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Increase in natural killer cell activity 
following living-related liver 
transplantation 

Abstract We monitored the serial 
changes of natural killer cell (NK) 
activity in eight recipients of living- 
related liver transplantation. The 
HLA types of all eight patients were 
haplotypically identical with those 
of their donors. Tacrolimus and 
inethylprednisolone were used for 
immunosuppression. The NK activ- 
ity before transplantation was 24.1 * 
20.2 Yo which is surprisingly low 
when compared with the value for 
normal individuals (67.7 k 13.2 %, 
P < 0.01) or a liver dysfunction 
group (49.4 k 21.9 YO, P < 0.05). Se- 
rial changes in NK activity revealed 
a minimum of 6.1 f 3.6 % 1 week 

after transplantation, gradually in- 
creasing to 49.2 +_ 12.5 % at 2 months 
after transplantation. These results 
suggest that the diseased liver might 
play an important role in the sup- 
pression of NK activity. 
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Introduction 

Natural killer cell (NK cell) activity is believed to play 
an important role in organ transplantation and host 
anti-cancer defense mechanisms. After renal transplan- 
tation, NK cell activity decreases if no rejection epi- 
sodes occur, and this lowered NK activity may have 
some relationship with the high frequency of cancer in 
renal transplant recipients [4]. If rejection does occur, 
NK cells are activated and NK activity increases [12, 
131. However, it remains difficult to interpret changes 
in NK activity because many factors, such as alloreacti- 
vity, immunosuppressive drugs, surgical stress, and in- 
fection, may influence the immune reaction. 

In contrast, few reports have been published about 
alterations in NK activity before and after liver trans- 
plantation [14]. In addition, NK activity in patients 
with liver cirrhosis or end-stage liver disease is lower 
than that in normal individuals [3, 5 ,  61. In order to de- 
termine whether liver disease really does affect NK ac- 

tivity, we monitored serial changes in NK activity in pa- 
tients who underwent living-related liver transplanta- 
tion. 

Patients and methods 

The living-related liver transplant recipients consisted of eight pa- 
tients suffering from end-stage cholestatic liver diseases (six men 
and two women, mean age 9.1 k 9.0 years; Table 1). The HLA 
types of all eight patients were haplotypically identical with those 
of their donors. ABO types were also identical except in patient 4. 
The lymphocyte cross-match test was negative in all cases. N o  pa- 
tient was taking any immunosuppressive drugs before transplanta- 
tion and none exhibited any symptoms o f  infection for at least 
2 weeks before transplantation. 

Living-related liver transplantation was performed as previous- 
ly reported [7]. The whole liver was removed from each recipient 
and the left lobe (patients 1, 2. 8) or  the left lateral lobe (patients 
3-7) of the donor's liver was transplanted to the recipient. 

Tacrolimus (FK506) and methylprednisolone were used for im- 
munosuppression. The dose of FK506 used after transplantation 
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Table 1 Characteristics of liv- 
ing-related liver transplant re- 
cipients ( N K  natural killer cell, 
PBC primary biliary cirrhosis, 1 25 vears Male PBC Mother 11.8 144 10.9 

Gender Disease Donor Serum TB Serumbile acids NK activity Case 4ge 
( ymolil) 

RA biliary airesia) . 2 18years Female BA Mother 3 124 4.8 
3 4years Female Alagille Grandmo- 12.5 668 36. I 

ther 
4 10 months Male BA Father 16.4 159 10.7 
5 10months Male BA Mother 14.9 179 8.8 
6 10months Male BA Father 20.1 122 15.8 
7 8 years Male BA Mother 17.9 104 56.4 
8 14 years Male BA Mother 8.3 199 49.3 

was based on the whole-blood concentration of the drug. The 
blood level of FK506 was controlled at 15-20ngiml [O-7 post- 
operative days (POD)], 12-18 ngiml (8-14 POD), 10-15 ngiml 
(15-28 POD), and 5-10 ngiml (after 28 POD). The methylpredni- 
solone dose was 40 mgikg on the day of operation, and 3.0 mgikg 
on POD 1, gradually tapering to 0.25 mgikg per day by 1 month 
posttranspiantation. 

As a normal control for NK activity and the liver dysfunction 
group. mononuclear lymphocytes were taken from nine normal 
volunteers (eight men and one woman, mean age 40.2 t- 8.4 years) 
and 14 patients with chronic liver disease (12 men and 2 women, 
mean age 54.3 ? 13.8 years, eight with liver cirrhosis and six with 
chronic hepatitis). 

