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Abstract

AlIM: To choose an appropriate methods for the isolation
of hepatic lymphocytes between the mechanical dissection
and the enzymatic digestion and investigate the effects of
two methods on phenotype and function of hepatic
lymphocytes.

METHODS: Hepatic lymphocytes were isolated from
untreated, poly (I:C)-stimulated or ConA-stimulated mice
using the two methods, respectively. The cell yield per
liver was evaluated by direct counting under microscope.
Effects of digestive enzymes on the surface markers
involved in hepatic lymphocytes were represented by
relative change rate [(percentage of post-digestion -
percentage of pre-digestion)/percentage of pre-digestion].
Phenotypic analyses of the subpopulations of hepatic
lymphocytes and intracellular cytokines were detected by
flow cytometry. The cytotoxicity of NK cells from wild
C57BL/6 or poly (1:C)-stimulated C57BL/6 mice was
analyzed with a 4-h 5!Cr release assay.

RESULTS: NK1.1* cell markers, NK1.1 and DX5, were
significantly down-expressed after enzymatic digestion and
their relative change rates were about 28% and 329%,
respectively. Compared with the enzymatic digestion, the
cell yield isolated from unstimulated, poly (1:C)-treated or
ConA-treated mice by mechanical dissection was not
significantly decreased. Hepatic lymphocytes isolated by
the mechanical dissection comprised more innate immune
cells like NK, NKT and gd cells in normal C57BL/6 mice.
After poly (I:C) stimulation, hepatic NK cells rose to about
35%, while NKT cells simultaneously decreased. Following
ConA injection, the number of hepatic NKT cells was
remarkably reduced to 3.67%. Higher ratio of intracellular
IFN-g"(68%) or TNF-a*(15%) NK1.1* cells from poly (I:C)-
treated mice was obtained using mechanical dissection
method than control mice. There was no difference in

viability between the mechanical dissection and the
enzymatic digestion, and hepatic lymphocytes obtained with
the two methods had similar cytotoxicity against YAC-1
cells.

CONCLUSION: There is no difference in the cell yield and
viability of the hepatic lymphocyte isolated with the two
methods. The mechanical dissection, but not the enzymatic
digestion, may be suitable for the phenotypic analysis of
hepatic NK1.1* cell.
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INTRODUCTION

In recent decades, isolated lymphocytes from human or murine
liver were universally used to explore theimmune mechanisms
in the defense of pathogens such as hepatitis virug*? and in
the pathogenesis of liver diseases, especially in the autoimmune
hepatitis® and liver transplantation'®. Several lymphocyte
subpopulations reside in the normal adult human liver. These
cellsmainly include alarge number of T cells, B cells, natural
killer (NK) cellsand naturd killer T (NKT) cdlls, whicharedigtinct
from the peripheral blood lymphocytes (PBL)>". Up to now,
mechanical dissection and enzymatic digestion are two main
techniques for isolation of hepatic lymphocytes. The former
method started in the early of 1980 and has been used yet.
Reportedly, the viability of lymphocyte with this method is
poor, and thismethod also leadsto low yidld. Thelatter methods
was through incubation with digestive enzymes, 0.5 g/L
collagenase 1V and 0.01 g/L DNAase I¥ and was considered to
have a relative low contamination of PBL. Because the
manipul ation of the method isdifficult to handlefor tenderfoots,
the prevalent useislimited. Someinvestigators also discovered
that two digestive enzymes used could influence and decrease
the percentage of surface markers of human hepatic
lymphocytes such as CD56 molecule®. However, the effects
of two digestive enzymes on the surface markers of murine
hepatic lymphocytes especially NK1.1* cells, remain obscure.
Yet there was not any report exclusively focused on the
difference between these two methods. To compare these two
methodsfor suitably selecting an appropriate method to anayze
the NK1.1*cellsin the liver, we used these methods to isolate
the murine hepatic mononuclear cells for the phenotypic and
functional analysis.

