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Can Macrophages in Cirrhotic Ascites Fluid Predict Clinical
Outcome in Spontaneous Bacterial Peritonitis?

ANNIE J. KRUGER
Department of Gastroenterology, MedStar Georgetown University Hospital

Spontaneous bacterial peritonitis (SBP) is an infection that constitutes a major
decompensating event in patients with cirrhosis. Nearly 60% of patients with cirrhosis
develop ascites within 10 years,12 with SBP occurring in 10%-28% of those patients.34
There is a 70% risk of SBP recurrence within 1 year without antibiotic prophylaxis.® Rapid
diagnosis and targeted antimicrobial/adjunctive therapy® remain the cornerstone of disease
management to mitigate high SBP-related mortality.” Predictive biomarkers of SBP-related
mortality are in development, but little is known about the characteristics of the peritoneal
immune reaction to this type of infection in cirrhotic patients. In this issue of
Gastroenterology, Stengel and Quickert8 report on a much-needed characterization and
functional evaluation of peritoneal macrophages in SBP, with interesting cellular findings
that contrast with prior studies. The authors identify a population of large peritoneal
macrophages (LPM) in cirrhotic ascites fluid (AF) that may not only drive SBP severity but
also contribute a cleaved protein, soluble CD206 (sCD206), the concentrations of which in
AF may have future applicability as a prognostic tool.

Numerous prior studies of CD206" macrophages in the peritoneum or other organ
compartments in mice and humans have generated evidence to suggest that macrophages
bearing CD206, a scavenger receptor recognizing mannose, A-acetylglucosamine and fucose
residues on glycoproteins, are typically anti-inflammatory,® immunosuppressive, 1011 or
reparative,12:13 with rare exception.14 The current study, in contrast, demonstrates that
CD206-bearing LPM may be proinflammatory in situations of altered homeostasis, as in
decompensated cirrhosis, thereby serving as a novel target for inhibition to abate SBP-
related mortality. This study also serves as a cautionary note for investigative drugs'®16 or
cell-based therapies!’ that enrich for CD206* macrophages to treat hepatic fibrosis, warning
that these cells may have plasticity to adopt a proinflammatory profile in decompensated
cirrhosis.

Several elements strengthen the authors’ central claims. The first relates to their use of a
control group. The authors recognize that CD206™ peritoneal macrophages in cirrhotic
patients may not represent those found in healthy controls. They therefore use AF LPM from
continuous ambulatory peritoneal dialysis (CAPD) patients with end-stage renal disease
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(without concurrent liver disease) to demonstrate the functional capacity of LPM in cirrhotic
AF. Although CAPD patients are not ideal controls like normal, healthy subjects, they are
reasonable, with >2 advantages: (1) CAPD AF cells can be easily accessed and analyzed and
(2) CAPD AF immune profiles may be closer to normal than AF from other control patients,
such as those with infections, cardiac disease (which can cause passive hepatopathy), or
cancer. In this study, LPM in cirrhotic AF were less abundant than in CAPD AF, yet had
higher ex vivo proinflammatory activity. This is a critical finding confirming that cirrhosis is
an immune dysregulated state,18 where excessive inflammation in the peritoneum, as may be
promoted by AF LPM, can lead to catastrophic systemic inflammation and multiorgan
failure.

The authors next use numerous techniques to prove the proinflammatory nature of LPM,
utilizing surface markers, ex vivo transcriptomic analysis in the presence or absence of
lipopolysaccharide stimulation, as well as ex vivo cytokine production and response to live
Escherichia coli (E coli). Table 1 summarizes key findings pertinent to AF LPM and these
data demonstrate that cirrhotic AF LPM have distinct morphometric and cell surface
markers. They respond to lipopolysaccharide and £ coli stimulation with the upregulation of
type 1 interferon-related genes and inflammatory metabolic genes. They exhibit evidence of
escape from ligand-induced tolerance, and produce a dose-dependent release of sSCD206 in
response to lipopolysaccharide and £ coli. AF sCD206 was an independent risk factor for
mortality in SBP in the primary cohort after adjusting for age and MELD score. Specifically,
concentrations of AF sCD206 of >0.53 mg/L were predictive of a lower 90-day survival, and
strongly correlated with laboratory evidence of severe immune activation, particularly
increased serum tumor necrosis factor. The breadth of data presented supports the authors’
hypothesis that cirrhotic AF CD206* LPMs are proinflammatory and pathologic in SBP.

