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Summary

The immune tolerance induced by the liver as an allograft is difficult to
reconcile with the evidence that the liver selectively accumulates activated T
cells from the circulation. However, much of this information is based on
murine liver lymphocytes that were isolated using enzymatic digestion. In the
present study we made use of a novel resource, the lymphocytes isolated
during the perfusion of living donor liver lobe prior to transplantation. These
healthy human liver lymphocytes displayed surface markers indicating a high
degree of activation of natural killer cells, CD56+ T cells, CD4+ T cells and
CD8+ T cells. These properties were independent of enzymatic treatment or
the details of cell isolation. We conclude that the healthy human liver is a site
of intense immunological activity.
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Introduction

The human liver plays a sentinel role, confronting exogenous
antigen absorbed from the gut as well as the pathogen chal-
lenge resulting from breaches of the intestine’s mucosal
barrier. Because of the diversity of the antigens to which it
must respond, the liver displays both innate and adaptive
immune functions; however, many of the food-derived anti-
gens do not represent a threat, and the liver’s immune system
must make a nuanced response which correctly selects either
an inflammatory, a tolerogenic or an anergic outcome. Fur-
thermore, the liver has been proposed to function as an
important regulator of immune cells activated by events at
remote locations within the host [1]. Examples of the above
include the lack of reaction to the harmless antigens in food
or from commensal bacteria, the inflammatory response to
gut-derived pathogens and transformed cells, and the well-
documented ability to participate in the generation of toler-
ance to certain oral antigens and to vascularized allografts
[2–5]. The diverse pathology that results from maladaptive
immune responses within the liver has stimulated the inves-
tigation of hepatic immune function, in the hope of devel-
oping better therapies for viral, microbial, neoplastic and
autoimmune diseases.

Lymphocytes extracted from human liver tissue have been
characterized [6,7]. In comparison to peripheral blood, the
most noteworthy differences are the preponderance of
natural killer (NK) and CD56+ T cells in the liver, and the
diminished frequency of T lymphocytes with a skewing of

the CD4+/CD8+ ratio towards CD8+ lymphocytes in the liver.
Lymphocytes within healthy liver express activation markers,
supporting the concept that they are not quiescent, but con-
tinually mediate immune responses [7,8]. It has been pro-
posed that the liver of mouse and humans supports the local
development and maturation of T cells, although much of
the evidence is indirect [9–11]. Some studies suggest that a
distinctive cytokine milieu within the liver shapes the devel-
opment of the specialized immune cells represented therein
[5], while other studies indicate that, as part of normal sur-
veillance, naive T cells can circulate freely between the
peripheral blood, secondary lymphoid tissue and liver [12].
Activated T cells, however, have their migratory pathways
determined by changes in their cell surface expression of
adhesion receptors [13], and home to specific tissue sites
based upon the endothelial expression of appropriate tissue
specific ligands. The healthy liver contains activated termi-
nally differentiated T cells, particularly CD8+ T cells, some of
which are destined to undergo apoptosis, yet the liver also
contains cells that defend the host against tumour cells and
pathogens as part of immune surveillance [14,15]. Further-
more, the liver can suppress the expansion of activated T
helper 1 (Th1) type CD4+ cells and promote the outgrowth
of Th2 type CD4+ cells, contributing to ‘immune deviation’
[16]. Thus the lymphocytes found in the liver are a mixture
of activated and naive cells; some are likely to participate in
local immune response, while others are either trapped and
die or are modulated according to demands of an integrated
systemic immune response of the host.
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Our understanding of immune function within the liver
has been derived largely from mouse studies, in part
because of the limited numbers of lymphocytes that can be
obtained from healthy human livers. Lymphocytes can be
isolated from small samples (needle or wedge biopsies) of
healthy human livers, but an alternative has been explored:
the perfusate of liver transplant donors [6,17]. The major-
ity of studies dealing with human intrahepatic lymphocytes
(IHL) have used cells obtained by the dissociation of small
liver biopsies [18] or cells isolated from cadaveric liver
donors [6,17]. The latter technique yields large numbers of
IHL, but the effects of donor death and prolonged cold
ischaemia in situ complicates the interpretation of these
cells. Here we compared derived lymphocytes with the IHL
obtained by perfusion of living donor livers; these cells
were harvested from healthy donors under general anaes-
thesia, avoiding both the effects of brain death and of
extended storage. The results show that human IHL may be
obtained in large numbers from the living donor liver lobes
prior to transplant. These cells displayed markers charac-
teristic of IHL obtained using other approaches, suggesting
that contamination with blood-borne cells was minimal.
We anticipate that this source of human IHL will be valu-
able in studies of basic immunobiology, and will form the
most appropriate control tissue in experiments to evaluate
pathological changes in IHL obtained from diseased
explants.

