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Abstract

Background and Aims: The “gut homing” hypothesis suggests the patho-
genesis of primary sclerosing cholangitis (PSC) is driven by aberrant hepatic
expression of gut adhesion molecules and subsequent recruitment of gut-
derived T cells to the liver. However, inconsistencies lie within this theory
including an absence of investigations and comparisons with other chronic
liver diseases (CLD). Here, we examine “the gut homing theory” in patients
with PSC with associated inflammatory bowel disease (PSC-IBD) and across
multiple inflammatory liver diseases.

Approach and Results: Expression of MAACAM-1, CCL25, and E-Cadherin
were assessed histologically and using RT-PCR on explanted liver tissue
from patients with CLD undergoing OLT and in normal liver. Liver mononu-
clear cells were isolated from explanted tissue samples and the expression
of gut homing integrins and cytokines on hepatic infiltrating gut-derived T
cells was assessed using flow cytometry. Hepatic expression of MAdCAM-1,
CCL25 and E-Cadherin was up-regulated in all CLDs compared with normal
liver. There were no differences between disease groups. Frequencies of
adp7, aER7, CCRY, and GPR15 expressing hepatic T cells was increased in
PSC-IBD, but also in CLD controls, compared with normal liver. 7 express-
ing hepatic T cells displayed an increased inflammatory phenotype com-
pared with p7 negative cells, although this inflammatory cytokine profile was
present in both the inflamed and normal liver.

Conclusions: These findings refute the widely accepted “gut homing” hypoth-
esis as the primary driver of PSC and indicate that aberrant hepatic recruitment
of gut-derived T cells is not unique to PSC, but is a panetiological feature of CLD.

Abbreviations: AIH, autoimmune hepatitis; ALD, alcohol-associated liver disease; CLD, chronic liver disease; IBD, inflammatory bowel disease; LMNC, liver
mononuclear cells; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; PSC-IBD, primary sclerosing cholangitis with associated

inflammatory bowel disease.
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INTRODUCTION

The recruitment of T lymphocytes from the peripheral
circulation to secondary lymphoid organs and periph-
eral tissues is a highly coordinated process enacted
through sequential interactions between homing recep-
tors and their respective ligands expressed on endothe-
lial cells. Tissue-specific combinations of chemokine
ligands and adhesion molecules create a molecular
“address” that is recognized by specific chemokine re-
ceptors and integrins expressed on lymphocytes. One
of the most notable examples of tissue-specific recir-
culation of memory lymphocytes occurs within the gut.
The gut molecular address consists of the chemokine
ligand 25 (CCL25) and mucosal addressin cellular ad-
hesion molecule 1 (MAdCAM-1), both of which regulate
the recruitment of T lymphocytes to the gut through in-
teraction with their cognate receptors: G protein cou-
pled chemokine receptor 9 (CCR9) and alpha 4 beta
7 integrin ((x4ﬁ7).m Under physiological conditions the
expression of CCL25 and MAdCAM-1 are largely con-
fined to gut-associated lymphoid tissues. However, ev-
idence of ectopic MAdACAM-1 and CCL25 expression
was demonstrated in the liver of adults with chronic
inflammatory liver disease, especially in primary scle-
rosing cholangitis (PSC), a condition frequently associ-
ated with inflammatory bowel disease (IBD), whereas
their expression is absent in normal adult and fetal
liver.’l The liver inflammatory lymphocytic infiltrate of
patients with PSC has been reported to consist mainly
of nonactivated memory T lymphocytes, a substantial
proportion of which expressed the co-receptors a4p7
and/or CCR9.5! Grant et al., extended this line of re-
search showing hepatic MAdACAM-1 expression in a
variety of chronic liver diseases (CLD), but particularly
in patients with PSC and autoimmune hepatitis (AIH).1
In addition, peripheral T lymphocytes from patients
with PSC, ulcerative colitis (UC) and healthy controls
adhered to histologically MAdCAM-1 positive PSC liver
sections, indicating that the aberrant hepatic expres-
sion of MAdCAM-1 was functional. Further findings
demonstrated that CCL25 could also be aberrantly
expressed within the liver, particularly in patients with
PSC (increased hepatic CCL25 mRNA levels and pos-
itive histological expression).”! Moreover, up to 20% of
PSC hepatic T cells expressed CCR9 compared with
relatively low expression in primary biliary cholangitis
(PBC) liver and nondiseased liver from organ donors
(<2%).5! It has been well documented that induction of
gut tropism (expression of CCR9 and a4p7) on T lym-
phocytes requires the presence of retinoic acid (RA)."
Gut dendritic cells (DCs) are a unique subset of DCs
defined by their expression of retinol hydrogenases
which metabolize retinol to RA giving them the ability to
induce gut tropism on T lymphocyte priming. Elevations
in the expression of CCR9 and a4p7 on hepatic T cells
in patients with PSC raised the question whether the

