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Abstract

Liver Tolerance is manifest as a bias towards immune unresponsiveness, both in the context of a
Major Histocompatibility Complex-mismatched liver transplant and in the context of liver
infection. Two broad classes of mechanisms account for liver tolerance. The presentation of
antigens by different liver cell types results in incomplete activation of CD8+ T cells, usually
leading to initial proliferation followed by either clonal exhaustion or premature death of the T
cell. Many liver infections result in relatively poor CD4+ T cell activation, which may be because
liver antigen-presenting cells express a variety of inhibitory cytokines and co-inhibitors ligands.
Poor CD4+ T cell activation by liver antigens likely contributes to the abortive activation,
exhaustion and early death of the CD8+ T cells. In addition, a network of active
immunosuppressive pathways in the liver is mediated mostly by myeloid cells. Kupffer cells,
myeloid-derived suppressor cells and liver dendritic cells both promote the activation of
regulatory T cells, and suppress CD8+ and CD4+ effector T cells. This suppressive network
responds to diverse inputs, including signals from hepatocytes, sinusoidal endothelial cells, and
hepatic stellate cells. While liver tolerance may be exploited by pathogens, it serves a valuable
purpose. Hepatitis A and B infections occasionally elicit a powerful immune response sufficient to
cause fatal massive liver necrosis. More commonly, the mechanisms of liver tolerance limit the
magnitude of intra-hepatic immune responses, allowing the liver to recover. The cost of this
adaptive mechanism may be incomplete pathogen eradication, leading to chronic infection.

Introduction

The concept that immune responses in the liver are biased towards tolerance comes from
early experiment in orthotopic liver transplantation. Thus while other organs transplanted
between unrelated pigs were promptly rejected unless under the influence of powerful
immunosuppressive drugs, allogeneic liver transplants were generally tolerated (1). The
tolerance induced by the transplanted liver was not simply due to a lack of relevant antigens,
since the liver transplant conferred on the recipient tolerance to other transplanted organs
from the same donor (2, 3). Thus, the transplanted liver was imposing systemic immune
tolerance. From these early experiments derive two central questions. First, what is the
mechanism of this liver transplantation tolerance? Second, is this kind of tolerance relevant
to liver diseases?

Local T cell activation promotes tolerance

The liver acts as a secondary lymphoid organ, priming CD8+ T cells locally rather than in
draining lymph nodes. Thus, in mouse models CD8+ T cells specific for liver antigens are
rapidly activated locally in the liver (4), while the transplanted liver supports CD8+ T cell
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activation in a recipient that cannot activate the T cells (5). However, the consequences of
such activation may be transient activation followed by T cell apoptosis (6). In tissue
culture, hepatocytes activate CD8+ T cells in a similar, abortive way. Such CD8+ T cells
undergo premature inactivation and death, from which they may be rescued by the addition
of Interleukin-2 (IL-2) (7), a product of CD4+ T-helper cells and important in the delivery of
CDA4+ T cell help to CD8+ T cells during priming in vivo (8).

The contribution of CD4+ T cells to CD8+ T cell immunity is complex, and context-
dependent. Thus, when the antigen creates little tissue damage or inflammation, CD4+ T cell
help may be essential for a primary immune response (9). Conversely, with viral and
bacterial pathogens that engage innate pathogen receptors and cause tissue injury, CD4+ T
cell help may be needed either for CD8+ T cells to develop full effector function, or for
them survive after the primary infection, and function as memory cells (10, 11).

In liver infections, CD8+ T cells may show features of cells that did not receive sufficient
help. Thus in chronic LCMV in mice, failure to eliminate the virus is associated with
“exhausted” T cells that persist, but do not function (12). These cells express a characteristic
surface phenotype, including the markers PD-1, Tim3 and Lag3 (13, 14), which are also
expressed on human exhausted T cells (15). In chronic HCV infection, the lack of a
detectable CD4+ T cell response is one of the clearest correlates of failure to eliminate the
virus (16, 17). HCV-infected individuals also harbor “exhausted” or “stunned” CD8+ T
cells, defined both functionally as cells that cannot make effector cytokines (18, 19), and
phenotypically as cells that express PD-1 and Tim-3 (20).