Materials and methods

Patients and IHL samples

All tissues were obtained under appropriate consent
using a study protocol approved by the Institutional
Review Board at the University of Rochester Medical
Center. Cells eluted from the liver were retrieved from
the Viaspan® preservation solution (‘Belzer UW’, Barr
Laboratories, Woodcliff Lake, NJ, USA) in which the liver
was stored. Peripheral blood (20 ml) was collected into
collection tubes containing heparin from living liver
donors at the moment of liver graft removal following
complete isolation of the right lobe. Liver-associated
lymphocytes were eluted from living donor grafts following
removal from the donor. Briefly, the grafts were flushed via
the portal vein with 5 litres of cold (4°C) preservation
solution, either Viaspan or Custodial® (Custodiol® HTK
solution; Odyssey Pharmaceuticals, East Hanover, NJ,
USA containing heparin (5000 units/l). The effluent was
collected in 1·25-litre sequential aliquots. These aliquots
were then processed individually and labelled as: flush 1,
flush 2, flush 3 and flush 4. As the first aliquot of liver cells
retained features of peripheral blood leucocytes, while
subsequent aliquots were typical of liver leucocytes isolated
by other methods, we used the fourth aliquot for these
phenotypic analyses.

Cell isolation

Peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll-Hypaque density-gradient centrifugation and
resuspended in RPMI-1640 medium with supplements
(including fetal calf serum 10%, penicillin, streptomycin,
and glutamine). Liver perfusates were centrifuged and resus-
pended in RPMI-1640 complete medium, filtered and cen-
trifuged to obtain IHL. The cell pellets underwent Ficoll-
Hypaque density-gradient centrifugation prior to staining
and fluorescence activated cell sorter (FACS) analysis. Cells
were either stained immediately or frozen in liquid nitrogen
for later analysis.

Flow-cytometric analysis

Phenotypic analysis of the matched specimens of peripheral
blood lymphocytes, lymph node cells, spleen cells and intra-
hepatic lymphocytes was performed using flow cytometry.
The following antibodies were used in this study: fluore-
scein isothiocyanate (FITC), R-phycoerythrin (PE),
allophycocyanin-conjugated anti-CD3; FITC, R-PE, PE-Cy5-
conjugated anti-CD56; FITC, R-PE-conjugated anti-CD4
and anti-CD8: FITC-conjugated anti-CD27, CD28,
CD45RA, CD45RO, CD38, CD69, CD95 (Fas), CD62L
(l-selectin), CD16, CD25, T cell receptor (TCR)-alpha/beta,
TCR-gamma/delta and IgG isotype control (BD PharMin-
gen, San Diego, CA, USA). All data were acquired using a
FACSCalibur instrument (BD Biosciences) and were analy-
sed by using FlowJo (Treestar software). All samples were
incubated with an Fc blocking antibody before staining.

Statistical analysis

Statistical significance was determined using two-tailed Stu-
dent’s t-tests. Correlation was calculated using the Excel sta-
tistical package. A P-value of less than 0·05 was considered to
be statistically significant.