ability to induce the expression of gut tropic integrins on
T cells could also be induced extraintestinally by liver
DCs. Subsequent work reported that liver DCs isolated
from normal and PSC livers were not able to induce
or maintain expression of this gut tropic phenotype on
T cells. Activation by gut DCs, however, did imprint high
levels of both CCR9 and a4p7 on T cells, leading the
authors to conclude that hepatic CCR9 and a4f7 ex-
pressing T cells are indeed of gut origin.[G]

Together these data prompted the proposal of a model
of enterohepatic lymphocyte circulation in which long-
lived gut activated memory T cells recirculate through the
liver and are recruited by aberrantly expressed gut ad-
hesion molecules during hepatic inflammation, thereby
providing a theoretical mechanistic explanation for the
striking association between PSC and IBD, including how
these related conditions often display an asynchronous
onset and the observation of the former arising even in
patients in whom the colon had been removed.

Recent data have challenged this model, with a num-
ber of studies reporting hepatic MAdCAM-1 expression
and elevations in a4 and 7 gene expression in various
nonautoimmune CLDs./"~® Furthermore, there is a lack
of response of patients with PSC to the anti-a4p7 treat-
ment vedolizumab reported by several centes, includ-
ing our own.[10-13

Here, we appraise the gut lymphocyte homing hypoth-
esis in PSC with associated IBD (PSC-IBD), by charac-
terizing the hepatic expression of MAdCAM-1, CCL25,
and E-Cadherin and the expression on both hepatic and
peripheral T cells of their cognate receptors a4p7, CCR9,
aEp7, and of the colonic homing receptor, GPR15, in
paired blood and fresh liver tissue samples from pa-
tients with PSC-IBD or various other CLDs. Moreover,
we define the inflammatory phenotype of gut-derived
cells within the liver of patients with PSC-IBD, alcohol-
associated liver disease (ALD) and in the normal liver.

PATIENTS AND METHODS
Patients

Explanted liver tissue was collected from 28 patients
undergoing OLT for CLD. Nondiseased, age-matched
control liver tissue was obtained from unused donor
liver after organ reduction or split transplantation (n = 4)
or from patients undergoing partial hepatectomy for re-
moval of colorectal metastases (n = 2). Liver mononu-
clear cells (LMNC) were isolated from liver tissue from
17 of these patients; NASH (n = 3), ALD (n = 7), and
PSC-IBD (n = 7) and from all nondiseased control sam-
ples (n = 6). Peripheral blood samples were taken at
the time of transplantation from 10 patients with CLD
(NASH [n = 3], ALD [n = 3], and PSC-IBD [n = 4]) and
from 14 age-matched healthy donors. For demographic
and clinical details, see Tables S1 and S2. All included
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patients provided written informed consent, and this
study was approved by the local research ethics
committee.