Based on these data, one plausible model for liver tolerance is that, when CD8+ T cells are
primed in the liver, appropriate CD4+ T cell help may not always be available. The
consequence is dysfunctional, “exhausted” CD8+ T cells, and thus failure to eliminate the
pathogen. However, many other factors complicate this satisfyingly simple model; in
particular the prevalence of liver APCs that express co-inhibitory ligands such as PD-L1,
and which stimulate T-reg cells. All of these factors may contribute to immune failure
through parallel mechanisms.

Liver dendritic cells

Dendritic cells (DCs) are a diverse collection of cells specialized for antigen presentation.
The liver contains multiple subsets of these cells, including the two major subsets found in
the blood and in many tissues: myeloid DCs and plasmacytoid DCs (mDCs and pDCs).
Myeloid DCs may arise from blood monocytes, or from bone marrow progenitor cells.
These cells pass through an immature phase during which they avidly take up antigen (21),
and then differentiate either to a state that strongly promotes T cell tolerance, or a state that
strongly induces effective immunity (22). Immunogenic mDCs also secrete cytokines that
influence T cell fate, such as IL-12 and IL-23. In making this cell fate decision, the mDCs
integrate diverse environmental signals, including the presence of pro- and anti-
inflammatory cytokines, and signals from cell injury sensors and innate immune sensors,
including Toll-like receptors (TLRs) and RIG-like receptors (RLRs) (23). In contrast, pDCs
emphasize the sensing of viral motifs and the secretion of pro-inflammatory cytokines,
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particularly IFN-a and IFN-B. They have the capacity of present antigen to T cells, but
require special conditions to be strongly immunostimulatory (24).

Murine and human DCs subsets in the liver do not precisely correspond. In humans, classic
mDCs (BDCAL1+) are present in the liver, and depleted from the blood but enriched in the
liver in the context of HCV infection (25), where they undergo classic activation with the
increased expression of multiple co-stimulatory molecules (26). Human liver pDCs express
BCDA2 and CD123, and respond to HCV be secreting IFN-a/p (27). A distinctive subset of
human CD11c+ DCs, which express BDCA3+ (CD141+), and are rare in blood but more
abundant in liver (28). These cells express both mDC and pDC properties, but with a twist:
they both present soluble antigens (termed cross-presentation) (29), and make an antiviral
cytokine, in this case IL-28B (IFN-X) in response to HCV (30).

In the liver, there is evidence that DCs are biased towards the induction of tolerance, rather
than immunity (31-33). In addition to their well-understood anti-viral role through secretion
of IFN-a/B, liver pDCs induce immune tolerance through an IL-27-based circuit. IL-27 is an
IL-12 family cytokines that is synthesized by liver pDCs, and acts back on them via a
STAT3 signaling pathway to induce their expression of PD-L1 (34). When these cells are
used as stimulators in a mixed leukocyte culture, the IL-27 enhanced PD-L1 expression
promotes the expansion of FoxP3+ CD4+ T-reg cells (Figure 1).

Tolerance-inducing liver mDCs are synchronized with other tolerance mechanisms. Thus, in
mouse models, liver mDCs express PD-L1, and this drives the activation and expansion of
classic FoxP3+ CD25+ CD4+ T-reg cells, which in turn suppress liver allograft rejection
(35). Dendritic cells may also promote T-reg development through their expression of IDO
(indoleamine 2,3-dioxygenase), an enzyme that catabolizes tryptophan and generates an
immunosuppressive product, kynurenine. In HCV patients, both the circulating level of
kynurenine, and the capacity of blood monocyte-derived mDCs to express IDO correlated
with disease activity (36). What controls IDO expression in DCs? In diverse models,
including rat liver allografts, both IDO message and IDO enzymatic activity are potentiated
by IFN-y (37). This establishes a circuit with inflammatory T cells secreting IFN-y, inducing
IDO, and promoting T-reg cells (38) (Figure 1). Such a feedback loop would suppress both
the effector functions of inflammatory cells, and their potential to cause tissue injury.

In addition to mDCs and pDCs, the mouse liver contains other subsets, including DCs that
express CD8-a and are specialized to present antigen to CD8+ T cells, and a subset termed
“NK-DC” of uncertain lineage affinities (39, 40). The role of these cell types in human liver
immunology and immune tolerance has not been explored, but they are mentioned here for
completeness.