Results

Cells isolated by perfusion of five adult living donor right
lobe grafts yielded a mean of 7·8 ¥ 108 cells (range: 2·3–
11·8 ¥ 108) IHL after Ficoll separation. This analysis demon-
strated a significant phenotypic representation of CD4+ and
CD8+ ab � cells, CD56+ NK cells, CD56+ CD3+ CD56+ T cells
by surface specific staining, and in addition a population of
large cells based on forward scatter, which consists of
myeloid cells including antigen-presenting cells and Kupffer
cells. For comparison of IHL phenotypes to peripheral
blood, it was necessary to ensure that peripheral blood con-
tamination from the liver graft was minimal. We therefore
examined the lymphocytes from four sequential portal vein
flushes of 1200 ml each from living donor graft segments.
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Aliquots from sequential flushes of a living donor right liver
lobe were compared to the donor’s PBMC acquired at the
same time (Fig. 1). Only the first aliquot of portal vein flush
continued to express some features of peripheral blood lym-
phocytes; such peripheral blood contamination disappeared
thereafter with cells displaying the characteristics of IHL in
all three subsequent aliquots. This was manifest as changes in
the expression of all of the surface markers evaluated. Thus,
CD3+ CD56+ cells were rare in the blood, much more abun-
dant in liver flush 1, and stable thereafter. Similarly, CD16+,
CD56+ cells and CD8+, CD56+ cells were rare in the blood
sample, present in liver flush 1, increased in flush 2 and
unchanged thereafter. Among the T cells, the CD8+ T cells
were increased in all liver flushes and the CD4+ T cells were
decreased; co-staining with CD8 and TCR-ab confirmed
that the increase was due, at least in part, to classical CD8+ T
cells. The abundance of TCR-gd cells among the IHL has
been subject to debate, but in our analysis we found that
these cells were CD4– and CD8– in the liver, and were detect-
able but less abundant than among the PBMC.

Figure 2 shows the stark contrast between blood lympho-
cytes and IHL isolated from the living donor liver lobes.

Panel A shows that the IHL were enriched in total CD56+

cells, and in CD3+, CD56+ cells in particular (i.e. CD56+ T
cells). Within the CD3+ T cells there was a lower percentage
of CD3+, CD4+ cells in the IHL, but more CD3+, CD8+ T cells.
Panel B shows the results from matched blood versus IHL
from five living donors. As in the individual example shown
in Fig. 2a, the IHL (solid bars) were enriched for NK, CD56+

T and CD8+ T cells, and depleted of CD4+ T cells. The pro-
portion of NK cells in peripheral blood among these living
donors appears somewhat higher than expected. We
attribute this to a stress effect of surgery. Peripheral blood
was collected precisely at the time of liver graft removal,
4–6 h after initiation of surgery. We chose to use cells
collected at this time-point, as they are the valid control in
making comparisons of blood versus intrahepatic
lymphocytes. We did not think it valid to compare liver
lymphocytes collected during major surgery with blood cells
collected when this stress was absent.

There are many conflicting reports concerning the activa-
tion state of resident liver lymphocytes. Because human IHL
obtained from living donor-derived tissue is a cell popula-
tion that has been explored very little, we evaluated the
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Fig. 1. Analysis of four sequential aliquots (1·2 litres each) of fluid flushed from the living donor right liver lobe, immediately prior to

transplantation. The samples were subjected to a lymphocyte gate based on light scatter, and analysed by flow cytometry. The data show the

change-over from cells that retain some features of blood cells (peripheral blood mononuclear cells) in flush 1 to the typical intrahepatic

lymphocytes (IHL) subset distribution of CD56-rich natural killer and CD8+ rather than CD4+ T cells by flush 2.
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expression of diverse cell surface markers on the four major
subsets of IHL. Individual examples of staining of human
liver NK cells, CD56+ T cells, CD4+ T cells and CD8+ T cells
for cell surface markers are shown in Fig. 3. The liver NK
cells differed from NK cells among the PBMC in several
ways: a subset expressed CD27, which was negative on the
PBMC NK cells; a subset expressed CD28; a subset was
CD38-negative; and approximately half the cells expressed
CD69 (Fig. 3, top set of panels). The data from a set of 10
matched samples of PBMC and IHL are shown in the upper
half of Table 1. These data reveal that there was some indi-
vidual variation between the samples; we were unable to find
a single ‘representative’ set of data that exemplified the
overall results in every respect. Thus, across the 10 sets of
samples, the IHL showed statistically significant (P < 0·05)
increases in the expression of CD27, CD28 and CD69, but in
addition the IHL showed significantly lower expression of
CD62L, which was not obvious in the single sample shown in
Fig. 3. Thus, we find that human liver NK cells are ‘more

activated’ than peripheral blood NK cells, and also that they
display the lymph node homing receptor, CD62L, on fewer
cells.