The study was performed in accordance with the ethical stan- 
dards set down in the 1964 Declaration of Helsinki. All partici- 
pants gave their informed consent prior to their inclusion in the 
study. 

Measurement of NK activity 

Samples of peripheral venous blood were obtained in ACD collec- 
tion tubes from all subjects at the same time each morning 
(8:OO a. m.) 1 week before transplantation. and 1 week, 3 weeks, 
and 2 months after transplantation. Peripheral blood mononuclear 
cells were isolated from these samples using Ficoll-Hypaque gradi- 
ents (Ficoll-Paque; Pharmacia Biotek, Sweden; specific gravity 
1.3545). NK activity was measured immediately after isolation. 
The concentrations of these cells were adjusted for testing in 
RPM11640 containing 10% fetal calf serum. 

The target cells used in the assay were K562. K562 cells were 
maintained in continuous culture in complete medium containing 
10% fetal calf serum. Immediately before staining, dead cells 
were removed by spinning on Ficoll-Hypaque gradients for 
10 min at 3000 rpm. 

For the microcytotoxicity assay, the target cells were stained 
with carboxyfluorescein diacetate, according to the modified tech- 
nique of Brunning et al. [l]. The microcytotoxicity assay was per- 
formed on the same day as the samples were obtained. Effector 
cells were adjusted to 8.0 x 10' cellsiml in 10O-yl volumes, and ad- 
ded in triplicate to wells in %well trays (Nunclon; Inter Med, 
Denmark: 8.0 x lo5 cellsiwell). Stained target cells were adjusted 
to 1.0 x lo5 cellsiml in 100-yl volumes and added to the wells (1.0 
x 10' cellsiwell). The effector to target (E:T) ratio was thus 80:l. 
Assays at E:Tratios of 40:1, 20:1, and 1O:l were also performed at 
the same time. Wells to which no effector cells had been added 
were used as negative controls, while wells to which Triton X-100 
had been added were used as positive controls. After spinning for 
5 min at 800 rpm, the trays were incubated for 1 h in a 37 "C, 5 % 
CO, incubator. At the end of the reaction, the trays were centri- 

fuged at 1500 rpm for 5 min to pack the cell layer, then 100 ml of 
media was carefully taken from each well and added to an empty 
well of a new 96-well tray (Cell Wells: Corning Glass Works. Corn- 
ing, New York, USA). The trays were immediately analyzed in an 
automatic microfluorometer (Titertek Fluoroscan 11, Labsystems, 
Helsinki, Finland). Cytotoxicity was expressed as the percentage 
label release, calculated from the following formula: 1-[(mean ex- 
perimental - mean negative control) / (mean positive control - 
mean negative control)] x 100. 

Measurement of phenotypes effector cells 

At the same time as measurement of NK activity, two-color flow 
cytometry was performed on effector cells. To I .0 x loh of washed 
in phosphate-buffered saline (PBS), cells 10 y1 of fluorescein iso- 
thiocyanate or PE-labeled antibodies (anti-CD3, CD16, CD56; Im- 
munotech, Westbrook, Me., USA) was added and incubated for 30 
min at room temperature. Cells were washed and resuspended in 
200 y1 of PBS. These samples were immediately analyzed on a 
FACSCAN flow cytometer (Becton Dickinson, San Jose, Calif., 
USA). 

Statistics 

The Wilcoxon test for unpaired data was used for statistical analy- 
sis and the level of significance was set at P < 0.05. 

Results 
No histologically proven episodes of rejection were ob- 
served. Patient 1 cytomegalovirus developed (CMV) in- 
fection on POD 41. He  was treated with ganciclovir and 
CMV hyperimmune globulin. The seven remaining pa- 
tients exhibited no symptoms of infection. 
The NK activity in liver transplant recipients before 
transplantation (E:T = 80:l) was 24.1 k 20.2% (Fig. 1). 
This value is surprisingly low when compared with the 
value for normal individuals (67.7 * 13.2%, P <: 0.01) 
or the liver dysfunction group (49.2 + 12.5 YO, P < 0.05). 
Serial changes in NK activity in the transplant recipients 
(Fig.2) revealed a minimum of 6.1 k 3.6 YO 1 week after 
transplantation, gradually increasing to 49.2 k 12.5 YO at 
2 months after transplantation. The same trends were 
found at other E:T ratios (data not shown). 