Immunohistochemistry

CLD explanted tissue sections obtained from PBC
(n=2), ALD (n = 8), NASH (n = 6), chronic HCV (n = 2),
AIH (n = 2), PSC-IBD (n = 8) and nondiseased liver
tissue (n = 4) were collected for immunohistochemical
analysis. In addition, diagnostic liver biopsy tissue sec-
tions obtained from PSC-IBD (n = 6), AIH (n = 5) and
viral hepatitis (n = 5) were also collected for compara-
tive MAdCAM-1 immunoreactivity analysis. Samples
were formalin fixed, paraffin embedded. Sections were
subsequently deparaffinised in xylene, dehydrated in
ethanol and rehydrated in water. Following rehydration,
sections were incubated overnight at 4°C with rabbit
polyclonal anti-human MAJCAM-1 (cat.# ab178549,
Abcam), mouse monoclonal anti-human E-Cadherin
(cat# NCL-L-E-Cad, clone # 36B5, Leica) and poly-
clonal rabbit anti-human CD25 (clone # EPR12388),
used at a dilution of 1:500, 1:50, and 1:250, respec-
tively. Following endogenous peroxidase blocking with
3% H,0,, sections were incubated with goat anti-rabbit
or goat anti-mouse (both from Vector Laboratories) sec-
ondary antibodies, used at 1/1.000 and 1/400 respec-
tively, for one hour at room temperature. After treatment
with Vectastain Elite ABC kit (Vector Laboratories),
ImMmPACT DAB (Vector Laboratories) was applied, and
sections were examined by light microscopy.

RT-PCR

Expression of MAdCAM-1, CCL25, and E-Cadherin
was determined by RT-PCR, as previously de-
scribed,™ following total RNA extraction using TRIzol
reagent (ThermoFisher Scientific) and mRNA reverse
transcription using iScript cDNA synthesis kit (Bio-Rad
Laboratories), according to the manufacturer’s instruc-
tions. The primer sequences were as follows:
MAdCAM-1:Forward,5-GTATTGCGCCGCTAGAGG
TG-3"; Reverse, 5-CTGAACGCCACTTGT CCCTC-3'
CCL25:Forward,5-TTTGAAGACTGCTGCCTGG-3';
Reverse, 5-GTCTTCTTCCTAACAAGCC-3'
E-Cadherin: Forward, 5-CTGATGCTGATGCCCCCAA
TA-3'; Reverse, 5-CAGTTTCTGCATCTTGCCAGG-3'

Cell isolation

LMNC were freshly isolated from explanted liver tissue
or resected liver tissue according to established meth-
odology.['™® Briefly, approximately, 50-100 g of liver
tissue was placed in RPMI 1640 supplemented with

10% fetal bovine serum and placed on ice for up to 4
hours before homogenization. Liver was cut into 1 cm?®
pieces using a sterile No11 scalpel. Tissue cubes were
then washed twice with cold RPMI 1640 before being
placed into gentleMACS C Tubes (Miltenyi Biotec).
C Tubes were then inserted into gentleMACS Tissue
Disassociator (Miltenyi Biotec) and homogenized for 1
minute. Tissue homogenate was then diluted in cold
RPMI 1640 and passed through a 63pm filter (Fisher
Scientific). Homogenate was then further filtered
through a 30pm filter (Miltenyi Biotec) before being
centrifuged at 50 x g (acceleration 5 and deceleration
3) at 20°C in order to separate larger cellular debris.
Supernatant was then extracted and layered onto 15
ml Ficoll-Paque density gradient solution (1.077 g/ml)
in 50 ml sterile Falcon tube and centrifuged at 800 x
g for 20 minutes at 20°C without centrifuge braking
enabled. Lymphocyte interface was then aspirated
and filtered through a 20 um filter (pluriSelect) before
being centrifuged once more. Cell pellet was then re-
suspended in 5 ml of RPMI 1640 before cell counting.
The viability of freshly isolated LMNCs consistently ex-
ceeded 90%.

Flow cytometry

Flow cytometry was performed following incubation of
PBMCs and LMNCs with anti-human antibodies against
cell surface antigens CD3 (clone # OKT3), CD4 (clone
# RPA-T4), CD45RO (clone # UCHL1), CCR9 (clone #
LO53ES8), GPR15 (clone # SA302A10), «E (clone # Ber-
ACT8) all from Biolegend and to CD8 (clone # 1G1),
CD127 (clone # 11A9), CD25 (clone # M-A251), Integrin
37 (clone # FIB504) and a4 (clone # HIL-7R-M21) from
BD Biosciences Systems. Expression of intracellular
cytokines was assessed following cell stimulation with
eBiosciences cell stimulation cocktail 500X plus pro-
tein transport inhibitors at 37°C, 5% CO, for 4 hours.
Intracellular staining was conducted following cell fixa-
tion and permeabilization with Cytofix/Cytoperm (BD
Biosciences) and incubation with antibodies to human
IFN-y (clone # 4S.B3), TNF-a (clone # MAB11) and IL-
17 (clone # BL168) all from eBioscience. Cell events
were acquired on a BD LSRFortessa Il and ana-
lyzed using FlowJo 3 software (version 10, TreeStar).
Positively stained cell populations were gated based on
fluorescence-minus-one method. Compensation was
adjusted using Ultra Comp eBeads Plus Compensation
Beads (Invitrogen).