The liver’s abundant population of CD56+ T cells was
compared with the much smaller population of CD56+ T
cells in the blood. An example of such a comparison is shown
in Fig. 3, the second set of panels. The liver CD56+ T cells
(marked IHL) contained a higher frequency of CD27+,
CD28+ and CD69+ cells than the blood-derived cells (marked
PBMC). Compared to the NK cells, the CD56+ T cells
expressed a higher frequency of all three activation markers.
Across the 10 paired sets of PBMC and IHL samples data
were consistent with the increased expression of CD27
shown in Fig. 3, but the difference was on the limits of sta-
tistical significance (P = 0·0835). However, the increased fre-
quency of CD28+ and CD69+ cells was confirmed (Table 1,
lower half). In addition, the IHL samples showed an overall,
statistically significant increase in the expression of CD38
(P = 0·0176). These data show that, as with NK cells, the

Fig. 2. (a) Individual samples of blood

lymphocytes versus intrahepatic lymphocytes

(IHL), showing staining for CD3 versus CD56,

CD4 and CD8. These stains reveal the

abundance of CD56+ T cells among the IHL.

(b) The frequency of lymphocyte subsets, gated

as in Fig. 2a, derived from peripheral blood

(open bars) versus liver perfusion (solid black)

of five living donors.
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human liver CD56+ T cells displayed a more activated phe-
notype than CD56+ T cells in the blood.

In the mouse, the resident liver lymphocytes show both
abundance of NK, CD56+ T and CD8+ subsets and an
increase in the frequency of activated and apoptotic T cells
[14]. However, these cells cannot be harvested without
mechanical dissociation of the tissue, which in many studies
was accompanied by perfusion and/or incubation in
collagenase. The direct harvest of human IHL by elution
from living donor liver lobes allowed us to obtain a high-
quality sample of human liver lymphocytes without tissue
dissociation or enzyme incubation; therefore this was an
ideal source of cells with which to test the notion that liver T
cells are constitutively activated. Figure 3 (third set of panels
from the top) shows an example of the direct comparison of
CD4+ T cells (identified by gating on the CD3+, CD4+ cells)
from blood (PBMC) versus liver (IHL). Strikingly, the liver
CD4+ T cells contained an increased subpopulation of
CD45RAlow and CD45ROhigh cells, consistent with either an
activated or a memory phenotype. Among these cells, many
were also CD69+, identifying them as recently activated T
cells. The aggregate results of the group of 10 paired samples
of PBMC and IHL confirm this impression (Table 2, top
half). While the decrease in CD45RA+ cells was not signifi-
cant (P = 0·1674) due to individual variation, the increase in
the frequency of CD45RO+ cells was highly significant
(P = 0·00787), as was the increase in the expression of CD69
(P = 2·94 ¥ 10-9). The aggregate data revealed two more fea-
tures of CD4+ T cells among the IHL; they expressed CD62L
on a lower percentage of cells (P = 0·0176), and they
expressed more CD95 (P = 0·000636). Overall, these data

confirm that impression that human liver CD4+ T cells, like
those obtained from dissociated mouse livers, are enriched
for activated T cells. The increased expression of CD95 also
revealed that these cells were susceptible to death receptor
signalling.

The CD8+ subset of CD3+ T cells is enriched among IHL
and these cells are of particular interest to us, due to studies
in the mouse showing that the liver sequesters preferentially
activated CD8+ T cells through mechanisms that involve
intercellular adhesion molecule (ICAM)-1, vascular cell
adhesion molecule (VCAM)-1 and Toll-like receptor
(TLR)-4. A direct back-to-back comparison of human
PBMC-derived versus IHL-derived CD8+ T cells in shown in
Fig. 3 (bottom set of panels). In the examples shown, the
IHL CD8+ T cells (identified as CD3+, CD8+ cells) differed
from their counterparts in blood in that they contained an
increased frequency of cells that expressed the markers
CD27, CD28, CD45RO, CD69 and CD95. In the analysis of
10 sets of matched PBMC and IHL (Table 2, bottom half),
these differences were broadly sustained. Thus, there were
statistically significant increases in the expression of
CD45RO, CD69 and CD95. The differences in the frequency
of cells expressing CD27 and CD28 were consistent with the
data in Fig. 3, but not statistically significant. In addition, the
overall data showed that the IHL expressed CD38 on a higher
frequency of the cells, but CD62L in a lower frequency of the
cells.