Although this study had several strengths, some areas merit further investigation. First,
replication of these findings in more varied etiologies of cirrhosis would be optimal, because
this study was enriched for males with alcoholic cirrhosis. Second, the authors report that
AF resident LPM and infiltrating small peritoneal macrophages express GATA-6. Prior
studies have reported GATA-6 expression restricted to tissue or cavity resident macrophages,
19-21 50 it was surprising to find expression in the AF small peritoneal macrophages, some
of which are likely bone marrow-derived macrophages (given CCR2 positivity). Future
studies are warranted to ascertain if GATA-6and dependent gene expression from both
resident and nonresident macrophages is a phenomenon limited to human peritonitis. Third,
despite the abundance of proinflammatory AF LPMs in cirrhotic patients without SBP,
consecutive AF samples from SBP patients revealed a depletion of CD206* LPMs on days 1
and 3 of peritonitis, followed by recovery to baseline after SBP resolution. The authors
prove that SBP-induced depletion of LPMs is not due to cell death or egress into the
systemic circulation or viscera, particularly because LPMs exhibit poor movement in
transwell experiments and few migration markers. However, the unexpected absence of
CD206™ LPMs during early SBP correlated with an increase in AF sCD206, suggesting that
cleavage of CD206, the salient protein identifying these cells in AF without SBP, prevented
their subsequent identification by flow during SBP. The recovery of CD206* LPMs by day 3
of SBP further suggests that the cells may continue to be present in AF, but need several
days to resynthesize and replenish CD206 on their surfaces. Identifying the transcriptomic
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signature or alternative markers of AF LPM that shed their surface CD206 during SBP will
be needed in future studies.

In all, Stengel and Quickert8 present compelling data that AF LPMs in cirrhotic patients
have an inflammatory phenotype that sheds surface bound CD206 as sCD206 in response to
bacterial peritonitis. These data should be reproduced in cohorts of cirrhotic patients with
more varied etiologies, as well as in recurrent SBP, but underscore the pathogenic and
proinflammatory potential CD206* macrophages in the AF of patients with cirrhosis. AF
sCD206 is a novel biomarker with excellent clinical potential to prognosticate mortality risk
from SBP. If validated in various ESLD cohorts with primary and recurrent SBP, AF
sCD206 concentrations can be used to target high-risk patients for primary or secondary
antimicrobial prophylaxis.

References

1. Gines P, Quintero E, Arroyo V, et al. Compensated cirrhosis: natural history and prognostic factors.
Hepatology 1987;7:122-128. [PubMed: 3804191]

2. D’ Amico G, Pasta L, Morabito A, et al. Competing risks and prognostic stages of cirrhosis: a 25-
year inception cohort study of 494 patients. Aliment Pharmacol Ther 2014;39:1180-1193.
[PubMed: 24654740]

3. Arvaniti V, D’Amico G, Fede G, et al. Infections in patients with cirrhosis increase mortality four-
fold and should be used in determining prognosis. Gastroenterology 2010;139:1246-1256:1256 e1—
5. [PubMed: 20558165]

4. Mai M, Stengel S, Al-Herwi E, et al. Genetic variants of TRAF6 modulate peritoneal immunity and
the risk of spontaneous bacterial peritonitis in cirrhosis: a combined prospective-retrospective study.
Sci Rep 2017; 7:4914. [PubMed: 28687809]

5. Tito L, Rimola A, Gines P, et al. Recurrence of spontaneous bacterial peritonitis in cirrhosis:
frequency and predictive factors. Hepatology 1988; 8:27-31. [PubMed: 3257456]

6. Runyon BA; AASLD. Introduction to the revised American Association for the Study of Liver
Diseases Practice Guideline management of adult patients with ascites due to cirrhosis 2012.
Hepatology 2013; 57:1651-1653. [PubMed: 23463403]

7. logna Prat L, Wilson P, Freeman SC, et al. Antibiotic treatment for spontaneous bacterial peritonitis
in people with decompensated liver cirrhosis: a network meta-analysis. Cochrane Database Syst Rev
2019; 9:CD013120. [PubMed: 31524949]

8. Stengel S, Quickert S, Lutz P, et al. Peritoneal level of CD206 associates with mortality and an
inflammatory macrophage phenotype in patients with decompensated cirrhosis and spontaneous
bacterial peritonitis. Gastroenterology 2020;158:1745-1761. [PubMed: 31982413]

9. Wang J, Kubes P. A Reservoir of mature cavity macrophages that can rapidly invade visceral organs
to affect tissue repair. Cell 2016;165:668-678. [PubMed: 27062926]

10. Dai K, Huang L, Sun X, et al. Hepatic CD206-positive macrophages express amphiregulin to
promote the immunosuppressive activity of regulatory T cells in HBV infection. J Leukoc Biol
2015;98:1071-1080. [PubMed: 26216935]

11. Zhao X, Qu J, Sun'Y, et al. Prognostic significance of tumor-associated macrophages in breast
cancer: a meta-analysis of the literature. Oncotarget 2017; 8:30576-30586. [PubMed: 28427165]