Statistics

Results are expressed as mean + SEM. Normality of
variable distribution was assessed by Kolmogorov-
Smirnov goodness-of-fit test. Comparisons were
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performed using parametric (paired or unpaired
Student t test) or nonparametric (Wilcoxon signed-rank
or Mann-Whitney test) tests according to data distribu-
tion. One-way ANOVA or Kruskal-Wallis test, followed
by Tukey or Dunn multiple comparison tests, were
used when comparing more than two sets of data.
Statistical significance was defined as a p value <0.05
based on nominal p values, and different levels were
noted on graphs: *p < 0.05, **p < 0.01, ***p < 0.001,
****n < 0.0001. Correlation between variables was de-
termined by Pearson correlation coefficient, if the data
conformed to a normal distribution, or by Spearman
rank correlation coefficient, if the data were not nor-
mally distributed. p values < 0.05 were considered
significant. Statistical analysis was performed using
GraphPad Prism, version 7.0a (GraphPad Software,
San Diego, CA).

RESULTS

Expression of gut adhesion molecules are
elevated in the chronically inflamed liver

MAdCAM-1

Immunohistochemical detection of MAdCAM-1 in
human liver samples revealed a variable pattern of
expression. Positive MAdACAM-1 immunostaining was
found on 6/8 PSC-IBD explanted liver sections but in
none of the normal livers (0/4). Marked MAdCAM-1
expression, however, was also detected in 16/20 pa-
tients with other CLDs (Table 1). For a significant pro-
portion (19/28) of the MAdCAM-1 positive explanted
livers, MAACAM-1 was detected on the endothelial
cell lining of central veins and small vessels, although
not all vessels in a given tissue section stained posi-
tive, indicating a patchy distribution of the MAdCAM-1
protein (Figure 1). Occasionally, MAACAM-1 expres-
sion was seen within the hepatocyte cytoplasm,
as well as in structures that had the morphology of
dendritic cells. RT-PCR confirmed the histologi-
cal findings, as MAdCAM-1 gene expression was

TABLE 1 MAdCAM-1 staining in CLD
Endothelial Lymphoid No
Disease vessels aggregates staining
PSC-IBD (n = 8) 6/8 0/8 2/8
PBC (n = 2) 1/2 2/2 0/2
ALD (n = 8) 6/8 0/8 2/8
NASH/NAFLD (n =6) 4/6 0/6 2/6
AlH (n=2) 1/2 0/2 1/2
HCV (n = 2) 2/2 2/2 0/2
NL (n = 4) 0/4 0/4 4/4

Abbreviations: NL, normal liver.

significantly up-regulated in CLD compared with nor-
mal liver tissue, the highest expression being found in
PSC-IBD and ALD tissue (Figure 2A). Despite observ-
ing MAdCAM-1 positive immunoreactivity in multiple
explanted CLD tissue sections, MAdCAM-1 staining
was absent in all diagnostic liver biopsies (PSC-IBD
0/6, AlIH 0/5 and chronic viral hepatitis (0/5) analyzed
(Figure S1).

CCL25

On immunohistochemical staining, CCL25 immu-
noreactivity was negative in all PSC (n = 7) and all
PBC (n = 2) liver tissue sections stained (Figure S2).
Despite being unable to detect histological expres-
sion of CCL25, RT-PCR demonstrated significant up-
regulation in gene expression in explanted CLD tissue
compared with normal tissue (Figure 3D). Similarly,
to MAdCAM-1, CCL25 gene expression was high-
est in patients with PSC-IBD and patients with ALD
(Figure 3B).