MATERIALS AND METHODS

Animal

Female C57BL/6 (H-2°), 6 to 8 week-old, was purchased from
Shanghai Experimental Animal Center, Chinese Academy of
Sciences (Shanghai, China). All mice were maintained under
controlled conditions (22 “C, 55% humidity, and 12-h day/night
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rhythm) in compliance with the regulations of animal care of
University of Science and Technology of China.

Reagent

Collagenase 1V and DNase | were purchased from Sigma
Chemical Co. (St. Louis, MO) and dissolved in the pyrogen-
free RPMI 1640 at the concentration of 0.5 g/L and 0.01 g/L,
respectively.

Poly (I:C) or ConA treatment

Polyinosinic-polycytidylic acid sodium [Poly (1:C)] and
Concanavain A (Con A) were purchased from Sigma Chemical
Co. (St. Louis, MO) and dissolved in the pyrogen-free saline at
the concentration of 1 mg/mL. For in vivo stimulation of NK
cells, mice were intraperitoneally injected with Poly (I:C)
(7.5my/g- b.m.) for 6 h. For invivo stimulation of NKT cells mice
wereintravenoudy injected with ConA (7.5 ng/g- b.m.) for 6 h.

Protocols for isolation of mononuclear cells (MNC) from liver
Under deep ether anesthesia, mice were euthanized by
exsanguinations from the subclavian artery and vein. A needle
was inserted into the portal vein. The liver was perfused with
20mL pH 7.0 PBS, and then the liver was removed. | solation of
hepatic lymphocyteswith the mechanical dissection was carried
out asfollows: step 1, the liver was thoroughly dissected and
gently passed through a 200-gauge stainless steel mesh and
then suspended in RPMI 1640 medium containing 100 mL/L
fetal calf serum (FCS). Step 2, the above cell suspension was
centrifuged at 1 500 r/min. The pellet was resuspended in 40%
Percoll solution containing 100 U/mL heparin, and then loaded
onthelayer of 70% Percoll solution followed by centrifugation
at 2 000 r/min for 20 min at room temperature. Step 3, the cells
were aspirated from the Percoll interface and harvested by
centrifugation and washed twice with Hanks' balanced salt
solution (HBSS) containing 50 mL/L FCS before use. The
procedures for the enzymatic digestions were as follows: step
1, theliver was dissected into 1 mm? piecesand 5 mL digestive
solution was added. The mixture wasincubated at 37 °C for 1 h.
The supernatant was collected and diluted 1/2 in complete RPMI
1640. Step 2 and 3 were similar to the mechanical dissection.

Assessment of yield and viability of hepatic lymphocytes

| solated hepatic lymphocytes from different groups (4 mice per
group) were diluted 1:20 with 20 mL/L acetic acid, and cell
numbers were assessed by direct counting under microscope.
Cell viability was assessed by staining with trypan blue, and
the stained-positive cellswere enumerated to dead cell, while
negative cellsto viable lymphocyte.

Effects of digestive enzymes on the surface markers

Effects of digestive enzymes, collagenase 1V and DNasel, on
the surface markers were determined by the percentage in the
pre-digestion and post-digestion. It was represented asrelative
change rate (%). Relative change rate=[ (percentage of post-
digestion - percentage of pre-digestion)/percentage of pre-
digestion].