12. Shiraishi M, Shintani Y, Shintani Y, et al. Alternatively activated macrophages determine repair of
the infarcted adult murine heart. J Clin Invest 2016; 126:2151-2166. [PubMed: 27140396]

13. Shirakawa K, Endo J, Kataoka M, et al. IL (interleukin)-10-STAT3-galectin-3 axis is essential for
osteopontin-producing reparative macrophage polarization after myocardial infarction. Circulation
2018; 138:2021-2035. [PubMed: 29967195]

14. Tan-Garcia A, Wai LE, Zheng D, et al. Intrahepatic CD206(+) macrophages contribute to
inflammation in advanced viral-related liver disease. J Hepatol 2017; 67:490-500. [PubMed:
28483682]

Gastroenterology. Author manuscript; available in PMC 2020 June 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

KRUGER

15.

16.

17.

18.

19.

20.

21.

Page 4

Krenkel O, Puengel T, Govaere O, et al. Therapeutic inhibition of inflammatory monocyte
recruitment reduces steatohepatitis and liver fibrosis. Hepatology 2018; 67:12701283.

Kruger AJ, Fuchs BC, Masia R, et al. Prolonged cenicriviroc therapy reduces hepatic fibrosis
despite steatohepatitis in a diet-induced mouse model of nonalcoholic steatohepatitis. Hepatol
Commun 2018; 2:529-545. [PubMed: 29761169]

Moroni F, Dwyer BJ, Graham C, et al. Safety profile of autologous macrophage therapy for liver
cirrhosis. Nat Med 2019;25:1560-1565. [PubMed: 31591593]

Wilde B, Katsounas A. immune dysfunction and albumin-related immunity in liver cirrhosis.
Mediators Inflamm 2019;2019:7537649. [PubMed: 30930689]

Gautier EL, Ivanov S, Williams JW, et al. Gata6 regulates aspartoacylase expression in resident
peritoneal macrophages and controls their survival. J Exp Med 2014;211:1525-1531. [PubMed:
25024137]

Gautier EL, Shay T, Miller J, et al. Gene-expression profiles and transcriptional regulatory
pathways that underlie the identity and diversity of mouse tissue macrophages. Nat Immunol
2012;13:1118-1128. [PubMed: 23023392]

Buechler MB, Kim KW, Onufer EJ, et al. A stromal niche defined by expression of the
transcription factor WT1 mediates programming and homeostasis of cavity-resident macrophages.
Immunity 2019;51:119-130 e5. [PubMed: 31231034]

Gastroenterology. Author manuscript; available in PMC 2020 June 12.



Page 5

KRUGER

*10J0B} $IS0J03U Jowin} ‘4N L ‘siiuoiiad [eris1oeq snoaueluods ‘'4gs ‘epiieyooesAjododi| ‘sd ‘sabeydoloew jesuoiiad abire) ‘NdT

w/Bu 9-¢

-2d02 “.0vad
‘M1Y3IN ,€9TAD
',902a9d ,91d2 L.¥1Ad

€91d0
[BULIOU ‘M 1HTN
MOT ‘902D Mo

w/Bu 0T-5
CaMHN TN

Tw/6u 00T-0T
EdIvV-4NL ‘€XVHI) SioreIpaw 30UeI3|0) JO

IVYI ‘v171) bulreubis 101daoas uoissaidxa auab J1amo {(ILv/LS ‘TSVO ‘TaN-/) Buleubis pareipaw
4N ‘Buijeubis 71wy ‘Buleubis -1 €z-11 ‘Buieubis zT-1 ‘Bureubis uolayiaiul Jo uoissaldxa JaybiH

9-viIvO

9-VIVD (02a2) 14SW 004V €91a0 ‘(6140)

‘THOVE ‘€XVHI €STVOT ‘H9TI OISA ‘s3usb (Xdd ‘€Xdd ‘ZXad) siseuaboauoon|b ‘8okd O L

+2d00 ‘HLHIN
‘+€9TAD '-902dD ',91AD ',¥1AD

-2¥22 ‘4,0vad MLY3IN +€9T7AD +902AD +9TAD ‘4¥TAD

Sd1 40 sasop
Buneeass 01 ssuodsal 4N L

Sd1
01 asuodsal uolssaldxa aus

Sd1
10 90UBSQE U U0ISSaIdxe ausD)

SIgdJew aoRpunNs (180

Nd1 NdT NdS Nd1
ddS ON ddgs 9dS ON
addvo S|soydio

Author Manuscript

pIN|4 S80Sy Ul saBeydoior|Al [eaUOlLIad JO Sainlead oNsLIgIoeIRYD 10 Arewwns

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Gastroenterology. Author manuscript; available in PMC 2020 June 12.



	References
	Table 1.