Liver transplantation surgery often occurs at unpredict-
able times, creating a logistical problem in the collection of
human IHL for translational research. We therefore tested
the effects of one cycle of cryogenic preservation on the

Table 1. Markers on liver-derived natural killer and CD56+ T cells.

PBMC

(n = 10)

IHL

(n = 10) P-value

NK

CD27+ 3·741 � 0·953 33·861 � 9·121 0·0041*

CD28+ 1·026 � 0·435 8·771 � 2·757 0·0125*

CD45RA+ 97·7 � 0·935 98·41 � 0·454 0·5035

CD45RO+ 4·246 � 1·294 2·809 � 0·962 0·3848

CD38+ 94·97 � 1·243 94·7 � 1·629 0·8966

CD69+ 6·63 � 1·046 57·98 � 6·443 3·11E-07*

CD62L+ 16·985 � 4·073 5·583 � 1·414 0·0164*

CD95+ 29·651 � 6·449 35·128 � 7·237 0·579

CD 56+T

CD27+ 33·221 � 6·226 51·677 � 7·92 0·0835

CD28+ 31·745 � 6·451 61·53 � 9·029 0·0151*

CD45RA+ 78·08 � 7·001 53·912 � 11·152 0·083

CD45RO+ 40·34 � 4·76 60·88 � 7·885 0·0387*

CD38+ 19·651 � 4·25 42·42 � 7·613 0·0176*

CD69+ 17·957 � 2·386 87·77 � 2·824 2·6E-13*

CD62L+ 14·745 � 3·097 1·734 � 0·656 0·00066*

CD95+ 86·01 � 3·98 88·44 � 3·288 0·6435

IHL: intrahepatic lymphocytes (IHL). NK: natural killer; PBMC:

peripheral blood mononuclear cells.

Table 2. Markers on liver-derived classical T cells.

PBMC

(n = 10)

IHL

(n = 10) P-value

CD4+

CD27+ 70·98 � 6·403 56·62 � 6·311 0·1276

CD28+ 89·71 � 2·602 89·31 � 3·465 0·9274

CD45RA+ 43·19 � 8·031 26·548 � 8·325 0·1674

CD45RO+ 53·8 � 4·257 77·01 � 3·527 0·00054*

CD38+ 37·16 � 5·163 35·264 � 5·666 0·8074

CD69+ 2·627 � 0·554 43·97 � 6·290 3·75E-06*

CD62L+ 33·981 � 6·333 15·505 � 3·143 0·0176*

CD95+ 62·09 � 4·234 83·1 � 2·830 0·000636*

CD8+

CD27+ 48·43 � 6·774 57·963 � 7·519 0·3587

CD28+ 39·45 � 5·417 55·25 � 7·073 0·0931

CD45RA+ 67·62 � 7·341 46·501 � 10·04 0·1067

CD45RO+ 28·954 � 4·984 52·96 � 6·297 0·00787*

CD38+ 19·471 � 3·617 38·38 � 5·821 0·0129*

CD69+ 5·088 � 1·243 71·05 � 6·014 2·94E-09*

CD62L+ 18·397 � 5·163 2·266 � 0·715 0·00625*

CD95+ 62·73 � 5·263 86·36 � 3·385 0·00138*

IHL: intrahepatic lymphocytes (IHL); PBMC: peripheral blood

mononuclear cells.
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phenotypes of human IHL. Using cells obtained from a
living donor, a simple freeze–thaw experiment was per-
formed whereby an aliquot of each 1·2-litre flush of freshly
isolated cells was compared to the same donor cells, after
cryopreservation and storage for 24 h. The comparison is
shown in Fig. 4. There was good preservation of the major
IHL phenotypes after cryopreservation, and the characteris-
tic changes in cell subsets through the four sequential flushes
were retained. Specifically, the frozen and thawed cells
broadly retained the increase in CD56+ cells that was seen in
fresh samples, although there was some loss of abundance of
CD3+, CD56+ cells, suggesting that these were differentially
susceptible to damage. Freezing and thawing appeared to
cause a loss of intensity of CD16 expression, but it was still
possible to identify CD16+, CD56+ NK cells in the frozen and
thawed samples, and to observe their increase in the liver
flush specimens relative to the PBMC specimen. The expres-
sion of CD8 and CD4 were extremely well preserved in the
frozen and thawed cell specimens, and it was possible to
observe both the increase in CD8+ cells, and the depletion of