Immunofluorescence

The phenotype of lymphocyteswas anayzed using monoclonal
antibody (mAb) in conjunction with two-color or three-color
immunofluorescence. The mAb used in this study included
fluorescein isothiocyanate (FI TC)-, phycoerythrin (PE)-, or Cy5-
conjugated gamma/delta T cell receptor (gd TCR), anti-CD3e,
anti-CD25, anti-CD69, anti-IFN-g anti-DX5,andanti-NK 1.1mAb
(PharMingen, San Diego, CA). For Intracellular cytokine
staining, liver mononuclear cellswereincubated in the presence
of brefeldin A (5 mg/mL; BD PharMingen) and phorbol myristate

acetate (PMA) (20 ng/mL; BD PharMingen) for 3 h, and then
stained with FITC-conjugated anti-NK1.1 mAb and Cy-5
conjugated anti-CD3emAb. After fixation with fixation solution
and permesbilization with permeabilization solution (Bioscience,
Camarillo, USA), intracellular cytokine staining was performed
using PE-conjugated anti-1FN-gor anti-TNF-a mAb. To prevent
nonspecific binding, respective isotype antibodies were used
as control. Stained cells were acquired by FACSCalibur and
anayzed with WinMDI2.8.

Cytotoxicity assay

Target cells used in NK cytotoxicity assay were YAC-1 célls,
which were propagated in RPM1 1640 medium supplemented
with 100 mL/L heat-inactivated FCS, 2 mmol/L L-glutamineand
25mmol/L NaHCO; inahumidified atmospherecontaining 50mL /L
CO, at 37 °C. Cytotoxicity assay was carried out as described
previoudly 19, |abeled target cells (10%well) wereincubated in
atotal volume of 200 nL with effector cellsin RPMI 1640
containingl00 mL/L FCSin 96-well round-bottom microtiter
plates at various cell densitiesin order to achieve effector-to
target (E/T) ratios. The plate was incubated for 4 h, and the
supernatant was collected after centrifugation and then counted
in a gamma counter. The cytotoxicity was calculated as the
percentage of rel easable counts after subtraction of spontaneous
release. The spontaneous release was less than 15% of the
maximum release.

Statistical analysis

Data were expressed as mean+SD. Statistical analysis was
performed using t test. Difference between the groups was
considered statistically significant when P value was less
than 0.05.

RESULTS

Effects of enzymatic digestion on surface molecules of hepatic
lymphocytes

To understand the effect of collagenase IV and DNase | on
murine hepatic lymphocytes, we detected the percentage of
lymphocyte-related markers, CD3, CD4, CD8e, CD25, CD69,
NK1.1, DX5 and gd TCR in the enzyme-treated and untreated
hepatic lymphocytes. Surfacemarkers, CD3, CD4, CD8e, CD25,
CD69 and gd-TCR, remained unchanged and two markers
associated with NK and NKT cells, NK1.1 and DX5, were
significantly decreased in the enzyme-treated group compared
to untreated group and their relative change rates were about
28% and 32%in NK1.1 and DX5 groupsrespectively (Figure 1).
The percentages of NK and NKT cells isolated with the
mechanicd dissection were higher than those in the enzymatic
digestion (Table 1, P<0.05). This finding suggested that the
enzymatic digestion might decrease the proportion of NK1.1*
cellsin murine hepatic lymphocytes by decreasing the NK or
NKT-related surface molecules, and should be avoided in the
study of NK1.1*intheliver.

Table 1 Subpopulations of hepatic lymphocytes isolated by
two the methods (%)

Group T cell NKcell NKTcell gdTcell

38.56+5.63 13.35+4.61 20.42+4.65 13.6+3.15
36.96+4.68  8.35+2.69* 13.48+4.25% 12.6+2.74

Mechanical dissection
Enzymatic digestion

2P<0.05 vs dissection.

Cell yield of the two methods
Innormal C57BL/6 mice, thetotal cell number obtained with the
mechanical dissection was about 2.6x10° per liver and that



1930 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 1, 2004 Volume 10 Number 13

obtained with the enzymatic digestion was 2.9x10° per liver,
showing no significant difference (Figure 2A). To further
investigate the cell yield in the stress condition, two stimuli,
Poly (1:C) and ConA, were used to trigger hepatic lymphocytes,
respectively. About 7x10° hepatic lymphocytes per liver were
obtained in Poly (I:C)-stimulated or ConA-stimulated mice
using either the mechanical dissection or the enzyme digestion,
without any significant difference between the two isolation
methods (Figures 2B,C). These results suggested that the
mechanical dissection was as effective as the enzymatic
digestion in the cell yield.
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Figure 1 Effects of enzymatic digestion on surface molecules
of hepatic lymphocytes. 2P<0.05, NK1.1 vs other groups except
DX5; ®P<0.01, DX5 vs other groups except NK1.1.