E-Cadherin

Analysis of liver sections of explanted liver tissue
stained for E-Cadherin revealed strong immunoreactiv-
ity on all cases, with expression confined to hepatocyte
and biliary epithelial cell membranes (Figure 2). We did
not observe any difference in the staining intensity or
pattern between disease groups, nor was there any
observed between explanted liver sections and normal
liver. Consistent with our histological findings, RT-PCR
showed that CDH1 is highly expressed within the liver
in CLD (Figure 3D), particularly in patients with PSC-
IBD (Figure 3C).

Gut integrin expression is increased on
hepatic T cells

Significant increases in the frequency of a4p7+ ex-
pressed on hepatic CD4+ T effector memory cells
were observed in PSC-IBD, but also in patients with
NASH and ALD compared with normal liver (p < 0.001,
Figure 4B) with no differences among CLD groups. We
also observed a significant reduction in peripheral a4p7
expressing CD4+ and CD8+ memory T cells in pa-
tients undergoing OLT for CLD compared with healthy
controls (Figure 4B, p < 0.01). Despite observing sig-
nificant increases in hepatic CD4+ T effector memory
cells expressing a4p7 in patients with CLD compared
with healthy controls, there were no differences in
CD8+ memory T cells between normal liver and CLD
(Figure 5A). In contrast to the findings on hepatic a4p7
expression, we observed significant increases in aEp7
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FIGURE 1 Representative MAAJCAM-1 immunoreactivity patterns in patients with CLD explants. (A) Colon control tissue; (B) normal
liver; (C) chronic hepatitis C; (D) PSC; (E) ALD; (F) PBC; (G) NASH; (H) AlH. Vessel MAACAM-1 staining is present in panels C-G; lymphoid
aggregate MAdCAM-1 staining in panel C (patient with HCV). Similar patterns were also observed in PBC sections). No staining is present
in panel A
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FIGURE 2 E-Cadherin immunoreactivity patterns in control colon tissue, donor liver and in CLD explants. (A) Colon, (B) normal liver,
(C) PBC, (D) ALD; (E) PSC. Positive immunostaining with strong membranous expression is present on hepatocytes and cholangiocytes
in all sections. The pattern and intensity of expression was consistent throughout all CLD and normal liver sections

expression on CD8+ memory T cells (Figure 5B, p < liver. On both CD4+ and CD8+ T cells there was a sig-
0.01), but not CD4+ T effector memory cells, in patients ~ nificantly increased expression of CCR9 in patients with
with PSC-IBD and ALD when compared with normal PSC-IBD when compared with normal liver (Figures 4D
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FIGURE 3 Expression of gut adhesion molecules is up-regulated in CLD. (A) MAdCAM-1, (B) CCL25 and (C) CDH1 (E-Cadherin)
mRNA expression in normal liver, ALD, PSC-IBD, and NASH. (D) MAdCAM-1 (left), CCL25 (center) and CDH1 (right) mRNA expression
in normal liver compared with combined CLD groups (ALD, PSD-IBD, and NASH). Results are expressed as mean + SEM: Expression is
presented as a percentage deviation from the normal liver. *p < 0.05; **p < 0.01; ***p < 0.001
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FIGURE 4 Differential expression of gut homing integrins on hepatic and peripheral CD4+ T cells in CLD. (A) Flow cytometry gating
strategy for CD4+ T effector memory and CD8+ memory T cells. Left panels: expression of gut homing integrins: (B) a4p7, (C) «Ef7, (D)
CCR9 and (E) GPR15 on hepatic CD4+ T cells (numbers expressed as a percentage of CD4+ T effector memory cells). Center panels:
Representative flow cytometry plots of gut homing integrins on hepatic CD4+ T cells in normal liver (NL), NASH, ALD, and PSC-IBD (B-E).
Right panels (B-E): Differential expression of gut homing integrins on peripheral CD4+ T effector memory cells in NL and patients with
CLD. Integrin positive cells were gated on and expressed as a percentage of CD3+CD4+CD127+CD45R0O+ cells (T effector memory cells).
*p <0.05; **p < 0.01; ***p < 0.001
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FIGURE 5 Differential expression of gut homing integrins on hepatic and peripheral CD8+ T cells in CLD. Left panels: expression of gut
homing integrins: (A) a4p7, (B) aEp7, (C) CCR9 and (D) GPR15 on hepatic CD8+ T cells (numbers expressed as a percentage of CD8+ memory
T cells). Center panels: Representative flow cytometry plots of gut homing integrins and on hepatic CD8+ T cells in normal liver (NL), NASH,
ALD, and PSC-IBD. Cells were gated on CD3+CD8+CD45R0O+ cells (memory T cells). (B-E) Differential expression of gut homing integrins on
peripheral CD8+ memory T cells in patients with HC and patients with CLD. *p < 0.05