CD4+ cells in the IHL samples. These data argue that it will be
possible to use frozen and thawed human IHL isolated from
living donor lobes in subsequent analysis, but that some
caution is in order because of the loss of the CD16 marker,
and the selective loss of CD3+, CD56+ CD56+ T cells.

Discussion

These data provide insight into the composition of human
IHL and supplement the more extensive knowledge of
murine systems [14]. Examination of lymphocytes from the
livers of living donors confirmed previous findings of
increased NK, CD56+ T and CD8+ T cells upon comparison
to peripheral blood [6,8]. Furthermore, these cells displayed
a range of activation markers that differ from the same cell
subsets isolated from peripheral blood.

Previous work in the mouse suggested that activated T
cells were sequestered in the liver, often undergoing apopto-
sis as a mechanism whereby immune responses were termi-
nated [1,15]. This re-examination in humans is consistent
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Fig. 4. Preservation of some natural killer (CD56) and all major T (CD3, CD4, CD8) cell markers in frozen and thawed intrahepatic lymphocytes

(IHL). CD16 staining was somewhat impaired by the freezing and thawing procedure but was still apparent. The only cell population that was

under-represented after freezing and thawing was the CD56+ T cells, identified as CD56+, CD3+ cells, and as CD56+, CD8+ cells.
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with the concept that activated T cells, like NK and CD56+ T
cells, are sequestered out of the circulation by the liver. One
feature of our data was the differential expression of cell
surface markers on several or all of the four major subsets of
lymphocytes when IHL were compared to PBMC. Thus, the
expression of CD28 was increased consistently on both NK
and CD56+ T cells among the IHL, but not on classical T
cells. CD28 is a co-stimulatory receptor that participates in
the classical immunological synapse, which is formed
between T cells and antigen-presenting cells. Its presence on
a subset of NK cells is interesting, as these signal though a
distinct set of receptors. However, NK cells respond to the
CD28 ligands, CD80 and CD86 [19]. The CD28 on NK cells
is functionally important, participating in the polarizing the
microtubule organizing centre and of cytotoxic granules
towards the NK cell synapse [20]. Therefore increased CD28
on liver NK and CD56+ T cells may imply an increase in
cytotoxic potential.

Classical CD4+ T cells all expressed CD28 in both blood
and liver, consistent with its central role in T cell activation
(Fig. 3; Table 2). However, it was noteworthy that a subset of
CD8+ T cells from the blood was lacking CD28 expression
(Fig. 3). The presence of such cells was increased in the liver
CD8+ T cells, but with considerable individual variation,
rendering the difference non-significant (Table 2). The lack
of CD28 on CD8+ T cells has been reported on T cells in
elderly humans [21], give rise to non-specific suppressor T
cells [22] and share patterns of gene repression with canoni-
cal CD4+, CD25+, glucocorticoid-induced tumour necrosis
factor (TNF) receptor family-related gene (GITR+), forkhead
box P3 (FoxP3)+ regulatory T cells [23]. Therefore, the abun-
dance of these cells in the liver could be linked to ‘liver
tolerance’, a local form of immune privilege [24].

CD45RO expression was not evident on NK cells from
either source, but was increased on CD56+ T, CD4+ and CD8+

T cells among the IHL. The shift in CD45 isoform expression
that occurs following human T cell activation is well docu-
mented [25], but it has not been clear that this change also
accompanies CD56+ T cell activation. However, based on the
co-expression of other markers that suggest liver CD56+ T
cells are in a higher activation state, we think it is likely that
CD56+ T cells also change their CD45 isoform pattern after
TCR engagement. The significance of expression of CD45RO
rather than CD45RA on memory T cells is debated, but some
data suggest that the CD45RO isoform contributes to a lower
activation threshold on memory T cells. The extracellular
domains of CD45 associate with CD4 on T cells transfected
with modified CD45 molecules lacking a cytoplasmic
domain, and the lower molecular weight isoforms of CD45
associate more strongly with both CD4 and the TCR, con-
tributing to enhanced signalling [26]. The strong expression
of CD45RA, but lack of expression of CD45RO on NK cells,
is therefore consistent with their use of a distinct set of
activation and inhibitory receptors that do require the CD4
coreceptor.