Hepatic lymphocytes isolated with mechanical dissection were
suitable for phenotypic analysis

Using mechanical dissection, we isolated the hepatic
lymphocytes for analyzing the subpopulations of hepatic
lymphocytes. Different from other immune organs, hepatic

lymphocytes of normal C57BL/6 mice comprised moreinnate
immune cellslike NK, NKT and ¢d cells, which accounted for
18.60%, 16.62% and 18.60% respectively (Figure3A). Following
Poly (I:C) stimulation, hepatic NK cellsincreased to about 35%
and NKT cells smultaneously decreased, which was consistent
with other reports*¥! (Figure 3B). Following ConA injection,
hepaticNKT cellswereremarkably reduced to 3.67%. In addition,
after Poly (1:C) stimulationintracellular IFN-gand TNF-a were
significantly augmented to about 68% and 25% within NK
(CD3NK1.1%) cells, respectively (Figure 3C). Taken together,
the results indicated that hepatic lymphocytes obtained with
the mechanica dissection could be used for the antibody-based
phenotypic analysis of NK1.1* cells. On the other hand, the
liver had the predominance of moreinnateimmune cells.

Hepatic lymphocytes isolated with mechanical dissection were
suitable for the functional analysis

In order to understand whether hepatic lymphocytes obtained
with mechanica dissection were suitable for functional assays,
cell viability was assessed through staining with trypan blue.
Thecell viability of hepatic lymphocytesfrom normal C57BL/6
mice accounted for 90% using mechanical dissection method,
which was similar to enzyme digestion method (Figure 4A).
Next, we examined NK cells cytotoxic function against an NK-
sensitive cell line, YAC-1 cells, and found that there was no
difference between the two methods (Figure4B). In the absence
of Paly (I:C) stimulation, the cytotoxicity of NK cellsto YAC-1
cellswas about 15% at the E:T ratio of 1:12.5. After Poly (1:C)
stimulation, it increased to 35% at the same E:T ratio. These
results indicated that the isolated lymphocytes with the two
different methods had the similar viability and were suitablefor
functional analysis of hepatic lymphocytes prior to or after
immunestimulation.

A Unstimulated B Poly (I:C) C ConA

~ 6 o 10— ~ 101

=) o 2

— " =

X X 8 T T <8 | I
o 4L T 2 ] L l
g g o || [ g °

o =] 3

5 ‘ ‘ S 4 s 4r

g2 | L 1 £ £

> = >

IS g 20 s

15} =} 5

o I T oo | I T | P o T \ 1 \

Dissection Digestion

Dissection

Digestion Dissection Digestion

Figure 2 Cell yields between the two isolating methods. Hepatic lymphocytes were isolated using mechanical dissection method
and the enzymatic digestion method, respectively, from normal C57BL/6 mice (A), Poly (I:C)-treated C57BL/6 mice (B) or ConA-

treated C57BL/6 mice(C).
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Figure 4 Hepatic lymphocytes isolated with mechanical dissection were suitable for the functional analysis of NK1.1* cells. A:
Viability of hepatic lymphocytes isolated with two methods; B: Cytotoxicity analysis of hepatic lymphocytes. Hepatic lymphocytes
were isolated by two different methods, respectively, from control B6 mice (a) or Poly (I:C)-treated B6 mice (b). Their cytotoxicity

against YAC-1 cells was tested at the (E/T) ratios.
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Figure 3 Hepatic lymphocytes isolated with mechanical dissection were suitable for phenotypic analysis of NK1.1* cells. A:
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Liver hasa unique dual blood supply with venous blood from 1 Vigan I, Jouvin-Marche E, Leroy V, Pernollet M, Tongiani-