and 5C, p < 0.01). Although not statistically significant,
CCR9 expression on CD4+ and CD8+ T cells was also
elevated both in NASH and ALD with comparable lev-
els to patients with PSC-IBD. Peripheral T cells showed
significant reductions in CCR9 expression on CD4+
and CD8+ T cells in patients undergoing OLT for CLD
compared with healthy controls (Figure 4C, p < 0.01).
Like for CCR9 and 7 integrin, the expression of
GPR15 was increased on hepatic T cells in CLD.

GPR15+ T cells were found within the hepatic infiltrate
with level of expression comparable between CD4+
and CD8+ T cells for all disease groups and normal
liver tissue (Figures 4E and 5D, p < 0.01, p <0.0001). In
patients with ALD and PSC-IBD there was significantly
increased GPR15 expression on both CD4+ and CD8+
T cells compared with normal liver tissue. The level of
expression was significantly greater in patients with
PSC-IBD on CD4+ T cells when compared with NASH.
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FIGURE 6 Gut-derived hepatic infiltrating memory T cells are associated with increased Th1 and Th17 cytokine production. Expression
of proinflammatory cytokines TNF-a (A), IFN-y (B), IL-17 (C) and dual IFN-y/IL-17 (D) and representative flow cytometry analyses between
gut-associated CD4+CD45R0O+p7- and CD4+CD45RO+p7+ hepatic T cells (Left Panels) and CD8+CD45R0O+p7- and CD8+CD45RO+37+
hepatic T cells (Right Panels). Cytokines are expressed as a percentage of CD4+/CD8+CD45R0O+p7-/f7+ hepatic T cells. (*p < 0.05;

**p < 0.01; ***p < 0.001)

Although, not significant, we also observed a trend to-
ward increased expression on CD4+ and CD8+ T cells
in patients with NASH compared with normal liver.

Hepatic infiltrating 7 expressing
T cells display an increased
proinflammatory phenotype

We observed increased expression of TNF-a, IFN-y, IL-
17 and IFN-y/IL-17 in hepatic memory CD4+ and CD8+
p7+ T cells when compared with hepatic f7- T cells
(Figure 6A-D). This increased inflammatory phenotype

was more marked within CD4+ T cells with significant
increases observed in IFN-y, IL-17, and IFN-y/IL-17
expression in p7+ versus f7- T cells (Figure 6C-D).
Despite the presence of IBD and cirrhosis, there were
no differences in the inflammatory phenotype of CD4+
or CD8+ T cells between PSC-IBD and ALD when
compared with normal liver.

DISCUSSION

Our data, demonstrating that expression of both
MAdCAM-1 and CCL25 is up-regulated not only in the
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liver of patients with PSC-IBD, but also in the liver of
those with other CLDs, challenge the long-standing hy-
pothesis formulated by Adams’ group that the patho-
genesis of PSC-IBD is mediated by enterohepatic T cell
trafficking from the gut to the liver.*=8' |n the original
report, it had been postulated that an aberrant upregu-
lation in hepatic expression of the gut specific adhe-
sion molecules MAdACAM-1 and CCL25 was a feature
largely confined to patients with PSC-IBD, supporting
the recruitment of pathogenic mucosal T cells.

