reduced TNFa in
CD14+CD16- monocytes
from healthy donors

Reduced phagocytosis
after E coli challenge

Blocking glutamine synthetase restores
phagocytosis, | IL-10 and 1 TNFa production ...
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Plasma from patients with cirrhosis
iInduces phagocytic dysfunction in normal neutrophils

Phagocytic capacity of normal neutrophils after
incubation with control or patient plasma

Expression of TLR4 by incubation of
neutrophils with plasma

226,000 . p <0.0001 3000 p<0.001 p=001 p<0.001
200,000 2500- .
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e

s s s
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g
wnBl.

Control Cirthosis Confrol Cirrhosis Non  Alcohol
all Alcohol

Reversal of impaired phagocytosis

after incubation of neutrophils
with endotoxin removed plasma

Neutrophil phagocytic capacity according
to the severity of liver disease
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Blockade of PD1 and TIM3 restores adaptative and innate immunity
In acute alcoholic hepatitis

20 patients with AAH

16 patients with advanced alcoholic cirrhosis

12 healthy controls

Increased LPS PBMC
producing IL-10

]

T

Decreased LPS PBMC
producing INF-y
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peripheral blood T helper-cell compartment in cirrhosis Umversidad

(O CD31* naive

O cD31 naive
© Memory Th cell
@ Activated Th cell

@ Apoptosis

Health Cirrhosis

Naive

Memory

|
|
|
|
\J

| Thymic output — | naive Th cells
1 Bacterial translocation — t memory Th-cell activation
t naive and memory Th-cell apoptosis

1 Splenic sequestration — | naive and memory Th cells

M Lario et al JHEP 2013
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Target

Mechanism

* Therapy

Modulation of cirrhosis-associated immune dysfunction
Reversibility of the functional impairment of immune system cells in ACLF

Gut bacterial
translocation

JEndotoxin,
| priming

* Poorly abs antibiotics
« FMT

Trials
* CARBALIVE
* Probiotics/Rifaximin

%W MASTER EN _
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High-grade systemic inflammation

Peripheral innate
DAMPs immune cell

TNFa, IL-8, IL-6, IL-1B
tAnti-inflammatory Cytokines
IL-10

Neutrophil activation
and recruitment

1anﬁoenmnﬂnumpwfy\—?

LIL-1, IL-6, IL-8 and IL-12
De‘l'edlm oxidative burst

K tPro-inflammatory Cytokines

timmune inhibitory receptors

Circulating
humoral factors

Endotoxin,
PGE2, DAMPS

* Albumin

Trials
* DIALIVE
* TAK242

Immune cell paralysis

PGE2

t MERTK

1HLA—DR axprassion
HiL-10
K e/ j Neutrophils
4 L IFN<y Impaired phagocytic activity

tPD-1

| chamotaxis
+ respiratory burst —» 1 t ROS release

1CXCR1/2

Inmuno-
metabolism

Immune cell
signalling

Cellular bioenergetics
Ammonia

Neut: AKT-p38 MAPK
Monoc: TMERKT

* Various for ammonia

Experimental
* GLS inhibition
e GLUL inhibition

Experimental
* TLR7/8 agoni, CL097

« MERKT inh UNC569
 PD1 and TIM-3 inh
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A Albillos, R Martin et al. NRGH 2021
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Cirrhosis-associated £or O
immune dysfunction (CAID) 05 de Al

* Low-grade Sl (systemic inflammation) phenotype:
Cirrhosis-associated - increased expression of surface activation antigens in circulating immune cells
immiune dysfunction - increased production of pro-inflammatory cytokines
- subtle compromise of the effector immune response

Compensated Decompensated ACLF
cirrhosis cirrhosis

l

Low-grade ety | Systemic infammation

Beue decompensaion. ————__,

* Progression to the decompensated state:

Severity of “‘"‘W“f”“ N i - mechanisms of CAID more pronounced — persistent bacterial challenge —

CAID/cirthosis : ; - — impairment of the effector immune response
! - incidental events — worsening of the systemic circulatory dysfunction
| Inmurodeiiency _
' e High-grade Sl phenotype:
: ! - High-grade S| — multi-organ failure

' : ! > - plus compensatory anti-inflammatory response and exhaustion of effector
' Timecourse | immune cells — severe immunodeficiency
N4
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