the gut viathe porta veinsand arterial blood delivered viathe
hepatic arteries. In view of this distinct anatomy character,
liver is thus constantly exposed to gut-derived antigens and
infectious organismsin the portal blood. So many unidentified
mechanisms have been involved to allow rapid and selective
immune responses within this tissuel*?:3, Structurally and
functionally, qualification of liver asalymphoid organ hasbeen
reflected by many studies**®!, and therefore a new term
“ hepatoimmunology” was emerged in 20021, Liver harbors
many innate immune cells, such as NK, NKT and gd T cells.
The predominance of these cellsin the liver endows liver with
the character of innate immune organ'*”, which was supported
by the response of NK cells to the innate immune stimulus,
Poly (1:C) in our study. However, the exact roles of these cells
intheliver remain unclear. NK 1.1 moleculeisamember of NKR-
P1 family, also named as CD161 in human®, and NK1.1* cells
often have DX5 molecule on their membrane in mice®®. Their
remarkable distinction was that NK1.1 was only expressed by
certain strain of mice, such as C57BL/6 and NZB, but not
BALB/c®!, Conventionally, NK1.1* cellsmainly included NK
cells and NKT cells. However, upon certain stimulation,
activated cytotoxic T cell could aso upregulate NK 1.1 molecule.
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liver. They exerted their versatile roles in the defense of
pathogens like murine cytomega ovirus (MCM V)22, Several
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the antimetastasis of tumor!®2!, NK1.1* cells were reported to
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immunodeficiency virus (HIV) infection and liver diseasg??7,
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our laboratory!?%, Accurate assessment of these NK1.1* cells
in the liver required an appropriate technique to purify the
hepatic lymphocytes. Various enzymatic or mechanical methods
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or murine liver®, The Enzymatic digestion was considered to
be a satisfied method in the preparation of human organ-specific
lymphocytes®. In addition, this method has been used to
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collagenase released cytotoxic factors, which were found to
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we found that therewas no differencein cell yieldsand viability
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NK1.1 and DX5, suggesting that enzymatic digestion using
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lymphocytesfor NK1.1* cell analysis.

ACKNOWLEDGEMENT

We are thankful to Dr. Jing Wang and Dr. Yong-Yan Cheng for
their continuous technical helping during this work.

10

11

12

13

14

15

16

17

18

19

Dashan S, Borel E, Delachanal E, Colomb M, Zarski JP, Marche
PN. T lymphocytes infiltrating the liver during chronic hepati-
tis C infection express a broad range of T-cell receptor beta
chain diversity. J Hepatol 2003; 38: 651-659

Boisvert J, Kunkel EJ, Campbell JJ, Keeffe EB, Butcher EC,
Greenberg HB. Liver-infiltrating lymphocytes in end-stage hepa-
titis C virus: subsets, activation status, and chemokine recep-
tor phenotypes. J Hepatol 2003; 38: 67-75

Kaneko Y, Harada M, Kawano T, Yamashita M, Shibata Y,
Gejyo F, Nakayama T,Taniguchi M. Augmentation of Valphal4
NKT cell-mediated cytotoxicity by interleukin 4 in an autocrine
mechanism resulting in the development of concanavalin A-
induced hepatitis. J Exp Med 2000; 191: 105-114

Otto C, Kauczok J, Martens N, Steger U, Moller |, Meyer D,
Timmermann W, Ulrichs K, Gassel HJ. Mechanisms of toler-
ance induction after rat liver transplantation: intrahepatic CD4
(+) T cells produce different cytokines during rejection and
tolerance in response to stimulation. J Gastrointest Surg 2002; 6:
455-463