Kupffer Cells as Agents of Liver Tolerance

Kupffer cells, resident macrophages of the hepatic sinusoids, show multiple
immunosuppressive mechanisms that predispose the liver to immune tolerance. Thus, during
the induction of liver transplantation tolerance, Kupffer cells can be recovered from the liver
that express high levels of Fas Ligand (FasL, CD95L) and will kill CD8+ T cells that
recognize them; and the adoptive transfer of such Kupffer cells can prolong liver allograft
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survival (41). The elevated FasL expression can be suppressed by treating experimental
animals with Gadolinium chloride (42), and such Kupffer cell blockade also impairs liver
allograft survival.

Other cell surface molecules expressed on Kupffer cells may participate in tolerance. These
cells also express B7-H1 (PD-L1), a ligand that engages the PD-1 receptor on activated T
cells, resulting in clonal exhaustion. In a study of Kupffer cells in hepatocellular cancer,
secretion of 1L-10 by the cancer cells induced PD-L1 on the Kupffer cells, creating an
immunosuppressive circuit (43). Kupffer cells also secrete immunosuppressive cytokines,
including IL-10 and Transforming Growth Factor-p1 (TGF-B1). There is evidence both from
the animal model of liver injury induced by Concanavalin A, and from infection of Kupffer
cells with Yellow Fever Virus, that IL-10 acts to limit tissue injury (44, 45). Kupffer cells
also respond to TGF-f31 on apoptotic cell fragments by secreting IL-10 (46). The integration
of a Kupffer cell response to apoptotic cell fragments that acts via TGF-p1 and 1L-10 to
induce PD-L1 may be a mechanism to promote both reduced liver inflammation, and
tolerance of adaptive immune mechanisms (Figure 1).

Kupffer cells also impose immune tolerance through their expression of IDO, which is
induced by IFN-y, providing immediate local immunosuppressive feedback through the
creation of a milieu depleted of Tryptophan (47). Kupffer cell activation also induces the
enzyme cyclooxygenase-2, and participates in the synthesis of immunosuppressive
prostaglandin-E2, (PGE-2) (48). Local intrahepatic expression of the enzyme Arginase
causes a depletion of L-arginine, and this also increases PGE-2 synthesis (49).

Kupffer cells may be immunosuppressive as a result of their continuous exposure to LPS
from the intestine, which results in the down-regulation of TLR4 signaling pathways, so
called “LPS tolerance” that acts in part by the induction of IRAK-M (50). LPS tolerance
also affects LSECs (51), and may be a general mechanism of innate immune suppression in
the liver. In contrast to Kupffer cells, newly-recruited blood monocytes readily assume a
pro-inflammatory phenotype in the liver (reviewed in (52)). Whether such cells are
subsequently rendered immunosuppressive under the ongoing influence of LPS is unknown.

IMATES and myeloid suppressor cells

Immune responsiveness in the liver may also be controlled by other myeloid cells subsets.
Local aggregations of such myeloid cells, which have been termed iMATES (for
“intrahepatic Myeloid cell Aggregates for T cell clonal Expansion), promote the
proliferation of CD8+ T cells in the apparent absence of local antigen, providing a local
amplification step that enhances the delivery of CTL against liver pathogens, and may
promote viral clearance (53). The myeloid cells in these aggregates have many properties of
blood monocytes, including expression of CD11b, and are accompanied by monocyte-
derived DCs. Two problems now arise concerning these cells. One is to relate them to
incoming, inflammatory monocytes, and test whether they are of the same, or a distinct
lineage from that which gives rise to the bone marrow-derived subset of Kupffer cells; for
example, are they from the same stock as sessile Kupffer cells? (54). The second is to

Hepatology. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Crispe

Page 5

determine whether such aggregates are a liver-specific phenomenon, or whether transient
myeloid cell aggregates act to amplify primed CTL locally in other tissues.