Perhaps the most striking difference between PBMC-
derived and IHL-derived lymphocytes was in the expression
of CD69. This is an acute activation marker that is present
transiently on recently activated lymphocytes. The expres-
sion of CD69 was increased, and the increase was highly
statistically significant, on all four subset of human liver
lymphocytes (Fig. 3, Table 1, Table 2). This observation
helps to distinguish between two possibilities: that the
expression of diverse activation markers on IHL implies that
these cells are memory cells, or that they are acutely
activated. While both naive and memory cells may exist
among the IHL, the high expression of CD69 on all subsets
implies that these cells are being continuously subjected to
activating signals. These might arise because (1) the liver is
exposed to a continuous flux of non-self antigens from the
intestine in the form of digestion products, or (2) that the
liver is exposed to endotoxin, which is present constitutively
in the portal vein [27]. This issue is difficult to approach in
the human, where endotoxin-free and antigen-free condi-
tions do not occur; however, the specific issue of the contri-
bution of endotoxin to CD69 expression could be addressed
in the mouse, where natural mutant and gene-targeted
animals exist lacking the endotoxin receptor.

Recent experiments in normal mice suggest recruitment
of lymphocyte subsets mirrors the resident population [28].
Our studies in the human differ from those in the mice in
that CD62L was low in all four subsets of IHL; CD62L
engages with an addressin on high endothelial venules and
facilitates the extraction of lymphocytes form the circula-
tion; among previously activated T cells its expression is the
hallmark of ‘central memory’ cells, while tissue or peripheral
memory cells express a lower level of this homing receptor.
CD62L was essentially absent from IHL-derived NK, CD56+

T and CD8+ T cells, indicating a strong selection bias. It has
been postulated the population of intrahepatic lymphocytes
is shaped by selective recruitment [12], and the expression of
CD62L supports this idea. The tethering interactions that
exist in blood vessels with rapid flow may be irrelevant in
sinusoidal beds, where direct integrin interactions may have
a larger role in cell trafficking. The specialized anatomy of
the sinusoid in the liver [14,29,30] and spleen, where blood
flow is inherently slow, may make the initial tethering inter-
actions of selectins–addressins less important. Tissue speci-
ficity of lymphocyte subsets within the liver appears to be
influenced both by adhesion molecules and by ligands
expressed on the lymphocytes and the vascular epithelium,
and by the chemokines expressed within the organ [30]. This
is most probably true of all tissues, both lymphoid and non-
lymphoid. The observations made here point to an overall
preferential representation of activated over naive lympho-
cytes within liver as well as peripheral lymphoid organs,
while the peripheral blood carries predominantly naive
lymphocytes.

This study establishes that simple flushing of the excised
right lobe of the donor liver provides a high yield of up to a

Z. Tu et al.

192 © 2007 British Society for Immunology, Clinical and Experimental Immunology, 149: 186–193



billion (average 7·81 ¥ 108) viable, normal IHL. This has
clear-cut advantages over the widely used mechanical
homogenization of tissue obtained from small biopsies.
First, the yield is high due to the enormous mass of liver
from which the cells are extracted, and this occurs using cells
that become available during the preparation of the graft;
there is no negative impact on either donor or recipient.
Using this source of cells avoids the inherent risk of biopsy,
and there is less risk of altering cell surface proteins than
when enzymatic digestion is employed to assist the liberation
of cells. Probably the most important advantage of simple
flushing is the high yield of cells that have undergone
minimal manipulation. These cells can be purified readily,
placed in short-term cell cultures and generate cytokine
responses to co-cultured stimulatory or regulatory cells.
These properties of the human IHL will be documented in a
subsequent publication. These cells will be useful in the
analysis of the biology of human IHL subsets, and in pro-
spective studies of the influence of donor liver immunologi-
cal status on the outcome of transplants.
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