Norris S, Collins C, Doherty DG, Smith F, McEntee G, Traynor
O, Nolan N, Hegarty J, O”Farrelly C. Resident human hepatic
lymphocytes are phenotypically different from circulating
lymphocytes. J Hepatol 1998; 28: 84-90

Luo DZ, Vermijlen D, Ahishali B, Triantis V, Plakoutsi G, Braet
F, Vanderkerken K, Wisse E. On the cell biology of pit cells, the
liver-specific NK cells. World J Gastroenterol 2000; 6: 1-11
Doherty DG, Norris S, Madrigal-Estebas L, McEntee G, Traynor
O, Hegarty JE, O’Farrelly C. The human liver contains multiple
populations of NK cells, T cells, and CD3*CD56* natural T
cells with distinct cytotoxic activities and Thl, Th2, and ThO
cytokine secretion patterns. J Immunol 1999; 163: 2314-2321
Trobonjaca Z, Kroger A, Stober D, Leithauser F, Moller P,
Hauser H, Schirmbeck R, Reimann J. Activating immunity in
the liver. Il. IFN-beta attenuates NK cell-dependent liver injury
triggered by liver NKT cell activation. J Immunol 2002; 168:
3763-3770

Curry MP, Norris S, Golden-Mason L, Doherty DG, Deignan
T, Collins C, Traynor O, McEntee GP, Hegarty JE, O’Farrelly C.
Isolation of lymphocytes from normal adult human liver suit-
able for phenotypic and functional characterization. J Immunol
Methods 2000; 242: 21-31

Luo DZ, Vermijlen D, Ahishali B, Triantis V, Vanderkerken K,
Kuppen PJ, Wisse E. Participation of CD45, NKR-P1A and
ANKG61 antigen in rat hepatic NK cell (pit cell) mediated target
cell cytotoxicity. World J Gastroenterol 2000; 6: 546-552
Hobbs JA, Cho S, Roberts TJ, Sriram V, Zhang J, Xu M,
Brutkiewicz RR. Selective loss of natural killer T cells by
apoptosis following infection with lymphocytic choriomenin-
gitis virus. J Virol 2001; 75: 10746-10754

Seki S, Habu Y, Kawamura T, Takeda K, Dobashi H, Ohkawa
T, Hiraide H. The liver as a crucial organ in the first line of host
defense: the roles of Kupffer cells, natural killer (NK) cells and
NK1.1 Ag+ T cells in T helper 1 immune responses. Immunol
Rev 2000; 174: 35-46

Knolle PA, Gerken G. Local control of the immune response in
the liver. Immunol Rev 2000; 174: 21-34

Mehal WZ, Azzaroli F, Crispe IN. Immunology of the healthy
liver: old questions and new insights. Gastroenterology 2001;
120: 250-260

Kita H, Mackay IR, Van de Water J, Gershwin ME. The lym-
phoid liver: considerations on pathways to autoimmune injury.
Gastroenterology 2001; 120: 1485-1501

Mackay IR. Hepatoimmunology: a perspective. Immunol Cell
Biol 2002; 80: 36-44

Doherty DG, O’Farrelly C. Innate and adaptive lymphoid cells
in the human liver. Immunol Rev 2000; 174: 5-20

Lanier LL, Chang C, Phillips JH. Human NKR-P1A. A disul-
fide-linked homodimer of the C-type lectin superfamily ex-
pressed by a subset of NK and T lymphocytes. J Immunol 1994;
153: 2417-2428

Rosmaraki EE, Douagi |, Roth C, Colucci F, Cumano A, Di
Santo JP. ldentification of committed NK cell progenitors in



Dong ZJ et al. Isolation of hepatic lymphocytes

1933

20

21

22

23

24

25

26

27

adult murine bone marrow. Eur J Immunol 2001; 31: 1900-1909
Arase H, Saito T, Phillips JH, Lanier LL. Cutting edge: the
mouse NK cell-associated antigen recognized by DX5 mono-
clonal antibody is CD49b (alpha 2 integrin, very late antigen-
2). J Immunol 2001; 167: 1141-1144