While less-mature myeloid cells in IMATES enhance immunity, other less-mature myeloid
cells may act as myeloid-derived suppressor cells (MDSC). These cells have received much
interest from the communities that study HIV (55) and the stromal infiltrate in cancers (56),
since they appear to suppress effective immunity and their removal might restore it. Murine
models of hepatocellular cancer recruit MDSC (57). In humans, expression of CD33 along
with CD11b and low levels of HLA-DR broadly define these cells, which may also express
either CD14 or CD15 (58). A subset of human CD11b+, CD33+ CD14-negative MDSC
responds to Hepatocyte Growth Factor, while in mice the injection of HGF results in the
expansion of hepatic CD11b+, Gr-1+ MDSC via a STAT3-dependent signaling pathway
(59) (Figure 1). Both monocytic, and granulocytic cells can act as myeloid-derived
suppressor cells. In the liver a subset of CD11b+ Gr-1+ (and therefore granulocytic) cells
suppressed T cell activation in an MLR; these cells were increased in abundance in HBV-
transgenic mice (60). This is a rapidly developing research area, and the relationships of
MDSCs to other known myeloid cells, such as neutrophils, are still being worked out (56).

Alternative antigen-presenting cells

The capacity of liver cells to present antigen and engage with T cells is not limited to DCs.
Hepatocytes themselves, and the full range of non-parenchymal cells, are documented
antigen-presenting cells. Thus, hepatocytes express MHC class | and can cause the primary
activation of CD8+ T cells in vitro; however this activation is abortive and results in limited
proliferation, followed by premature death of the T cells, as discussed above.

Among non-parenchymal cells, liver sinusoidal endothelial cells (LSECs) have the strongest
credentials as antigen-presenting cells (61). During liver inflammation, LSECs lose their
fenestrations over several days, become thicker, and since the fenestrations promote
lymphocyte trafficking, they also are less permissive for extravasation (62). These cells
express a variety of Scavenger receptors and other cell surface molecules specialized for
antigen uptake, and they express both MHC class I and class Il molecules, together with co-
stimulatory molecules. However, when these cells are isolated and used to activate either
CDB8+ or CD4+ T cells, the result is a strong bias towards immune tolerance. Thus, LSECs
may promote functional inactivation in CD8+ T cells, and bias CD4+ T cells towards the T-
reg fate (63, 64). The mechanism of T cell suppression seems to depend in part on a cell
surface proteins LSECtin (LSEC lectin), since lack of this molecule resulted in enhanced T
cell-dependent liver injury, while administration of recombinant, soluble LSECtin
suppressed injury (65). In an experimental situation, these cells can cross-present a cellular
antigen from hepatocytes (66) or from tumor cells (67). Therefore, it is likely that they are
continuously sampling the liver environment in vivo, presenting antigens, and maintaining
tolerance by causing T cell inactivation.

Hepatic stellate cells are perivascular cells that have many roles. They store vitamin A in
prominent cytoplasmic lipid droplets; they regulate the flow of blood through the sinusoids;
and they undergo trans-differentiation into myofibroblasts during liver fibrosis.
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Immunologically, they have two well-documented roles. First, they secrete diverse
chemokines, which may be important in the recruitment of inflammatory cells to the liver;
and second they can present antigen and activate T cells, particularly CD1-dependent NK-T
cells (68). However, the fate of classical T cells activated by HSCs may be more complex.
HSCs manifest immunosuppressive activities in the context of T cell immunity. Thus,
mouse HSCs co-transplanted with allogeneic pancreatic islets promoted graft acceptance,
mediated by PD-L1 (69); human HSCs similarly suppressed T cell activation via PD-L1
(70). HSCs exposed to IFN-y can activate and expand T-reg cells in an IL-2-dependent
manner, but apparently independent of PD-L1 (71). In contrast, a recent study showed that
HSCs alone did not activate CD4+ T cells, yet in the presence of both DCs and TGF-31,
they promoted differentiation of T-reg cells. This process was driven by retinoic acid
metabolism, ascribing to the HSCs not the role of APCs, but more likely that of critical
bystanders in the liver DC-induced activation of T-reg (72). A similar indirect mechanism of
human HSC-mediated immunosuppression involved promoting the differentiation of human
peripheral blood monocytes into MDSCs (73).