S 187 

.- 
CI 
0 
Q 40- 
Y 
z 

loo 1 
** r I 

A 

201 4 1 
0 

0 

OEO 
0 0 

0 1  I a I 

normal liver dysfunction candidates 
n=9 n=l4 n=8 

Fig.1 Comparison of natural killer cell (NK) activity between nor- 
mal individuals, the liver dysfunction group, and candidates for liv- 
ing-related liver transplantation [effector to target ratio (E:T) = 
80:1, * P < 0.05, :p* P < 0.01] 

Before transplantation, the percentages of CD3-posi- 
tive cells and CD3-negative,CD56-positive cells of trans- 
plant recipients were 45.5 * 21.5 % and 12.4 * 5.7 %, re- 
spectively. These values were comparable to those of 
normal individuals and there were no significant changes 
of phenotypes of peripheral blood mononuclear lympho- 
cytes after transplantation (data not shown). 

l o o  I 
Fig.2 Serial changes in NK activ- 
ity in living-related liver trans- 
plant recipients (E:T = 8O:l) 

* O  t - 
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Discussion 

In renal transplant recipients, several investigators have 
reported that NK activity before transplantation is com- 
parable to that in normal individuals, but decreases after 
transplantation, and this lowered NK activity continues 
for more than 2 years [4, 12, 131. NK activity recovered 
in the long term in some patients [4]. Other investigators 
have reported that lymphocytes taken from long-term 
renal transplantation patients have suppressor activity 
against the NK activity of normal individuals [9]. In ca- 
daver liver transplantation, Whiteside et al. [14] repor- 
ted that NK activity decreased from immediately after 
transplantation to at least 180 days after transplantation. 

In contrast to the situation after renal or cadaver liv- 
er transplantation, our results showed that pretrans- 
plantation NK activity was surprisingly low in living-re- 
lated liver transplantation candidates, while after trans- 
plantation it increased in spite of the use of FK506 and 
methylprednisolone (Fig. 2). Patients with end-stage li- 
ver diseases exhibit lower NK activity than normal indi- 
viduals [3, 5 ,  61. As shown in Fig. 1, the NK activity in 
patients with liver dysfunction was significantly lower 
than that in normal individuals. Patients with cholestatic 
liver disease congestion have also been considered to  be 
in an immunosuppressed state [2], and some investiga- 
tors have shown that bile acids suppress NK activity 
[lo]. All eight recipients in our study had high blood 
concentrations of bile acid (212.4 +_ 186.8 pmol/l, normal 
range 0-11). After transplantation, the blood bile acid 
concentration rapidly decreased almost to the normal 
range (15.2 f 9.1 pmolil). This might explain why the 
NK activity in all recipients increased at 2 months after 
transplantation, although all patients with high bile 
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acid concentration do not always reveal the lowest level 
of N K  activity. 

Surgical stress can also have a suppressive effect on 
NK activity. In non-immunosuppressed patients, NK ac- 
tivity lowered in response to surgical stress almost re- 
covered within 7 days [4]. Surgical stress is severe in 
transplant patients, so this could well be one of the cau- 
ses of the decrease in NK activity at l week after trans- 
plantation. However, surgical stress did not appear to 
have much influence on NK activity more than 1 week 
after transplantation. 

At 1 week after transplantation, high doses of FK506 
and methylprednisolone were used and NK activity 
reached its lowest level. However, at 2 months after 
transplantation, the blood concentration of FK.506 was 
maintained at 5-10 ng/ml and the dose of methylpredni- 
solone was 0.35 mg/kg per day. Even at such a low dose, 
FKS06 still has some immunosuppressive effect on NK 
[ 111 and cytotoxic T lymphocyte activity [S]. This might 
explain why NK activity at 2 months did not reach the 
level of normal individuals. 

In  contrast to cadaver transplantation, in living-re- 
lated transplantation, the HLA types of the recipients 

are haplotypically identical with those of the donors. 
None of the eight recipients developed any symptoms 
of rejection. This might explain the difference in serial 
NK activity changes between living-related and cadaver 
liver transplant recipients. 

NK activity changes are very important when rejec- 
tion occurs. In renal transplantation, some investigators 
have reported that NK activity increases during rejec- 
tion, while others have found no relationship between 
NK activity and rejection. Further studies are needed 
to clarify the roles of N K  activity in organ transplanta- 
tion. 

In conclusion, NK activity was suppressed in patients 
with end-stage cholestatic liver diseases, while it  in- 
creased after living-related liver transplantation. These 
results suggest that diseased liver might play an impor- 
tant role in the suppression of NK activity. 
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