Lodoen M, Ogasawara K, Hamerman JA, Arase H, Houchins
JP, Mocarski ES, Lanier LL. NKG2D-mediated natural killer
cell protection against cytomegalovirus is impaired by viral
gp40 modulation of retinoic acid early inducible 1 gene
molecules. J Exp Med 2003; 197: 1245-1253

van Dommelen SL, Tabarias HA, Smyth MJ, Degli-Esposti
MA. Activation of natural killer (NK) T cells during murine
cytomegalovirus infection enhances the antiviral response me-
diated by NK cells. J Virol 2003; 77: 1877-1884

Sun R, Wei H, Zhang J, Li A, Zhang W, Tian Z. Recombinant
human prolactin improves antitumor effects of murine natural
killer cells in vitro and in vivo. Neuroimmunomodulation 2002;
10: 169-176

Joo SS, Kim MS, Oh WS, Lee DI. Enhancement of NK
cytotoxicity, antimetastasis and elongation effect of survival
time in B16-F10 melanoma cells by oregonin. Arch Pharm Res
2002; 25: 493-499

Park SH, Kyin T, Bendelac A, Carnaud C. The contribution of
NKT cells, NK cells, and other gamma-chain-dependent non-T
non-B cells to IL-12-mediated rejection of tumors. J Immunol
2003; 170: 1197-1201

Vergani D, Choudhuri K, Bogdanos DP, Mieli-Vergani G.
Pathogenesis of autoimmune hepatitis. Clin Liver Dis 2002; 6:
439-449

Fleuridor R, Wilson B, Hou R, Landay A, Kessler H, Al-Harthi
L. CD1d-restricted natural killer T cells are potent targets for

28

29

30

31

32

33

34

35

human immunodeficiency virus infection. Immunology 2003;
108: 3-9

Takeda K, Hayakawa Y, Van Kaer L, Matsuda H, Yagita H,
Okumura K. Critical contribution of liver natural killer T cells
to a murine model of hepatitis. Proc Natl Acad Sci U S A 2000;
97: 5498-5503

Abe T, Kawamura H, Kawabe S, Watanabe H, Gejyo F, Abo T.
Liver injury due to sequential activation of natural killer cells
and natural Killer T cells by carrageenan. J Hepatol 2002; 36:
614-623

Liu ZX, Govindarajan S, Okamoto S, Dennert G. NK cells cause
liver injury and facilitate the induction of T cell-mediated im-
munity to a viral liver infection. J Immunol 2000; 164: 6480-6486
Flynn L, Carton J, Byrne B, Kelehan P, O”Herlihy C, O’ Farrelly C.
Optimisation of a technique for isolating lymphocyte subsets
from human endometrium. Immunol Invest 1999; 28: 235-246
Mitry RR, Hughes RD, Aw MM, Terry C, Mieli-Vergani G,
Girlanda R, Muiesan P, Rela M, Heaton ND, Dhawan A. Hu-
man hepatocyte isolation and relationship of cell viability to
early graft function. Cell Transplant 2003; 12: 69-74

Osman Y, Kawamura T, Naito T, Takeda K, Van Kaer L,
Okumura K, Abo T. Activation of hepatic NKT cells and sub-
sequent liver injury following administration of alpha-
galactosylceramide. Eur J Immunol 2000; 30: 1919-1928
Abuzakouk M, Feighery C, O’Farrelly C. Collagenase and
dispase enzymes disrupt lymphocyte surface molecules. J
Immunol Methods 1996; 194: 211-216

Gibson PR, Hermanowicz A, Verhaar HJ, Ferguson DJ, Bernal
AL, Jewell DP. Isolation of intestinal mononuclear cells: fac-
tors released which lymphocyte viability and function. Gut
1985; 26: 60-68

Edited by Kumar M Proofread by Chen WW and Xu FM