Early studies did report a strong expression of
MAdCAM-1 and CCL25 in the PSC liver with minimal
expression in other CLDs, lending support to the gut
homing theory in the pathogenesis of PSC,*° but
more recent reports challenged this notion, as he-
patic MAACAM-1 expression was observed in multiple
CLDs.2"9 Consistent with the latter data are our find-
ings in the present study, which investigates hepatic ex-
pression of both MAdACAM-1 and CCL25 and quantifies
expression of their cognate receptors CCR9 and a4p7,
in addition to other colonic homing receptors aEp7 and
GPR15, on matched blood and tissue infiltrate in a size-
able group of patients with CLDs, including PSC-IBD.
Not only do we describe positive hepatic MAdJCAM-1
immunoreactivity in more than 75% of patients with
CLD regardless of etiology, but we also show an in-
creased expression of both CCL25 and MAdCAM-1
mRNA across all CLD groups compared with normal
liver. In addition, by investigating paired tissue and
blood samples, we show that expression of hepatic
MAdCAM-1 and CCL25 induces tissue infiltration of
a4p7 and CCR9 expressing CD4+ T cells, which is not
confined to PSC-IBD, but is present also in other CLDs,
with a concomitant reduction in peripheral frequencies.

The importance of investigating not only patients
with PSC, but also with other liver diseases at com-
parable stages of disease is illustrated by the discrep-
ant reports in the literature. Henriksen et al. reported
memory T cells of common clonal origin in the gut and
liver tissue of patients with PSC, seemingly supporting
the gut homing theory,”el but no other CLDs were in-
vestigated as controls, questioning the PSC specificity
of their finding. More recently, a study did show ele-
vations in hepatic MAdCAM-1 expression in patients
with PSC-IBD referred for liver transplantation com-
pared with controls (PBC and HCV).['"1 However, con-
trol samples were biopsies not taken at a comparable
stage of disease being either diagnostic or resected
samples, whereas comparisons between “short-term”
PSC, defined as disease duration of less than one year
revealed no differences in MAACAM-1 expression indi-
cating the stage of disease is a strong determinate of
expression. Supporting this notion, on analysis of di-
agnostic liver biopsies we failed to identify MAdCAM-1
immunoreactivity in PSC-IBD and other CLDs, indi-
cating aberrant hepatic MAdJCAM-1 expression likely
occurs in the later stages of CLD thereby, does not

mediate hepatic inflammation through gut lymphocyte
recruitment in the early stages of disease. In further
agreement with our data, expression of MAdCAM-1
and o4 and B7 integrins were shown to be up-regulated
in the liver of patients with late-stage NASH®:; more-
over hyperexpression of a4, aE and (7 integrins was
reported in the liver of patients with severe alcohol-
associated hepatitis compared with normal tissue.®
A recent report also showed no differences between
PSC and other liver disease controls in CCR9 or 7 in-
tegrin gene expression in hepatic lymphocytes isolated
by fine needle aspirate or in the expression of CCR9 on
CD3+ cells in liver needle biopsies,“gl in line with our
observation that MAACAM-1/a4p7 and CCL25/CCR9
mediated hepatic recruitment of T cells is not unique
to PSC-IBD.

