Editorial for J. Hep.
“IL-2 contributes to cirrhosis-associated immune dysfunction by impairing follicular T helper cells in advanced
cirrhosis” — Basho et al

IL-2 leaves its mark in cirrhosis
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Cirrhosis is the leading cause of liver-related deaths worldwide and as such represents a significant cause of
morbidity and mortality each year [1]. Although the disease burden and underlying aetiology varies by
demographic group and location, the impact of chronic liver injury and/or inflammation results in the deposition
of extracellular matrix proteins, excessive scarring, liver stiffening and the eventual loss of hepatocyte
architecture and function [2]. Beyond the clear risks associated with liver failure and hepatocellular carcinoma,
individuals with clinically decompensated cirrhosis are often also functionally immunosuppressed, as

evidenced by a predisposition to bacterial infections and impaired responses to prophylactic vaccination [3].

Effective, durable humoral immune responses are generated in germinal centre (GC) reactions, whereby
specialised populations of T follicular helper cells (Trx) direct the differentiation and selection of high affinity B
cell clones. Although functionally immunosuppressed, cirrhotic patients often present with raised levels of
immunoglobulins in their blood (referred to as hypergammaglobulinemia [HGG]) — an observation at odds with
their failure to mount protective immune responses. In this edition of Journal of Hepatology, Basho et al
addressed this discrepancy by profiling circulating Tren (CTrn) responses in more than 100 patients with
advanced cirrhosis [4]. Through thorough phenotypic assessment of the circulating CD4* T cell compartment,
Basho et al have revealed a reduction in PD-1*CXCRS5* cTrn that clonally and transcriptionally resemble GC-
associated TrH[5,6], in individuals with decompensated cirrhosis compared to those with compensated disease
or non-cirrhotic controls. Interestingly, remaining cTrn in decompensated individuals display a ‘phenotypic
imprint’ indicative of enhanced interleukin 2 (IL-2) signalling, a feature well associated with the impairment of
Trn function and differentiation [7]. This IL-2 imprint on cTrn is evidenced by elevated expression of the a-
chain of the high affinity IL-2 receptor, CD25, and the co-stimulatory molecule, OX40 (Fig.1). Likewise,
individuals presenting with decompensated cirrhosis have increased serum concentrations of soluble-CD25
(a surrogate marker associated with IL-2-induced immune activation), rendering CD4* T cells in these patients
more sensitive to IL-2 signalling. In further support of IL-2 imprinting, cTr+ in decompensated individuals
express less TCF1 - a transcription factor upstream of Bcl-6 that is inhibited by IL-2 (Fig.1). Since TCF1 is
required for both the initiation of Trn differentiation and for the maintenance of effector function in fully-
differentiated Trn [8,9], downregulation of its expression may play a critical role in impairing Tr+ cell function.
While this study revealed some clear changes to cTrn responses in decompensated cirrhotic individuals, some
phenotypic and functional Trn-associated features remained the same. cTrn expression of inducible T cell
costimulatory (ICOS) and IL-21 secretion was maintained at similar levels between compensated and
decompensated cirrhotic patients. As both support the capacity of Ten to provide help to B cells, it could be
suggested that Teu-driven activation of B cell immunity is at least in part maintained in some patients with

advanced cirrhosis.

In line with this, one intriguing aspect of this study is the observed association between cTr+ phenotype and
the presence or absence of HGG. Here, Basho et al present data suggesting that patients with HGG (defined
as a serum IgG titre > 1600 mg/dl) tend to have higher numbers of cTrn, although this difference was not
statistically significant. Crucially, cTrn in patients with HGG exhibit a less pronounced IL-2 imprint, as
evidenced by a less severe reduction in TCF-1 expression and decreased expression of CD25 on the surface
of the cTrhwWhen compared to patients without HGG (Fig.1). Reduced IL-2 imprinting in patients with advanced

cirrhosis presenting with HGG was associated with maintenance of a Trn response, with cTrn frequency and
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function associated with serum titres of class-switched antibody and reduced risk of mortality. Interestingly,
co-culture of activated Trn cells and naive B cells, in the presence of increasing concentrations of IL-2, resulted
in down-regulation of the Tru-lineage defining receptor CXCR5 and significant impairments to B cell
differentiation, alongside a decrease in the concentration of secreted IgG and IgM. Combined, these data
provide convincing evidence to suggest that the absence of HGG in patients with liver cirrhosis is associated

with severe Trn dysfunction and impaired humoral immunity, imparted by IL-2.