Regulatory T cells

Expression of the Forkhead box P3 (FoxP3) transcription factor programs CD4+ T cells to
adopt the regulatory T cell (T-reg) fate, and they will then suppress the immune responses of
both CD4+ and CD8+ T cells (74). Such T-reg typically express CD25 and CLTA4, and
may mediate suppression either through the secretion of immunosuppressive cytokines such
as IL-10 and TGF-B1, or through a contact-dependent mechanism that induces a specific
gene program in the suppressed T cell (75). Regulatory T cells are strongly implicated in
liver transplantation tolerance. Thus, in mouse models, T-reg cells are abundant in tolerated
liver allografts and their depletion causes loss of tolerance (76). In rat liver allografts, IL-10
was important in tolerance of the graft, and also promoted the abundance of T-reg cells (77).
In human subjects, stable liver allografts contain such cells, and they were observed to
increase after the resolution of a rejection episode (78). Graft-derived T-reg cells appeared
in the peripheral blood of liver transplant patients (79), offering one possible mechanism by
which the graft could impose systemic allospecific tolerance on the recipient (80).
Conversely, during acute liver transplant rejection, T-reg cells were reduced in peripheral
blood and appeared to localize to the liver (81).

How are T-reg induced in the context of a liver allograft? One possibility is that intrahepatic
APCs drive this differentiation pathway. Candidate cells include liver DCs, Kupffer cells,
LSECs and HSCs. Isolated murine HSCs could be primed by IFN-y to express APC
function, but the predominant effect was to increase the abundance of T-reg cells.
Furthermore, administration of HSCs by adoptive transfer increased the frequency of T-reg
in vivo (82). Similarly, murine LSECs have been reported to bias CD4+ T cells towards an
immunoregulatory fate, and although these cells lacked the classical FoxP3 marker they
were nevertheless immunosuppressive (64).

Liver endothelial cells might also have an important role in recruiting T-reg from the blood.
Thus, T-reg isolated from inflamed human liver expressed the chemokine receptors CXCR3
and CCR4. In a flow assay across primary human liver endothelial cells, CXCR3 was
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important in promoting adhesion and extravasation, but CCR4 was not, due probably to the
lack of its known ligands CCL17 and CCL22 (83). However, in inflamed liver DCs secreted
these two cytokines, giving them a potential role in T-reg recruitment via CCR4 (84).

Tolerance and immune subversion in viral hepatitis

Viral infections of the liver run the gamut from acute hepatitis leading to either resolution or
death, as in Yellow Fever Virus and Hepatitis A Virus (HAV) infection, to chronic hepatitis
that may either cause no severe disease, or lead to fibrosis, cirrhosis and liver cancer, such as
HCV and HBV. The immunological consequences of acute versus chronic hepatitis were
first identified in mouse models (12) but soon confirmed in human HCV infection (15). In
chronic non-resolving infections, the outcome is that CD8+ T cells display the exhausted
phenotype, with PD-1, Tim3 and Lag3 on the cell surface. One possible explanation for this
effect is the vagaries of hepatic antigen presentation, as described above; but an alternative
is active immune subversion by virus-encoded proteins.

To subvert immunity, HCV disables innate immune sensing. The NS3/4 protease cleaves the
adapter protein MAVS (IPS-1), which transmits signals from the cytoplasmic RNA sensors
of the RIG-1 family (85), and also cleaves the TRIF adapter protein downstream of TLR-3
(86), thus disabling both pathways of viral RNA sensing. HAV, another flavivirus, also
encodes proteases that cleave MAVS (87); yet HAV is usually an acute, self-resolving
infection while HCV is more often chronic. While these flaviviruses have evolved
mechanisms to disable RNA signaling, another acute flavivirus, West Nile Virus, activates
RIG-1-like viral RNA receptors, and initiates signaling via IRF3 and IRF7, leading to the
synthesis of IFN-a/p (88). Thus, while a subset of these viruses disable RNA sensing, this
does not map neatly to the viruses that commonly evade immune defenses and establish
chronicity.