To further understand whether gut-derived T cell
homing to the liver is a common feature of CLD, we
investigated the hepatic expression of the homing re-
ceptor GPR15 and of aEf7 integrin, which control traf-
ficking and retention of T effector cells to the colon.l'®2%
As IBD in patients with PSC is characterized predom-
inantly by colonic inflammation, it is plausible to spec-
ulate that the hepatic PSC infiltrate should be rich in
GPR15 and aEP7 expressing lymphocytes, should
the gut homing theory prove true. Indeed, frequencies
of both GPR15 and oEp7 expressing T cells were in-
creased in the PSC-IBD liver compared with normal
liver, but as for CCR9 and a47 expressing T cells, ele-
vations were also observed in other CLDs. In particular,
the frequency of aEP7 expressing CD8+ T cells was
high across disease groups, possibly because of the in-
creased CDH1 gene expression observed by RT-PCR.
An alternative possibility that should be addressed in
future studies, is the role of transforming growth factor-
beta (TGF-B), which participates in all stages of liver
disease progression, from initial injury through in-
flammation and fibrosis, to cirrhosis and cancer,?"! in
down-regulating a4 integrin and up-regulating oE in-
tegrin, CD8+ T cells being particularly responsive to
TGF-p-mediated aE induction.?>?* To our knowledge,
there are no published data on GPR15, and this study
investigates its expression within the liver. However, a
limitation of this work is the absence of data concern-
ing the expression of its cognate receptor GPR15L,
whose expression is reported to be absent or very
weak in the human liver.?*2% |t could be suggested
that GPR15+ cells infiltrating the liver may have been
recruited through a4p7/MAdJCAM-1 interactions, be-
cause GPR15 cells enriched in the colon may also ex-
press a4f7. However, we found that <20% of GPR15+
T cells expressed a4f7 (data not shown), suggesting
that GPR15+ T cells are likely to be recruited to the
liver by hepatic expressed GPR15L, which similarly to
other adhesion molecules, is up-regulated in the liverin
response to inflammation.l”2%=28] The dense infiltration
of both GPR15+ CD4+ and CD8+ T cells we observed
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in the cirrhotic tissue suggests that GPR15L is indeed
expressed within the liver, but the distribution and func-
tional role of hepatic GPR15/GPR15L interactions in
CLD require further investigation.

Expression of aEB7 has been shown to characterize
a more proinflammatory subset of CD4+ T cells within
the inflamed UC colon.['"¥ It is thereby possible that the
hepatic p7 expressing T cells derived from an inflamed
bowel, as is the case in patients with PSC-IBD, could
display a similarly enhanced inflammatory phenotype.
We, therefore, investigated the inflammatory profile of
hepatic p7+ versus p7- T cells in CLD with IBD (PSC-
IBD), without IBD (ALD) and normal liver. In all condi-
tions, expression of p7 was associated with increased
levels of Th1 (IFN-y, TNF-a) and Th17 (IL-17) cytokines
in both CD4+ and CD8+ memory T cells compared
with p7- T cells, but the presence of IBD or CLD did
not influence type and density of cytokine expression
in hepatic p7+ T cells, with normal liver displaying a
cytokine profile similar to patients with PSC-IBD and
patients with ALD. This, however, does not exclude an
increased tissue inflammatory environment in patients
with or without concomitant IBD compared with health,
as we have not quantified the relative abundance of p7
expressing T cells within the different CLD livers. It is
possible that the increased expression of MAdCAM-1
in the diseased liver is accompanied by the recruitment
of a high number of a4p7+ T cells and therefore en-
hanced inflammation. An increase in hepatic a4 and 7
integrin gene expression, has indeed been reported in
both ALD and NASH,®'8 and increases in intestinal
MAdCAM-1 expression are associated with infiltration
of p7+ T cells in the gut of patients with IBD.[19:23:29]
Whether hepatic MAAJCAM-1 mediated recruitment of
inflammatory 7 expressing T cells contributes to fibro-
genesis and disease progression in CLD remains to be
defined. In this context it is of interest that in murine
models of both NASH and concanavalin A induced
hepatitis, MAdACAM-1 ablation resulted in reduced ox-
idative stress and inflammation,’***" and that in the
NASH model, blockade of a4f7 attenuated hepatic
inflammation and fibrosis,®! implicating a pathogenic
role for hepatic MAdACAM-1/a437 mediated cell recruit-
ment in CLD. Further understanding of the mechanisms
and in particular, identification of the time of hepatic
MAdCAM-1 induction throughout the course of CLD
could pave the way for the use of targeted anti-integrin
therapies, as used in IBD, with the aim of blocking he-
patic MAdACAM-1/a4p7 mediated cell recruitment and
inhibiting the progression of CLD.

In summary, we have demonstrated that aberrant
hepatic expression of MAdCAM-1 and CCL25 and
subsequent infiltration of a4p7 and CCR9 expressing
T cells into the liver is a common feature of CLD, ques-
tioning previous reports suggesting that this phenome-
non is confined to PSC-IBD. The functional relevance
of gut-derived hepatic infiltrating T cells displaying an

inflammatory phenotype and their role in the progres-
sion of liver damage in CLD with or without IBD remains
unknown and requires further investigation.
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