Although class-switched memory B cells were not altered between patient cohorts, the frequency of
CD27*IgM*IgD* memory B cells was decreased in line with an altered frequency and function of Trx. Beyond
the requirement for T help, B cell changes may be influenced by other mechanisms, for example those directly
imparted by endotoxemia and the increased translocation of gut bacterial antigens associated with cirrhosis.
While the GC has remained the focus of B cell research, it has long been appreciated that antibody responses
can also develop outside of the B cell follicle where GC responses occur. Extrafollicular differentiation is
initiated following B cell antigen encounter, after which committed B cells proliferate and differentiate in
extrafollicular foci, generating rapid and robust immunity. Activation of the extrafollicular pathway can be
dependent or independent of T cell help, with both routes able to generate both memory and long-lived plasma
cell responses [10] and associated with large antibody-secreting cell expansion. Importantly, extrafollicular
responses can be initiated through a combination of IFNy, IL-21 and toll-like receptor stimulation, and
potentiated by a population of IgD-CD27- B cells [11]. Similar to findings in patients with advanced cirrhosis,
we have previously identified an expansion of dysfunctional CD27-CD21- atypical memory B cells (that
phenotypically overlap with IgD-CD27- cells) within the intrahepatic B cell compartment relative to the blood
[12], implicating the tolerogenic liver niche in driving this phenotype and impairing B cell immunity. Hence, in
patients with decompensated cirrhosis, continuous stimulation by gut bacterial antigens may be driving
extrafollicular B cell expansion, contributing to the increased frequencies of IgD-CD27- memory B cells and

plasma cells observed in patients with decompensated cirrhosis.

This study identified a negative role for an IL-2 imprint on cTr+ in cirrhosis by impairing their differentiation and
function, raising the possibility that Trr-targeted blockade of IL-2 may have therapeutic potential in preventing
immunosuppression in advanced cirrhosis. However, it is worth reflecting on the potential beneficial roles for
IL-2 on other immune populations in patients with decompensated cirrhosis (with or without HGG) that are still
to be explored. As the authors themselves point out, an increase in local IL-2 is likely to impact the overall
survival of the antigen-specific T cell compartment by enhancing expression of the anti-apoptotic molecules
(such as Bcl2). Similarly, IL-2 has long been shown to promote the proliferation and differentiation of naive T
cells into effector and memory T cells crucial for the success of adaptive immune responses. Importantly, IL-
2 can overcome tolerance and rescue CD8* T cells rendered dysfunctional by priming in the liver [13,14]. Not
addressed in this cohort of individuals with decompensated cirrhosis is the source of IL-2 or soluble-CD25, nor
what triggers their production. It is tempting to speculate that these molecules are produced by immune cells,
such as profibrogenic CD14*CD16* mononuclear phagocytes previously shown to correlate with soluble-CD25
levels in the serum of patients with cirrhosis [15]. These cells may be activated by the presence of bacterial

LPS in the portal circulation, arising as a consequence of increased cirrhosis-driven gut permeability. Equally



plausible sources of IL-2 are populations of activated CD4* T cells or liver-resident CD8* T cells sequestered

in the liver [16], a postulate first proposed by Miller et al over 30 years ago [17].

In demonstrating that IL-2 leaves its mark by impairing by Trn responses in patients with advanced cirrhosis,
this work raises the possibility that either the number or phenotype of cTrn could be used as a biomarker
associated with survival in patients, reminiscent of recent data revealing that the phenotypic profile of cTr+ has
predictive value when determining potential response rates to an immunotherapy in type 1 diabetes [18].
Likewise, increased IgG levels and the presence of HGG may be able to predict preserved Tru function,
reflecting an early stage of decompensation where the immune system is still able to respond to foreign
antigens. With future studies it would be interesting to follow up whether patients with HGG are more able to
mount protective responses to vaccination and have overall less profound functional immunosuppression

attributable to maintained Trn function.
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Figure Legend

An IL-2 imprint in advanced cirrhosis: the impact on the circulating T follicular (cTen) response. Basho
et al reveal that the number of cTrn are reduced in patients with decompensated cirrhosis, compared to
compensated disease or in the absence of cirrhosis (control individuals). cTrx in decompensated cirrhosis
have elevated expression of the high affinity IL-2 receptor (CD25) and OX40, alongside a reduction in TCF-1.
In the patients with hypergammaglobulinemia (HGG) the remaining cTru exhibit a less severe reduction in
TCF-1 and decreased CD25 expression, potentially associated with a maintained Trn response with

implications for their susceptibility to bacterial infection and responses to prophylactic vaccination. Created with

BioRender.
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