Hepatotropic viruses have evolved mechanisms to disable both innate and adaptive
immunity. Thus, while HCV-encoded proteases attack intracellular innate sensing pathways,
HCYV core protein has its own direct effects on both Kupffer cells and T cells. In T cells
HCV core directly suppresses the T cell response (89, 90). In Kupffer cells, HCV core acts
on TLR2 to induce a subset of inflammatory cytokines including TNF-a and IL-1-a/B, but
strongly suppresses the antiviral IFN-a/p responses and also the up-regulation of the
immunosuppressive ligand PD-L1, and the cell surface cytotoxic ligand, TRAIL (91). In
addition, HCV NS5A protein acts via TLR4 to induce the expression of cytokines, including
IL-10 (92). These latter effects suggest the subversion by HCV of endogenous
immunoregulatory pathways. Thus, TRAIL-R deficient mice showed enhanced anti-viral
immunity due to IFN-a/B, which argues that TRAIL-dependent signals are negatively
regulating the Type-1 IFN response (93). Furthermore, IFN-a/p strongly suppresses IL-1-3
in human monocytes (94). Conversely, in monkey cells IL-1 suppressed the antiviral activity
of IFN-a/p (95). Overall, these data suggest that the IFN-a/B and IL-1a/ mechanisms of
innate immunity are mutually antagonistic, and that HCV has evolved multiple mechanisms
to tip the balance against the IFN-a/B response. The price may be liver inflammation driven
by TNF-a, IL-1-a/p and possibly also by TRAIL.
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The Trade-off between Immunity and Tissue Injury

Immune responses in the liver seem to have evolved to strike a balance between virus
eradication and immunopathology. Thus, the introduction of non-tolerant CD8+ T cells into
HBYV transgenic mice caused both transient hepatitis, and suppression of the viral transgene.
Analysis of the mechanism of suppression implicated IFN-y secreted by the CD8+ T cells,
but not their cytotoxic activity (96, 97). It has been argued that in HBV the frequency of
infected hepatocytes is very high, and the cytotoxic elimination of infected cells would
surely cause liver damage incompatible with survival. This argument interprets the
suppression of viral transcription by IFN-y (also known as “intracellular cure™), rather than
CTL-mediated killing of all infected hepatocytes, as a well-balanced response that limits
tissue damage. However, the need for cytokine-mediated anti-viral activity may also be a
side effect of the finite precursor frequency of anti-viral CTL (98). While each cytotoxic
CD8+ T cell can kill a series of target cells, its capacity is not infinite. The number of
potential target cells in a mouse liver is larger than the total number of T cells by several
orders of magnitude, so that even if the frequency of CTL was very high there would not be
enough CTL to kill all the hepatocytes. IFN-y mediated antiviral effects offer the advantage
of economy, since a modest number of antigen-specific CD8+ T cells can create an IFN-y
rich environment. However, the trade-off is that such mechanisms are more effective in
suppressing virus infection than in eliminating viral DNA. The price of a non-destructive
anti-viral response is therefore failure to completely eliminate the virus.

Conclusion

In the liver, powerful interlocking mechanisms predispose the immune response towards
tolerance. Thus, multiple liver cell types can present antigen to T cells in ways that
predispose to tolerance, “exhaustion” or apoptosis. Liver DCs also show this bias, while
Kupffer cells express ligands and cytokines that kill T cells, render them “exhausted”, and at
the same time limit liver injury both in experimental models, and in infections. In HBV
infection, the suppression of active immunity may be a necessary adaptation to prohibit a
level of cytotoxic immunity that could destroy the liver. Novel food-derived molecules and
PAMPs derived from the intestinal microbiota impinge on the liver via the hepatic portal
vein. Normally, the coincidence of antigens and PAMPs triggers an immune response, but in
fact the non-self antigens in food do not pose a threat, and neither do the healthy microbiota.
Therefore it is reasonable to expect that the threshold for engaging immune defenses will be
optimized against this background noise. A hot area for current research is how the many
populations of immunogenic and suppressive myeloid cells in the liver are related, and how
they interact in health and disease to sometimes generate immunity in the context of
prevailing liver tolerance.
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Figure 1.
Immunosuppressive circuits mediated mainly through liver myeloid cells. Kupffer cells may

endocytose fragments of damaged hepatocytes, which convey TGF-B1 and cause the
Kupffer cells to secrete IL-10. This acts in an autocrine manner to lead to Kupffer cells
inducing a variety of immunosuppressive mechanism, both suppressing effector T cells and
promoting T-reg cells. One of these, IDO, also directly responds to IFN-y from activated
effector T cells, creating a negative feedback loop. Healthy hepatocytes secrete HGF, which
promotes MDSCs, while hepatic stellate cells secrete retinol and TGF-B1, promoting T-reg
cell activation in the presence of DCs. Thus T cell immunity is suppressed both directly by
diverse non-parenchymal cells, and also indirectly through mechanisms that activate T-reg
cells.
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